
Management of Biological Invasions (2016) Volume 7, Issue 1: 5–12 

DOI:  http://dx.doi.org/10.3391/mbi.2016.7.1.02 
© 2016 The Author(s). Journal compilation © 2016 REABIC 

Open Access 

Proceedings of the 5th International Invasive Sea Squirt Conference (October 29–31, 2014, Woods Hole, USA) 

 5

Research Article 

Biodiversity of ascidians in a heterogeneous bay from southeastern Brazil 

Luciana Vieira Granthom-Costa 

1,3*, Carlos Gustavo Werner Ferreira 

2,3 and Gustavo Muniz Dias 

4 
1MN-UFRJ. Pós-Graduação em Zoologia. Museu Nacional. Quinta da Boa Vista s/n, Rio de Janeiro, RJ, CEP: 20.940-040, Brazil 
2 DOT-UFF. Pós-Graduação em Dinâmica da Terra e dos Oceanos. Niterói, Brazil 
3IEAPM – Divisão de Biotecnologia Marinha, Instituto de Estudo do Mar Almirante Paulo Moreira – Marinha do Brasil. Rua Kioto 235, 
Arraial do Cabo, RJ, 28.930-000, Brazil 
 4UFABC– Centro de Ciências Naturais e Humanas, Avenida São Paulo, 6 - Jardim Antares, São Bernardo do Campo, SP, 09606-070, Brazil 

*Corresponding author

E-mail: lu.granthom@gmail.com 

Received: 27 February 2015 / Accepted: 21 October 2015 / Published online: 10 December 2015 

Handling editor: Stephan Bullard 

Abstract 

Ascidians are fast-growing sessile animals, frequently observed on artificial and natural substrata. Several introduced ascidians 
are known for monopolizing space in benthic communities, mainly in urbanized areas, where harbours act as gateways for exotic 
species. In the southeastern Brazil, the Arraial do Cabo Bay is the main point of coastal upwelling and one of the most visited 
localities during the summer due to beaches and dive sites. While the region of the botton of the bay is close to the city, being 
exposed to anthropogenic disturbances but warm waters, the area outside the bay is a pristine site, exposed to cold waters caused 
by the upwelling system. To understand how ascidian species are distributed through the temperature and anthropogenic 
gradients, we sampled ascidian specimens at 11 sites from three distinct regions: (1) inner bay, a harbor area exposed to intense 
ship and boat/platform traffic; (2) external bay, a pristine and warm area and (3) outside of the bay, a region exposed to coastal 
upwelling and cold water. We recorded 31 species of ascidians of which the Didemnidae and Styelidae families were the most 
speciose. Symplegma rubra and Phallusia nigra were the most common species. We found 22 species in the inner bay, of which 
nine were exclusive to this region (Styela canopus, Clavelina oblonga, Polyclinum constellatum, Polyclinum molle, Didemnum 
speciosum, Botrylloides giganteum, Ascidia curvata, Ascidia sydneiensis and Rhodosoma turcicum). In the external bay, we 
found 19 species, five exclusive to this region (Didemnum vanderhorsti, Didemnum galacteum, Eusynstyela tincta, Eusynstyela 
sp. and Botryllus sp.). Outside of the bay, three of the four species found (Cystodytes dellechiajei, Didemnum granulatum and 
Didemnum rodriguesi) were exclusive. Sixteen species were categorized as cryptogenic, seven as native and five as invasive to 
the Brazilian Coast. Four of the five invasive species were found only in the inner bay (R. turcicum, S. canopus, A. sydneiensis 
and A. curvata) close to man-made structures, while Styela plicata, an invasive ascidian with worldwide distribution, was also 
observed in the external bay. Seventeen of the 31 species were exclusive to one of the three regions, suggesting that 
anthropogenic impacts in the inner bay and the upwelling outside of the bay may be influencing the occurrence of different 
species, and increasing the local diversity of ascidians. 

Keywords: Ascidiacea, coastal upwelling, anthropogenic impacts, invasive species 

Introduction 

Coastal waters contain an array of natural and man-
made hard substrata that can serve as habitat for 
sessile fouling communities (Connell and Glasby 
1999; Bulleri and Chapman 2010). While man-
made structures can increase the amount of space 
available for fouling organisms, they are frequently 
associated with decreased water quality due to 
human activities, such as boat traffic and aqua-

culture. As result, sessile communities from 
urbanized regions may have relatively low diversity, 
and can be composed mostly of exotic species, 
that have been introduced through ship hulls or 
ballast water (Piola and Johnston 2008).  

