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ABSTRACT

The distribution and abundance of azooxanthellate coral Tubastraea Lesson, 1829 were examined
at different depths and their slope preference was measured on rocky shores on Ilha Grande, Brazil.
Tubastraea is an ahermatypic scleractinian nonindigenous to Brazil, which probably arrived on a ship’s hull
or oil platform in the late 1980’s. The exotic coral was found along a great geographic range of the Canal
Central of Ilha Grande, extending over a distance of 25 km. The abundance of Tubastraea was quantified
by depth, using three different sampling methods: colony density, visual estimation and intercept points
(100) for percentage of cover. Tubastraea showed ample tolerance to temperature and desiccation since
it was found more abundantly in very shallow waters (0.1-0.5 m), despite the fact that hard substratum is
available at greater depths at all the stations sampled. At most sites, 1 to 5 colonies per 0.25 m? were found
most frequently, but occasionally more than 50 colonies were found per 0.25 m?, indicating a somewhat
gregarious spatial distribution for this coral. The coral Tubastraea was found to occupy slopes of every
possible angle in the Canal Central of Ilha Grande, but more colonies were found occupying slopes of 80
to 100°. Therefore, its insensitivity to angles of recruitment and its tolerance for different depths makes it
an organism with great ecological tolerance, with a potential to colonize new areas and increase its current
range in Brazil’s coastal waters.

Keywords: depth, slope, Brazil, introduction, scleractinia.

RESUMO

Distribuicao Espacial e Abundancia do Coral Invasor Tubastraea
(Cnidaria, Scleractinia) na Ilha Grande, Brasil

A distribuicdo e abundancia do coral azooxantelado Tubastraea Lesson, 1829 foram estimadas em
diferentes profundidades e inferido seu angulo preferencial de ocorréncia em costdes rochosos da Ilha
Grande, Brasil. Tubastraea € um escleractinio ahermatipico introduzido no Brasil que, provavelmente,
chegou incrustado em casco de navios e/ou plataformas de petréleo na década de 80. O coral exético
foi encontrado em uma extensdo geografica de 25 km no Canal Central da Ilha Grande. A abundancia
de Tubastraea foi quantificada em relagdo a profundidade usando trés diferentes métodos: densidade de
coldnias e porcentagem de cobertura por estimativa visual e pontos de interseccdo. O coral Tubastraea
demonstrou ter ampla tolerncia a temperatura e dessecacgdo, sendo encontrado em dguas muito rasas
(0,1-0,5 m), apesar de haver substrato consolidado disponivel em maiores profundidades em todas as
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estacdes amostradas. Em todas as estagdes 1-5 coldnias foram mais freqiientemente encontradas em
cada 0,25 m?, porém, ocasionalmente, mais que 50 coldnias por 0,25 m? foram encontradas, indicando
um padrio de agregacdo na distribuicdo espacial deste coral. Tubastraea foi encontrado ocupando todos
os possiveis angulos de inclinagdo no Canal Central da Ilha Grande, porém, a maior parte das colonias
foram encontradas ocupando angulos entre 80-100°. Desta forma, a amplitude de inclinag@o de substrato
e profundidades vidveis ao recrutamento do coral indicam que este organismo, de grande tolerincia
ecoldgica, tem a potencialidade de colonizar novas areas e aumentar sua distribui¢ao no Brasil.

Palavras-chave: profundidade, inclinagdo, Brasil, introdu¢ao, scleractinia.

INTRODUCTION

Although much attention has focused on the
introduction of several marine species recently
(Grosholz & Ruiz, 1996; Johnson & Carlton, 1996;
Crooks, 1998), biological invasions in marine
systems have been neglected (Carlton & Geller,
1993). The introduction of exotic species (biological
invasions) has long been considered a serious
environmental problem that can affect the integrity of
natural communities, influence mechanisms which
include competition, predation and parasitism, and
alter food webs and nutrient cycles (Vitousek, 1990;
Carlton & Geller, 1993; Lodge, 1993; Grosholz
& Ruiz, 1996; Lafferty & Kuris, 1996; Crooks,
1998). Thus, the introduction of exotic species has
changed the species composition of many marine
communities (Carlton, 1987).

