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ABSTRACT: To determine how benthic, tropical, rocky shore communities were affected by the
invasive coral species Tubastraea coccinea and T. tagusensis, 8 sites were studied during 2 yr on
rocky shores in the southwest Atlantic Ocean (Brazil) by using both fixed and random sampling
techniques. Overall, mean cover of T. tagusensis was 0.7% and T. coccinea was 0.4%, (the
eleventh and sixteenth most abundant taxa, respectively, throughout the sites). Forty-two major
space occupying taxa were registered. In fixed quadrats there was a 76.6% increase per year in
density of Tubastraea spp. over the study period. For percent cover no significant difference in
cover over time was detected for T. coccinea, but for T. tagusensis and overall (both species) cover
increased significantly. The random quadrats data showed subtle differences from the fixed
quadrats. There was an increase in density of Tubastraea spp. through time (67.8% per year over
the study period). In random samples the density of T. coccinea increased during the study but
that of T. tagusensis did not. The cover of both corals also increased over time. The sites where
Tubastraea spp. were most abundant possessed higher diversity, evenness and richness of species.
Sites where Tubastraea was present tended to group in ordination. The presence of Tubastraea in
the communities caused a mean dissimilarity of 4.8% in the invaded communities. A strong positive relationship between invader cover and change in community structure was found, which
suggested complete (100%) community dissimilarity at an invader cover of 45%. The negative
effects are sufficient to disturb the native benthic communities throughout the tropical Atlantic
Ocean.
KEY WORDS: Benthos · Community structure · Diversity · Invasive species · Scleractinian coral ·
Tubastraea
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Owing to increased merchant shipping at the close
of the 20th century, biological invasions of marine
ecosystems have become common (Carlton 1996).
Exotic invasive species threaten native biodiversity
(Cariton & Geller 1993, Wilcove et al. 1998), alter
ecosystem structure and function (Mack et al. 2000)
and annually cost billions of dollars in damage to
coastal regions of the world (Pimentel et al. 2005).
The successful establishment of alien organisms is, in

large part, due to the transport and release of species
from ships’ ballast water, incrustations on ships and
floating platforms and from sediments (Cariton &
Geller 1993, Carlton 1996). Regardless of the mechanisms involved, invasion by exotic species has lead to
hypotheses of positive feedbacks of the effects of this
increasing number of exotic species that could facilitate additional invasions and lead to invasion ‘meltdown’ (Simberloff & Halle 1999).
Until recently the transformations of native communities caused by the establishment and spread of
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invasive species have been poorly understood for
most systems (Grosholz 2002). This is probably
because the study of invasions in coastal systems and
habitats began only 25 yr ago (Carlton 1985, 1987,
Grosholz 2002). In the past 10 yr, there has been
increased interest in the biological invasion of
marine communities because of highly publicized
impacts of some organisms (Mills et al. 1994). This
interest has translated into a rapidly accumulating
literature that addresses both the ecological and evolutionary consequences of invasions, which has significantly contributed to our understanding of invasions in coastal systems (Grosholz 2002).
Most coral species are considered to be extremely
sensitive to environmental change and therefore
are thought to not survive transport. Only a few
corals have been reported as alien species: the
scleractinian coral Oculina patagonica from the
southwest Atlantic Ocean has invaded the Mediterranean Sea (Fine et al. 2001, Sartoretto et al. 2008);
the Indo-Pacific mushroom coral Fungia scutaria
has been reported as established (alive for 20 yr
and actively budding) in Jamaica (Bush et al. 2004);
the octocoral Carijoa riisei from the Caribbean Sea
and southwest Atlantic Ocean has invaded Hawaii
(Grigg 2003); the octocoral Chromonephthea braziliensis, of unknown origin, has become established
in Brazil (Lages et al. 2006, reported as Stereonephthya aff. curvata). There are, therefore, only
few studies dealing with the invasion of coral species in coastal systems (Fenner & Banks 2004,
Kahng & Grigg 2005, Paula & Creed 2005, Lages et
al. 2006, Sartoretto et al. 2008). However, the ahermatypic coral Tubastraea (Scleractinia: Dendrophylliidae) is nonindigenous to the Atlantic Ocean and
was probably brought to Brazilian waters in the
late 1980s (Castro & Pires 2001) by oil and gas platforms. Two species, Tubastraea coccinea Lesson,
1829 and Tubastraea tagusensis Wells, 1982, have
been identified as alien and invasive to the rocky
shores of southeast Brazil (Paula & Creed 2004).
These azooxanthellate species have become established and have now invaded shallow subtidal
rocky shores along 900 km of the southeast Atlantic
coast in 5 distinct regions. At the principal region
at Ilha Grande Bay, Paula & Creed (2005) demonstrated that Tubastraea spp. were well established
at most sites, with mean densities of 1 to 20 colonies m−2, though occasionally > 200 colonies m−2
were found, which indicates a gregarious spatial
distribution and an invasive trait. Tubastraea has
been described as an invasive coral affecting other
endemic species by competition for space (Ferreira