Ascidians (Tunicata: Ascidiacea) are often 
dominant members of marine fouling communities 
from the subtidal zone in both natural and artificial 
substrata (Lambert and Lambert 2003; Lambert 
2007;  Shenkar and Loya 2009).  The distribution 
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Figure 1. Map of Arraial do Cabo Bay, Brazil. White squares represent sites from inner bay: BW = Breakwater, FA = Fortaleza, FO = 
Forno, AN = Anjos, FR = Floating Restaurant. Black circles represent sites from the external bay: SG = Saco do Gato, SC = Saco dos 
Cardeiros, PO = Porcos Island, PV = Pedra Vermelha, MA = Maramutá. Black triangle represent the site outside the bay: IN = Saco dos 
Ingleses (for details see supplementary Table S1). 

 
of ascidian species is affected by salinity (Lambert 
2005; Gab Alla 2008), light intensity (Young and 
Chia 1985), hydrodynamic regimes (Shenkar et 
al. 2008) and temperature (Kowalke et al. 2001; 
Thiyagarajan and Qian 2003; Primo and Vásquez 
2009). Thus, both natural and anthropogenic 
modifications of physical parameters on coastal 
waters can affect the occurrence, distribution and 
diversity of ascidians. While some ascidians are 
only found in natural pristine substrata, other 
species are recognized as nuisance species in 
several harbors of the world. Species such as 
Styela plicata and Didemnum vexillum (Lambert 
2007) are able to survive in disturbed habitats 
and may dominate the sessile communities, reducing 
local diversity (Stachowicz et al. 1999). This is 
especially true for urbanized areas, where active 
harbours can serve as gateways for exotic species 
(Rocha and Kremer 2005; López-Legentil et al. 2014). 

The city of Arraial do Cabo, located in tropical 
Southeastern Brazil, is in an area subject to coastal 
upwelling (Valentin 1994). This phenomenon brings 
cold, nutrient-rich waters to oligrotrophic surface 
waters (Valentin 1984). The cold waters are 
observed mainly outside the Arraial do Cabo Bay 
(ACB), creating a gradient of temperature from 
the exposed shores outside the bay to the more 
protected warm shores located inside the bay 
(Castro et al. 1995; Ferreira et al. 2001). During 
the summer, when the upwelling is more frequent, 

the difference of temperature between regions is 
usually greater than 10°C (Valentin 2001; Carriére 
et al. 2009). The inside and outside of ACB also 
experience different levels of human impact. 
Located at the inner end of the bay is an 
urbanized area with a breakwater that reduces 
water circulation and supports a pier and several 
recreational docks. At the outer end are the 
exposed shores of Cabo Frio Island, which are 
protected by the Brazilian Navy with restricted 
access for tourist and boat traffic.  

Given that both water temperature and anthropo-
genic impact are important factors determining 
ascidian distribution and dominance, we describe 
here the diversity of ascidians from the ACB along 
these two ecological gradients. We expected that 
ascidian species would occupy different portions 
through the anthropogenic and temperature 
gradients, with invasive species being more 
frequent in the urbanized region.  

Materials and methods  

Study area 

We conducted this study in the municipality of 
Arraial do Cabo (22°58'00''S, 42°01'25''W), on the 
Southeastern Brazilian Coast. This area is located 
in a transitional zone between the tropical and 
subtropical  provinces  and is bathed by     a coastal 
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Figure 2. Two dimensional plot of the occurrence of ascidians 
species in Arraial do Cabo Bay and surroundings analyzed by 
non-metric Multidimensional Scaling (nMDS). 

upwelling system. The irregular morphology of the 
coastline associated with the position of Cabo 
Frio and Porcos Islands results in a large 
embayment of 9.5 Km² called Arraial do Cabo 
Bay (ACB) (Laborel 1970) (Figure 1). 

Sampling design 

To assess the ascidian assemblages in the region 
of the ACB and through the anthropogenic and 
temperature gradients, we collected specimens 
from April to July, 2011 at 11 different sites inside 
and outside the ACB. Each site was visited once, 
when a SCUBA diver searched for ascidians in 
rock crevices, over, underneath boulders and pillars 
of pontoons for one hour. For sites in natural 
areas, the diver swam in a zigzag pattern from 
the surface to the sandy bottom, up to 16 meters 
deep (modified from Ferreira et al. 2001). All 
observed specimens were collected and transported 
to the lab in plastic bags. At the Instituto de 
Estudo do Mar Almirante Paulo Moreira (IEAPM), 
collected specimens were anesthetized with 
menthol crystals for one hour and then fixed in 
70% alcohol for further examination under a 
dissecting microscope. After identification, the 
ascidian species were categorized as native, 
introduced or cryptogenic according to current 
literature and previous data. 