According to Connell, (1961), space is
an important limiting factor for sessile marine
organisms. Competitive interactions among
benthic organisms for space in marine communities
can be intense and are frequently manifested as
overgrowth of adjacent individuals and epibiosis
(Koh & Sweatman, 2000). To understand the
possible impacts of an introduced species on an
established community and predict its potential
for establishment and range expansion to new
areas, quantitative and experimental studies are
needed (Carlton, 1996). These should identify the
ecological preferences of exotic species so that
their potential for new invasions can be inferred.

Laborel (1967, 1969, 1970) was the first
to describe the geographical distribution of
the scleractinian corals along the Brazilian
coast. Subsequently, other studies described the
distribution of native corals on Brazil’s rocky
shores (Pitombo et al., 1988; Castro et al., 1995;
Castro et al., 1999), as well as their distribution
according to substratum angles (Segal &
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Castro, 2000). The ahermatypic coral Tubastraea
Lesson, 1829 is a Scleractinia nonindigenous to
the South Atlantic and was probably introduced in
Brazil in the late 1980’s (Castro & Pires, 2001),
when the first observations were made on an oil
platform operating in the Campos Basin in the
northern region of the state of Rio de Janeiro. Ilha
Grande Bay is a shipping lane (shipping traffic
and oil platforms) which probably brought these
corals to the region. This azooxanthellate coral,
which grows on shallow-water rocky shores, is
generally absent from areas of dense coral growth
(Wood, 1983), preferring protected shores with little
hydrodynamism (Prahl, 1987; Cairns, 1991, 1994).
Although the genus is cosmopolitan, there is little
information about factors that affect its spatial
distribution and variability. The current range
expansion of Tubastraea in Ilha Grande offers
a rare opportunity to compile information on the
insertion of this exotic coral into a tropical rocky
shore community.

The aims of the present study were to map
the distribution and abundance of the coral genus
TubastraeainIlha Grande, Brazil and to identify and
quantify aspects of its local spatial distribution.

Because the genus is exotic to southwest
Atlantic waters and considering that variations
in the morphology of Tubastraea were observed
along the Ilha Grande coastline, the present study
was carried out conservatively at the genus level.

MATERIAL AND METHODS

Study site

Ilha Grande is an island lying 23° S and 44° W
on the southern coast of Rio de Janeiro state, Brazil
(Fig. 1). Ilha Grande Bay, which is enclosed by the
island, was subdivided into three units, Porcdo
Oeste, Canal Central, and Por¢ao Leste (Mahiques
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Fig. 1 — Map of study area. A) Petrobras oil terminal; B) Verolme shipyard; and C) Ilha Guaiba Port.

& Furtado, 1989) and contains 365 islands. Ikeda
et al. (1989) suggested that the region be classified
as a partially mixed estuarine system combining
the Ilha Grande and Sepetiba Bays (Sepetiba is an
estuarine body of water connected to Ilha Grande
Bay on its eastern side, which provides most of the
fresh water to the region, Fig. 1). Even so, salinity
remains stable at 35-36. Between the island and
the continent is a channel (the Canal Central)
used intensively as a shipping lane and dotted by
a few oil platforms. There is an oil terminal on
the continent facing Ilha Grande at Monsuaba, a
shipyard at Jacuacanga and a mineral ore terminal
which receives international shipping traffic at Ilha
Guaiba (Fig. 1).

The sites studied were located on the inner
side of Ilha Grande along the Canal Central, on
rocky shores or boulder field reefs that give way
to a sedimentary (sand) plain which starts at a
3-7 m depth. Because of the reduced circulation,
small tidal amplitude (1.4 m) and restricted fetch,
the shores are protected, with little water movement.
In summer, the water temperature rises as warm
water from nearby regions flows into the Bay.
Consequently, through the year, the temperature of
the tropical waters in Ilha Grande varies from 21
to 32 °C.