2003, Paula & Creed 2005, Creed 2006), although
the changes in community structure or function of
native communities caused by Tubastraea spp.
have not previously been studied.
The biological invasion of Tubastraea spp. is not
restricted to the southwest Atlantic region. Sammarco et al. (2010) recently reviewed the history and
potential of invasion by this genus throughout the
Atlantic Ocean, Caribbean Sea and Gulf of Mexico.
Because these corals are now established, are under
active range expansion and apparently have negative effects on the local tropical rocky shore benthos,
we took the opportunity that this ‘natural experiment’ provided to: (1) compare the structure of
invaded and natural communities to identify changes
in community structure, and (2) investigate temporal
change in the abundance of corals over a 2 yr period
to determine the direction and speed of community
structure changes.

MATERIALS AND METHODS
Study sites
Ilha Grande is located in the south of Rio de Janeiro
state in Brazil (22° 50’ to 23° 20’ S, 44° 00’ to
44° 45’ W). Between the island and the continent a
channel (the Canal Central) is used intensively as a
shipping lane and receives international shipping
traffic and oil platforms in transit for repair (Fig. 1).
Ilha Grande Bay possesses some marine protected
areas, but the fauna and flora remain susceptible
owing to the effect of many human activities.
The 8 sites studied were located on the continental
side of Ilha Grande along the Canal Central, on shallow subtidal rocky reefs extending from the intertidal
to the sandy plain at 4 to 7 m depth. During the year,
the temperature of the tropical surface waters in Ilha
Grande varies from 21 to 32°C during the wet summer and dry winter seasons.
Four paired sites were selected based on previously
reported differences in the relative abundance of
Tubastraea spp. (Paula & Creed 2005): (1) no Tubastraea — Abraãozinho (23° 07’ 06’’ S, 44° 10’ 10’’ W) and
Crena (23° 08’ 08’’ S, 44° 09’ 25’’ W); (2) low abundance — Saco do Céu (23° 06’ 31’’ S, 44° 12’ 08’’ W) and
Enseada da Estrela (23° 06’ 19’’ S, 44° 11’ 42’’ W); (3)
medium abundance — Ponta do Barreto (23° 06’ 08’’ S,
44° 11’ 31’’ W)
and
Guaxumã
(23° 05’ 50’’ S,
44° 12’ 13’’ W); (4) high abundance — Ilha dos Macacos
(23° 04’ 36’’ S, 44° 13’ 47’’ W) and Ilha da Aroeira
(23° 04’ 40’’ S, 44° 14’ 23’’ W).
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Fig. 1. Study sites at Ilha Grande Bay, Brazil: ¿ Abraãozinho; ¡ Crena; ¬ Saco do Céu; ④ Enseada da Estrela; ƒ Ponta do
Barreto; ≈ Guaxumã; ∆ Ilha dos Macacos; « Ilha da Aroeira

Data collection

Data analysis

Percent cover of the sessile macrobenthic species
was measured on 4 occasions, in February (summer)
and in July (winter) during 2005 and 2006. This was
achieved by using SCUBA and 0.25 m2 quadrats, the
community sampling unit, which were placed onto
permanently marked, randomly positioned 50 m
transects previously placed at each site parallel to the
coast in 1 to 3 m, a depth at which Tubastraea spp.,
when present, is most abundant. We employed 15
fixed position and 15 randomly positioned quadrats.
We used a mixed approach of random quadrats to
allow statistical independence and fixed position (but
randomly initially determined) quadrats to test
whether fixed quadrats maximized sensitivity to
temporal change. Similar to the method used by
Oigman-Pszczol et al. (2004), divers estimated cover
in each quadrat by noting the major space-occupying
taxon or functional group in each of 25, 10 × 10 cm
subquadrats. This method focused attention on the
dominant space-occupying organisms in the community that could be identified in situ, although samples
of sponges were collected and identified with standard techniques. The density of the 2 alien coral
species was estimated by counting individuals or
colonies in each quadrat. The 2 metrics were complementary because it was desirable to detect new invasions of recent coral recruits, although they are very
small and would not be detected by area occupation.