The 11 sampling sites were divided into three 
regions according to exposure and to anthropogenic 
(harbor area and domestic sewage) and upwelling 
influences (Figure 1). The first region, hereafter 
referred to as the inner bay, was located inside 
the ACB, close to urban areas and thus exposed 
to intense runoff material and international and 
local boat traffic. Because it was also located at 
the inner end of the bay it is therefore less 
affected by the upwelling, presenting warm waters. 

Sites in the inner bay included Anjos (AN), Forno 
(FO) and Fortaleza (FA), the man-made breakwater 
(BW) and the shores in the proximities of the 
floating restaurant (FR). The second region, the 
external bay, was also inside ACB, but far from 
urban areas; thus, it was less affected by 
anthropogenic impacts but still possessed warm 
waters. Sites in the external bay included: Pedra 
Vermelha (PV), Maramutá (MA) Sacos do Gato 
(SG), Saco dos Cardeiros (SC) and Porcos (PO). 
Pedra Vermelha and Maramutá are located on 
Cabo Frio Island, which is protected by the 
Brazilian Navy that restricts tourist access. The 
third region, outside the bay, was characterized 
by a single shore site: Saco dos Ingleses (IN), 
which is under strong influence of the coastal 
upwelling (Coelho-Souza et al. 2012) and far from 
anthropogenic influences. 

Statistical analyses 

We developed a presence/absence matrix of ascidian 
species per site and calculated the Sorensen 
similarity coefficient for non-metric Multidimen-
sional Scaling (nMDS) to clarify the relationships 
among localities and regions. The differences 
among regions observed in the nMDS were 
tested using an ANOSIM test. To describe which 
species contributed to the dissimilarity among 
regions, we performed a SIMPER analysis. All 
tests were performed with Primer 6.0 software 
(Plymounth Marine Laboratory, UK) (Clarke and 
Gorley 2006). 

Results 

We sampled 31 species of ascidians belonging to 
nine families, from which Didemnidae and 
Styelidae were the most representative, each with 
10 species (Table 1). Symplegma rubra Monniot, 
1982 and Phallusia nigra Savigny, 1816 were the 
most widely distributed species, being observed 
respectively in nine and eight of the 11 sites. Forno 
Beach, Breakwater and Maramutá sites possessed 
the highest abundance of species, with 13, 12 and 
12 species respectively, while Saco dos Ingleses 
was the least speciose site with only four species. 
Among regions, the inner bay showed 10.8 ± 0.9 
(mean ± SE) species per site, 22 in total, while 
the external bay showed 9.4 ± 0.9 (mean ± SE), 
19 in total. Only four species were recorded 
outside the bay. 

As well as differing in species richness, regions 
also differed in species composition, with the two 
regions  inside  of  the  bay being different to the 
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Table 1. Occurrence of ascidians from Arraial do Cabo Bay and status (C = cryptogenic, I = introduced, N = native, ? = no information 
available), in the inner bay (BW = breakwater, FA = Fortaleza , FO = Forno, AN = Anjos, FR = Floating Restaurant), external bay (SG = 
Saco do Gato, SC = Saco dos Cardeiros, PO = Porcos Island, PV = Pedra Vermelha, MA = Maramutá) and outside the bay (IN = Saco dos 
Ingleses). 

species/sites AN  FO FA BW FR SG SC PV PO MA IN status 

Clavelinidae 
Clavelina oblonga Herdman, 1880 x x C 

Polycitoridae 
Cystodytes dellechiajei (Della Valle, 1877) x C 

Holozoidae 
Distaplia bermudensis Van Name, 1902 x x x x N 

Polyclinidae 
Polyclinum constelatum Savigny, 1816 x x C 
Polyclinum molle Rocha and Costa, 2005 x x x N 

Didemnidae 
Didemnum galacteum Lotufo and Dias, 2007 x N 
Didemnum granulatum Tokioka, 1954 x C 
Didemnum ligulum Monniot, 1983 x x x C 
Didemnum perlucidum Monniot, 1983 x x x x x x x C 
Didemnum rodriguesi Rocha and Monniot, 1993 x C 
Didemnum speciosum Herdman, 1886 x N 
Didemnum vanderhorsti Van Name, 1924 x x x C 
Didemnum sp.  x x x x x ? 
Diplosoma listerianum Milne-Edwards, 1841 x x x x C 
Diplosoma sp. x x x x ? 

