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ABSTRACT. Exotic (introduced) species are a growing problem in ports worldwide and comprise the most
important impacts in marine ecosystems. Periodic monitoring to detect introduced species is extremely impor-
tant for effective population control. Here we sampled ascidian species near the port of Paranagua for a
taxonomic study of this fauna to attempt to detect introduced species. Larval stages in ascidians are short-lived,
and dispersal is restricted to small distances, and so ascidians are very good bioindicators for exotic introduc-
tions due to ship transport. Four locations were sampled within Paranagua Bay (Ilha das Cobras, Pier Tenenge,
Ilha do Mel and Ilha da Galheta) and one location outside of the bay (Parque dos Meros). Information for the
nearby fauna and for geographic distributions of the species involved was obtained from the literature. Eighteen
species were found: Perophora multiclathrata (Sluiter, 1904), Ascidia curvata (Traustedt,1882), A. sydneiensis Stimpson,
1855, Clavelina oblonga Herdman, 1880, Cystodytes dellechiajei (Della Valle, 1877), Eudistoma carolinense van Name, 1945,
Distaplia bermudensis van Name, 1902, Didemnum granulatum Tokioka, 1954, Diplosoma listerianum (Milne-Edwards, 1841),
Lissoclinum fragile (van Name, 1902), Botryllus planus (van Name, 1902), B. tuberatus Ritter & Forsyth 1917, Botrylloides
nigrum Herdman, 1886, Symplegma rubra Monniot, 1972, Styela canopus (Savigny, 1816), S. plicata (Lesueur, 1823), Microcosmus
exasperatus Heller, 1878 and Molgula phytophila Monniot, 1970. The known geographic distributions based on the
literature and collections suggest that three species are native, one is a interregional introduction, two are
introduced from the Pacific and the remaining 12 are cryptogenic.
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RESUMO. Ascidias introduzidas na Baia de Paranagud, Parang, sul do Brasil. A crescente presenca de espécies
introduzidas (exoticas) em portos é um dos maiores problemas ambientais que vém sendo enfrentados nos
ecossistemas marinhos. O monitoramento peridédico da fauna é necessario para uma detec¢io precoce das
espécies introduzidas. O objetivo deste trabalho € verificar a presenca de espécies ndo nativas na regido de
influéncia do Porto de Paranagud, por meio de estudo taxondmico da fauna de ascidias desta regido. As ascidias
possuem larvas de curta duragdo, fazendo com que sua dispersao natural fique restrita a pequenas distancias.
Assim, os representantes desta Classe podem constituir étimos bioindicadores para introducoes mediadas pelo
transporte de grandes navios. Foram realizadas coletas em quatro localidades na Baia de Paranagua (Ilha das
Cobras, Pier Tenenge, Ilha do Mel e Ilha da Galheta) e uma fora da Baia (Parque dos Meros) e as informagdes
sobre a fauna de Ascidiacea de outras ilhas proximas, bem como a distribuicio geografica das espécies, foram
obtidos na literatura. Identificou-se 18 espécies de ascidias: Perophora multiclathrata (Sluiter, 1904), Ascidia curvata
(Traustedt,1882), A. sydneiensis Stimpson, 1855, Clavelina oblonga Herdman, 1880, Cystodytes dellechiajei (Della Valle,
1877), Eudistoma carolinense van Name, 1945, Distaplia bermudensis van Name, 1902, Didemnum granulatum Tokioka, 1954,
Diplosoma listerianum (Milne-Edwards, 1841), Lissoclinum fragile (van Name, 1902), Botryllus planus (van Name, 1902), B.
tuberatus Ritter & Forsyth 1917, Botrylloides nigrum Herdman, 1886, Symplegma rubra Monniot, 1972, Styela canopus
(Savigny, 1816), S. plicata (Lesueur, 1823), Microcosmus exasperatus Heller, 1878 and Molgula phytophila Monniot, 1970.
Levando em consideracao a distribuicdo geografica da espécie, o registro histérico da regidao e informacdes
provenientes da literatura conclui-se que trés espécies podem ser classificadas como nativas, uma como uma
introducado inter-regional, duas como introduzidas e 12 como criptogénicas.