Density and percentage cover of Tubastraea spp.
were compared over time and between sites with
ANOVA (SPSS for Windows). The percentage cover
data were arcsine transformed and density data were
square root transformed. Complementary Tukey’s
tests were performed after ANOVA to identify which
sites or times were responsible for differences in density or percentage cover. For fixed quadrat analyses
we used repeated measures ANOVA. For these variables sites where Tubastraea was not detected during the study period were excluded from analyses as
all zero values are contrary to the assumptions of the
analysis. To describe differences in benthic community structure between sites we calculated the overall
richness of species (S), Shannon-Wiener diversity
index (H’) and Pielou’s species evenness index (J’)
(Magurran 1988) for each site, using means of times.
For multivariate community analysis we used the
Primer 5 package (Primer-E) to generate Bray-Curtis
similarity coefficients from standardized 4th root
transformed transect means that were compared
with cluster analyses and multi-dimensional scaling
(MDS). Differences between groups were tested with
analysis of similarities (ANOSIM).
To visualize and quantify the possible change in
community structure due to the invasive corals we
used 2 methods: (1) comparison of invaded versus
noninvaded communities; (2) repeat analyses on
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community cover data in which Tubastraea had been
artificially removed from the data set and means
proportionally redistributed. The second method
assumed that all native taxa were negatively affected
proportionally by the presence of the invasive corals.
We then recalculated and compared the community
indices (see above in Data analysis), compared these
communities with cluster analysis and MDS and used
a polynomial regression as a predictive tool to examine the community change (as percent reduction in
similarity) as a function of cover of the invasive corals
(Tubastraea spp. pooled). The rationale for this pooling and other analyses presented at the genus level
was that both species have invaded the region
together and are so intimately linked that they are
nearly always found growing together in mixed species populations, often fused into 2-species ‘colonies’.

Density (colonies m–2)