Ascidiidae 
Ascidia curvata (Traustedt, 1882) x x I 
Ascidia sydneiensis Stimpson, 1855 x I 
Phallusia nigra Savigny, 1816 x x x x x x x x x x C 

Styelidae 
Botrylloides giganteum (Pérès, 1949) x C 
Botrylloides nigrum Herdman, 1886 x x x x x C 
Botryllus sp. x ? 
Eusynstyela tincta (Van Name, 1902) x C 
Eusynstyela sp. x N 
Polyandrocarpa anguinea (Sluiter, 1898) x x x x x x x N 
Styela canopus Savigny, 1816 x I 
Styela plicata (Leuseur, 1823) x x x x x I 
Symplegma brakenhielmi (Michaelsen, 1904) x x x x x x x C 
Symplegma rubra Monniot, 1972 x x x x x x x x x N 

Pyuridae 
Herdmania pallida (Heller, 1878) x x x x C 
Microcosmus exasperatus Heller, 1878 x x x x x x C 

Corellidae 
Rhodosoma turcicum (Savigny, 1816) x x I 

Number of species 10 13 11 12 8 7 11 9 8 12 4 

 
region outside (R global = 0.52, p<0.001) 
(Figure 2). Three out of the four species (Cystodytes 
dellechiajei (Della Valle, 1877), Didemnum granu-
latum Tokioka, 1954 and Didemnum rodriguesi 
Rocha and Monniot 1993) were exclusively found 
in this region. Therefore, the region outside the 
bay presented a high dissimilarity to the inner 
and external bay (100 and 92.3% respectively), 

with just one of the 28 species found inside the 
ACB occurring outside of it (Didemnum ligulum 
Monniot, 1983). Among the sampled species, 16 
were categorized as cryptogenic, seven as native 
and five as introduced to the Brazilian Coast 
(Table 1). An additional three species could not 
be identified to species level. All species from 
outside the bay were categorized as cryptogenic. 
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Three (16%) of the 19 morphospecies reported in 
the external bay were not determined to specific 
level, 26% were native, 53% cryptogenic and 
only one species (5%) classified as introduced. 
Similarly, in the inner bay 2 (9%) of the 22 
morphospecies were not determined to species 
level, 23% were native, 45% were cryptogenic, 
but 23% (five species) were introduced. 

Discussion 

Differences in anthropogenic and upwelling/ 
temperature regimes among regions in the ACB 
appeared to contribute to differences in regional 
diversity of ascidians. Fifty five percent of all 
ascidian species were exclusive to one of the 
threeregions, which is a similar pattern to those 
described for echinoderms, cnidarians (Castro et 
al. 1995) and macroalgae (Yoneshigue-Valentin 
and Valentin 1999; Brasileiro et al. 2009) in the 
ACB. Similar to previous studies, we observed 
more species inside the bay than outside, although 
our sampling effort was focused mainly inside 
the bay, and thus we may have undersampled the 
species outside the bay. On the other hand, we 
observed three species outside the ACB (IN) that 
were not present in any of the 10 sampled sites 
within the bay, suggesting that the differences in 
species composition are not only a result of 
sampling effort. In addition, the site within the 
ACB with the fewest number of species, still 
held twice the number of species observed outside 
the ACB.  

Shenkar and Swalla (2011) recently reported 56 
ascidian species on the Brazilian coast, a number 
that was later upgraded to 104 (Rocha et al. 2011). 
We found a high number of ascidian species in 
the ACB (31) compared to findings from other 
well-studied areas on the Brazilian Coast such as 
São Paulo (62 species) (Rodrigues et al 1998; Dias 
et al. 2012), Santa Catarina (26 species) (Rocha 
et al. 2005), Paraná (19 species) (Rocha and Kremer 
2005) and Ceará States (19 species) (Lotufo and 
Bezerra-Silva 2005). Furthermore, we updated the 
previously documented ascidian diversity in the 
ACB from 19 (Rocha and Costa 2005) to 31. 
Considering that only 36 ascidian species are 
recorded for the whole of the Rio de Janeiro 
State (Björnberg 1956; Millar 1958; Monniot 
1969-70; Rocha and Costa 2005; Marins et al. 
2010; Skinner et al. 2013), ACB is an area of 
high ascidian diversity. Our survey also documents 
the first occurrence of six species from the 
Didemnidae family (Didemnum perlucidum Mon-
niot, 1983, Didemnum speciosum Herdman, 1886, 

Didemnum galacteum Dias and Lotufo 2007, D. 
granulatum, D. ligulum, and D. rodriguesi), one 
styelid species – Styela canopus Savigny, 1816 
and one pyurid species Ascidia curvata (Traustedt, 
1882) which were not observed for the ACB in 
previous studies (Rocha and Costa 2005). Some 
of the species reported for the first time in ACB 
in this study are conspicuous and abundant 
ascidians that would have been easily observed 
by Rocha and Costa (2005), so their occurrence 
today is probably the result of recent introductions. 

