
Neotropical Biology and Conservation
13(4):356-360, october-december 2018
Unisinos – doi: 10.4013/nbc.2018.134.11

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International (CC BY 4.0), which permits reproduction, adaptation, and distribution 
provided the original author and source are credited.

Abstract
The present study aimed to report the biological invasion by Thespesia populnea of sites 
under fluviomarine influence and adjacent environments of the Sergipe River, in Aracaju, 
Sergipe, Northeastern Brazil, by Thespesia populnea, as well as to evaluate the suscepti-
bility of the occurrence of the species in other Brazilian regions. The study site comprises 
a mangrove area and adjacent sites of the Sergipe river. The focuses of the invasion by 
T. populnea were obtained by means of walks throughout the extension of the site (active 
search). To evaluate the susceptibility of occurrence of the species in Brazil, an ecological 
niche modeling analysis was performed. The invasion of the species was registered at 
several points in the study area, with the highest concentrations in the most degraded 
sites. The results of the model analysis demonstrate high to extremely high susceptibility 
to the occurrence (biological invasion) of the species in several parts of the country. The 
attributes of the species, observations in situ and results of the modeling analysis suggest 
the need to control T. populnea in the study area and prohibition of its planting in the Bra-
zilian territory.
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Resumo
O presente estudo objetivou relatar a invasão biológica por Thespesia populnea de sítios 
sob influência fluviomarinha e ambientes adjacentes do rio Sergipe, Aracaju, Sergipe, 
no Nordeste do Brasil, bem como avaliar a suscetibilidade de ocorrência da espécie em 
outras regiões do país. O local do estudo compreende uma área de mangue e locais 
adjacentes do rio Sergipe. Os focos de invasão de T. populnea foram obtidos por meio 
de caminhadas ao longo da extensão do sítio (busca ativa). Para avaliar a suscetibili-
dade de ocorrência da espécie no Brasil, foi realizada uma análise de modelagem de 
nicho ecológico. A invasão da espécie foi registrada em vários pontos da área de estudo, 
com as maiores concentrações nos locais mais degradados. Os resultados da análise de 
modelagem demonstram alta a extremamente alta suscetibilidade à ocorrência (invasão 
biológica) da espécie em várias partes do país. Os atributos da espécie, as observações 
in situ e os resultados da análise de modelagem sugerem a necessidade de controlar T. 
populnea na área de estudo e a proibição de seu plantio no território brasileiro.

Palavras-chave: exótica invasora, análise de modelagem, manguezal.
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The Atlantic Forest is a biome formed by several eco-
systems, including Mangrove (Schaeffer-Novelli, 1995). 
As a priority area for biodiversity conservation (Interna-
tional Conservation Organization, 2011), it has been con-
stantly suffering from environmental degradation (Almei-
da, 2000; Galindo-Leal and Câmara, 2005; Tabarelli et 
al., 2005). Thus, this situation of continuous degradation 
promotes cases of biological invasion (BI) establishment.

According to Williamson (1999), disturbed environ-
ments tend to be more susceptible to invasion by exotic 
species. BIs are capable of causing disorder in the food 
chain, as well as of nutrients cycling and plant productivity 
(Ziller and Galvão, 2002). In addition, they are considered 
to be the second largest cause of biodiversity loss world-
wide (Iucn, 2000). Moreover, their secondary impacts are 
usually underestimated, reducing the real size of damages 
(Rogers et al., 2017). In Brazil, studies on the subject are 
still quite a few (Ziller, 2001; Petenon and Pivello, 2008; 
Andrade et al., 2009; Sousa et al., 2017), mainly in the 
Mangrove, and none of them with Thespesia populnea.