(Fig. 2). For T. tagusensis there were also significant
increases in density over time (ANOVA: F = 19.352,
p ≤ 0.001) and the Aroeira site had higher densities
than Macacos, Barreto, Estrela and Saco do Céu sites
(ANOVA: F = 23.551, p ≤ 0.001; Tukey’s test: α < 0.05)
(Fig. 2). Interactions between site and time were not
statistically significant for T. coccinea (ANOVA: F =
1.879, p = 0.144), T. tagusensis (ANOVA: F = 1.921,
p = 0.117) or Tubastraea spp. (ANOVA: F = 1.975, p =
0.108).
The percent cover data of Tubastraea coccinea for
fixed quadrats showed a statistically significant difference between sites (ANOVA: F = 4.093, p = 0.02)
as percent cover of this species was lower at Saco do
Céu and Barreto than at Aroeira (Fig. 3). For Tubastraea tagusensis a similar pattern was found (Saco do
Céu and Barreto, but different from Aroeira, ANOVA:
F = 3.718, p = 0.004). The overall cover of Tubastraea
was lower at Saco do Céu, Estrela and Barreto than
RESULTS
Aroeira (Fig. 3), (ANOVA: F = 4.623, p = 0.001).
Although no significant difference in cover over time
Population density and cover of Tubastraea
was detected for T. coccinea (p = 0.199), for T.
tagusensis and overall (both species) cover increased
In the fixed quadrats Tubastraea was found in 5 of
significantly (ANOVA: F = 4.213, p = 0.043 and F =
the 8 sites (not found at Abraãozinho, Crena or Guax4.865, p = 0.030, respectively) (Fig. 3).
umã). In general, the data showed an increase of
The random quadrats data showed subtle differ76.6% per year in colony population density of
ences from the fixed quadrats. Tubastraea was found
in 7 of the 8 sites (not at Abraãozinho). Overall there
Tubastraea spp. over the study period, which was
was an increase in the colony population density of
statistically significant (ANOVA: F = 14.714, p ≤
Tubastraea throughout the period at a rate of 67.8%
0.001), and the Macacos and Aroeira sites had higher
per year. There was a statistically significant increase
densities than did Saco do Céu, Estrela and Barreto
in density of Tubastraea coccinea over the period of
(ANOVA: F = 23.749, p ≤ 0.001; Tukey’s test: α < 0.05)
the study (ANOVA: F = 6.507, p = 0.011) and between
(Fig. 2). The density of T. coccinea at the sites Estrela
sites (ANOVA: F = 34.937, p ≤ 0.001) (Fig. 4). For
and Barreto was lower than at Macacos and Aroeira
T. tagusensis there was also a significant difference
(ANOVA: F = 19.32, p ≤ 0.001; Tukey’s test: α < 0.05)
between sites (ANOVA: F = 34.734,
80
p ≤ 0.001) as the density was very low
at Crena, but no significant difference
T. coccinea
between years was found (p = 0.119)
60
T. tagusensis
(Fig. 4). Overall Tubastraea spp.
showed a statistically significant difTubastraea
ference in density between sites
40
(ANOVA: F = 37.301, p ≤ 0.001) and
between years (ANOVA: F = 5.274, p =
0.022) (Fig. 4). No significant interac20
tions between time and site were
detected.
In terms of percentage cover there
0
was statistically significant difference
Aroeira
Macacos
Barreto
Estrela
S. Céu
in cover of Tubastraea coccinea between sites (ANOVA: F = 5.241, p <
Sites
0.001) and increase between years
Fig. 2. Tubastraea spp. Density of colonies of the genus and each species
(ANOVA: F = 3.957, p < 0.047)
in fixed quadrats at 6 sites over 2 yr (2005 and 2006), means + SE
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the red alga Falkenbergia sp., the
sponge Desmapsamma anchorata, the
T. coccinea
zoanthid Palythoa caribaeorum and
T. tagusensis
8
Tubastraea
the coral Mussismilia hispida were the
most frequent space-occupying taxa
6
found at all sites. Considering all sites,
the ranking of the most abundant taxa
4
was: P. caribaeorum (a zoanthid with
47.2% cover, on average, at all sites),
2
turf algae (28.7%) and Falkenbergia
sp. (4.2%) (Table 1).
0
Richness of the main space-occupying
organisms (see Methods and
Macacos
Aroeira
Barreto
S. Céu
Estrela
materials)
per site varied from 13 to 23
Site and year
taxa (Table 2). The diversity of benFig. 3. Tubastraea spp. Cover of the genus and each species in fixed quadrats
thos between the 8 sites studied was
at 5 sites over 2 yr (2005 and 2006), means + SE
quite variable; the sites with more
80
diversity were Crena, Saco do Céu
T. coccinea
and Aroeira and those with less diverT. tagusensis
sity were Abraãozinho and Estrela
60
Tubastraea
(Table 2). In general the sites where
Tubastraea spp. was present and most
40
abundant possessed higher diversity,
evenness and richness of species
20
when compared with the same sites
without these exotic corals (Aroeira
and Macacos, Table 2).
0
As the results of community analysis
were
similar for both methods of
Aroeira
Estrela
Macacos
Guaxumã
Barreto
Crena
S. Céu
quadrat placement, only the random
Site and year
quadrat results are presented. The
Fig. 4. Tubastraea spp. Density of colonies of the genus and each species in
nonmetric, multidimensional scaling
random quadrats at 6 sites over 2 yr (2005 and 2006), means + SE
(MDS) of transect (site) means demon(Fig. 5a). There was also a significant difference
strated that communities with and without Tubabetween sites and over time for T. tagusensis
straea spp. cluster nearly separately in the MDS; an
(ANOVA: F = 5.008, p < 0.001 and F = 4.414, p =