The high ascidian diversity in the ACB may 
be related to the spatial heterogeneity of physical 
conditions in the region. The inner region, which 
was the most speciose area, is exposed to significant 
anthropogenic impacts (domestic sewage discharge 
and ship/boat traffic). The area experiences seasonal 
euthrophication due to organic sewage, with high 
levels of bacterial production mainly during 
summer (Coelho-Souza et al. 2013). The intensive 
marine traffic and associated pollution in the 
harbor area are also likely to cause negative 
impacts on the benthic community (Rogers et al. 
2014). Harbor areas are also recognized as major 
introduction sites of non-native species (Ruiz et 
al. 1997). As a result of invasive species having 
the ability to outcompete native species under 
stressfull conditions (Gittenberger and Moon 2011), 
and because invasives do not have a shared past 
with native predators (Epelbaum et al. 2009), 
non-native species can dominate heavily disturbed 
areas such as the inner ACB. This in turn can 
lead to a reduction in the diversity of native 
species in these areas (Piola and Johnston 2008).  

The non-indigenous ascidians A. curvata, S. 
canopus, Ascidia sydneiensis Stimpson, 1855 and 
Rhodosoma turcicum (Savigny, 1816) were found 
exclusively in the inner bay. The cryptogenic 
species, Clavelina oblonga Herdman, 1880 was also 
found to be abundant on man-made structures at 
this site. The increase in cargo ship transportation 
and oil and gas companies activities in the last 
few years have likely favored the establishment 
of these non-native species in the ACB region 
(Ferreira et al. 2004). Styela plicata (Lesueur, 
1823), which is categorized as a harmful invasive 
species in many regions around the world 
(Pineda et al. 2011), was also present in the ACB. 
Previously, S. plicata was restricted to harbor areas 
on breakwater and pillars of pontoons (Rocha 
and Costa 2005), but the species is now present 
along rocky shores near the ACB, reinforcing the 
idea that harbors and marinas can act as gateways 
for invasive species that can further spread to 
pristine areas (López-Legentil et al. 2014). 
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The region outside the ACB is characterized 
by waters with low temperatures <18°C, high 
nutrient concentrations, and phytoplankton blooms 
(Valentin 2001; Coelho-Souza et al. 2012). We 
found the ascidians C. dellechiajei, D. granulatum 
and D. rodriguesi exclusively outside of the ACB. 
These three species have previously been reported 
in both warm and cold waters around the world 
(Shenkar and Swalla 2011). On the Brazilian coast, 
both C. dellechiajei and D. granulatum occur 
from Ceará (03o S) to Santa Catarina (27o S). D. 
rodriguesi was reported from New Caledonia 
(Rocha and Monniot 1993) and in Brazilian waters 
occurs from Rio de Janeiro to Santa Catarina, 
showing subtropical affinities (Rocha et al. 2011). 
D. ligulum was observed occurring both outside 
and inside the bay. This species lives in tropical 
and subtropical conditions in Brazil (Rocha et al. 
2011), displaying a high dispersal capacity, and 
wide tolerance to temperature.  

Within the ACB, the external bay had a few 
exclusive species, the majority of which were 
cryptogenic. Cryptogenic species are defined as 
those which have “unknown origin”, and the 
introduced status is based on criteria such as 
geographical distribution, occurrence on natural 
or artificial substrates, and dispersal capacities 
of the species (Chapman and Carlton 1991). In 
general, species categorized as cryptogenic in 
this study were more abundant than natives and 
introduced species together, following the 
worldwide pattern (Shenkar and Swalla 2011). 
Besides several records for ascidians species 
(Moure et al. 1954; Björnberg 1956; Millar 1958, 
1961, 1977; Monniot 1969-70; Rocha and Nasser 
1998; Rodrigues et al. 1998; Rocha and Costa 
2005; Rocha et al. 2005; Dias et al. 2012), most 
of the ascidians along the Brazilian Coast are 
still poorly known and their original distribution 
remains unclear.  

Our study provides a baseline for future 
surveys in the ACB and highlights the dispersal 
of invasive species, mainly S. plicata, through 
most of the ACB. In addition, our results suggest 
that the different physical conditions between 
regions may select different species within each 
region, which could account for the high diversity 
of ascidians in the ACB. The differences in 
species among our three regions seems to be caused 
mainly by species occurring exclusively in the 
upwelling region (outside the bay) and to invasive 
and cryptogenic species in the anthropogenically 
affected inner bay. 

Acknowledgements 

The authors thank to Instituto de Estudos do Mar Almirante Paulo 
Moreira – IEAPM for logistical and laboratorial support and 
Gretchen Lambert for providing helpful suggestions on an early 
draft of the manuscript. 

