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Editor’s note: 

This study was first presented at the 9th International Conference on Marine Bioinvasions held in Sydney, Australia, 
January 19–21, 2016 (http://www.marinebioinvasions.info/previous-conferences). Since their inception in 1999, ICMB 
series have provided a venue for the exchange of information on various aspects of biological invasions in marine 
ecosystems, including ecological research, education, management and policies tackling marine bioinvasions. 

Abstract 

In the 1980s two invasive azooxanthellate corals, Tubastraea coccinea Lesson, 1829 and Tubastraea tagusensis Wells, 1982 
(Dendrophyllidae) invaded the Southwest Atlantic. In Brazil, they were first reported from fouling on oil platforms’ and have 
expanded their range along 3,500km of the coastline. The Sun-Coral Project (PCS) was launched in 2006 as an outreach program 
aimed at the restoring marine ecosystems, mitigating the environmental damage and redressing the social and economic impacts 
caused to coastal communities by the sun corals. We train collectors to manually remove the corals from the seabed and earn extra 
income by selling the skeletons, which are used in craftwork sold to tourists. Engaging human coastal communities in management 
allowed it to contribute to local sustainable development. The aim of this study was to critically evaluate the first ten years of PCS as 
a management initiative. We 1) analysed the contribution of PCS to scientific knowledge by carrying out a systematic literature 
search; 2) reviewed the contribution of the regional and community monitoring program to management planning; 3) analysed 
management results; 4) identified social-economic effects of extra-income; 5) synthesized information regarding the structure of 
PCS and the role of environmental education, capacity building, training and communication. PCS is structured into training, 
environmental restoration, extra income and sustainability, communication, monitoring and research programs. Environmental 
education is present across all programs. A hotline receives new records, a task force is available for first response management and 
training, a Visitor’s Center was created for communication and as a field base, and a National Sun Coral Records Database was 
created to gather all information. The PCS Database compiled historical records and demonstrated that the sun corals continued to 
expand along the Brazilian coastline during the study period (2006–2016). PCS’s Research, Development and Innovation (R&D&I) 
Network (14 institutions, 35 members) contributed to knowledge producing 70% of publications dealing with the sun corals in 
Brazil. Monitoring was able to map distribution and range expansion at 326 monitored sites over four regions. Twenty five different 
types of outreach actions were identified which directly affected 143,000 people. Two hundred and thirty thousand sun-coral 
colonies (8.5 T) have been manually removed through 165 control and eradication actions. Eighty six percent of the 22 collectors 
and their 80 family members said their lives improved due to the extra income. The results presented here demonstrate that PCS has 
created a science-based, community supported, conservation initiative which provides information for government, the scientific 
community and stakeholders, as well as extra-income, methods and human resources for monitoring and managing the sun corals 
invasion. 
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Introduction 

Biological invasions are recognized as a major threat 
to marine and coastal ecosystems (Bax et al. 2003). 
Invasive species have the potential to cause change 
in ecosystems resulting in loss of biodiversity, 
decline of native and commercial species and 
changes in the function and structure of communities 
and ecosystems (Carlton 1985; Carlton and Geller 
1993; Ruiz et al. 1997; Mack et al. 2000). They may 
also increase costs or loss of livelihood (Pimentel et 
al. 2005) which may cause social impacts. 

In Brazil the Ministry of the Environment considers 
58 marine species to be non-indigenous (NIS) of 
which nine are listed as invasive (Lopes et al. 2009): 
two phytoplankton (diatom Coscinodiscus wailesii 
Gran and Angst, 1931; dinoflagellate Alexandrium 
tamarense (Lebour) Balech, 1995); a green macro-
algae (Caulerpa scalpelliformis (R. Br. Ex Turner) 
C. Agardh var. denticulata (Decaisne) Weber-van 
Bosse, 1898); two corals (Tubastraea coccinea 
Lesson, 1929 and Tubastraea tagusensis Wells, 1982), 
two bivalves (Isognomon bicolor (C.B. Adams, 1845) 
and Myoforceps aristatus (Dillwyn, 1817)) one crab 
(Charybdis hellerii (A. Milne-Edwards, 1867)) and 
one ascidian (Styela plicata (Lesueur, 1823)). From 
2008 to 2015, 15 more NIS have been reported but 
these were not necessarily new introductions: some 
had previously been considered native or cryptogenic 
(i.e. of unknown or uncertain origin) whereas one 
sponge considered NIS was re-classified as crypto-
genic. Therefore, the updated number is 72 alien 
species on the Brazilian coast (Junqueira, unpublished 
data). 

Sun coral (coral sol in Portuguese) is the popular 
name given to species of the genus Tubastraea. 
Tubastraea coccinea and T. tagusensis (Scleractinia: 
Dendrophylliidae) are the first scleractinian corals 
that are NIS in the Southwest Atlantic (de Paula and 
Creed 2004). They are native to the Pacific and 
Indian Oceans, and Pacific Ocean, respectively, but 
while T. coccinea has a widespread distribution T. 
tagusensis has a small native range (Galapagos 
archipelago) (Carlos-Júnior et al. 2015a, b; Creed et 
al. 2016). 

The genus Tubastraea is azooxanthellate and was 
first reported in Brazil in the 1980s as fouling 
organisms on oil and gas platforms in the Campos 
Oil Basin, off the State of Rio de Janeiro (Castro and 
Pires 2001). The two sibling species which have 
been reported for Brazil (de Paula and Creed 2004) 
co-occur to the extent that their colonies may grow 
on one another and intermingled. At the end of the 
1990s the sun corals began to invade native 
communities on rocky shores at Ilha Grande Bay, 

 
Figure 1. The sun corals (Tubastraea spp.) A) Tubastraea coccinea 
on a rocky reef in the shallow subtidal at Ilha Grande, Brazil and 
B) Tubastraea sp. on the gas production platform Peroá (PPER) 
on the Abrolhos Bank, Espírito Santo, Brazil. Photographs by Joel 
Creed (A) and Leonardo Bueno (B, used with permission). 

State of Rio de Janeiro, a region considered to be 
relatively biodiverse for Brazil (Creed et al. 2007). 
The region has intense movement of oil platforms 
and other shipping due to the presence of a shipyard, 
docking facilities, an oil terminal and anchorage, the 
latter being the probable first point of introduction to 
the Brazilian coast (Silva et al. 2014). Subsequently 
they have established on and invaded tropical and sub-
tropical rocky shores and coral reefs along the Brazilian 
coastline and are expanding their range (Ferreira 
2003; Mantelatto et al. 2011; Sampaio et al. 2012), 
including into marine protected areas (Silva et al. 
2011). They have also been found on numerous 
mobile artificial structures that can act as vectors, 
such as oil or gas rigs, drilling ships, monobuoys and 
riser support buoys (Creed et al. 2016; Figure 1). 
Where established they are also increasing their 
abundances over large areas (Silva et al. 2014). 
Currently the sun corals occur in 21 coastal 
municipalities and have also been recorded on 25 
mobile artificial structures and three shipwrecks along 
more than 3,500 km of the Brazilian coastline 
(Creed et al. 2016). The invasion history of T. 
coccinea includes, besides the Brazilian coast, the 
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Caribbean, Florida and Gulf of Mexico (Fenner 2001; 
Fenner and Banks 2004; Sammarco et al. 2004). 

Tubastraea spp. present high growth rates, an early 
reproductive maturity and produce a large number of 
larvae throughout their life cycle (Ayre and Resing 
1986; Glynn et al. 2008; de Paula et al. 2014). These 
species affect the structure and function of the native 
communities (Lages et al. 2011). Both sun coral 
species produce chemicals such as alkaloids (Maia et 
al. 2014a, b) which have antifouling properties and 
are deterrent to predation by fish (Lages et al. 2010a, b) 
and invertebrates (Lages et al. 2010a, 2012; Santos 
et al. 2013); they also lack generalist predators within 
their invaded range (Moreira and Creed 2012). They 
use a suite of different reproductive strategies, which 
results in high fecundity and precocious reproduction 
(de Paula et al. 2014), contributing to their rapid 
establishment and range expansion. 