PALAVRAS CHAVE. Ascidiacea, Tunicata, espécies introduzidas, bioinvasao.
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Increasingly, invasive marine species are being reported in ports
throughout the world. Such introductions may, and often do,
create large environmental problems, such as competition for
limited resources, exclusion of native species, the transmission
of parasites and diseases, and economic problems, such as those
associated with shellfish cultivation. In Tasmania, the intro-
duced predatory seastar (Asterias amurensis) is responsible for
the reduction and rarity in bivalve species that live just below
or on the sediments in the Derwent Estuary. Impacts on native
assemblages, wild fisheries and mariculture operations in areas
outside the Derwent Estuary are of immediate management
concern (Ross et al. 2003). Another example, the polychaete
Terebrasabella heterouncinata arrived as an epizoic on South Af-
rican abalone imported to California for commercial aquacul-
ture research in 1993. Its unique mechanism of settlement on
the outer lip of the shell aperture altered calcium deposition
and often severely retarded the growth of infested individuals
and economic losses to the industry were considerable (CuLvir
& Kuris 2000). The kelp Undaria pinnatifida (Phaeophyceae),
native to northeast Asia, was first detected in late 1992 off-
shore in central Patagonia (Argentina) and is progressively
spreading, along with a dramatic decrease in species richness
and diversity of native seaweeds in Nuevo Gulf (Casas et al.
2004). These are only a few recent examples.

Most introductions are new invading species carried by
ocean-going vessels, encrusted on their hulls, in their ballast
waters or seachests. Therefore, ports are often the principal areas
of arrival of new invasive species (CarctoN & GeLLER 1993, Ruiz
et al. 2000, WassoN et al. 2001), though a number of species
have been introduced with imported shellfish as epibiotic
foulers, an often overlooked transport vector (LamsertT 2005b).
Once arrived, new species may find the areas in and around
ports to be favorable for their growth and establishment (calm
waters with many man-made structures suitable for colonizing
and often nutrient rich due to pollution). In these conditions,
invasive species populations often grow quickly.

Ascidians are among the many organisms that are pas-
sively transported in this way. As sessile benthic filter-feeders,
these species may often find suitable habitat, at least if the port
is not estuarine. Also, ascidians are hermaphroditic and often
able to self-fertilize, they have rapid growth rates and a long
fertile period, and therefore may reproduce at very high rates
(BerriLL 1975, see review by Lamsert 2005b). Also, being able to
regenerate from fragments (BerriLL & Conen 1936, Turon 1992)
is another characteristic that favors their establishment in new
locations. Many ascidians are viviparous (all colonial and some
solitary species) and larvae are protected in incubation sacs or
in the tunic during their development, after which they are re-
leased to the environment. These larvae are lecithotrophic and
have short, free-swimming periods, during which they must find
a substrate on which to anchor themselves (MiLLAr 1971, MonnioT
etal. 1991). Due to these characteristics, dispersal is limited, while
population growth may be rapid. Thus, ascidians have naturally

limited distributions, and the widespread appearance of some
species may indicate that they have been introduced by man.

Several ascidian species are known as introductions.
Perophora japonica, from the northwest Pacific Ocean is now
found in Europe (Monnior & Monnior 1985, Batbock & BisHor
2001) and in 2003 was found in northern California — a first
record for North America (Lamsert 2005a). Styela clava, also from
the northwest Pacific Ocean, is also found in Europe (Davis &
Davis 2005 for a recent review) and the United States (LamBERT &
Lamsert 1998, 2003). Molgula manhattensis went the other way,
originating in the North American Atlantic coast, was found in
Japan and Australia in the 1970s, and in Vladivostok in 1999
(Zvyagintsev et al. 2003). Ciona intestinalis, widespread in the
Northern Hemisphere, has been introduced into many of the
larger ports of the Southern Hemisphere, including both east
and west coasts of Australia (Korr 1990, McDonaLp 2004). In
2002, the southern hemisphere species Corella eurmyota was found
in the northern hemisphere for the first time, attached to float-
ing docks in two harbors in northwestern France (LamserT 2004).
Polyandrocarpa zorritensis, originally described in Peru, is now
found in the Mediterranean Sea (Brunertt 1978-79, Brunerti &
Mastrototaro 2004), in Japan (NisHikawa et al. 1993) and in Cali-
fornia (LamerT & Lamsert 2003). Atlantic populations of Clavelina
lepadiformis have been found in the Mediterranean Sea, trans-
ported on the hulls of ships (Turon et al. 2003). From this small
compilation, it is clear that ascidians have been carried distances
both small and large, between hemispheres and throughout the
world. Species of any Order, solitary and colonial, are all subject
to transportation and introduction.