References 

Björnberg TKS (1956) Ascidias da costa sul do Brasil (note). 
Ciência e Cultura 8: 164–65 

Brasileiro PS, Yoneshigue-Valentin Y, Bahia RG, Reis RPA, 
Amado Filho GM (2009) Algas marinhas bentônicas da 
região de Cabo Frio e arredores: Síntese do conhecimento. 
Rodriguésia 60: 39–66 

Bulleri F, Chapman MG (2010) The introduction of coastal 
infrastructure as a driver of change in marine environments. 
Journal of Applied Ecology 47: 26–35, http://dx.doi.org/10. 
1111/j.1365-2664.2009.01751.x 

Carrière O, Hermand JP, Calado L, de Paula AC, Silveira ICA 
(2009) Feature-oriented acoustic tomography: upwelling at 
Cabo Frio (Brazil). Proceedings of OCEANS ‘09 MTS/IEEE 
Biloxi Conference - Marine Technology for Our Future: 
Global and Local Challenges: Marine Technology Society 
IEEE: 1–8 

Castro CB, Echeverría CA, Pires DO, Mascarenhas BJA, Freitas 
SG (1995) Distribuição de Cnidaria e Echinodermata no 
infralitoral de costões rochosos de Arraial do Cabo, Rio de 
Janeiro, Brasil. Revista Brasileira de Biologia 55: 471–480 

Chapman JW, Carlton JT (1991) A test of criteria for introduced 
species: a global invasion of the isopod Synidotealae 
vidorsalis (Mers, 1881). Journal of Crustacean Biology 11: 
386–400, http://dx.doi.org/10.2307/1548465 

Clarke KR, Gorley RN (2006) PRIMER v6: User Manual/ 
Tutorial. PRIMER-E, Plymouth 

Coelho-Souza AS, Pereira GC, Coutinho R, Guimarães JRD 
(2013) Yearly variation of bacterial production in the Arraial 
do Cabo protection area (Cabo Frio upwelling region): An 
evidence of anthropogenic pressure. Brazilian Journal of 
Microbiology 44: 1349–1357, http://dx.doi.org/10.1590/S1517-
83822013000400046 

Coelho-Souza AS, López MA, Guimarães JRD, Coutinho R, 
Candella RN (2012) Biophysical interactions in the Cabo 
Frio upwelling system, Southeastern Brazil. Brazilian 
Journal of Oceanography 60: 353–365, http://dx.doi.org/10.15 
90/S1679-87592012000300008 

Connell SD, Glasby TM (1999) Do urban structures infuence 
local abundance and diversity of subtidal epibiota? A case 
study from Sydney Harbour, Australia. Marine Environ-
mental Research 47: 373–387, http://dx.doi.org/10.1016/S0141-
1136(98)00126-3 

Dias GM, Rocha RM, Lotufo TMC, Kremer L (2012) Fifty years 
of ascidian biodiversity research in São Sebastião, Brazil. 
Journal of the Marine Biological Association of the United 
Kingdom 93: 273–282, http://dx.doi.org/10.1017/S002531541200 
063X 

Epelbaum A, Herborg LM, Therriault, TW, Pearce CM (2009) 
Temperature and salinity effects on growth, survival, 
reproduction, and potential distribution of two non-
indigenous botryllid ascidians in British Columbia. Journal 
of Experimental Marine Biology and Ecology 369: 43–52, 
http://dx.doi.org/10.1016/j.jembe.2008.10.028 

Ferreira CEL, Gonçalves JEA, Coutinho R (2001) Community 
structure of fishes and habitat complexity on a tropical rocky 
shore. Environmental Biology of Fishes 61: 353–369, 
http://dx.doi.org/10.1023/A:1011609617330 



Ascidians diversity in a heterogeneous bay 

11 

Ferreira, CEL, Gonçalves JEA, Coutinho R (2004) Ship hulls and 
oil platforms as potential vectors to marine species 
introduction. Journal of Coastal Research 39: 1341–1346 

Gab Alla AAFA (2008) Distribution of the sea squirt 
Ecteinascidia thurstoni Herdman, 1890 (Ascidiacea: 
Perophoridae) along Suez Canal and Egyptian Red Sea 
Coasts. Oceanologia 50: 239–253 

Gittenberger A, Moons JJS (2011) Settlement and possible 
competition for space between the invasive violet tunicate 
Botrylloides violaceus and the native star tunicate Botryllus 
schlosseri in the Netherlands. Aquatic Invasions 6: 435–440, 
http://dx.doi.org/10.3391/ai.2011.6.4.08 