ANOSIM indicated that differences between these
0.005, respectively) (Fig. 5b) and for Tubastraea over2 types of communities are statistically significant
all (ANOVA: F = 6.276, p < 0.001 and F = 4.685, p =
(Fig. 6, top left, Stress 0.14; ANOSIM: R = 0.181, p =
0.003, respectively) (Fig. 5c). No statistically signifi0.001). One point with Tubastraea (L3T4, Saco do
cant interactions between sites and time were found
Céu in July 2006) did not form part of the main group,
for either species.
probably because this site began to be invaded at the
end of the study. Additionally, cluster and MDS
analyses performed to compare and quantify the inCommunity change
fluence of the presence of Tubastraea spp. in the
communities at invaded sites (Figs. 7 & 8, respecThe overall composition of the benthic communitively) revealed that the presence of Tubastraea in
ties at Ilha Grande is summarized in Table 1. Overall,
the communities caused a mean 4.81% dissimilarity
mean cover of Tubastraea tagusensis was 0.65% and
(minimum 1%, maximum 11.09%) in the invaded
T. coccinea was 0.37%, being the eleventh and sixcommunities when compared with standardized comteenth most abundant taxa, respectively, throughout
munities where Tubastraea spp. had been excluded.
the sites. For all benthic communities we found a
ANOSIM confirmed a significant effect of the prestotal of 42 major space-occupying taxa of algae and
ence of Tubastraea spp. in the community organizainvertebrates. Crustose calcareous algae, turf algae,
tion (R = 0.206, p = 0.001). A strong positive relation06
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nities. The consolidation of T. tagusensis
was faster than T. coccinea even though
the latter also increased significantly in
4
their density and abundance during the
study. As well as expanding their range
throughout the region and beyond (see
2
Mantelatto et al. 2011) they have
reached extremely high densities and
cover at some sites. Castro et al. (1999)
0
had previously (1993) studied the distribution of Cnidaria at Ilha Grande,
Aroeira
Estrela
Guaxumã Macacos
Barreto
S. Céu
Crena
including some of the same locations
6
b
sampled in the present study, but did
not register the highly visible Tubas4
traea spp.
Tubastraea spp. increased overall by
72% in cover over the study period.
2
Additionally, the average density of
Tubastraea spp. was 62 colonies m−2,
0
which is very high, even when considerT1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
ing mean values of overall density of all
S. Céu
Macacos
Aroeira
Guaxumã
Estrela
Barreto
coral species on coral reefs (see
14
c
Oigman-Pszczol & Creed 2004). During
the period, Tubastraea was found in
10
5 (fixed quadrats) and 7 (random
quadrats) of 8 sites, and its density in6
creased significantly through time. This
2
suggests that the 2 azooxanthellate
corals are competitively dominant; they
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
are known to reduce or exclude the
S. Céu
Aroeira
Guaxumã
Macacos
Estrela
Barreto
native scleractinian coral Mussismilia
Site and time
hispida, which is endemic to Brazil
Fig. 5. Tubastraea spp. (a) Percent cover of Tubastraea coccinea over 2 yr in
(Creed 2006).
random quadrats at 7 sites; (b) percent cover of Tubastraea tagusensis and (c)
The ‘positive’ (statistical) effect of
Tubastraea spp. in random quadrats at 4 times over 2 yr (2005 and 2006).
Tubastraea seen here in terms of
Means + SE. T1: January 2005; T2: July 2005; T3: January 2006; T4: July 2006
increase in richness, evenness and
diversity of the benthos due to the presship (regression R2 = 0.93, p < 0.001) between invader
ence of this exotic coral along the study period is
cover (Tubastraea spp.) and change in community
probably due to 2 reasons. (1) Scleractinian corals are
structure was found: % community dissimilarity =
ecosystem engineers that create microhabitats and
2.24 × % cover with Tubastraea spp. This would sugmodify nearby physical and chemical processes
gest complete (100%) community dissimilarity at an
because they are principle architects (Jones et al.
invader cover of 45%.
1997, Idjadi & Edmunds 2006). (2) An invading species represents, immediately, an increase in richness
(presence) and diversity (as it establishes). Ilha
DISCUSSION
Grande Bay is a region with a high diversity of benthos (groups such as macroalgae and cnidarians,
The shores of Ilha Grande are presently being
Creed et al. 2007) when compared with other regions
invaded by 2 species of Tubastraea. To date, no preof the Brazilian coastline. Ongoing studies also show
vious studies have quantified such basic information
remarkable species richness of sponges (C. Menesuch as rates of recruitment, the dynamics of space
gola pers. obs.). A wide array of benthic organisms
occupation or the influence of the presence of these
such as turf algae, crustose calcareous algae, Falkeninvasive corals on the structure of the native commubergia sp., Palythoa caribaeorum, Mussismilia his-
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Table 1. Major space-occupying taxa, their mean frequency of occurrence (%)
(proportion of sites where the taxon was registered) and cover percent
(mean ± SE) amongst the 8 study sites (all times pooled) at Ilha Grande Bay
Taxon