With their expansion, the sun corals are causing 
serious ecological, economic and social impacts in 
Brazil. One major impact is the change in biodiver-
sity as they have been proven to be harmful to native 
rocky shore and reef populations and communities 
(Creed 2006; Lages et al. 2011, 2012, 2015; Mantelatto 
et al. 2011; Mantelatto and Creed 2015; Miranda et 
al. 2016). They compete with and cause necrosis to 
native species (Creed 2006, de Paula 2007; Hennessey 
and Sammarco 2014; Precht et al. 2014; Miranda et 
al. 2016) and also grow among and over commercially 
exploited mussel beds and farms (Mantelatto and 
Creed 2015). Lages et al. (2011) estimated that with 
increased cover of the sun corals the native community 
structure and function is lost. Silva et al. (2014) 
demonstrated that after ten years in 60% of sites 
where the sun corals were occasional or rare they 
became abundant or dominated. They estimated an 
expansion rate of 2.1 km.yr-1. 

Brazil is signatory to the Convention on Biological 
Diversity, which states that consenting parties should 
prevent the introduction of alien species and control 
or eradicate those already present which threaten 
ecosystems, habitats or species (Brasil 1998). Brazil 
also has a National Strategy on Exotic Invasive Species 
which incorporates and details 15 guidelines and 
action steps for their implementation (CONABIO 
2009). However, traditionally little has been done to 
stop, prevent, control and eradicate invasive marine 
species along the Brazilian coastline. 

After years of research and no purposeful action 
to tackle the growing problem of the sun corals on 
the Brazilian coast, in 2006 a management initiative, 
lead by a non-government organization, involving 
academia, government agencies and volunteers, called 
the Sun Coral Project (Projeto Coral-Sol in Portuguese, 

hereafter PCS) was established. PCS was initiated as 
a proposal developed by the first scientists to study 
the biological invasion of Tubastraea spp. in Brazil. 
They recognised the need for action and prepared 
the proposal under the joint auspices of the State 
University of Rio de Janeiro and a non-governmental 
organization concerned with marine conservation, 
today the Instituto Brasileiro de Biodiversidade. The 
initial objectives, based on the research and 
observations which had been carried out to date 
were to restore and conserve the marine biodiversity 
of the affected areas, generate extra income for local 
communities, provide biological and ecological know-
ledge for conservation and management, develop 
additional innovative solutions which add value to 
the management of the invader, develop an environ-
mental education program and contribute to policy 
and legislation regarding the prevention and 
management of the sun corals in Brazil. 

In 2006 PCS was initially structured as a research 
and outreach project linked to the State University of 
Rio de Janeiro, organized with Academic and Research, 
Student and Community Coordinators. Initial funding 
was provided by the State Foundation for Research 
in Rio de Janeiro (FAPERJ), the National Council 
for Scientific and Technological Development (CNPq) 
and the University—traditional research funding 
sources. Due to its innovative proposal (of replacing 
illegal trade in native coral with a legal trade in 
invasive corals, removing them and creating extra 
income) PCS was one of ten winners of the 11th Banco 
Real Universidade Solidária Contest, providing 
funding which allowed the start of training of coral 
collectors and management actions. Further sponsorship 
by the Petrobras Environmental Program (2009–2012) 
allowed a restructuring of PCS into Training, Environ-
mental Restoration, Extra income and sustainability, 
Communication, Monitoring and Research Programs, 
with Environmental Education as a cross programs 
theme. A hotline (canal@coralsol.org) was created 
to receive new records of the corals in Brazil, a task 
force was set up for first response management and 
training, a Visitor’s Center for communication and as 
a field base and a National Sun Coral Records Data-
base created to gather all the quantitative and quali-
tative information on distributional records, research, 
monitoring, environmental education and management 
actions. In 2013 PCS was once again restructured to 
include an ample R&D&I Network as well as 
Management and National Monitoring working groups. 

The aim of the present study is to critically 
evaluate the PCS as an NIS management initiative 
through an analysis of the organization and the 
results of the first ten years of action. 
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Materials and methods 

Research 
We analysed the contribution of PCS to the scientific 
knowledge of the two Tubastraea species by carrying 
out a systematic search of the available literature. 
We searched the biological literature for basic and 
applied studies of the biology and ecology of the two 
species. Literature searches were conducted using ISI 
Web of Science and SciELO – Scientific Eletronic 
Library Online (http://www.scielo.org) on the following 
terms: Tubastraea coccinea; Tubastraea tagusensis; 
Tubastrea coccinea; Tubastrea tagusensis; Tubastraea 
aurea; Tubastrea aurea; coral-sol; to compile a list 
of publications. Tubastraea and Tubastrea are 
synonyms and both are used in the literature and T. 
aurea is an older synonym of T. coccinea. We only 
used publications in peer reviewed journals. 

From these 90 records we excluded publications 
which were generic (i.e. did not deal with a specific 
aspect of one of the species, such as lists of fauna 
from different localities, reviews which mention the 
species, etc.) but retained studies which dealt with 
multiple species where results were presented in a 
species specific fashion (74 remained) (Supplementary 
material Table S1). Finally we supplemented the list 
with a further 10 relevant papers using the terms 
“Tubastraea” and “Tubastrea” in the Google Scholar 
search engine (included in Table S1). Studies were 
collected for analysis until 20 May 2016. We then 
categorised the studies by the studied species, region 
and whether they had been carried out by 
researchers from the PCS Network. 

Monitoring 

In 2000 researchers that would later have the initiative 
to form PCS started to use extensive semi-quantitative 
monitoring to detect regional-scale change in the 
distribution of the two invasive corals along the 
Brazilian coast. Initially monitoring was carried out 
at Ilha Grande Bay and expanded to the North São 
Paulo coast, Sepetiba Bay and the Lakes region as 
new reports appeared. At each pre-established site 
two snorkel divers swam in opposite directions 
parallel to the rocky shore, in five one-minute 
transects. In each transect the divers estimated the 
density of coverage of each species of Tubastraea 
by assigning a DAFOR scale (Kershaw 1985) and 
values for classes of relative abundance: Dominant = 
extremely obvious populations forming many essen-
tially monospecific patches 1m2 at least one depth 
level, with very frequent isolated colonies and/or 
smaller patches spread throughout the substratum; 
Abundant = frequently occurring essentially mono-

specific patches of 50–100 cm diameter, with frequent 
isolated colonies and/or small patches spread through-
out the substratum; Frequent = isolated colonies 
and/or small patches observed to be spread constantly 
throughout the substratum, with occasional occurrence 
of patches 10–50 cm in diameter; Occasional = less 
than 10 colonies or small groups but more than 5 
colonies per minute dive; Rare = between 1 and 5 
colonies found during a 1 minute dive; Absent 
(Creed and Fleury 2011). These observations were 
transformed to a quantitative relative abundance index 
(RAI) by assigning a scale from 10 (dominant), 8 
(Abundant), 6 (Frequent), 4 (Occasional), 2 (rare) to 
zero (absent); a mean of the total of ten transects is 
calculated (de Paula and Creed 2005; Silva et al. 
2011, 2014). Distributional maps were prepared using 
traditional methods (Surfer 8 Golden Software) 
using subset of points (n=144) taken at Ilha Grande 
Bay (Rio de Janeiro State) which had been studied 
for the longest period, four times since 2000. 