Distribution and abundance with depth

To map the general distribution and relative
abundance of Tubastraea, a semi-quantitative
method was used at 37 locations between
Praia de Palmas (Pouso) and Ponta do Acaia
(Fig. 2) during 2000. At each location, two snorkel
divers spent three periods of 1 min underwater,
subjectively evaluating the relative abundance of
Tubastraea, which was classified as: Dominant >
Abundant > Frequent > Occasional > Rare > or
Absent. A relative abundance index was created by
scoring these categories as 10, 8, 6, 4, 2 and zero,
respectively.

To describe the abundance of Tubastraea
with depth, five stations were selected: Ilha dos
Macacos, Ilha Aroeira, Ilha Redonda, Costdo do
Bananal and Lagoa Azul. Using SCUBA, belt
transects were located randomly along the shore
perpendicularly to the water line and quadrats
(50 x 50 cm) were used to sample continuously
down the transects from the water level to the
sediment plain. Three sampling methods were
used: colony density, and visual estimation and
intercept points (100) for percentage of cover. The
depth of each quadrat was recorded. Quadrats were
grouped into 0.5 m depth intervals and the mean
percentage covers and density calculated.
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Index of relative abundance
0 1 2 3 4 5 6 7 8

Ponta do Acaié - 1
Ponta dos Micos - 2 |
Vermelha - 3 |
Aragatiba - 4 |

llha Longa - 5

Costao da Longa - 6
Ponta de Ubatuba (P. Grossa do Sitio Forte) - 7 |
Ubatuba - 8 |
Sitio Forte (left side) - 9 |
Matariz - 10 |

Bananal - 11

Ponta do Bananal - 12

Costao do Bananal - 13

Freguesia de Santana (right-hand side) - 14

Freguesia de Santana (Ponta) - 15
llha Redonda - 16
llha Aroeira - 17

Lage de Itacuatiba - 18
Ilha dos Macacos (Tank) - 19
llha dos Macacos (Pier) - 20

llha dos Macacos (in front of |. de Pombas) - 21 |

Freguesia (in front of I. Japariz) - 22
Guaxuma (right-hand side) - 23
Guaxuma (left side) - 24

Ponta do Barreto - 25

Enseada da Esmeralda - 26

Ponta da Maresia - 27
Saco do Céu (outside) - 28 |
Ponta de Abrado - 29 |
llhas do Macedo - 30 |
Costao da Crena - 31 |
Abradozinho - 32 |
Ilha do Morcego - 33 |
Bica - 34 |
Ponta Grossa - 35 |

Palmas (Mangues) - 36

Palmas (Pouso) - 37

Fig. 2 — Tubastraea sample site and general distribution and abundance in the Canal Central of Ilha Grande Bay (RJ), Brazil.
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The three methods used to quantify
abundance were found to be equivalent, since the
Spearman correlation coefficients considering
sites separately were: intersection — density
(r = 0.78 - 0.89); subjective estimate — density
(r=0.75 - 0.96); intersection — subjective estimate
(r=0.72-0.94), n = 165, p < 0.001 in all cases.

Slope preference

To characterize the slope preference of
Tubastraea on the rocky shores, data were collected
randomly at 3 stations. The angle of the substratum
was determined with a graduated arc and a float.
206 colonies were measured: Comprida (n = 33);
Macacos (n = 46); Aroeira (n = 127).

RESULTS

General geographical distribution and
abundance

Tubastraea was found over a substantial
geographical range on the rocky shores of Canal
Central in Ilha Grande, extending from Ponta do
Acaid (in the west) to ITha do Morcego (in the east),
a distance of 25 km. The coral was not found at
Bica, Ponta Grossa and two points at Palmas beach
(Fig. 2).

Based on the semiquantitative method of
relative abundance, the site with the greatest
abundance of the coral was situated at Ilha dos
Macacos (Fig. 2). In both directions (east and
west), the abundance of Tubastraea decreased
as the distance from Ilha dos Macacos increased
(Fig. 2). A negative correlation of relative
abundance index and distance from the Petrobras
oil terminal (Fig. 3A) and the Verolme shipyard
(Fig. 3B) was found, but no correlation was found
between the relative abundance of Tubastraea and
the Ilha Guaiba terminal (Fig. 3C).