Kowalke J, Tatián M, Sahade R, Arntz W (2001) Production and 
respiration of Antarctica ascidians. Polar Biology 24: 663–
669, http://dx.doi.org/10.1007/s003000100266 

Laborel JL (1970) Les peuplements de Madréporaires dês cotes 
tropicales du Brésil. Annales du L’Université du D’Abidjan E 
II. fasc. 3, 262 pp 

Lambert G (2005) Ecology and natural historyoftheproto-
chordates. Canadian Journal of Zoology 83: 34–50, 
http://dx.doi.org/10.1139/z04-156 

Lambert G (2007) Invasive sea squirts: A growing global 
problem. Journal of Experimental Marine Biology and 
Ecology 342: 3–4, http://dx.doi.org/10.1016/j.jembe.2006.10.009 

Lambert CC, Lambert G (2003) Persistence and differential 
distribution of nonindigenous ascidians in harbors of the 
Southern California Bight. Marine Ecology Progress Series 
259: 145–161, http://dx.doi.org/10.3354/meps259145 

López-Legentil, S, Legentil ML, Erwin PM, Turon X (2014) 
Harbor networks as introduction gateways: contrasting 
distribution patterns of native and introduced ascidians. 
Biological Invasions 17: 1623–1638, http://dx.doi.org/10.1007/ 
s10530-014-0821-z 

Lotufo TMC, Bezerra e Silva AM (2005) Ascidiacea do litoral 
Cearense. In: Cascon HM, Lotufo, TMC (eds), Biota Marinha 
da Costa Oeste do Ceará, pp 222–247 

Marins FO, Novaes RLM, Rocha RM, Junqueira AOR (2010) 
Non-indigenous ascidians in port and natural environments in 
a tropical Brazilian Bay. Revista Brasileira de Zoologia 27: 
213–221, http://dx.doi.org/10.1590/s1984-46702010000200009 

Millar RH (1958) Some ascidians from Brazil. Annals and 
Magazine of Natural History 13: 497–514, http://dx.doi.org/10. 
1080/00222935808650975 

Millar RH (1961) Euherdmania vitrea, a new species from Brazil. 
Annals and Magazine of Natural History 13:143–147, 
http://dx.doi.org/10.1080/00222936108655793 

Millar RH (1977) Ascidians (Tunicata: Ascidiacea) from 
Northern and North- Eastern of Brazilian Shelf. Journal of 
Natural History 11: 169–223, http://dx.doi.org/10.1080/0022293 
7700770131 

Moure JS, Bjornerg TKS, Loureiro TS (1954) Protochordata 
ocorrentes na entrada da baía de Paranaguá. Dusenia 5: 233–
242  

Monniot C (1969-70) Campagne de la Calypso au large des cotes 
Atlantiques de L’amérique du Sud (1961-1996). Ascidies 
Phlebobranches et Stolidobranches. Résultats scientifiques 
des campagnes de la “Calypso”, pp 1–59 

Pineda MC, López-Legentil S, Turon X (2011) The Whereabouts 
of an ancient wanderer: Global phylogeography of the 
solitary ascidian Styela plicata. PLoS ONE 6(9): e25495, 
http://dx.doi.org/10.1371/journal.pone.0025495 

Piola FP, Johnston EL (2008) Pollution reduces native diversity 
and increases invader dominance in marine hard-substrate 
communities. Diversity and Distributions 14: 329–342, 
http://dx.doi.org/10.1111/j.1472-4642.2007.00430.x 

Primo P, Vásquez E (2009) Antarctic ascidians: an isolated and 
homogeneous fauna. Polar Research 28: 403–4143, 
http://dx.doi.org/10.1111/j.1751-8369.2009.00110.x 

Rocha RM, Monniot F (1993) Didemnum rodriguesi sp. nov., a 
new didemnid tunicate common to southern Brazil and Nova 
Caledonia. Annales du Institute Oceanographique de Paris, 
69: 261–265 

Rocha RM, Nasser CM (1998) Some ascidians (Tunicata: 
Ascidiacea) from Parana State, Southern Brazil. Revista 
Brasileira de Zoologia 15: 633–642, http://dx.doi.org/10.1590/ 
S0101-81751998000300009 

Rocha RM, Costa LVG (2005) Ascidians from Arraial do Cabo, 
RJ, Brazil. Iheringia 95: 57–64, http://dx.doi.org/10.1590/S0073-
47212005000100009 

Rocha RM, Kremer LP (2005) Introduced Ascidians in Paranaguá 
Bay, Paraná, Southern Brazil. Revista Brasileira de Zoologia 
22: 1170–1184, http://dx.doi.org/10.1590/S0101-817520050004 
00052 