Being undemanding (Morton, 1966), T. populnea de-
velops very well in a wide variety of soil and climatic 
conditions. The species can be found vegetating on saline, 
limestone, loamy and semi-compacted soils, with differ-
ent levels of waterlogging and conservation of tropical 
and subtropical regions (Iqbal et al., 2002; Francis, 2002; 
Francis, 2004; Warrier, 2010; Areces-Berazain and Acker-
man, 2016). The species has very rapid growth and propa-
gation, being still quite wind resistant. It is considered an 
exotic invasive species in several parts of the globe (Little 
and Frank, 1964; Friday and Okano, 2005; Orwa et al., 
2009; Ammondt et al., 2013; Cabi, 2016). It competes for 
space and resources with native species, reducing native 
biodiversity (Cabi, 2016).

The discovery of early-stage invasion cases is a crucial 
step in effectively resolving the problem. The ecological 
niche modeling is based on the identification of sites that 
carry essential conditions and resources for establishment 
of certain species, allowing to predict their geographic dis-
tribution from known occurrence data and environmental 
data (Guisan and Zimmermann, 2000; Guisan and Thuiller, 
2005). This type of analysis allows us to perform several 
studies, such as stipulate priority areas for conservation, 
analyzing invasion potential, as well as predicting the past 
and future distribution of species (Peterson and Vieglais, 
2001; Hugall et al., 2002; Siqueira and Peterson, 2003, 
Garcia, 2006, Nyari et al., 2006, Giovanelli et al., 2008). 

In Brazil, there is little information about T. populnea. 
No studies about biological invasion involving the species 
were found in the databases consulted. In this context, the 
objective of the present study was to report the biological 
invasion by T. populnea in sites under fluviomarine influ-
ence and adjacent environments of the Sergipe river, as 
well as to evaluate the susceptibility of occurrence (bio-

logical invasion) of the species in other Brazilian regions 
through modeling of ecological niche.

The study area (10°57’47,14”S; 37°2’57,56”W) com-
prises a mangrove area and adjacent sites of the Sergipe 
river, between the neighborhoods of Coroa do Meio and 
Atalaia Velha, municipality of Aracaju, Sergipe, northeast-
ern Brazil. The area has approximately 40 ha and shows 
signs of anthropic disturbance, such as compacted soils, 
sewage and garbage from different sources (França and 
Rezende, 2010).

According to the Köppen-Geiger classification system, 
the climate of the region is As’ – tropical type with dry 
summer season (Peel et al., 2007). The predominant soils 
are Eutrophic Flubic Neosols and Salic Gleysols (Embrapa 
Solos, 2006).

Native from Asia (Camara et al., 2009), Thespesia 
populnea (L.) Sol. ex Corrêa (Malvaceae) is popularly 
known as algodão-da-praia, in Brazil, and as indian tulipe 
tree, false rosewood, milo, pacific rosewood, motel debou 
and alamo blanco in other parts of the world. Its height 
varies from 5 to 12 m., has tortuous trunks, alternate, sim-
ple and palmate leaves, deltoids, arranged in spiral form, 
lanceolate stipules, axial flowers, solitary, paleaceous col-
oration, with pedicel and five petals, sometimes with two 
bracts near to the base, globular capsule-type fruits, usu-
ally indeiscent, with valves where black seeds with ovoid 
shape are confined (Little and Skolmen, 1989; Friday and 
Okano, 2005; Oudhia, 2007).

For confirmation and registration of the species, parts 
of the plant were collected, herborized and deposited in 
the ASE Herbarium of the Federal University of Sergipe, 
São Cristóvão, Sergipe. Focuses of T. populnea invasion 
were obtained by means of walks throughout the site (ac-
tive search). Each grouping of individuals of the species 
was georeferenced and this data was later used for making 
maps in Google Fusion Tables.

In order to evaluate the susceptibility of the biological 
invasion of Brazilian states and biomes by T. populnea, an 
ecological niche modeling analysis was performed. For this 
purpose, species occurrence data were obtained from GBIF 
(2016) and SpeciesLink (2016). For modeling analysis, the 
Bioclim algorithm was used as well as the climate enve-
lope (Elith et al., 2006). The analysis and the map were per-
formed in DIVA-GIS 7.5 software (Hijmans et al., 2012).