Since 2005 a second Community Monitoring 
protocol, developed to quantify change in population 
density of the invasive corals and change in the 
benthic community structure, has also been used. 
Sites were set up in three distinct regions (one in 
north coast of São Paulo (Ilhabela), and two in the 
Ilha Grande Bay (Ilha Grande and the Tamoios 
Ecological Station Marine Protected Area). In each 
region eight sites were initially selected based on 
extensive monitoring data that represented the range 
of occurrence of Tubastraea: two absent sites; two 
sites with low relative abundance; two sites with 
medium relative abundance; two sites with high 
relative abundance (de Paula and Creed 2005; Lages 
et al. 2011). This was achieved by using SCUBA to 
place 0.25 m2 quadrats onto permanently marked 50 m 
transects placed at each site parallel to the coast in 
1–3 m depth. Fifteen fixed position (initially rando-
mized) and 15 randomly positioned (each time) 
quadrats were placed onto each transect. In each 
quadrat, divers estimated the cover of the major 
space occupying taxon or functional form (Steneck 
and Dethier 1994) in each of 25 (10 × 10 cm) sub-
quadrats. The density of the two NIS was also 
estimated by counting individuals (colonies) in each 
quadrat. In the current study we compared the mean 
cover of the main benthic space occupying groups 
over two years (2005–2006) at one invaded site 
(Macacos Island, Ilha Grande Bay) as well as the 
average density of the Tubastraea spp. 

Management 

Since 2006 PCS has carried out different manage-
ment actions where the sun corals have been detected 
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Figure 2. A) Before and  
B) after manual removal of  
a 3-4 year old colony of the 
sun coral T. tagusensis. 
Arrowed is a small 
gastropod not affected by the 
removal. Photographs by 
Joel Creed. 
 

along the Brazilian coast. These actions include 
eradication of smaller populations in recently 
invaded sites and control measures to slow the spread 
and reduce propagule pressure so as to prioritize the 
protection and recovery of sensitive areas such as 
marine protected areas. PCS trained a group for the 
management of the sun corals which consisted of 
stakeholders, local managers and interested scientists. 
All received theoretical and practical training by the 
technical team of the PCS. 

The sun corals eradication or control is achieved 
by the physical removal of the invasive corals 
Tubastraea spp. performed by divers (through 
SCUBA or snorkeling) using procedures in manuals 
and protocols developed by PCS (resources availa-
ble at https://www.facebook.com/projeto.coral.sol/). 
Divers use suitable clothing and gear to swim in the 
sea and follow the usual health and safety rules for 
diving. The invasive corals are removed with a 
chisel and a lump hammer (Figure 2). The chisel is 
positioned at the coral base, which is detached from 
the substrate by a hit with the lump hammer on the 
other end of the chisel. This precise procedure does 
not impact the local biota (Figure 2). The largest 
corals are easily removed and thus are most often 
collected and extracted from the sea, which is efficient 
since these have the greatest breeding potential. In 
the case of small individuals (< 1 cm) these are 
eliminated directly on site, crushed with the chisel. 
Removed corals are killed by immersion in fresh 
water for two hours (Moreira et al. 2014) or enclosed 
in bags (smothering method) for seven days 
(Mantelatto et al. 2015). Dead corals are then 
returned to the sea in order to feed the detritus food 
chain (returning materials and energy to the ecosys-
tem) or the skeletons are used by PCS artisans to 
create “souvenirs”. 

A field sheet is used in each management action 
onto which are logged: 1) GPS coordinates; 2) amount 
of corals removed by species (or mixed, when the 
two species colonies grow on one another intermin-
gled); 3) number of participants; 4) time and date of 
the beginning and end of the action; 5) destination of 
removed corals; 6) removal method (snorkeling or 
SCUBA); 7) elimination method (fresh water or 
smothering) and 8) other observations. Subsequently, 
the data are included in the National Sun Coral 
Records Database, maintained by PCS. In the present 
study we analyze these data. 

Extra income 

In order to engage and train coral collectors, we 
selected the local coastal community of Abraão 
Village, Ilha Grande Bay, Rio de Janeiro state as the 
first group of sun coral collectors in Brazil. This site 
was chosen because: 1) there was a large amount of 
invasive corals near the village; 2) the greater 
affinity of the residents with the sea; 3) the facility 
to carry out the work; 4) the village is the main 
gateway for tourism destination on Ilha Grande 
Island, so most of the residents work in boating 
related nautical tourism, which is highly seasonal. 
Furthermore, as the majority of its activities and jobs 
are related to the sea, the local coastal community 
are those who mostly suffer consequences of environ-
mental degradation and impacts from bioinvasion. 

The sun coral collectors were trained through 
theoretical and practical training about the history of 
the invasion, their impact, marine biology and ecology, 
oceanography, snorkelling techniques, basic oceano-
graphy, first aid basics, as well how to safely 
recognise and remove the corals, in addition to 
learning how to quantify and treat them after removal. 
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Figure 3. Number of studies and 
their proportion carried out by 
researchers involved in the sun 
coral project (PCS) and other 
researchers, by region, using data 
from an analysis of the literature 
available on Tubastraea coccinea 
and T. tagusensis Compiled from 
data in Table S1. 
 

Collectors performed removals of the invasive corals 
near Abraão Village receiving an extra income to 
carry out such activities. 

In order to investigate the socioeconomic impact 
of PCS on the participant coral collectors after 
engaging with the management of the sun-corals at 
Ilha Grande Bay, the PCS team conducted a 
questionnaire in 2012 in accordance with local ethics 
guidelines. Data on socioeconomic characteristics of 
interviewees, including, age, occupation, domicile, 
education, income, and also specific questions 
concerning their experience/knowledge, environmental 
concerns and behavioural change after engaging 
with PCS were registered from fourteen collectors. 

Organization, environmental education, capacity 
building, training and communication 

In order to investigate how PCS was planned and 
structured, the role of environmental education, 
activities of capacity building and training and commu-
nication, we compiled quantitative and qualitative 
information regarding structuring and activities from 
a database of internal reports, abstracts and other 
publications from the period 2006 to 2016. These data 
were synthesized in a descriptive and quantitative 
table (Supplementary material Table S2). 

Results 

Research 

Scientific knowledge of the two species increased 
from 1986 to 2016 (Figure 3). SciELO provided no 
records not provided by the Web of Science while 
Google Scholar provided 10 references which Web 

of Science did not. Of the total of 74 relevant studies, 
26 dealt with both species, 46 dealt exclusively with 
T. coccinea and two exclusively with T. tagusensis 
(Table S1). With regard to region, by 2016 there 
were more publications dealing with the species in 
Brazil (n=33, 45%) than in other regions around the 
world (Figure 3). The contribution to the knowledge 
produced by the PCS was 70% of all publications 
carried out in Brazil and was equal to the number of 
studies of the species carried out in the native regions 
(31.5%, n=23 publications each). Eleven publications 
were produced in the Gulf of Mexico (15%) and six 
(8%) in the Caribbean. No publications were found 
that dealt with T. tagusensis within its native range. 

The studies published in journals by PCS were in 
a wide variety (18) mainly international peer reviewed 
journals dealing with biogeography, marine ecology 
and biology, oceanography, chemistry or biological 
invasion. This body of knowledge dealt with distri-
bution (25% of studies), chemical ecology (14%), 
applied ecology (management), niche modelling and 
species associations (11% each), community ecology, 
growth and reproduction and ecological interactions 
(7% each) population ecology and taxonomy (4% 
each). These studies served as a nucleus for attracting 
further collaborative research projects and in 2013 
an umbrella group, the Sun Coral R&D&I Network, 
was formed with 35 members from 14 different 
institutions with the remit to provide further know-
ledge and innovative science based solutions. 

At the national level the PCS National Database 
compiled historical records and received new records 
of the sun corals in Brazil up to 2016 (Figure 4). 
These data demonstrate that the sun corals continued 
to expand their distribution along the Brazilian 
coastline from 2006–2016. 
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Figure 4. Map of new occurrences of the sun corals (Tubastraea spp.) on natural substrata and shipwrecks (circles) and on vectors (crosses - oil and 
gas platforms, drillships, monobuoys, riser support buoys, small pleasure craft) with year of record. A) Brazil and B) detail of the southeast region. 
Records were taken from the Sun Coral Project National Database, compiled in Table S3). Gray ellipses indicate regions where PCS carries out 
extensive monitoring. 
 