In the state of Parana, the port of Paranagua (25°30,1" S;
48°31,0’ W), the most important port in southern Brazil, receives
ships that transport grain (mostly soy), chemicals, oil and in-
dustrial goods from and to many parts of the world. The num-
ber of ships passing through this port each year is growing an-
nually: from 1,737 ships in 2000 to 2,204 in the year 2004 (http:/
/www.pr.gov.br/portos, in 11/24/2005). In March 2001 a toxic
algae bloom occurred near Laranjeiras Bay (within Paranagua
Bay), and was the first ever reported, causing serious economic
impact on the local fishing industry (L. F. FernanDes 2001, per-
sonal communication). Coscinodiscus wailesii is another new al-
gal species for South American, and recently found in Paranagua
Bay (FernaNDEs ef al. 2001). A species of ascidian (Bostricobranchus
digonas, Abbott 1951) was described from Florida, in the United
States, and was also found in Paranagud Bay probably introduced,
since it has not yet been found again on subsequent attempts
(Rocha 2002). Thus, Paranagua Bay is now host to a variety of
introduced species. In Brazil, eight species of ascidians were po-
tentially introduced in the historical past: Ciona intestinalis,
Phallusia nigra, Didemnum perlucidum, Diplosoma listerianum,
Microcosmus exasperatus, Styela canopus, Styela plicata and
Symplegma brakenhielmi.

With these considerations, our goal in this study was to
sample the ascidian community in the area of influence of the
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Port of Paranagua. Specifically, we wished to use ascidians as
indicator species to better understand the biology of species
introductions due to shipping in marine systems.

MATERIAL AND METHODS

Five locations were sampled within and near Paranagua
Bay (Fig. 1): Ilha das Cobras (25°29,00'S; 48°25,50'W) and Pier
Tenenge (25°32,84'S; 48°21,51'W), sampled on 7 December 2003;
Ilha da Galheta (25°35,00’S; 48°19,00'W) on 11 March 2004;
Ilha do Mel (25°33,00'S; 48°18,00'W) on 11 March 2004 and 9
June 2005; and Mero Park (25° 43,00” S; 48° 20,00" W) on 14
May 2005. Ascidians were collected by scuba diving at depths of
up to four meters, except Mero Park, where depths reached a
maximum of 17 m. Samples were anesthetized and fixed in 10%
neutralized formalin.

Since historical records of ascidian species are scarce, we
decided whether species were native, introduced or cryptogenic
(of unknown status) based on their published geographic records,
by exhaustively searching the literature for all publications that
included distributional (latitude and longitude) information,
along with habitat and substrate type, for all of the ascidian
species encountered. Cryptogenic species were considered to be
those species with widespread distributions and without infor-
mation of known native distributions in the literature, as well
as Atlantic species with disjunct distributions between northern
and southern hemispheres. We considered introduced species
as those with worldwide distributions but are either unknown
from northeastern Brazil, or have strong indications of intro-
duction in other locations in the literature, or only occur on
artificial substrates in southern Brazil.

RESULTS

Eighteen species (Tab. I) were collected, with 30 samples
from Ilha das Cobras, 26 from Pier Tenenge, nine from Ilha do
Mel, 11 from Ilha da Galheta and five from Parque dos Meros.
Only six samples were of solitary animals, collected at Ilha da
Galheta, Ilha do Mel and Mero Park. Some samples in the fam-
ily Didemnidae are still unidentified, since larvae (which have
characters of critical importance in species identification) were
absent.

Four distinct distribution patterns were found for this as-
cidian community. First are the endemics and included only one
species, Molgula phytophila (Fig. 2). Next, species found from the
Caribbean to southern Brazil (Ascidia curvata, Eudistoma
carolinense, Botryllus planus; Figs 3-5). Third, species found in the
Caribbean and in southern Brazil, but not recorded in north-
eastern Brazil (Ascidia sydneiensis, Styela plicata; Figs 6-10). Fourth,
very widespread species, which we call cryptogenic (Clavelina
oblonga, Distaplia bermudensis, Cystodytes dellechiajei, Didemnum
granulatum, Lissoclinum fragile, Diplosoma listerianum, Perophora
multiclathrata, Botrylloides nigrum, Botryllus tuberatus, Symplegma
rubra, Styela canopus, Microcosmus exasperatus; Figs 11-19).
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Figure 1. Map of the region of Paranaguéd Bay, and collecting
locations (marked with black circles). The dotted line indicates the
canal through which cargo ships pass on their way to port.