To validate the generated modeling, the occurrence 
points were divided into two datasets: training and test, 
70% and 30%, respectively. Thus, the characteristic op-
erating curve (ROC) was analyzed, which evaluates the 
model performance through the area under the curve 
(AUC). The AUC is widely used to balance the efficiency 
of generated models. This analysis allows to recognize if 
the model is capable of discriminating the presence or ab-
sence of the species (Elith et al., 2006), generating in this 
way, more reliable models.
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Focuses of invasion of the species were recorded at 
various points in the study area (Figure 1). The highest 
concentrations of these focuses occurred in the most de-
graded sites, with the presence of compacted soils, sewage 
and garbage. In such points there were large amounts of 

regenerating and juvenile individuals (Figure 2A-F), indi-
cating that the species is well-adapted to the locality. This 
fact corroborates the idea that disorders are facilitators of 
biological invasions (Williamson, 1999).

In relation to the modeling analysis of ecological niche 
(Figure 3), it was evidenced that almost all the Brazilian 
coast presents extremely high susceptibility of biological 
invasion by the species. The results also pointed to a suscep-
tibility varying from high to extremely high throughout the 
Seasonal and Ombrophylous Forests (Atlantic Forest and 
Amazonian Forest), as well as in the Pampa biome. Except 
for some regions, the susceptibility of invasion by the spe-
cies in the Cerrado was low or there was no susceptibility. 
For the Caatinga, the susceptibility varied widely, from not 
susceptible to extremely high susceptibility. The resultant 
value for AUC was 0.97, being therefore above the random 
amount, indicating a high-reliability degree of the results. 

The susceptibility to occurrence of the species in Brazil 
observed through the modeling analysis, corroborates with 
its capacity of tolerance to diverse edaphoclimatic condi-
tions. This fact is of particular concern because of the great 
biological importance of some sites with high or extreme-
ly high susceptibility to occurrence. The Atlantic Forest, 
for example, is considered a priority area for biodiversity 
conservation by Conservation International (Myers et al., 
2000). Only 8% of its original area remains (MMA, 2002) 
and part of this remnant is under strong anthropogenic 
pressure, which favors biological invasions. It is known 
that allochthonous species promote numerous impacts on 

Figure 1. Area invaded by Thespesia populnea in sites under flu-
viomarine influence of the Sergipe river, Aracaju, Sergipe, North-
eastern Brazil.

Figure 2. Thespesia populnea in sites under fluviomarine influence 
of the Sergipe river, Aracaju, Sergipe, Northeastern Brazil. (A) adult 
individual; (B-D) regenerating individuals; (E-F) flower detail.

Figure 3. Susceptibility of Brazilian biomes to biological invasion 
by Thespesia populnea.
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the environment and on native species (Pimentel et al., 
2001). In this sense, a contingent of more than 15 thousand 
species (of which 8 thousand are endemic) can be affected 
(Tabarelli et al., 2005; Forzza et al., 2016).

The problem is even more relevant for coastal areas, 
especially for mangroves, since they are the preferred ar-
eas of occupation of the species in Brazil. This ecosystem 
has a great ecological and economic importance, as it acts 
as a barrier against the erosive action of tides, biological 
filter, nursery and nutrient concentration area, serving food 
for numerous species of crustaceans and fish of commer-
cial interest (Alves, 2001). In addition to the attributes al-
ready listed, other factors act together for the success of 
T. populnea in these environments: the species reproduces 
during most of the year and has propagules adapted to float 
in the water, which favors its dispersion at long distances 
by sea currents (Nakanishi, 1988).

Other biomes also showed a high degree of suscepti-
bility of occurrence of T. populnea, as in the case of the 
Amazon Forest and some Caatinga regions, however, the 
result should be taken with caution. Until now, no cases 
of biological invasion by the species have been observed 
or reported in continental environments anywhere in the 
world. In these places, the species seems to behave only 
as naturalized (personal observation), perhaps because it 
does not have dispersers. In any case, special care must be 
taken to introduce the species in these biomes, especially 
in riparian forests.