The overall mean density of Tubastraea at
all Ilha Grande sites was 9.55 colonies.0.25 m?.
The values per m? were: Macacos (4.54), Aroeira
(20.7), Redonda (7.75), Bananal (0.27), and Lagoa
Azul (4.95).

Depth profiles and abundance

Despite the availability of hard substratum
down to a 6-7 m depth, Tubastraea was found
in the greatest abundance at shallow depths. The
maximum mean percentage cover of Tubastraea

was 18.5 and 11.3% (visual estimate and intercept
point methods, respectively) at Aroeira at a
0.1-0.5 m depth. The maximum mean colony
density (191.6 m?) was also found at the same
site and depth (Fig. 4). The maximum cover of
Tubastraea found in any quadrat was 80% and
the maximum density was 792 colonies.m?. The
depth at which Tubastraea was most abundant was
shallower still: - 0.4-0 m at Bananal, so the coral was
quite regularly exposed to air at all these locations
(Fig. 4). With respect to number of colonies, the
greatest abundance of Tubastraea was found at a
0.6-1.0 m depth in Lagoa Azul (Fig. 4).

Frequency of density of Tubastraea

Considering the data for colony densities
taken from the depth profiles, the distribution
of colonies was quite variable. At most sites,
1-5 colonies were most frequently found per
quadrat of 0.25 m? (Fig.5). However, it was
not uncommon to find quadrats with more than
50 colonies. Considering all stations, Tubastraea
densities of more than 50 colonies.0.25 m™ were
found in 7.4% of quadrats. One quadrat at Lagoa
Azul contained 283 colonies (1132 colonies.m?).
This indicates that the spatial distribution of
Tubastraea colonies at five of the stations studied
was highly gregarious. At Bananal, which showed
the lowest abundance of Tubastraea, no quadrat
contained more than 25 colonies.

Substratum angle

Tubastraea was found to occupy slopes of
every possible angle in the Canal Central of Ilha
Grande. More colonies were found occupying
slopes of 80-100° (22%) than other angles. 12%
of the colonies occupied slopes at angles of
91-100° (Fig. 6).

DISCUSSION

The global movement of organisms associated
with seafaring vessels and with commercial
fishery products have redistributed a vast number
of marine organisms. Carlton (1987, 1989)
stated that introductions frequently consist of
the transportation of organisms across natural
barriers by human activity (different from natural
range expansions) and that the main mechanism
of dispersal of species is shipping (fouling and
ballast). The transportation of marine organisms
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Fig. 3 — Tubastraea. Abundance as a function of distance from A) Petrobras oil terminal; B) Verolme shipyard; and C) Ilha
Guaiba Port (RJ), Brazil.
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Grande (RJ), Brazil.

by oil platforms has been considered less often
as responsible for the introduction and dispersal
of nonindigenous species. The introduction of
exotic species has long been recognized as serious
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environmental problem affecting the integrity of
natural communities (Vitousek, 1990; Carlton &
Geller, 1993; Lodge, 1993; Grosholz & Ruiz, 1996,
Lafferty & Kuris, 1996; Crooks, 1998).
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Tubastraea has demonstrated the ability to
colonize and rapidly expand its range. It is the first
scleractinian coral known to be introduced to Brazil.
The present study is the first one to quantify aspects
of its distribution and abundance. Tubastraea was
initially reported in the western Atlantic in 1943,
but today the coral has not only expanded its range
to the entire Caribbean region but also its local
abundance (Cairns, 2000). Although this coral
occurs in the western and eastern Atlantic, Indian
Ocean, western and central Pacific and eastern
Pacific Oceans (Cairns et al., 1998), new records
of Tubastraea confirm that this coral is a successful
invasive organism and may be considered an
opportunist because of its rapid range expansion
and rising abundance in newly colonized areas
(Cairns, 2000).