Monitoring 

The long-term monitoring of the PCS was able to 
map the distribution and follow the range expansion 
of the invasive sun corals at the regional scale in 
four regions on the Brazilian coast comprising 326 
monitored sites (Figure 4; Table S3). For example, 
Figure 5 shows the expansion occurring from 2004 to 
2011 of the two species of Tubastraea throughout 
the 144 monitored sites within the Ilha Grande Bay 
region (22º50′–23º20′S and 44º00′–44º45′W). 
Expansion was mainly into the central channel and 
into the west part of the Ilha Grande Bay. 

Within one of the three regions monitored for 
community change, Macacos Island (23º04′36″S; 
44º13′47″W) is a typical invaded site and between 
2005 and 2006 the cover percentage and the density of 
the Tubastraea spp. increased at this site (Figure 6). 
Cover increased fourfold (0.8–4.1%) in a year while 
mean density increased threefold (from 45 to 150.9 
colonies of Tubastraea spp.m-2) over the same 
period (Figure 6). 

Management 

To the present PCS has removed over 232 thousand 
corals (~8.5 tons) through 165 actions in Brazil 
(Figure 7, Table 1). These were accomplished in part 
in conjunction with the various PCS partners, but 

mostly by the sun coral collectors at Ilha Grande 
Bay (see extra income, below). Management action 
started in 2006, but was quite irregular. Most actions 
were carried out in 2012 and no actions were carried 
out in 2010 and 2014. In general more T. tagusensis 
was removed (126,669 colonies) than T. coccinea 
(53,042 colonies), mixed colonies (41,996) or 
Tubastraea spp. (10,463, not identified to the species 
level) (Figure 7). PCS removed corals at 5 locations 
in four different states (Buzios and Ilha Grande Bay 
in Rio de Janeiro, Bahia, São Paulo and Santa Catarina) 
along the Brazilian coast (Figure 8a), though most 
actions were with collectors from the local coastal 
community of Abraão Village, Ilha Grande Bay 
(Figure 8b). 

Extra income 

Extra income has been achieved for 22 collectors 
and around 80 dependent family members. The sun 
coral collectors varied in age from 20 to 48 years 
old, half of the group have completed high school 
and the majority (86%) own their own residence. In 
Brazil the official minimum wage, a monthly value, 
≈ US$170 in 2006 – US$250 in 2016. Before parti-
cipating, 36% of coral collectors earned less than 2 
minimum wages, 36% up to 4 minimum wages and 
29% more than 6 minimum wages. However, 79% 
did not have a fixed job. 
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Figure 5. Maps of the range expansion of Tubastraea coccinea and T. tagusensis at 144 sites at Ilha Grande Bay over an eleven year (2000 to 2011) 
period as monitored by the DAFOR monitoring. In 2000 the two species were not treated separately. 
 

Most coral collectors (86%) said their lives had 
improved in quality after they got involved with the 
PCS management activities. They stated that the 
extra income allowed them to purchase previously 
inaccessible goods such as microwave, mobile phone, 
computers, furniture and books. The majority of the 
interviewees also got more involved in environmental 
matters (93%). All of them acquired new knowledge 
and skills as they got involved with invasive species 
management. In their answers about what new 
knowledge they got while working with PCS, many 
of them identified information about invasive 
species and their real negative influence on native 
marine biodiversity, as well as about native biodi-
versity and the importance of a healthy environment. 
Another benefit identified by the interviews was that 
PCS encouraged organization and local leadership in 
the protection of the marine environment. 

Environmental education, capacity building, 
training and communication 

Supplementary material Table S2 presents the main 
environmental education, outreach, training, capacity 
building and communication actions of PCS. A total 
of 25 different types of actions were identified 
which were developed with varying frequency. This 
translated to a total of 289 actions directly affecting 
an estimated 143 thousand people. Most actions 

concerned communication and environmental 
education (Table S2). 

Discussion 

As an NIS management initiative, the first ten years 
of actions of the PCS have substantially advanced 
our knowledge of how to deal with marine invasive 
species in Brazil. The results presented here 
demonstrate that PCS has created a science-based, 
community supported, conservation initiative which 
provides information for government, the scientific 
community and stakeholders. Furthermore it has 
provided methods and human resources for moni-
toring and managing the sun corals invasion. 

PCS is the first initiative to control invasive marine 
NIS in Brazil and the innovative proposal has 
directly benefitted society by taking advantage of the 
pest coral as a raw material. Coral skeletons are in 
demand throughout the world (Green and Shirley 
1999; Rhyne et al. 2012) and are usually supplied by 
producing countries, which exploit their native 
species (Green and Shirley 1999; Roelofs 2008). PCS 
launched the proposal of commercially exploiting 
the sun corals as a sustainable way of carrying out 
control and generating extra income for local people 
most affected by the problem. PCS has become a 
national model for the control of invasive marine 
fouling species. It has also contributed to environ-
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mental education at all levels through communication 
of the theme. 

In order to effectively manage a NIS it is 
necessary to know where it occurs, so mapping was 
a first priority of PCS. Monitoring range expansion 
was the next step as information on marine biological 
invasions, and how our actions are affecting desired 
outcomes, is only robust when based on appropriate 
monitoring programs (Ruiz and Crooks 2001; Wasson 
et al. 2002; Campbell et al. 2007; Crooks and Rilov 
2009). The DAFOR method proved to be effective, 
rapid and low cost, suitable for the detection of range 
expansion and description of relative abundance 
over space and time at the regional scale. The long-
term monitoring plan of PCS was able to map the 
distribution and track the geographic expansion of 
the invasion of T. coccinea and T. tagusensis at 326 
sites on the Brazilian coast. 

The coupling of regional monitoring with the 
National Records Database allowed a national picture 
to be drawn of the biological invasion of Brazil, 
pathways, the vectors responsible, as well as identify 
multiple introduction events and range expansion 
rates (reviewed by Creed et al., 2016). This large 
scale mapping was not only useful for identifying 
the risk of further introductions, but also for planning 
management actions and modelling future expansion 
or contraction scenarios at the regional and national 
scales (Riul et al. 2013; Carlos-Júnior 2015a, b). 

The DAFOR method was certainly sensitive 
enough to detect change over time as range expansion 
occurred and communities shifted from invaded by a 
few individuals to being dominated by the sun 
corals. According to Silva et al. (2014) the method, 
although not designed as such, may also capture 
positive effects of management in some scenarios, as 
at one site, Macacos Island. There, the invasive corals 
have been sporadically manually removed from the 
rocky shores by trained divers from PCS’s staff 
since 2006, and Silva et al. (2014) reported a 
reduction at this site. Furthermore, a shift away from 
dominance has been observed within the region. 

Local monitoring, carried out in order to detect 
changes in the sun corals populations and quantify 
how they affect the natural benthic communities 
over time was also effective. Although extensive 
data on benthic communities’ changes at sites is not 
presented in this manuscript, the method used by 
PCS has previously been critically reviewed by 
being compared to other available methods and has 
been considered to be the most cost-effective of 
those examined (Mantelatto et al. 2013). It has been 
shown to be sensitive in detecting change in number 

 
Figure 6. Abundance of Tubastraea spp. at a site (Macacos Island, 
(23º04′36″S; 44º13′47″W) undergoing intensive monitoring (Ilha 
Grande Bay region). Pie charts show cover (%) of the principal 
benthic space occupying organisms in A) 2005 and B) 2006;  
C) the mean colony density of each species (+ S.E.); n = 15 

 
Figure 7. Total of Tubastraea tagusensis, Tubastraea coccinea, 
Tubastraea spp. (not identified to the species level) and mixed 
(when both species grow together) removed (cumulative) and 
actions (absolute n) by Sun Coral Project over ten years along the 
Brazilian coast. 
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Table 1. Sun Coral Project management actions and corals removed over the years. Tt = Tubastraea tagusensis; Tc = Tubastraea coccinea; 
M = mixed (when both species grow together) and Tni = Tubastraea spp. not identified to the species level. 