It is important to emphasize that the modeling relates 
occurrence data with environmental data. Hence, atten-
tion must be paid to result limitations. For example, in the 
case of environmental variables, we must remember that 
climatic cover in an area is not homogeneous, affecting 
the individual’s distribution (Pereira and Peterson, 2004; 
Anacleto and Oliveira, 2014). Moreover, habitat fragmen-
tation can change the distribution of a species by trans-
forming previously available niches, as well as the effects 
on interactions that regulate the species in which may limit 
the species to a particular location (Pereira and Peterson, 
2004; Iménez-Valverde et al., 2008).

Facing the results, it is noted that T. populnea has high 
potential to invade much of the Brazilian territory. Also, it 
should be remembered that most of these areas comprise 
phytogeographical domains that host huge biodiversity, 
such as the Atlantic Forest and Amazon Rainforest. Thus, 
the attributes of the species, observations in situ and the 
results of the modeling analysis suggest the need of con-
trol T. populnea in the study area and the prohibition of its 
planting in the Brazilian territory.

References

ALMEIDA, D.S. 2000. Recuperação ambiental da Mata Atlântica. 
Ilhéus, Editus, 130 p.

ALVES, J.R.P. 2001. Manguezais: Educar para proteger. Rio de Janeiro, 
Secretaria de Estado de Meio Ambiente e Desenvolvimento Sustentável, 
96 p.
AMMONDT, S.A.; LITTON, C.M.; ELLSWORTH, L.M.; LEARY, J.K. 
2013. Restoration of native plant communities in a Hawaiian dry lowland 
ecosystem dominated by the invasive grass Megathyrsus maximus. Ap-
plied Vegetation Science, 16(1):29-39. 
https://doi.org/10.1111/j.1654-109X.2012.01208.x
ANACLETO, T.C.; OLIVEIRA, G. 2014. Métodos para indicação de áreas 
para conservação: uma análise a partir da modelagem de nicho de tatus, no 
Estado de Mato Grosso. Caminhos de Geografia, 15(51):108-117.
ANDRADE, L.A.; FABRICANTE, J.R.; OLIVEIRA, F.X. 2009. Invasão 
biológica por Prosopis juliflora (Sw.) DC.: impactos sobre a diversidade 
e a estrutura do componente arbustivo-arbóreo da caatinga no Estado do 
Rio Grande do Norte, Brasil. Acta Botânica Brasilica, 23(4):935-943. 
https://doi.org/10.1590/S0102-33062009000400004
ARECES-BERAZAIN, F.; ACKERMAN, J.D. 2016. Phylogenetics, 
delimitation and historical biogeography of the pantropical tree genus 
Thespesia (Malvaceae, Gossypieae). Botanical Journal of the Linnean 
Society, 181(2):171-198. https://doi.org/10.1111/boj.12414
CABI. 2016. Invasive Species Compendium. Available at: www.cabi.org. 
Accessed on: 12/12/2016.