This coral has frequently been observed
attached to ship’s hulls (Cairns, 1994, 2000) and
oil platforms (Fenner, 2001). On a checklist of the
ahermatypic Scleractinia of the Gulf of Mexico,
Cairns (1978) did not find Tubastraea in the region,
although Fenner (1999) observed this coral in the
Caribbean (Cozumel and Belize) and later on oil
platforms in the Gulf of Mexico (Fenner, 2001).
Tubastraea has therefore broadened its distribution
in the western Atlantic (Cairns, 2000).

The data of this study show that the coral
Tubastraea has been introduced to Brazil and has
expanded its range throughout Ilha Grande. It has
become well established and may be the dominant
sessile benthic organism on the rocky shores. The
coral arrived in Brazil around 1980 and today
occupies a 25 km stretch of coastline in the Canal
Central. The greater abundance of this coral near the
Petrobras oil terminal and Verolme shipyard suggest
that these are potential points of introduction of the
coral. Both Ilha Grande and Sepetiba Bay are areas
with intense shipping traffic and oil platforms,
which may bring encrusting exotic species to the
region. The range of Tubastraea has expanded at
Ilha Grande, although Castro et al. (1999), who
studied the distribution of Cnidaria at Ilha Grande
in some of the same locations sampled in this study,
did not report this, probably because the coral was
less widely distributed at the time of their study
(1993). At the preferred depth of Tubastraea, those
authors found Palythoa caribaeorum, the very
common zoanthid at IlTha Grande, to be the most
abundant organism.

The density of Tubastraea was very variable
and although most quadrats had lower densities,
7.4% of all quadrats measured contained more
than 50 colonies.0.25 m?, while some quadrats

Braz. J. Biol., 65(4): 661-673, 2005
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displayed more than 100 colonies and one had
283 colonies.0.25 m?. These values are the
highest ones reported for corals in Brazilian
waters, as Ledo et al. (1997) found 0.3-4 colonies
of scleractinian corals.m? in Northern Bahia,
while Maida et al. (1995) found a mean value
of 6.62 colonies of Siderastrea stellata.m™ in
the Fernando de Noronha Archipelago. The
density values found here were extremely high
(200-fold) even when compared with the density
of scleractinian corals in coral rich regions such as
the Caribbean, where Goodwin et al. (1976) found
0.04-6.53 colonies.m?, Lewis (1997) found
0.002-0.06 colonies.m?, and Carlon (2002) found
1-4 colonies.m™ of Favia fragum.

Tubastraea was absent from the Bica and
Ponta Grossa stations, where the rocky shores have
steep solid rock slopes dominated by calcareous
algae and urchins and are considerably exposed.
The coral was also absent from Palmas (Mangues)
and Palmas (Pouso), located at the extreme east
of the study points. The coral has probably not
yet colonized these shores. The only other station
where Tubastraea was not found was Ubatuba,
which is situated between other locations where
the coral was found in abundance. Ubatuba is
situated near the mouth of a river, so the salinity
is probably lower, possibly influencing the coral’s
local settlement or survival.

Sebens & Done (1992) suggested that coral
distribution and abundance may be controlled by
the interaction of biological and physical factors
and by historical effects. At Ilha Grande, Tubastraea
showed a broad tolerance for temperature (surface
water reached 32 °C in summer) and desiccation, as
indicated by its abundance in very shallow waters
occasionally exposed to air (0.1-0.5 m), although
hard substratum was available a greater depths at
every station.