Rocha RM, Moreno TR, Metri R (2005) Ascídias da Reserva 
Biológica Marinha do Arvoredo, SC. Revista Brasileira de 
Zoologia 22: 461–476, http://dx.doi.org/10.1590/S0101-8175200 
5000200024  

Rocha RM, Zanata TB, Moreno TR (2011) Keys for the 
identification of families and genera of Atlantic shallow 
water ascidians. Biota Neotropica 12(1), http://dx.doi.org/10.15 
90/S1676-06032012000100022 

Rodrigues SA, Rocha RM, Lotufo TMC (1998) Guia ilustrado 
para a identificação das ascídias do estado de São Paulo – 
Programa BIOTA de São Paulo, Campinas 

Rogers R, Correal GO, Oliveira TC, Carvalho LL, Mazurek P, 
Barbosa JEF, Chequer L,Domingos TFS, Jandre KA, Leão 
LSD, Moura LAM, Occhioni GE, Oliveira VM, Silva ES, 
Cardoso AM, Costa AC, Ferreira, CEL (2014) Coral health 
rapid assessment in marginal reef sites. Marine Biology 
Research 10: 612–624, http://dx.doi.org/10.1080/17451000. 
2013.841944 

Ruiz GM, Carlton JT, Grosholz ED, Hines AH (1997) Global 
Invasions of Marine and Estuarine habitats by non-
indigenous species: mechanisms, extent, and consequences. 
American Zoology 37: 621–632, http://dx.doi.org/10.1093/icb/37. 
6.621 

Shenkar N, Zeldman Y, Loya Y (2008) Ascidian recruitment 
patterns on na artificial reef in Eilat (Red Sea). Biofouling 24: 
119–128, http://dx.doi.org/10.1080/08927010801902083 

Shenkar N, Loya Y (2009) Non-indigenous ascidians 
(Chordata: Tunicata) along the Mediterranean coast of 
Israel. Marine Biodiversity Records 2: 1–7, http://dx.doi.org/ 
10.1017/S1755267209990753 

Shenkar N, Swalla BJ (2011) Global Diversity of Ascidiacea. 
PLoS ONE 6(6): e20657, http://dx.doi.org/10.1371/journal.pone. 
0020657 

Skinner LF, Oliveira GCM, Barboza DF, Tenório AA, Soares DC 
(2013) First record of the Ascidiacea Rhodosoma turcicum in 
the south-west Atlantic Ocean. Marine Biodiversity Records 
6: 37–41, http://dx.doi.org/10.1017/S1755267213000092 

Stachowicz JJ, Whitlatch RB, Osman RW (1999) Species 
diversity and invasion resistance in a marine ecosystem. 
Science 286: 1577–1579, http://dx.doi.org/10.1126/science.286. 
5444.1577 

Thiyagarajan V, Qian YP (2003) Effect of temperature, salinity 
and delayed attachment on development of solitary ascidian 
Styela plicata (Lesuer). Jornal of Experimental Marine 
Biology and Ecology 290: 133–146, http://dx.doi.org/10.1016/S0 
022-0981(03)00071-6 

Valentin JL (1984) Analysis of hydrobiological parameters in the 
Cabo Frio (Brazil) upwelling. Marine Biology 82: 259–276, 
http://dx.doi.org/10.1007/BF00392407 

Valentin JL (1994) Ressurgência: fonte de vida dos oceanos. 
Ciência Hoje 18: 19–25 

Valentin JL (2001) The Cabo Frio upwelling system, Brazil. In: 
Seeliger U, Kjerfve B (eds). Coastal marine ecosystems of 
Latin America, Springer, Berlin, pp 97–105, http://dx.doi.org/ 
10.1007/978-3-662-04482-7_8 



L.V. Granthom-Costa et al.  

12 

Yoneshigue-Valentin Y, Valentin JL (1992) Macroalgae of the 
Cabo Frio. Upwelling region, Brazil: ordination of 
communities. In: Seeliger U (ed), Coastal plant communities 
of Latin America. Academic Press, San Diego, pp 31–50, 
http://dx.doi.org/10.1016/B978-0-08-092567-7.50008-8 

 
 

Young CM, Chia FS (1985) An experimental test of shadow 
response function in ascidian tadpoles. Journal of 
Experimental Marine Biology and Ecology 85: 165–175, 
http://dx.doi.org/10.1016/0022-0981(85)90141-8 

 
 

 
 
Supplementary material 
 
The following supplementary material is available for this article: 

Table S1. Survey locations and observations of non-native species. 

This material is available as part of online article from:  
http://www.reabic.net/journals/mbi/2016/Supplements/MBI_2016_GranthomCosta_etal_Supplement.xls 
 
 