Year Actions Corals removed (number of colonies) 
Tt Tc M Tni Total 

2006 1 6 35 54 0 95 
2007 9 1,710 746 993 0 3,449 
2008 9 1,223 659 550 0 2,432 
2009 16 2,313 631 972 0 3,916 
2010 0 0 0 0 0 0 
2011 24 21,066 4,838 7,865 3,546 37,315 
2012 84 77,890 38,884 22,391 6,182 145,347 
2013 16 20,635 6,789 7,108 735 35,267 
2014 0 0 0 0 0 0 
2015 5 1,468 348 1,258 0 3,074 
2016 1 358 112 805 0 1,275 
Total 165 126,669 53,042 41,996 10,463 232,170 

 
Figure 8. Sun Coral Project management sites: (A) on the Brazilian coast with the number of colonies of invasive corals removed per site and 
(B) detail of Ilha Grande Bay where the size of the circles represents the amount (colonies, n) of corals removed and the green rectangle 
Abraão Village. 

 
and percent cover of coral colonies and efficient in 
describing change in benthic communities over time 
(Lages et al. 2011). 

The regional mapping was coupled with informa-
tion from the National Sun Coral Records Database 
gained through the report hotline as well as published 
and unpublished accounts. Engaging the public was 
extremely important in order to enhance a network 
of vigilance regarding the sun corals invasion in 
Brazil. We believe this to be especially important 
when considering the biological invasion of the 
marine realm from which we are necessarily removed, 
have minimal contact and limited opportunity to 
observe. Sport and professional divers and MPA 
managers were the groups most likely to report the 

sun corals to PCS and contrasted with researchers 
who were generally unwilling to report. The provision 
of anonymity was important when receiving reports 
of contaminated vectors, which attested that the 
public had confidence in PCS and desired action. It 
has been recognized that the way forward to dealing 
with marine biological invasions is to engage citizen 
scientists in detection and management efforts 
(Delaney et al. 2008), teach invasion science in formal 
classroom settings and train decision makers 
(Crooks and Rilov 2009), all of which PCS engaged 
in from 2006–2016. 

Crooks and Rilov (2009) stated that whatever the 
role of the invasion biologist, communication is key. 
We identified that communication and public 
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participation was of utmost importance in order to 
fulfil the aims of PCS. As well as the provision of 
new records, the environmental education, capacity 
building, training and communication provided an 
increased understanding of the problem of biological 
invasion. This, in turn, explained the desirability of 
eliminating the sun corals as a form of protecting 
native diversity, thus avoiding potential resistance 
by well-intentioned but misinformed local stake-
holders regarding the removal of the invasive corals. 
Finally, it was possible to increase popular support 
for the control of the sun corals as stakeholders took 
on roles within the initiative as volunteers, coral 
collectors and agents of change. Meireles (2015) 
critically evaluated the environmental education 
actions of PCS. She identified that the actions of 
PCS allowed the empowerment of stakeholders and 
society, involved directly or indirectly with the 
problem, so they had sufficient information to 
participate in decision making and assist in the 
management of invasive species (Meireles 2015). 

Effective marine biosecurity is the science based 
protection of native marine biodiversity and marine 
ecosystems through effective management and 
control of NIS (Hewitt et al. 2004, 2009). Our results 
identified 33 published studies concerning the sun 
corals produced in Brazil, showing that considerable 
knowledge exists that could be used to support 
management and control initiatives. Our results 
show that the first scientific studies of the sun corals 
in Brazil started approximately 20 years after the 
probable time of their introduction; the first 
monitoring action coincided which the first scientific 
studies in 2000. 

A very large number of corals were removed by 
PCS but prior to its initiation the delay in mana-
gement actions allowed the sun corals to spread. 
Management only began with the start of activities 
of the PCS, approximately 26 years after the 
invasion. The delay to act allowed for the rapid 
expansion (Ferreira 2003; Mantelatto et al. 2011; 
Sampaio et al. 2012) and growth of populations of 
the sun corals in Brazil. There is a consensus that it 
is desirable to act as soon as possible regarding the 
invasion of NIS, as success of eradication increases 
when the populations are small and restricted (Myers 
et al. 2000), so the lack of scientific knowledge 
should not be used as a reason to delay eradication 
or control programs (Shine et al. 2000). The know-
ledge needed to make a quick decision is usually 
minimal and intensive population biological research 
does not guarantee a solution to the problem of NIS 
(Simberloff 2003). 

Total removal of sun corals without reappearance 
(eradication) has been carried out in isolated, 

accessible, recently detected populations at the range 
edge on several islands within the Tamoios 
Ecological Station MPA (Gomes et al. 2015) as well 
as an isolated population at the São Sebastião 
Channel, São Paulo state (Mantelatto 2012). Another 
focus is ongoing eradication programs in a number 
of Brazilian MPAs. The same methods are being 
used on reefs in the Flower Garden Banks National 
Marine Sanctuary, Florida, by National Oceanic and 
Atmospheric Administration of the United States 
(NOAA) (Precht et al. 2014). 

The eradication of the invasive corals is now 
difficult in some localities, such as Ilha Grande Bay, 
Rio de Janeiro, but their control is imperative in order 
to decrease propagule pressure and to reduce spread. 
Most corals were removed by the sun coral collectors 
from the coastal community of Abraão Village 
between 2011 and 2013, when management actions 
had sponsorship. This contributed to local socio-
economic development, while controlling populations 
of invasive corals. The community engagement in 
PCS improved their quality of life from different 
perspectives, including receipt of extra income and 
information. The receipt of extra income, improve-
ment of quality of life, new knowledge and the right 
to participate was just, considering they are the main 
stakeholders impacted by the corals. 

Most management effort by PCS has, however, 
been dedicated to slowing the spread of Tubastraea 
spp. and enhancing ecosystem recovery through 
control. The removal of the coral colony in itself 
may be considered a valid management action as it 
liberates space for native species, interrupts non-
native-native interactions and eliminates the present 
and future production of propagules from that 
individual. Lages et al. (2011) demonstrated that 
when an invaded community reaches 45% cover of 
Tubastraea spp. it is effectively a different com-
munity, so uniqueness in community structure and 
ecosystem services are lost at that threshold. Despite 
this, initial management targets were set previous to 
Lages et al. (2011) and the number of corals removed 
rather than those that remained was monitored. 
Notwithstanding, early trials indicated that manual 
removal reduced mean cover from 41.6% to 2.1% 
(one month later); after one year, without further 
intervention, cover increased to 22.2%; with a 
second removal six months later mean cover was 
5.7% after one year (de Paula 2007). It should be 
noted that these data are means, so mask the patchy 
nature of the spatial distribution of Tubastraea spp., 
which can vary from 0–90% cover at the 1m scale. 

Continued efforts to eradicate or control marine 
species, coupled with clear and thorough reporting 
of both successes and failures in these efforts are 
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still rare and urgently needed (Crooks and Rilov 
2009; Ojaveer et al. 2015). PCS and their partners 
have carried out both successful eradication and 
control actions. Manual removal proved to be 
efficient in eliminating the invasive corals on rocky 
shores and coral reefs and is easy to apply without 
damaging native species. A wrapping method 
(Mantelatto et al. 2015) and others are being develo-
ped as an alternative for sites with very high cover 
or difficult accessibility. 