The spatial distribution in scleractinian
corals has been described in several reports,
particularly with regard to depth (Birkeland, 1977;
Miller, 1995; Babcock & Mundy, 1996; Mundy
& Babcock, 1998) and angle of settlement or
recruitment (Bak & Engel, 1979; Carleton &
Sammarco, 1987; Babcock & Mundy, 1996; Segal
& Castro, 2000), which are considered important
factors influencing scleractinian settlement and
survival. Tubastraea was found most abundantly at
very shallow depths (the littoral fringe/shallow sub-
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tidal), which is considered a stressful environment
because of sudden changes in various environmental
and biological factors. At Ilha Grande, the great
abundance of Tubastraea colonies in shallow
waters suggests that shallow depths benefited their
recruitment or survival. A correlation between
abundance and depth has been reported previously,
for example, by Bak & Engel (1979) and Mundy
& Babcock (2000). Higher sedimentation rates or
mobility of sediment with depth, because of the
sediment plain, may also explain why Tubastraea
grew most abundantly at shallow depths. However,
the ecological processes that explain population
distribution and abundance cannot be understood
until the organisms’ patterns are well documented
(Underwood et al., 1991).

Because Tubastraea is an asymbiotic,
azooxanthellate coral, it does not have a
photosynthetic requirement for light. However,
it favors the growth or limits the distribution of
other organisms such as macroalgae and turf algae
(Jania spp., Padina spp. and Laurencia spp.) and
the zoanthid Palythoa caribaeorum, which were
abundant at shallower depths in the study area and
are potential competitors of scleractinian corals
(Tanner, 1995). At Ilha Grande, Tubastraea appears
to resist overgrowth, remaining healthy amongst
algal turfs (unpublished data from experiments and
in situ observations).

Tubastraea has been described as a coral that
occurs preferentially on overhangs or drop-offs
(Wood, 1983; Prahl, 1987; Cairns, 1991, 1994,
Reyes-Bonilla er al., 1997). At Ilha Grande, this
coral showed great plasticity in slope use, but was
most commonly found on 80-100° substratum
angles. It must be noted, however, that several
colonies could not be measured because of the
difficulty in sampling all the colonies occurring in
caves, grooves and crevices, and this artifact may
have resulted in an underestimation of the preferred
slope angle of Tubastraea.

Tubastraea was found at every possible slope
angle, so it was able to recruit to all surface angles.
Mundy (2000), who stated that coral larvae may
prefer particular angles within microhabitats during
settlement and/or that the survival of recruits may be
dependent on the angle of the microhabitat, did not
find an angle effect on coral recruitment density on
artificial substrata. This finding is incongruent with
that of Carleton & Sammarco (1987), who found
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significantly more recruits on artificial substrata
angled between 61° - 90°. Segal and Castro (2000)
found species specific preference for different
substratum slopes in the Abrolhos Archipelago,
Brazil. In Curagao, Bak & Engel (1979) found
very few juveniles of scleractinia corals on under-
surfaces (2%) and no divergence in survival on
different angles of substratum. It seems that, at
Ilha Grande, Tubastraea preferred certain angles
but maintained the ability to exploit any available
substratum.

The nonindigenous coral was observed to
be overgrown by other organisms such as sponges
and ascidians, which have been reported as
coral competitors in shallow waters (Dunstan &
Johnson, 1998). Other organisms such as bryozoans,
barnacles and calcareous algae, all of which are
considered r species (Birkeland, 1977) were found
to grow together with Tubastraea, suggesting that
this coral is very competitive on hard substrata in
shallow waters. Tubastraea also seemed highly
competent in occupying empty spaces on the rocky
shores of Ilha Grande and occurred together with
some Cnidaria such as Zoanthus sp., Palythoa
caribaeorum, Phyllangia americana, Astrangia
rathbuni, Mussismilia hispida and Carijoa riisei, all
of which can be considered potential competitors.

Tubastraea has been recognized as an invasive
coral. In Ilha Grande, Brazil, its distribution
suggests that it was introduced to the region by ships
or oil platforms, whereupon it rapidly increased
its range. The distributional data suggest that it
is an organism that can exploit unoccupied hard
substrata, even when these are created by regular
disturbance events. Once established, it appears to
be competitively superior and, although it shows
specific substratum angle and depth preferences at
ITha Grande, it is tolerant to major variations in these
parameters. Although many of these observations
should and will be validated or rejected in future
experiments, the spatial distribution and abundance
data presented here suggest that the Tubastraea at
Ilha Grande is highly suited to continue its current
range expansion in Brazil.
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