CAMARA, C.A.; NETO, J.C.A.; FERREIRA, V.M.; RESENDE, L.P.; 
COSTA, S.S. 2009. Morphometric characteristics of fruits and seeds and 
germination of Thespesia populnea. Bragantia, 68(2):503-509. 
https://doi.org/10.1590/S0006-87052009000200025
ELITH, J.G.; ANDERSON, R.P.; DUDK, M.; FERRIER, S.; GUISAN, 
A.; HIJMANS, R.J.; HUETTMANN, F.; LEATHWICK, J.R.; LEH-
MANN, A.; LI, J.; LOHMANN, L.G.; LOISELLE, B.A.; MANION, G.; 
MORITZ, C.; NAKAMURA, M.; NAKAZAWA, Y.; OVERTON, J.M.; 
PETERSON, A.T.; PHILLIPS, S.J.; RICHARDSON, K.S.; SCACHET-
TI-PEREIRA, R.; SCHAPIRE, R.E.; SOBERO, N.J.; WILLIAMS, S.; 
WISZ, M.S.; ZIMMERMANN, N.E. 2006. Novel methods improve 
prediction of species distributions from occurrence data. Ecography, 
29(2):129-151. https://doi.org/10.1111/j.2006.0906-7590.04596.x
EMBRAPA SOLOS. 2006. Sistema Brasileiro de Classificação de Solos. 
2ª ed., Rio de Janeiro, EMBRAPA, 306 p.
FORZZA, R.C.; LEITMAN, P.M.; COSTA, A.F.; CARVALHO JR, A.A.; 
PEIXOTO, A.L.; WALTER, B.M.T.; BICUDO, C.; ZAPPI, D.; COS-
TA, D.P.; LLERAS, E.; MARTINELLI, G.; LIMA, H.C.; PRADO, J.; 
STEHMANN, J.R.; BAUMGRATZ, J.F.A.; PIRANI, J.R.; SYLVESTRE, 
L.; MAIA, L.C.; LOHMANN, L.G.; QUEIROZ, L.P.; SILVEIRA, M.; 
COELHO, M.N.; MAMEDE, M.C.; BASTOS, M.N.C.; MORIM, M.P.; 
BARBOSA, M.R.; MENEZES, M.; HOPKINS, M.; SECCO, R.; CA-
VALCANTI, T.B.; SOUZA, V.C. 2016. Lista de Espécies da Flora do Bra-
sil. Available at: www.floradobrasil.jbrj.gov.br. Accessed on: 18/12/2016.
FRANÇA, S.L.A.; REZENDE, V.F. 2010. Conflitos ambientais e ocu-
pação da zona de expansão urbana de Aracaju: distanciamento de uma 
prática sustentável. In: Encontro nacional da ANPPAS, V, Florianópolis, 
2010. Anais... 1:1-18.
FRANCIS, J.K. 2002. Species Descriptions Thespesia populnea (L). So-
land ex Correa. In: J.A. VOZZO, Tropical Tree seed Manual. Washing-
ton, United States Department of Agriculture Forest Service, p. 762-764. 
FRANCIS, J.K. 2004. Thespesia populnea (L). Sol. ex Correa. Available 
at: https://rngr.net/publications/ttsm/species/PDF.2004-03-16.0354. Ac-
cessed on: 18/12/2016.
FRIDAY, J.B.; OKANO, D. 2005. Thespesia populnea (milo). Available 
at: http://agroforestry.org/free-publications/traditional-tree-profiles. Ac-
cessed on: 18/12/2016.
GALINDO-LEAL, C.; CAMARA, I.G. 2005. Mata atlântica: diversidade, 
ameaças e perspectivas. São Paulo, Fundação SOS Mata Atlântica, 11 p.
GARCIA, A. 2006. Using ecological niche modelling to identify diversi-
ty hotspots for the herpetofauna of Pacific lowlands and adjacent interior 
valleys of Mexico. Biological Conservation, 130(1):25-46. 
https://doi.org/10.1016/j.biocon.2005.11.030