Lessons learned and future directions 

With regard to the sun corals incursion in Brazil it is 
important to point out that: 

1.  The framework for action that integrated research, 
monitoring, environmental education, management 
and public policy was essential to reach the PCSs 
objectives; 

2.  For control it is necessary to set clear management 
targets (Hewitt et al. 2009; Green et al. 2014) 
which should be based on three primary objectives 
1) rapid response and eradication of new foci due 
to new incursions from vectors; 2) eradication of 
small isolated populations at the forefront of 
range expansion of known introductions (in 
order to slow the spread); 3) planned control 
actions within the invaded ranges to best use 
financial and human resources to reduce density 
(reducing propagule pressure and promoting 
ecosystem recovery); 

3.  Different monitoring protocols contemplating 
different spatial and temporal scales should be 
designed and used for 1) early detection (port 
surveys, etc.); 2) post incursion mapping; 3) quan-
tifying negative change in benthic community 
structure and function as a result of invasion and 
positive change resulting from management 
programs; 

4.  New incursions will continue to occur and 
management actions will be less effective if the 
vectors are not dealt with by their owner/operators 
or governmental agencies (identified, cleaned 
and monitored); 

5.  The environmental agencies which are mandated 
to deal with invasive species in Brazil were at 
first insensitive to scientists warnings, unprepared 
and slow to recognise and respond to the sun 
corals problem. This was compounded by a lack 
of specific legislation and that a few scientists 
advocated a “do nothing, more research needed” 
approach. Consequently: 1) PCS needed to act 

independently as well as assume the responsi-
bility of providing information so that those 
agencies recognised the problem and acted on it; 
2) governmental agencies were slow to expedite 
and renew management licences legally required 
for PCS to act; 3) no funding was made available 
from environmental agencies so other sources 
needed to be found. These facts resulted in tardy 
incursion responses and discontinuity of manage-
ment actions; 

6.  There was an overlap of jurisdiction between the 
Ministries of the Environment (fauna), and Fisheries 
and Aquiculture (fisheries resource) regarding 
the authorization for commercial exploitation. 
This resulted in a standoff regarding responsibility 
to authorise, expedite and renew licences legally 
required for the coral collectors to exploit the sun 
corals. In turn there was discontinuity in the 
provision of extra income and in the subsidi-
sation of management costs through commerce, 
resulting in less effective management; 

7.  Although a body of research is not necessary to 
justify an incursion response, it was important to 
identify vectors and pathways of the invasion, 
provide governmental agencies with information 
for developing policy and develop a toolbox of 
methods for management; 

8.  Where eradication is possible it should be carried 
out; the exploitation and commercialization of 
the sun corals as a management strategy should 
only be encouraged in areas where the sun corals 
are well established and invasive; it should be 
carried out by trained persons and monitored by 
governmental agencies; 

9.  Environmental education and communication 
were effective ways of raising public awareness 
which resulted in: 1) stakeholders being informed 
of the problem, their responsibilities and oppor-
tunities; 2) the governmental agencies informed, 
motivated and/or pressured to act; 3) the detection 
and communication by the public of new 
incursion events; 

Regarding the future there is a need to provide 
regular funding, continue developing new methods 
for management and rapidly expedite and simplifying 
licensing in order to encourage the model of extra 
income and its potential for becoming a popular 
occupation and thus a self-funding management 
strategy. Recently the Brazilian government has 
created a Working Group organized by the Ministry 
of Environment to provide technical advice in order 
to develop an upcoming National Sun Coral Control 
and Monitoring Plan. 



Sun-Coral Project—a social-environmental management initiative 

193 

Acknowledgements 

The authors would like to thank all the undergraduate and 
postgraduate students, post-doctorates, collaborating researchers, 
volunteers, PCS staff and collectors and partners who have take 
part over the last ten years. The authors express their gratitude to 
Amanda G. Silva for their assistance with one map and Leonardo 
Bueno for kindly giving permission to use his photograph. We 
also thank the staff of the Centre for Environmental Studies and 
Sustainable Development—CEADS/UERJ for the use of facilities. 
We thank anonymous reviewers and Joana Dias for comments 
which improved the manuscript. We acknowledge the support of 
Fundação Carlos Chagas Filho de Amparo à Pesquisa do Estado 
do Rio de Janeiro (E-26/010.003031/2014). JCC and BGF 
acknowledge financial support from the Programa de Incentivo à 
Produção Científica, Técnica e Artística, Prociência/UERJ. This 
work was supported by Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (J.C.C., Ciências do Mar 1137/2010); 
Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(J.C.C., CNPq-305330/2010-1). This is Scientific Contribution 
No. 31 of the Projeto Coral-Sol. 

References 

Ayre DJ, Resing JM (1986) Sexual and assexual production of 
planulae in reef corals. Marine Biology 90: 187–190, 
http://dx.doi.org/10.1007/BF00569126 

Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003) 
Marine invasive alien species: a threat to global biodiversity. 
Marine Policy 27: 313–323, http://dx.doi.org/10.1016/S0308-597X(03) 
00041-1 

Brasil (1998) Decreto n° 2.519 Promulga a Convenção sobre 
Diversidade Biológica, http://www.planalto.gov.br/ccivil_03/decreto/ 
D2519.htm (accessed 18 June 2014) 

Campbell ML, Gould B, Hewitt CL (2007) Survey evaluations to 
assess marine bioinvasions. Marine Pollution Bulletin 55: 360–
378, http://dx.doi.org/10.1016/j.marpolbul.2007.01.015 

Carlos-Júnior LA, Barbosa NPU, Moulton TP, Creed JC (2015a) 
Ecological Niche Model used to examine the distribution of an 
invasive, non-indigenous coral. Marine Environmental Research 
103: 115–124, http://dx.doi.org/10.1016/j.marenvres.2014.10.004 

Carlos-Júnior LA, Neves DM, Barbosa NPU, Moulton TP, Creed JC 
(2015b) Occurrence of an invasive coral in the southwest 
Atlantic and comparison with a congener suggest potential niche 
expansion. Ecology and Evolution 5: 2162–2171, http://dx.doi.org/ 
10.1002/ece3.1506 

Carlton JT (1985) Trans-oceanic and interoceanic dispersal of coastal 
marine organisms: the biology of ballast water. Oceanography 
and Marine Biology 23: 313–371 

Carlton JT, Geller JB (1993) Ecological Roulette: the global 
transport of nonindigenous marine organisms. Science 261: 78–
82, http://dx.doi.org/10.1126/science.261.5117.78 

Castro CB, Pires DO (2001) Brazilian coral reefs: What we already 
know and what is still missing. Bulletin of Marine Science 69: 
357–371 

CONABIO (2009) Estratégia Nacional sobre Espécies Exóticas 
Invasoras. Anexo 1 Resolução CONABIO n.o 5 de 21 de 
outubro de 2009. Secretaria de Biodiversidade e Florestas, 
Comissão Nacional de Biodiversidade, Ministério do Meio 
Ambiente, Brasil, 27 pp 

Creed JC (2006) Two invasive alien azooxanthellate corals, 
Tubastraea coccinea and Tubastraea tagusensis, dominate the 
native zooxanthellate Mussismilia hispida in Brazil. Coral Reefs 
25: 350–350, http://dx.doi.org/10.1007/s00338-006-0105-x 

Creed JC, Fleury BG (2011) Monitoramento extensivo de coral-sol 
(Tubastraea coccinea e T. tagusensis): Protocolo de semi-
quantificação. Instituto Biodiversidade Marinha, Rio de Janeiro, 
1 pp 

Creed JC, Pires DO, Figueiredo MAO (2007) Biodiversidade 
Marinha da Baía da Ilha Grande. Brasília: Ministério do Meio 
Ambiente, Brasil, 416 pp 

Creed JC, Fenner D, Sammarco P, Cairns S, Capel K, Junqueira A, 

Crooks JA, Rilov G (2009) Future directions for marine invasions 
research In: Rilov G, Crooks JA (eds), Biological Invasions in 
Marine Ecosystems, Springer-Verlag Berlin, pp 621–625, 
http://dx.doi.org/10.1007/978-3-540-79236-9_34 

de Paula AF (2007) Biologia reprodutiva, crescimento e competição 
dos corais invasores Tubastraea coccinea e Tubastraea 
tagusensis (Scleractinia: Dendrophyllidae) com espécies nativas. 
PhD thesis, Universidade Federal do Rio de Janeiro, Rio de 
Janeiro, Brazil, 108 pp 

de Paula AF, Creed JC (2004) Two species of the coral Tubastraea 
(Cnidaria, Scleractinia) in Brazil: a case of accidental 
introduction. Bulletin of Marine Science 74: 175–183 

de Paula AF, Creed JC (2005) Spatial distribution and abundance of 
nonindigenous coral genus Tubastraea (Cnidaria, Scleractinia) 
around Ilha Grande, Brazil. Brazilian Journal of Biology 65: 
661–673, http://dx.doi.org/10.1590/S1519-69842005000400014 

de Paula AF, Pires DO, Creed JC (2014) Reproductive strategies of 
two invasive sun corals (Tubastraea spp.) in the southwestern 
Atlantic. Journal of the Marine Biological Association of the 
United Kingdom 94: 481–492, http://dx.doi.org/10.1017/S0025315413 
001446 