DISCUSSION

Molgula phytophila, the only endemic species in the re-
gion (Fig. 2, Tab. II), was found encrusted on fish-nets in the
concrete blocks that form the artificial reef in Mero Park. It is
quite possible that this species is synonymous with M.
braziliensis Millar, 1958, but the type specimen (London Natu-
ral History Museum) of the latter is of poor quality and cannot
be used for identification of the former. If synonymous, the
specimen in MiLLar (1958) would be the first recorded in the
Brazilian coast.

Ascidia curvata, Eudistoma carolinense and Botryllus pla-
nus have a continuous distribution from the Caribbean to our
study area, and also present some records in North America
(Figs 3-5, Tab. 1I). This distribution suggests that these species
are native, with a distribution that includes the western Atlan-
tic Ocean. However, the status of the species with this distribu-
tion has been debated. The Caribbean fauna should extend only
to the Brazilian state of Espirito Santo, following PaLicio (1982),
who considered the region between Espirito Santo and the
southernmost Brazilian state of Rio Grande do Sul, as a region
of high endemism and therefore a biogeographical province.
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Table I. List of the species and occurrences at each sampling site.

Ilha das Cobras

Pier Tenenge llha do Mel Ilha Galheta Parque dos Meros

Perophoridae
Perophora multiclathrata (Sluiter, 1904) X
Ascidiidae
Ascidia curvata (Traustedt, 1882)
Ascidia sydneiensis Stimpson, 1855
Clavelinidae
Clavelina oblonga Herdman, 1880 X
Polycitoridae
Cystodytes dellechiajei (Della Valle, 1877)
Eudistoma carolinense van Name, 1945
Holozoidae
Distaplia bermudensis van Name, 1902 X
Didemnidae
Didemnum granulatum Tokioka,1954
Diplosoma listerianum (Milne-Edwards, 1841)
Lissoclinum fragile (van Name, 1902)
Styelidae
Botryllus planus (van Name, 1902) X
Botryllus tuberatus Ritter e Forsyth, 1917
Botrylloides nigrum Herdman 1886
Symplegma rubra Monniot C., 1972 X
Styela canopus (Savigny, 1816)
Styela plicata (Lesueur, 1823).
Pyuridae
Microcosmus exasperatus Heller, 1878
Molgulidae
Molgula phytophila Monniot, 1969-70

However, a study of the gastropod community did not support
this hypothesis, since endemism was not high within these
latitudes, which should therefore only be considered a region
of transition (FLOETER & SoARES-GoMEs 1999). Also, the Brazilian
Current reaches the state of Santa Catarina, providing a dis-
persal route and explaining southern ascidian distributions. In
the north, the Gulf Current of the Caribbean works in the same
way, carrying ascidians along and thereby explaining north-
ern distribution patterns and the similarities between Bermuda
and Caribbean ascidian faunas (MoxnioT & Monnior 1983).
Ascidia curvata was first reported as adults in Brazil in
Parana (RocHa & Nasser 1998) while juveniles were collected in
Sao Paulo in the 1990s that may be this species (RMR, unpub-
lished data). Eudistoma carolinense was first reported in Brazil
on the coast of the state of Pard (MiLLar 1977). This species has
never been reported on artificial substrates, and thus may be
classified as native, at least in northeastern Brazil. On the other
hand, the lack of records of this species in the states of Rio de

Janeiro and Sao Paulo, suggests that the southern distribution
may be explained by human transport. Botryllus planus was first
reported in Brazil in Rio de Janeiro and Sao Paulo (Costa 1969).

Ascidia sydneiensis and Styela plicata, all from other regions
in the world, have disjunct distributions (type three) and so were
considered introduced in Parana (Figs 6-7, Tab. II). In Brazil, they
have only been reported from the south and southeast with one
report of S. plicata from Bahia (T. Loturo 2002, personal commu-
nication). Ascidia sydneiensis (first reported in Sao Paulo, BJoRNBERG
1956) is rare in southeastern and southern Brazil and is almost
never found on natural substrates (the exception being this study
- the only individual was found underside a small boulder at
Ilha da Galheta). The few other reports are on artificial substrates,
such as ship hulls (MiLLar 1958) and in shellfish cultivation
(Rocha, unpublished observations on shells of Nodipecten nodosus
(Linnaeus, 1758) at Penha, Santa Catarina). It was also intro-
duced in Guam (Lamsert 2003), Papeete (MonnioT et al. 1985),
Sierra Leon (MiLLaR 1956, MonNiOoT & MonnioT 1994).
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Figures 2-5. Distributions of the species found in Paranagué Bay and nearby, with exclusive Atlantic distributions: (2) Molgula phytophila;
(3) Ascidia curvata; (4) Eudistoma carolinense; (5) Botryllus planus.