360

João Paulo Bispo Santos, Juliano Ricardo Fabricante

Volume 13 number 4  october-december 2018

GBIF. 2016. GBIF occurrence. Available at: www.gbif.org.com. Ac-
cessed on: 02/11/2016.
GIOVANELLI, J.G.R.; HADDAD, C.F.B.; ALEXANDRINO, J. 2008. 
Predicting the potential distribution of the alien invasive American bull-
frog (Lithobates catesbeianus) in Brazil. Biological Invasions, 10(5):585-
590. https://doi.org/10.1007/s10530-007-9154-5
GUISAN, A.; THUILLER, W. 2005. Predicting species distribution: of-
fering more than simple habitat models. Ecology letters, 8(9):993-1009. 
https://doi.org/10.1111/j.1461-0248.2005.00792.x
GUISAN, A.; ZIMMERMANN, N.E. 2000. Predictive habitat distribu-
tion models in ecology. Ecological Modeling, 135(2):147-186. 
https://doi.org/10.1016/S0304-3800(00)00354-9
HIJMANS, R.J.; GUARINO, L.; MATHUR, P. 2012. DIVA-GIS 7.5. A 
geographic information system for the analysis of species distribution. 
Available at: http://www.divagis.org. Accessed on: 09/11/2016.
HUGALL, A.; MORITZ, C.; MOUSSALLI, A.; STANISIC, J. 2002. 
Reconciling paleodistribution models and comparative phylogeography 
in the Wet Tropics. Proceedings of the National Academy of Science, 
99(9):6112-6117. https://doi.org/10.1073/pnas.092538699
IMÉNEZ-VALVERDE, A.; LOBO, J.M.; HORTAL, J. 2008. Not as good 
as they seem: The importance of concepts in species distribution mod-
eling. Diversity and Distributions, 14(6):885-890. 
https://doi.org/10.1111/j.1472-4642.2008.00496.x
INTERNATIONAL CONSERVATION ORGANIZATION. 2011. Bio-
diversity Hotspots. Available at: http:// www.biodiversityhotspots.org/
Pages/default.aspx. Accessed on: 15/12/2017.
IQBAL, M.Z.; YASMIN, N.; SHAFIQ, M. 2002. SaIt tolerance variation 
in some common trees. Acta Botanica Hungarica, 44(1-2):67-74. 
https://doi.org/10.1556/ABot.44.2002.1-2.5
INTERNATIONAL UNION FOR CONSERVATION OF NATURE 
AND NATURAL RESOURCES (IUCN). 2000. IUCN guidelines for the 
prevention of biodiversity loss caused by alien invasive species. Gland, 
IUCN, 25 p.
LITTLE, E.J.; SKOLMEN, R.G. 1989. Common forest trees of Hawaii. 
Washington DC, USDA Agriculture Handbook, 327 p. 
LITTLE, J.R.; FRANK, H.W. 1964. Common trees of Puerto Rico and 
the Virgin Islands. Washington DC, US Department of Agriculture, 557 p.
MINISTÉRIO DO MEIO AMBIENTE (MMA). 2002. Biodiversidade 
brasileira: avaliação e identificação de áreas e ações prioritárias para a 
conservação, utilização sustentável e repartição dos benefícios da biodi-
versidade nos biomas brasileiros. Brasília, MMA/SBF, 404 p.
MORTON, J.F. 1966. Australian Plants: Seaside mahoe (Thespesia pop-
ulnea (L). Sol. Ex Corrêa). Sept., 3:367-369.
MYERS, N.; MITTERMEIER, R.A.; MITTERMEIER, C.G.; FON-
SECA, G.A.B.; KENT, J. 2000. Biodiversity hotspots for conservation 
priorities. Nature, 403(6772):853-858. https://doi.org/10.1038/35002501
NAKANISHI, H. 1988. Dispersal ecology of the maritime plants in the 
Ryukyu Islands, Japan. Ecological Research, 3(2):163-173. 
https://doi.org/10.1007/BF02346937
NYARI, A.; RYALL C.; PETERSON, A.T. 2006. Global invasive poten-
tial of the House Crow (Corvus splendens) based on ecological niche 
modelling. Journal of Avian Biology, 37(4):306-311. 
https://doi.org/10.1111/j.2006.0908-8857.03686.x
ORWA, C.; MUTUA, A.; KINDT, R.; JAMNADASS, R.; SIMONS, A. 
2009. Agroforestry Database 4.0. Available at: http://www.worldagrofor-
estry.org/output/agroforestree-database. Accessed on: 18/12/2016.
OUDHIA, P. 2007. Thespesia populnea (L) Sol ex Correa. Available at: 
https://www.prota4u.info/database/. Accessed on: 18/12/2016.