Delaney DG, Sperling CD, Adams CS, Leung B (2008) Marine 
invasive species: validation of citizen science and implications 
for national monitoring networks. Biological Invasions 10: 117–
128, http://dx.doi.org/10.1007/s10530-007-9114-0 

Fenner D (2001) Biogeography of three Caribbean coral (Scleractinia) 
and a rapid range expansion of Tubastraea coccinea into the 
Gulf of Mexico. Bulletin of Marine Science 69: 1175–1189 

Fenner D, Banks K (2004) Orange cup coral Tubastraea coccinea 
invades Florida and the Flower Garden Banks, northweastern 
Gulf of Mexico. Coral Reefs 23: 505–507 

Ferreira CEL (2003) Non-indigenous corals at marginal sites. Coral 
Reefs 22: 498, http://dx.doi.org/10.1007/s00338-003-0328-z 

Gomes AN, Barros GM, Pompei C (2015) Monitoramento extensivo 
e manejo do coral-sol Tubastraea spp. (Cnidaria, Anthozoa) na 
Estação Ecológica de Tamoios, RJ, Brasil. Anais do VIII CBUC 
- Trabalhos Técnicos, VIII Congresso Brasileiro de Unidades de 
Conservação. Curitiba, pp 1–7 

Glynn PW, Colley SB, Maté JL, Cortés J, Guzman HM, Bailey RL, 
Feingold JS, Enochs IC (2008) Reproductive ecology of the 
azooxanthellate coral Tubastraea coccinea in the Equatorial 
Eastern Pacific: Part V. Dendrophylliidae. Marine Biology 153: 
529–544, http://dx.doi.org/10.1007/s00227-007-0827-5 

Green E, Shirley F (1999) The global trade in coral. WCMC 
Biodiversity Series No. 9, World Conservation Monitoring 
Centre. World Conservation Press, Cambridge, 70 pp 

Green SJ, Dulvy NK, Brooks AM, Akins JL, Cooper AB, Miller S, 
Côté IM (2014) Linking removal targets to the ecological effects 
of invaders: a predictive model and field test. Ecological 
Applications 24: 1311–1322, http://dx.doi.org/10.1890/13-0979.1 

Hennessey SM, Sammarco PW (2014) Competition for space in two 
invasive Indo-Pacific corals Tubastraea micranthus and 
Tubastraea coccinea: Laboratory experimentation. Journal of 
Experimental Marine Biology and Ecology 459: 144–150, 
http://dx.doi.org/10.1016/j.jembe.2014.05.021 

Hewitt CL, Everett RA, Parker N, Campbell ML (2009) Marine 
bioinvasion management: structural framework In: Rilov G, 
Crooks JA (eds), Biological Invasions in Marine Ecosystems, 
Springer-Verlag Berlin, pp 327–334, http://dx.doi.org/10.1007/978-3-
540-79236-9_18 

Cruz I, Miranda R, Junior L, Mantelatto M, Oigman-Pszczol SS 
(2016) The invasion of the azooxanthellate coral Tubastraea 
(Scleractinia: Dendrophylliidae) throughout the world: history, 
pathways and vectors. Biological Invasions 19: 283–305, 
http://dx.doi.org/10.1007/s10530-016-1279-y 

http://dx.doi.org/10.1016/S0308-597X(03)00041-1
http://www.planalto.gov.br/ccivil_03/decreto/D2519.htm
http://dx.doi.org/10.1002/ece3.1506
http://dx.doi.org/10.1017/S0025315413001446


J.C. Creed et al. 

194 

Hewitt C, Willing, J, Bauckham A, Cassidy AM, Cox CM, Jones L, 
Wotton DM (2004) New Zealand marine biosecurity: delivering 
outcomes in a fluid environment. New Zealand Journal of 
Marine and Freshwater Research 38: 429–438, http://dx.doi.org/10. 
1080/00288330.2004.9517250 

Kershaw KA (1985) Quantitative and dynamic plant ecology. 
Edward Arnold, London, 282 pp 

Lages BG, Fleury BG, Pinto AC, Creed JC (2010a) Chemical 
defenses against generalist fish predators and fouling organisms 
in two invasive ahermatypic corals in the genus Tubastraea. 
Marine Ecology 31: 473–482, http://dx.doi.org/10.1111/j.1439-0485. 
2010.00376.x 

Lages BG, Fleury BG, Rezende CM, Pinto AC, Creed JC (2010b) 
Chemical composition and release in situ due to injury of the 
invasive coral Tubastraea (Cnidaria, Scleractinia). Brazilian 
Journal of Oceanography 58(special issue IICBBM): 47–56 

Lages BG, Fleury BG, Menegola C, Creed JC (2011) Change in 
tropical rocky shore communities due to an alien coral invasion. 
Marine Ecology Progress Series 438: 85–96, http://dx.doi.org/ 
10.3354/meps09290 

Lages BG, Fleury BG, Hovell AMC, Rezende CM, Pinto AC, Creed 
JC (2012) Proximity to competitors changes secondary 
metabolites of nonindigenous cup corals, Tubastraea spp., in the 
southwest Atlantic. Marine Biology 159: 1551–1559, http://dx.doi. 
org/10.1007/s00227-012-1941-6 

Lages BG, Fleury BG, Creed JC (2015) A Review of the Ecological 
Role of Chemical Defenses in Facilitating Biological Invasion 
by Marine Benthic Organisms. In: Atta-ur-Rahman (ed), Studies 
in Natural Products Chemistry. Elsevier publisher, Amsterdam, 
Netherlands, Vol. 46, Chapter 1, 1–26 pp, http://dx.doi.org/10.1016/ 
b978-0-444-63462-7.00001-4 

Lopes RM, Coradin L, Pombo VB, Cunha DR (eds) (2009) Informe 
sobre as espécies exóticas invasoras marinhas no Brasil. 
Ministério do Meio Ambiente – Secretaria de Biodiversidade e 
Florestas, Brasília, 440 pp 

Mack RN, Simberloff D, Lonsdale WM, Evans H, Clout M, Bazzaz 
FA (2000) Biotic invasions: causes, epidemiology, global 
consequences, and control. Ecological Applications 10: 689–
710, http://dx.doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2 

Maia LF, Ferreira GR, Costa RCC, Lucas NC, Teixeira RI, Fleury 
BG, Edwards HGM, de Oliveira, LFC (2014a) Raman 
Spectroscopic Study of Antioxidant Pigments from Cup Corals 
Tubastraea spp. The Journal of Physical Chemistry A 118: 
3429−3437, http://dx.doi.org/10.1021/jp501278w 

Maia LF, Fleury BG, Lages BG, Creed JC, de Oliveira LFC (2014b) 
New Strategies for Identifying Natural Products of Ecological 
Significance from Corals: Nondestructive Raman Spectroscopy 
Analysis. In: Atta-ur-Rahman (ed), Studies in Natural Products 
Chemistry. Elsevier publisher, Amsterdam, Netherlands, Vol. 
43, Chapter 10, pp 313–349 

Mantelatto MC, Creed JC, Mourão GG, Migotto AE, Lindner A 
(2011) Range expansion of the invasive corals Tubastraea 
coccinea and Tubastraea tagusensis in the Southwest Atlantic. 
Coral Reefs 30: 397–397, http://dx.doi.org/10.1007/s00338-011-0720-z 

Mantelatto MC (2012) Distribuição e abundância do coral invasor 
Tubastraea spp. Masters Thesis, Universidade do Estado do Rio 
de Janeiro, Rio de Janeiro, Brazil, 123 pp 

Mantelatto MC, Fleury BG, Menegola C, Creed JC (2013) Cost - 
benefit of different methods for monitoring invasive corals on 
tropical rocky reefs in the southwest Atlantic. Journal of 
Experimental Marine Biology and Ecology 449: 129–134, 
http://dx.doi.org/10.1016/j.jembe.2013.09.009 