Styela plicata is included with the “ascidan fauna inhab-
iting harbours and other largely man-made habitats through-
out the tropical oceans” (MonnioT & Monnior 1997). This spe-
cies has been found in Brazil since the 19" century, with a
record by Traustept (1883) in Rio de Janeiro. The reason to in-
clude it as an introduced species is its rarity on natural sub-
strates and its absence in northeastern Brazil (except for one
individual in Marina de Aratu, Bahia; T. Loturo 2002, personal
communicaton). Also, it is very common on artificial substrates
in Rio de Janeiro, where it is one of the commonest fouling
organisms on buoys and other floating structures (A. JUNQUEIRA
2005, personal communication). It is also very common on
mussels in cultivation and on nets used for oyster cultivation
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in the state of Santa Catarina, where it may occur in such large
quantities that may cause competition with mussels and oys-
ters as well as creating the need for costly cleaning of the culti-
vation structures. In Sao Sebastido, Sdo Paulo, this ascidian was
found on fishing nets (Robriguts 1962), and only once on natu-
ral substrates (Rocna, non published observation). Interestingly,
it was first described based on a sample taken from a ship hull
in Philadelphia, Pennsylvania, in the United States, while not
being found on natural substrates in the same region (van NaME
1945). Proof that this species travels on ship hulls is plentiful:
“...from the bottom of the USS Palos after a Voyage across the
Pacific from China or Japan” (Tokioka 1967).

Twelve species are cryptogenic: Clavelina oblonga,
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Table Il List of ascidian species, and where found, on the Brazilian coast.

Coastal Brazilian State

Species References
SC PR SP R ES BA AL PE RN CE PA

Perophora multiclathrata X X X 11,13
Ascidia curvata X X X X 10,13
Ascidia sydneiensis X X X X 2,3,4,10,11,14
Clavelina oblonga X X X X X 2,3,4,8,10,11,13,14, 15
Cystodytes dellechiajei X X X X X X X X X 1,7,10,13,14,15
Eudistoma carolinense X X X X X X 7,12,13,15
Distaplia bermudensis X X X X X X 3,7,8,10,11,13,14, 15
Didemnum granulatum X X X X X X 9,11,13,15
Diplosoma listerianum X X X X X X X X X 8,10,11,12,13,15
Lissoclinum fragile X X X X X 11,13, 15
Botryllus planus X X X 6,13
Botryllus tuberatus X X X X X X 3,8,11,13,15
Botrylloides nigrum X X X X X X X 4,8,11,13,14, 15
Symplegma rubra X X X X 8,10,11,13, 14
Styela canopus X X X X X 511,13
Styela plicata X X X X 1,2,3,4,5 11,13, 14
Microscosmus exasperatus X X X X X X X X 1,2,3,4,7,10,11,13, 14,15
Molgula phytophila X X X 5,12

1) van Name (1945), 2) Bjornberg (1956), 3) Millar (1958), 4) Rodrigues (1962), 5) Monniot (1969/70), 6) costa (1969), 7) Millar (1977),
8) Rodrigues & Rocha (1993), 9) Rocha & Monniot (1995), 10) Rocha & Nasser (1998), 11) Rodrigues et al. (1998), 12) Rocha & Moreno
(2000), 13) T. Lotufo, personal communication (2002), 14) Rocha & Costa (2005), 15) Rocha et al. (2005).

Distaplia bermudensis, Cystodytes dellechiajei, Didemnum
granulatum, Lissoclinum fragile, Diplosoma listerianum, Perophora
multiclathrata, Botrylloides nigrum, Botryllus tuberatus, Symplegma
rubra, Styela canopus and Microcosmus exasperatus. Of these,
Clavelina oblonga, Distaplia bermudensis and Symplegma rubra
also have disjunct distributions: southern and southeastern
Brazil, as well as the Caribbean and North America (Figs 8-10,
Tab. II). While this distribution is quite similar to that of clearly
introduced species, the lack of information for these species
causes us to tentatively call them cryptogenic. Though few stud-
ies have taken place on the northeastern Brazilian coast, these
species are quite easily encountered and identified. If they oc-
curred in that region, it is very likely that they would have
been recorded. Thus, while probably introductions, it is diffi-
cult to determine in which direction the introductions went —
from north to south, or vice versa. It is believed that they are
native to the western Atlantic; the few encounters in other
continents are considered introductions.