PEEL, M.C.; FINLAYSON, B.L.; MCMAHON, T.A. 2007. Updated 
world map of the Köppen-Geiger climate classification. Hydrology and 
earth system sciences discussions, 4(2):439-473. 
https://doi.org/10.5194/hessd-4-439-2007
PETENON, D.; PIVELLO, V.R. 2008. Invasive plants: representative-
ness of research from tropical countries in the global context. Natureza & 
Conservação, 6(1):183-195.
PEREIRA, R.S.; PETERSON, A.T. 2004. O uso da modelagem na 
definição de estratégias para a conservação da biodiversidade. Available 
at: http://www.comciencia.br/dossies-1-72/reportagens/biodiversidade/
bio18.htm. Accessed on: 02/06/2018.
PETERSON, A.T.; VIEGLAIS, D.A. 2001. Predicting species invasions 
using ecological niche modeling. BioScience, 51(5):363-371. 
https://doi.org/10.1641/0006-3568(2001)051[0363:PSIUEN]2.0.CO;2
PIMENTEL, D.; MCNAIR, S.; JANECKA, J.; WIGHTMAN, J.; SIM-
MONDS, C.; O’CONNELL, C.; WONG, E.; RUSSEL, L.; ZERN, J.; 
AQUINO, A.; TSOMONDO, T. 2001. Economic and environmental 
threats of alien plant, animal, and microbe invasions. Agriculture, Eco-
systems & Environment, 84(1):1-20.  
https://doi.org/10.1016/S0167-8809(00)00178-X
ROGERS, H.S.; BUHLE, E.R.; HILLERISLAMBERS, J.; FRICKE, 
E.C.; MILLER, R.H.; TEWKSBURY, J.J. 2017. Effects of an invasive 
predator cascade to plants via mutualism disruption. Nature Communica-
tions, 8(1):1-8. https://doi.org/10.1038/ncomms14557
SCHAEFFER-NOVELLI, Y. 1995. Manguezal: Ecossistema entre a 
Terra e o Mar. São Paulo, Caribbean Ecological Research, 64 p.
SIQUEIRA, M.F.; PETERSON, A.T. 2003. Consequences of global cli-
mate change for geographic distributions of cerrado tree species. Biota 
Neotropica, 3(2):1-14. 
https://doi.org/10.1590/S1676-06032003000200005
SOUSA, F.Q.; ANDRADE, L.A.; XAVIER, K.R.F.; SILVA, P.C.C.; AL-
BUQUERQUE, M.B. 2017. Impactos da invasão por Cryptostegia mada-
gascariensis Bojer ex Decne. (Apocynaceae juss.) em remanescentes de 
Caatinga no município de Ibaretama, Ceará, Brasil. Ciência Florestal, 
27(4):1243-1255. https://doi.org/10.5902/1980509830312
SPECIESLINK. 2016. Rede Specieslink. Available at: www.splink.org.
br. Accessed on: 02/11/2016.
TABARELLI, M.; PINTO, L.P.; SILVA, J.M.C.; HIROTA, M.M.; BEDÊ, 
L.C. 2005. Desafios e oportunidades para a conservação da biodiversi-
dade na Mata Atlântica brasileira. Megadiversidade, 1(1):133-138.
WARRIER, K.C.S. 2010. Thespesia populnea (L.) Soland Ex Corrêa. 
In: N.K. KUMAR; K. PALANISAMY; M. HEDGE; K.C.S. WARRIER; 
M. KRISHNAMOORTHY, Manual of Economically Important Forestry 
Species in South India. Coimbatore, Institute of Forest Genetics and Tree 
Breeding, p. 495-502.
WILLIAMSON, M. 1999. Invasions. Ecography, 22(1):5-12. 
https://doi.org/10.1111/j.1600-0587.1999.tb00449.x
ZILLER, S.R. 2001. Plantas exóticas invasoras: a ameaça da contami-
nação biológica. Revista Ciência Hoje, 30(178):77-79. 
https://doi.org/10.5380/rf.v32i1.2348
ZILLER, S.R.; GALVÃO, F. 2002. A degradação da estepe gramíneo-
lenhosa no Paraná por contaminação biológica de Pinus elliottii e P. 
taeda. Floresta, 32(1):41-47.

Submitted on December 2, 2017
Accepted on September 27, 2018