Mantelatto MC, Creed JC (2015) Non-indigenous sun corals invade 
mussel beds in Brazil. Marine Biodiversity 45: 605–606, 
http://dx.doi.org/10.1007/s12526-014-0282-8 

Mantelatto MC, Pires LM, de Oliveira GJG, Creed JC (2015) A test 
of the efficacy of wrapping to manage the invasive corals 
Tubastraea tagusensis and T. coccinea. Management of 
Biological Invasions 6: 367–374, http://dx.doi.org/10.3391/mbi.2015. 
6.4.05 

Meireles CP (2015) Educação ambiental para o controle da bioinvasão 
marinha de coral-sol (Tubastraea spp., Cnidaria) em Angra dos 
Reis, Estado do Rio de Janeiro. Master Thesis, Universidade do 
Estado do Rio de Janeiro, São Gonçalo, Brazil, 197 pp 

Miranda RJ, Cruz ICS, Barros F (2016) Effects of the alien coral 
Tubastraea tagusensis on native coral. Marine Biology 163: 1–
12, http://dx.doi.org/10.1007/s00227-016-2819-9 

Moreira PL, Ribeiro FV, Creed JC (2014) Control of invasive marine 
invertebrates: an experimental evaluation of the use of low 
salinity for managing pest corals (Tubastraea spp.). Biofouling 
30: 639–650, http://dx.doi.org/10.1080/08927014.2014.906583 

Moreira TSG, Creed JC (2012) Invasive, non-indigenous corals in a 
tropical rocky shore environment: no evidence for generalist 
predation. Journal of Experimental Marine Biology and Ecology 
438: 7–13, http://dx.doi.org/10.1016/j.jembe.2012.09.015 

Myers JH, Simberloff D, Kuris AM, Carey JR (2000) Eradication 
revisited: dealing with exotic species. Trends in Ecology & 
Evolution 15: 316–320, http://dx.doi.org/10.1016/S0169-5347(00)01914-5 

Ojaveer H, Galil BS, Campbell ML, Carlton JT, Canning-Clode J, 
Cook EJ, Davidson AD, Hewitt CL, Jelmert A, Marchini A, 
McKenzie CH, Minchin D, Occhipinti-Ambrogi A, Olenin S, 
Ruiz G (2015) Classification of non-indigenous species based 
on their impacts: considerations for application in marine 
management. PLoS Biol 13: e1002130, http://dx.doi.org/10.1371/ 
journal.pbio.1002130 

Pimentel D, Zuniga R, Morrison D (2005) Update on the environ-
mental and economic costs associated with alien-invasive species 
in the United States. Ecological Economics 52: 273–288, 
http://dx.doi.org/10.1016/j.ecolecon.2004.10.002 

Precht WF, Hickerson EL, Schmahl GP, Aronson RB (2014) The 
invasive coral Tubastraea coccinea (Lesson, 1829): implications 
for natural habitats in the Gulf of Mexico and the Florida Keys. 
Gulf of Mexico Science 32: 55–59 

Rhyne AL, Tlusty MF, Kaufman L (2012) Long-term trends of coral 
imports into the United States indicate future opportunities for 
ecosystem and societal benefits. Conservation Letters 5: 478–
485, http://dx.doi.org/10.1111/j.1755-263X.2012.00265.x 

Riul P, Targino CH, Júnior LAC, Creed JC, Horta PA, Costa GC 
(2013) Invasive potential of the coral Tubastraea coccinea in the 
southwest Atlantic. Marine Ecology Progress Series 480: 73–
81, http://dx.doi.org/10.3354/meps10200 

Roelofs A (2008) Ecological Risk Assessment of the Queensland 
Marine Aquarium Fish Fishery. Department of Primary 
Industries and Fisheries, Brisbane, 23 pp 

Ruiz GM, Crooks JA (2001) Biological invasions of marine 
ecosystems: patterns, effects, and management In: Bendell-
Young L, Gallaugher P (eds) Waters in Peril. Springer, New 
York, pp 3–17, http://dx.doi.org/10.1007/978-1-4615-1493-0_1 

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 
Zoologist 37: 621–632, http://dx.doi.org/10.1093/icb/37.6.621 

Sampaio CLS, Miranda RJ, Maia-Nogueira R, Nunes JACC (2012) 
New occurrences of the nonindigenous orange cup corals 
Tubastraea coccinea and T. tagusensis (Scleractinia: Dendro-
phylliidae) in Southwestern Atlantic. Check List 3: 528–530, 
http://dx.doi.org/10.15560/8.3.528 

Sammarco PW, Atchison AD, Boland GS (2004) Expansion of coral 
communities within the northern Gulf of Mexico via offshore oil 
and gas platforms. Marine Ecology Progress Series 280: 129–
143, http://dx.doi.org/10.3354/meps280129 

Santos LAH, Ribeiro F, Creed JC (2013) Antagonism between 
invasive pest corals Tubastraea spp. and the native reef-builder 
Mussismilia hispida in the southwest Atlantic. Journal of 
Experimental Marine Biology and Ecology 449: 69–76, 
http://dx.doi.org/10.1016/j.jembe.2013.08.017 

Shine C, Williams N, Gündling L (2000) A guide to designing legal 
and institutional frameworks on alien invasive species. IUCN, 
Gland, 138 pp 

http://dx.doi.org/10.1080/00288330.2004.9517250
http://dx.doi.org/10.1111/j.1439-0485.2010.00376.x
http://dx.doi.org/10.3354/meps09290
http://dx.doi.org/10.1007/s00227-012-1941-6
http://dx.doi.org/10.1016/b978-0-444-63462-7.00001-4
http://dx.doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2
http://dx.doi.org/10.3391/mbi.2015.6.4.05
http://dx.doi.org/10.1016/S0169-5347(00)01914-5
http://dx.doi.org/10.1371/journal.pbio.1002130


Sun-Coral Project—a social-environmental management initiative 

195 

Silva AG, de Paula AF, Fleury BG, Creed JC (2014) Eleven years of 
range expansion of two invasive corals (Tubastraea coccinea 
and T. tagusensis) through the southwest Atlantic (Brazil). 
Estuarine, Coastal and Shelf Science 141: 9–16, http://dx.doi.org/ 
10.1016/j.ecss.2014.01.013 

Silva AG, Lima RP, Gomes AM, Fleury BG, Creed JC (2011) 
Expansion of the invasive corals Tubastraea coccinea and 
Tubastraea tagusensis into the Tamoios Ecological Station 
Marine Protected Area, Brazil. Aquatic Invasions 6 (Suppl. 1): 
S105–S110, http://dx.doi.org/10.3391/ai.2011.6.s1.024 

Simberloff D (2003) How much information on population biology 
is needed to manage introduced species? Conservation Biology 
17: 83–92, http://dx.doi.org/10.1046/j.1523-1739.2003.02028.x 

Steneck RS, Dethier MN (1994) A functional group approach to the 
structure of algal-dominated communities. Oikos 69: 476–498, 
http://dx.doi.org/10.2307/3545860 

Wasson K, Lohrer D, Crawford M, Rumill S (2002) Non-native 
species in our nation’s estuaries: a framework for an invasion 
monitoring program. National Estuarine Research Reserve 
Technical Report Series 1 

 
 
 
 

Supplementary material 
The following supplementary material is available for this article: 
Table S1. Results of a literature search for journal articles about Tubastraea spp. 
Table S2. Actions carried out by the Sun Coral Project 2005–2016, principal programs attended (environmental education, 
capacity building, training, capacity building and/or communication), specific aims and quantity. 
Table S3. Tubastraea spp. occurrences in Brazil: location name, coordinates (decimal latitude and longitude), first occurrence 
(year), type of substrate and reference. 
This material is available as part of online article from:  
http://www.reabic.net/journals/mbi/2017/Supplements/MBI_2017_Creed_etal_Supplement.xls 
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