Frequency of
occurrence

Algae
Chlorophyta spp.
Heterokontophyta
Dictyota spp.
Padina gymnospora (Kützing) Sonder
Sargassum spp.
Heterokontophyta sp. 1
Ectocarpus spp.
Rhodophyta
Galaxaura marginata (Ellis & Solander)
J. V. Lamouroux
Laurencia cf. obtusa (Hudson) J. V. Lamouroux
Hypnea spinella (C. Agardh) Kützing
Acanthophora spicifera (M. Vahl) Børgesen
Asparagopsis taxiformis (Delile)
Trevisan de Saint-Léon
Falkenbergia sp.
Polysiphonia ferulacea Suhr ex J. Agardh
Gelidium pusillum (Stackhouse) Le Jolis
Crustose calcareous algae
‘Turf algae’
Porifera
Desmapsamma anchorata (Carter 1882)
Dysidea janiae (Duchassaing & Michelotti, 1864)
Mycale microsigmatosa Arndt, 1927
Mycale magniraphidifera van Soest, 1984
Mycale escarlatei Hajdu, Zea,
Kielman & Peixinho, 1995
Iotrochota birotulata (Higgin, 1877)
Haliclona melana Muricy & Ribeiro, 1999
Tedania sp.
Aplysina fulva (Pallas, 1766)
Aplysilla rosea (Barrois, 1876)
Porifera sp. 1

Cover (± SE)
(%)

62.5

0.49 (± 0.25)

37.5
37.5
37.5
50
12.5

0.18 (± 0.12)
1.09 (± 0.94)
1.90 (±1.57)
0.27 (± 0.13)
0.01 (± 0.01)

37.5

0.64 (± 0.49)

25
25
37.5
12.5

0.04 (± 0.02)
0.16 (± 0.13)
0.04 (± 0.02)
0.07 (± 0.07)

100
37.5
75
100
100

4.25 (±1.08)
0.34 (± 0.22)
1.85 (± 0.80)
2.87 (± 0.43)
28.68 (± 6.10)

100
37.5
62.5
12.5
12.5

1.31 (± 0.35)
0.23 (± 0.16)
0.26 (± 0.14)
0.01 (± 0.01)
0.01 (± 0.01)

50
25
25
12.5
12.5
12.5

0.59 (± 0.36)
0.05 (± 0.03)
0.03 (± 0.03)
0.01 (± 0.01)
0.03 (± 0.03)
0.03 (± 0.03)

Cnidaria
Palythoa caribaeorum
(Duchassaing & Michelotti, 1860)
Zoanthus sociatus Ellis & Solander, 1786
Mussismilia hispida (Verrill, 1901)
Tubastraea coccinea Lesson, 1829
Tubastraea tagusensis Wells, 1982.
Carijoa riisei (Duchassaing & Michelotti, 1860)
Aiptasia pallida (Agassiz, 1864)
Phyllactis praetexta (Couthouy in Dana, 1846)

100

47.21 (± 8.08)

50
100
37.5
62.5
25
62.5
12.5

0.55 (± 0.37)
1.63 (± 0.75)
0.37 (± 0.25)
0.65 (± 0.34)
0.08 (± 0.06)
3.47 (± 2.74)
0.01 (± 0.01)

Annelida: Polychaeta

12.5

0.06 (± 0.06)

Arthropoda: Crustacea: Thoracica

12.5

0.28 (± 0.28)

50

0.07 (± 0.03)

37.5
12.5
62.5
12.5

0.09 (± 0.07)
0.01 (± 0.01)
0.08 (± 0.04)
0.01 (± 0.01)

Ectoprocta
Schizoporella spp.
Urochordata
Didemnidae
Didemnum spp.
Phallusia nigra (Savigny, 1816)
Ascidiacea, unidentified
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pida and Desmapsamma anchorata
occurred at all sites studied.
Although we present important
baseline data, 2 outstanding questions were not addressed in this
descriptive study. Firstly, were the
communities at the different sites
already different before the biological
invasion occurred and do the differences found in communities simply
reflect the susceptibility of different
pre-established communities to the
invaders? In southeast Brazil rocky
shore communities are common although relatively little is known
about the structure and function of
tropical rocky shores in the southwest
Atlantic Ocean (see Eston et al. 1986,
Oigman-Pszczol et al. 2004, Ghilardi
et al. 2008). For all sites, only 3 major
space-occupying taxa covered > 80%
of hard substrate at the studied
depths: Palythoa caribeorum, turf
algae and Falkenbergia sp. Villaça &
Pitombo (1997) also observed that
P. caribaeorum was one of the most
important cnidarians in the shallow
water reefs of Abrolhos, Brazil.
Oigman-Pszczol et al. (2004) found
that turf algae and P. caribaeorum
were most abundant taxa and represented 36 and 23%, respectively, of
cover in a subtidal rocky shore community at a marginal coral reef site at
Búzios, about 300 km from Ilha
Grande. The presence of the same
abundant taxa as cited above by both
studies would imply that similar communities are widespread throughout
the tropical rocky shores of southeast
Brazil.
The second outstanding question is
that to tease apart and identify the
specific interactions that occur between the receptor biota and invader,
manipulative experimental approaches, such as the removal of Tubastraea spp. or density manipulation,
are necessary. Dijkstra et al. (2007)
compared the dominance and seasonal patterns of abundance of invasive colonial ascidians on rocky
shores and showed that the high
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Table 2. Univariate descriptors of the rocky shore community based on percentage cover at 8 study sites at Ilha
Grande Bay: species richness (S), diversity (ShannonWiener index, H ’) and evenness (Pielou’s index, J ’). The values in parentheses are the same indices recalculated on
standardized data after discarding the cover values of the
invasive corals Tubastraea spp.
Sites
Abraãozinho
Aroeira
Barreto
Crena
Estrela
Guaxumã
Macacos
Saco do Céu