Clavelina oblonga, according to van NaMmt (1945) referring
to the material Hartmeyer collected in Sao Sebastido, Sao Paulo,
was first recorded in Brazil in ~1910. Clavelina oblonga is also
found near Dakar, Senegal, and at Ilha Faial, Azores. In the
Azores, it was introduced from American populations in 1971,
and is restricted to Horta Harbor (Monnior & Monnior 1994).

The first record for Distaplia bermudensis in Brazil is that
of MirLar (1958), at Ubatuba, Sdo Paulo. Peris (1957) recorded
this species in the Mediterranean Sea (Baleares Islands), but
possibly erroneously identified. It was perhaps Distaplia rosea
Della Valle, 1881, common in the Mediterranean. Since this
species is only found on natural substrates it is probably na-
tive, and therefore should be carefully studied (substrate, loca-
tion, etc.) in future Brazilian studies to clarify its status.

Symplegma rubra was first recorded in 1993 in Sdo
Sebastido, Sdao Paulo, Brazil (RopriGues & Rocha 1993). How-
ever, Rodrigues (unpublished data) encountered this species in
the region since the 1960s.

The remaining cryptogenic species are widely distributed
in the world and the entire Brazilian coast (the fourth distribu-
tion pattern; Figs 11-19, Tab. II). Thus it is difficult to deter-
mine the origin of these species and their points of introduc-
tion.

Perophora multiclathrata has been recorded three times in
Brazil, the first of which was Robriguts et al. (1998). It is possi-
bly distributed throughout the Brazilian coast, but being a cryp-
tic species, is not easily found. It was found only once in the
collections from Paranagué Bay, along with Botryllus planus.
Lamsert (2003) also classified this species as cryptogenic in
Guam.
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Figures 6-7. Distributions of the species found in Paranagua Bay and nearby, that have widespread distributions and are disjunct in the

western Atlantic: (6) Ascidia sydneiensis; (7) Styela plicata.

The first record for Cystodytes dellechiajei on the Brazilian
coast was Heroman (1886, in MiLLar 1958), probably in Bahia,
with the name C. draschii, that today is considered synonymous
with C. dellechiajei. LamerT (2003) considered this a native spe-
cies in Guam, because it was found predominantly on natural
substrates. This is a difficult species to identify due to the ex-
treme contraction of the zooids during fixation, and due to its
relatively uniform morphology throughout its geographic dis-
tribution. In the Mediterranean, however, several morphotypes
exist, most of which vary in color and spicule composition.
Genetically, six clades are recognized, but which do not corre-
spond with spicule shape and only partially with color (Lorez-
LecentiL & Turon 2005). These results make it impossible to de-
termine new species, but they indicate that C. dellechiajei may
not be just one, widespread, species as it is considered today.

Didemnum granulatum was found first in Brazil (Sao Paulo)
in 1995 (RocHa & Monnior 1995), and on the west African coast
(Senegal) in 1994 (MonnioT & MonnioT 1994). This species has
not been found in the Caribbean, nor on the eastern coast of
Africa, and thus we believe it to be of Pacific origin.
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Lissoclinum fragile was first recorded in Brazil by RopriGuEs
et al. (1998) in Sdo Paulo. The fact that it is found in ports,
such as Apra Harbour, Guam (Monnior & Monniot 2001),
Noumea port in New Caledonia (Monnior 1992), Malakal Har-
bor in Palau an also harbors in Honolulu, Hawaii (G. LAMBERT
2005, personal communication) suggests that it may be pas-
sively transported by ships. L. fragile is also considered intro-
duced in Tahiti (MonnioT et al. 1985) and was first reported on
the west African coast in 1994 (Monnior & Monnior 1994).

Diplosoma from northeastern Brazil has been considered
Diplosoma macdonaldi but this species is synonymous with D.
listerianum (Rowe 1966) and the first record for Brazil was in
the 1800s (HerpMaAN 1886) in the state of Bahia. This species
was first described from the English Channel by Milne-Edwards
in 1841 but it is so widely distributed throughout the Atlantic,
Indian and Pacific Oceans that it is difficult to define which is
its actual native distribution. Diplosoma listerianum is recog-
nized as introduced in Papeete, Tahiti (MonnioT et al. 1985),
Guam (Lamserr 2002), and a historical record of observations
and quantitative information for the last 25 years at a series of
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Figures 8-10. Dlstrlbutlons of the species found in Paranagué Bay and nearby, with disjunct distributions in the western Atlantic and
some records outside the Atlantic: (8) Clavelina oblonga; (9) Distaplia bermudensis; (10) Symplegma rubra.

sites in the southwestern Gulf of Maine showed that it is a
recent introduction there (Harris & TyrreLL 2001). This species
forms chimera (an association of genetically different individu-
als within the same colony), and may store exogenous sperma-
tozoids for several weeks. These characters favor the coloniza-
tion of new areas (SomMEerreLDT & BisHor 1999, Lamsert 2001).
Studies in Sdo Paulo demonstrated other adaptations that fa-
vor introduction: recruitment throughout the year, great abil-
ity to colonize artificial substrates, rapid growth rates, and rapid
sexual maturity (within one month; RocHa 1991).

Botryllus tuberatus (under the name B. primigenus Oka,
1928) was first reported on the Brazilian coast in Sao Paulo and
Rio de Janeiro (MiLLar 1958). This species is very different from
the other botryllids by having only four rows of stigmata and
it is likely that other species that also have four rows of stig-
mata have been designated as this species. Colonies vary in
both form and color (Monnior 2002). Korr (1985) considered
its distribution unusual, since it is very rare for a species of the
western Pacific. In both Parana and Santa Catarina, large colo-

nies have been found, greater than 20 cm in diameter, and on
natural vertical substrates. If this is an introduced species, it is
quite successful in its colonization of natural environments. It
is considered native in California where it occurs only in natu-
ral habitats on the open coast and never on artificial substrates
(G. Lamsert 2005, personal communication).

Botrylloides nigrum was first recorded in Brazil in the states
of Santa Catarina and Sao Paulo (RopriGues 1962). In this study
it was found on a cultivated mussel, and so possibly introduced.
In Brazil, this species is usually epizooic, growing on algae and
bivalve shells, such as oysters and mussels.

Styela canopus was first found at Ilha Grande, in Rio de
Janeiro (MonnioT 1969, 1970). Here, one sample was found on
an abandoned fishnet on the ocean floor, suggesting that it
was introduced. In Sao Sebastido, Sao Paulo, this species is found
on artificial substrates used in scientific experiments (RMR,
unpublished observation). Monniot (2002) described this spe-
cies on wrecks on the coast near Djibouti, Africa. Styela partita
(Stimpson, 1852) whose type location is Boston Harbor, in the
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Figures 11-13. Distributions of the species found in Paranagué Bay and nearby, with widespread and continuous distributions in the
western Atlantic: (11) Perophora multiclathrata; (12) Cystodytes dellechiajei; (13) Didemnum granulatum.

United States and shows an affinity for ports (van Name 1945),
was one of the species later synonymized with S. canopus. Thus,
it is quite probable that Styela canopus is an introduced species
in the western Atlantic and therefore southern Brazil.
Microcosmus exasperatus was first found in Brazil by van
NaMme (1945) at Sao Francisco do Sul, Santa Catarina. The type
locality is in the Caribbean, but its original distribution is un-
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known. Since many blanks exist in the distribution of this spe-
cies, it is quite possible that it was introduced in a variety of
places (Monnior 1981). Its first Mediterranean record was in
1963 in the military port Bizerte, and after this record many
others were recorded, usually in ports (Monnior 1981), indicat-
ing its recent introduction here. Monnior (1965) recorded this
species on the west coast of Africa in Pointe-Noire, Congo,
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Figures 14-16. Distributions of the species found in Paranagué Bay and nearby, with widespread and continuous distributions in the
western Atlantic: (14) Lissoclinum fragile; (15) Diplosoma listerianum; (16) Botryllus tuberatus.

where rocky bottoms do not occur; it occurred only on the
chains securing a floating dock, between 1 -3 m depth. In New
Caledonia, this species is abundant only on wharves and buoys
at the Noumea Port (MonnioT 1989).

Most species encountered in this study, with the excep-
tion of Eudistoma carolinense and Distaplia bermudensis, occur

on at least one type of artificial substrate, such as cultures, ar-
tificial reefs or the substrates common to ports (piers, buoys,
columns and boats, etc.). The species Ascidia curvata, A.
sydneiensis, Botryllus planus and Clavelina oblonga occur on oys-
ter cultures (Datsy & Young 1993, Tokioka 1952); Cystodytes
dellechiajei has been found on shrimp nets (MiLLar 1988);
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Figures 17-19. Distributions of the species found in Paranaguéa Bay and nearby, with widespread and continuous distributions in the
western Atlantic: (17) Botrylloides nigrum; (18) Styela canopus; (19) Microcosmus exasperatus.