S

H’

J’

17 (17)
21 (19)
15 (13)
23 (23)
14 (13)
14 (14)
17 (15)
21 (20)

0.94 (0.94)
1.67 (1.41)
1.11 (1.10)
2.07 (2.07)
1.07 (1.00)
1.10 (1.10)
1.53 (1.36)
1.94 (1.93)

0.33 (0.33)
0.55 (0.48)
0.41 (0.42)
0.66 (0.66)
0.40 (0.39)
0.42 (0.42)
0.54 (0.50)
0.63 (0.64)

abundance of these ascidians during summer and fall
could inhibit the recruitment and reduce the amount
of space available for other species. In a study conducted by Blum et al. (2007) the non-native ascidian
Ciona intestinalis depressed local species diversity
and altered the community assembly processes,
changing sessile community composition in San
Francisco Bay, California, where it occurs in dense
aggregations. We would learn a lot from using such
approaches for Tubastraea spp. as well.

Fig. 6. Tubastraea spp. Community ordination. MDS analysis using random quadrat data for each site and time, highlighting those transects where Tubastraea spp. were present
(d) or absent (s). L1: Abraãozinho; L2: Crena; L3: Saco do
Céu; L4: Estrela; L5: Barreto; L6: Guaxumã; L7: Macacos; L8:
Aroeira site. T1: February 2005; T2: July 2005; T3: February
2006; T4: July 2006

Large invertebrates can have profound architectural
importance in structuring ecosystems on both rocky
and sediment bottoms (Olenin et al. 2007, Wallentinus
& Nyberg 2007). The effects of the abundance, distribution range and magnitude of alien species can also

Fig. 7. Tubastraea spp. Community similarity. Cluster analysis using random quadrats data (site−time means) showing effects
on similarity of the presence and absence of Tubastraea spp. in the communities. Prefix T: original communities where Tubastraea spp. were present. Without prefix T: communities where Tubastraea spp. was artificially excluded from the data
before restandardizing. Lettering see legend of Fig. 6. Only sites and times where Tubastraea spp. were present were used in
the analysis
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Fig. 8. Tubastraea spp. Community similarity. MDS analysis
using random quadrats data (site−time means) showing effects on ordination of the presence and absence of Tubastraea spp. in the communities. d
s: original communities
where Tubastraea spp. were present. s: communities where
Tubastraea spp. were artificially excluded from the data before restandardizing. Lettering see legend of Fig. 6. Only
sites and times where Tubastraea spp. were present were
used in the analysis