Diplosoma listerianum was found on fish hatchery structures at
Bahrain, in the Arabian Gulf (MonntoT & Monniot 1997). Cul-
tures are very favorable for colonization by ascidians, since the
substrates are simple and associated with ecological disturbances
(Lamsert 2001, 2005b). In at least one study, ascidians growing
over cultured oysters did not influence the oyster growth rates
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(DaLBy & Young 1993), yet in some circumstances the cover
due to ascidians may be so great that they must exert a strong
impact on the cultured animals.

Species’ historical records are fundamental for determin-
ing introduction status. Unfortunately, only three studies prior
to ours exist for ascidians in Paranagua Bay region: Moure et al.
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(1954) recorded three species (Didemnum candidum Savigny,
1816; Polysyncraton amethysteum (van Name, 1902) and Styela
plicata). Only the latter has been found again, with one indi-
vidual on a mussel culture (Perna perna Linnaeus, 1758). This
species is apparently not very successful in the region. Didemum
candidum is really a group of poorly identified species and which
makes any interpretation difficult. While not found in our
study, Polysyncraton amethysteum may be found in nearby
Guaratuba Bay.

An experimental study of the encrusting community on
artificial plates in Paranagud Bay found Clavelina oblonga,
Didemnum speciosum, Diplosoma singulare Lafargue, 1968,
Polyclinum constellatum Savigny, 1816, Styela plicata, Symplegma
viride Herdman, 1886 (probably Symplegma brakenhielmi) (M. D.
Correla 1989, unpublished data). Of these, only Clavelina oblonga
and Styela plicata were found in this study and were considered
cryptogenic and introduced, respectively. Clavelina oblonga may
actually be native, since it is abundant in all areas of the study.

The most recent study of ascidians in the bay includes
the following species: Praia de Encantadas, Ilha do Mel: Ascidia
curvata, Ascidia sydneiensis, Clavelina oblonga, Didemnum
granulatum, Didemnum lutarium van Name, 1910, Diplosoma
listerianum, Distaplia bermudensis, Cystodytes dellechiajei, Praia
de Fora, Ilha do Mel: Symplegma rubra Monniot C, 1972 and
Ilha da Figueira: Microcosmus exasperatus (RocHa & Nasser 1998).
The differences between that study and this one my be due to
two, not mutually exclusive reasons. First, neither study was
intensive over the long term, and so it is not surprising that all
existing species are not recorded in either of them. Second,
some of the species may have been introduced since 1998. A
comparison between the species found within the bay (Ilha
das Cobras and Pier Tenenge) and on nearby islands (Ilha do
Mel and Galheta), finds that Perophora multiclathrata, Distaplia
bermudensis, Lissoclinum fragile, Botryllus planus and Symplegma
rubra were found only within the bay, which strongly suggests
introduction. On the other hand, D. bermudensis was once
found on Ilha do Mel (RocHa & Nasser 1998), B. planus is often
found on rocky shores in Guaratuba, where P. muticlathrata
has also been found. P. muticlathrata, however, is a cryptic spe-
cies and will require a greater effort to be consistently found.

Comparing the ascidian fauna from Paranagua Bay with
that found in the more southern, isolated from ship traffic,
Arvoredo Biological Reserve (RocHa et al. 2005), of the 18 spe-
cies reported here, 12 were found at the reserve: Clavelina
oblonga, Eudistoma carolinense, Cystodytes dellechiajei, Distaplia
bermudensis, Didemnum granulatum, Diplosoma listerianum,
Lissoclinum fragile, Botrylloides nigrum, Botryllus tuberatus,
Botryllus planus, Styela canopus and Microcosmus exasperatus.
Since many of these species are considered cryptogenic or in-
troduced in southern Brazil, a monitoring program of the re-
serve could be very informative to understand the population
dynamics of these species, and any potential problems associ-
ated with their introductions.

Among the ascidian species that are the most common
introduced species worldwide, four were found in Paranagua
Bay: Diplosoma listerianum, Styela canopus, Styela plicata and
Microcosmus exasperatus. This indicates that the Paranagué Port
is open to invasion of exotic species, and should be thoroughly
monitored to understand the growth and recruitment of intro-
duced populations, and to understand how to control those
populations if it is deemed necessary. Since more groups of
organisms besides ascidians, including many benthic inverte-
brates, are probably involved in these introductions, we ur-
gently recommend a much needed larger scale inventory of
the fauna potentially influenced by port activities. Only with
such an inventory will we be prepared to undertake the neces-
sary measures should we discover potentially harmful and eco-
nomically costly introduced organisms.
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