vary over time (Olenin et al. 2007). Alien species may
affect native species and communities through hybridization, competition with native species for resources (such as food, nutrients, light, space), grazing,
predation or parasitism on native species, excretion,
toxins and quantitative changes in community structure (Coll 1992, Maida et al. 1995, Ferreira et al. 2004,
Lages et al. 2006, Olenin et al. 2006).
Although the presence of Tubastraea spp. increased species richness, evenness and diversity, one
would predict that these indices will probably
decrease as competitive interactions occur and abundances of competitors are reduced over the longer
term. In addition, Tubastraea, at high abundances,
may reduce the heterogeneity of habitat, which can
result in a decrease in richness. Certainly it is not
uncommon to see large areas dominated by Tubastraea spp. Some invasions have resulted in a net gain
in the number of species present at the local or
regional level, at least in the short term (Sax &
Gaines 2003), but invasive species are also believed
to decrease drastically the biodiversity over the long
term (Jousson et al. 2000, Meinesz et al. 2001,
Chisholm & Moulin 2003, Simberloff et al. 2005, Galil
2007, Wallentinus & Nyberg 2007). Again, experimental approaches are needed.
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Introductions of large space-occupying organisms
may result in positive interactions and these corals,
which can occur in extremely high densities, may
provide shelter or increase habitat diversity and spatial heterogeneity as has been found in other habitats
(Richardson et al. 2000, Bertness et al. 2001, Ricciardi
2001, Bruno et al. 2003, Tews et al. 2004, Wallentinus
& Nyberg 2007). Negative impacts may also occur
owing to the increasing homogeneity of the environment when an alien species dominates the habitat
(Melbourne et al. 2007). However, a few studies have
contended that engineering alien species in coastal
waters play a beneficial role in ecosystem functioning (Richardson et al. 2000, Ricciardi 2001, Sax &
Gaines 2003), while most others assume that invaders affect native biota negatively. Lages et al.
(2010a) identified somewhat mixed effects of crude
extracts of Tubastraea coccinea and T. tagusensis on
potential predators and competitors. The study
showed that significantly fewer algae (Cladophora
sp. and Lithophyllum sp.) grew on treatment (extract)
than on control plates. Moreover, the methanol
extract of T. coccinea also reduced the palatability to
generalist fish.
Ecological interactions among invading species are
common and may be important in facilitating invasions (Duffy 2006). Indeed, the presence of one nonindigenous species can act as an agent of disturbance
that facilitates additional invasions (‘invasion meltdown’) (Simberloff & Halle 1999, Ricciardi 2001,
Levin et al. 2002, Grosholz 2005). Tubastraea spp.
possess chemical (Lages et al. 2010a,b) and reproductive attributes that aid in the expansion of the
range of these exotic species throughout the region
and erode the integrity of benthic communities. The
disruption of resident native species and alteration of
habitat may trigger favorable conditions for other
invaders, thereby creating a positive feedback that
accelerates new invasions of alien species and may
result in substantial synergistic effects.
With regard to its invasion worldwide, the genus
Tubastraea was initially reported invading the northwestern Atlantic Ocean in 1943, but at present species
of this genus have expanded their range to the entire
Caribbean region as well as the Atlantic, Indian and
Pacific oceans (Fenner & Banks 2004). New records of
Tubastraea spp. confirm species of the genus to be
successful invasive organisms and may be considered
opportunists because of their rapid range expansion
and rising abundance in newly colonized areas
(Cairns 2000, Sammarco et al. 2010).
Tubastraea coccinea is probably the most widespread invasive alien coral reported to date and

94

Mar Ecol Prog Ser 438: 85–96, 2011

occurs on ship bottoms, dock pilings, buoys, oil platforms and other human-made objects (Cairns 2000,
Fenner 2001, Fenner & Banks 2004, Paula & Creed
2004, Sammarco et al. 2004). This species has invaded the Gulf of Mexico, Florida and the Caribbean
(Fenner & Banks 2004) and is today considered cosmopolitan owing to its broad distribution. The native
distribution of T. tagusensis has been described as
restricted to the Galapagos Archipelago. In Brazil the
species is exotic and has only been reported from the
region where the study was carried out. Another species of the genus, T. micranthus, also from the IndoPacific region, has been reported from 1 oil production platform in the Gulf of Mexico but has not yet
made the transition to the natural substratum (Sammarco et al. 2010) and does not yet occur in Brazil.
The success of Tubastraea coccinea and T. tagusensis as colonizers of newly available habitat has
been attributed to their early reproductive age (Fenner & Banks 2004, Glynn et al. 2008) and fast growth
(Vermeij 2005). Moreover, the genus Tubastraea can
produce planulae that can remain competent for up
to 100 d (Ayre & Resing 1986, Fenner 2001, Fenner &
Banks 2004, Glynn et al. 2008). These corals should
be considered to be highly invasive and represent a
significant threat to coral reefs and tropical rocky
shore communities worldwide.
In the marine realm a double biological invasion by
conspecific corals can be considered a rare event.
Our study showed, for the first time, the effects of 2
species of Tubastraea spp. on community structure of
tropical rocky shores in the southwest Atlantic
Ocean. We conclude that the negative effects of
these species are sufficient to disturb the native benthic communities throughout the tropical Atlantic
with adverse consequences for the native communities in the long term. The rate of change is staggeringly quick and the information regarding rates of
temporal change is of fundamental importance for
models aimed at predicting further range expansion
of the corals and providing for an effective control
program to slow the spread of these noxious marine
pests.
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