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Abstract 
Scaevola taccada (Gaertn.) Roxb. is native of Asia and eastern Africa but has been 
introduced into the Americas as an ornamental urban plant. This paper reports, for 
the first time, the presence of Scaevola taccada in natural environments from 
southeastern Mexico. Several populations of S. taccada were identified during a 
botanical survey of the coastal dunes of the Cozumel Island Biosphere Reserve 
(State of Quintana Roo, Mexico) aimed at recording the most common plant 
species. Scaevola taccada is considered as an invasive species of coastal areas in 
this region. Evidence of its invasiveness is suggested by the fact that populations 
consisting of individuals of different size classes are found distributed throughout 
the island. Furthermore, they appear to belong to different generations since we 
found individuals of different sizes and with and without flowers and fruits. Our 
observations suggest that the population of Scaevola taccada can be in a process of 
expansion. Further studies are necessary to understand the potential effect on the 
native flora. 
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Introduction 

The family Goodeniaceae R. Br. comprises 11–13 genera and some 329–440 
species worldwide (Howarth et al. 2003; Avendaño-Reyes 2008; Grande 
and Nozawa 2010; Márquez-Llauger et al. 2013; The Plant List 2013). 
Scaevola L. is one of the most diverse genera, including 102–130 species 
(Jabaily et al. 2012; POWO 2019). Scaevola plants characteristically have 
flowers solitary or aggregated in terminal or axillary inflorescences, with or 
without involucral bracts, hermaphrodite, small to medium-sized, 
zygomorphic, pentamerous, with 2-whorled perianth; calyx usually small 
or reduced to a small ring, gamosepalous; ovary superior or inferior, with 
1–2 (–4) locules, axillary placentation, style solitary, stigmas 1–3, papillate; 
fruit a drupe, capsule or nut, fleshy or non-fleshy, dehiscent or indehiscent 
(Avendaño-Reyes 2008). 

Species from the genus Scaevola L. are commonly found in environments 
that are either arid or with prolonged dry periods (Grande and Nozawa 
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2010). Only three native species, S. wrightii M. Gómez, 1890; S. plumieri 
(L.) Vahl, 1791 and S. rialagartensis Cast.-Campos, 2019 are known from 
the American continent and the Caribbean, all of which mainly inhabit the 
beach and coastal dunes (Thieret and Brandenburg 1986; Howarth et al. 
2003; Gutiérrez-Báez et al. 2013; Castillo-Campos et al. 2019). Scaevola 
wrightii is endemic to Cuba (Liogier 1962; Howarth et al. 2003), whereas 
the other two species are native to Mexico. Scaevola plumieri is found in 
some states of the Mexican Pacific coast, the Gulf of Mexico and the 
Yucatan Peninsula (Flores Guido 1983; Téllez Valdés and Cabrera Cano 
1987; Avendaño-Reyes 2008; Gutiérrez-Báez et al. 2013; Parra-Tabla et al. 
2018), although it is also distributed in other tropical and subtropical 
regions of the Northern and Southern hemispheres (Howarth et al. 2003). 
Scaevola rialagartensis is a recently described species, endemic to the 
northern part of the Yucatán Peninsula (Castillo-Campos et al. 2019). 
Scaevola taccada (Gaertn.) Roxb., 1814 is a species native to Asia that currently 
has a pantropical distribution (Emura et al. 2014). In the Americas, the 
distribution range of S. taccada covers from the USA to Venezuela, 
crossing the Caribbean basin (Grande and Nozawa 2010; Howarth et al. 
2003). In Mexico it is often used as an ornamental plant in hotel and urban 
gardens in coastal locations (personal observations); however, to date, 
populations growing in natural conditions have not been recorded. 

As part of a botanical survey of the coast of the Cozumel Island 
Biosphere Reserve, Quintana Roo, Mexico, we observed specimens of the 
genus Scaevola (Goodeniaceae), which we thought might belong to the 
recently described S. rialagartensis (Castillo-Campos et al. 2019). Under 
closer examination, we noticed that the specimens showed characteristics 
that were different from those of S. rialagartensis. A review of type 
specimens of Scaevola species available in the JSTOR Global Plants (JSTOR 
2019) and Tropicos (Tropicos.org 2019) databases showed that the 
characteristics of our specimens corresponded to Scaevola taccada. 

This paper reports, for the first time, the presence of Scaevola taccada in 
natural environments in the Cozumel Island Biosphere Reserve, municipality 
of Cozumel, State of Quintana Roo, Mexico. The species was found 
naturalizing on sand dunes and beaches where only S. plumieri had 
previously been recorded (Flores Guido 1983; Téllez Valdés and Cabrera 
Cano 1987; Collantes-Chávez-Costa et al. 2019). 

Materials and methods 

A wide literature search for floristic and vegetation studies carried out in 
the Yucatán Peninsula and/or the Island of Cozumel was conducted by 
surveying the major academic electronic databases (Journal of Citation 
Reports [JCR], SCOPUS, Google Scholar), aiming to locate records of 
Scaevola taccada. 
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Because the island is a Biosphere Reserve, the collection of specimens for 
herbaria is not permitted. Thus, in order to make an in-depth comparison 
of the characteristics of Scaevola plumieri and S. taccada, we examined 
voucher specimens of the genus Scaevola collected in Mexico and 
deposited in major Mexican herbaria (CHAPA, CICY, ENCB, MEXU, and 
XAL, see Index Herbariorum NYBG for more information about herbaria). 
The characteristics of the voucher specimens were compared to those 
recorded in at least 20 specimens in the field using a hand lens (20x 
Coddington, Bausch & Lomb, USA), measurements made with a calliper, 
and detailed photographs. Afterwards, scientific illustrations were drawn 
based on high-quality photos taken with a Canon SX270 HS 20x zoom lens 
and the characteristics recorded in the field. Species characteristics 
recorded in the field and those observed in the herbarium specimens were 
used to make the taxonomic description presented here. 

Spatial distribution 

To determine the distribution of this species throughout the island of 
Cozumel, in August and November 2019, and again in February 2020, we 
thoroughly explored the coasts of the island using all the available coastal 
roads and via boat where there were no roads available, on the north-
eastern part of the island. Transects 1 to 2 km long, covering most of the 
coastline of the island, were walked to record as many plants as possible. 
Points were taken for each individual, using a Magellan GPS. The largest 
and smallest diameters of the individual were measured to estimate the 
plant’s area using the ellipse formula. When it was not possible to 
distinguish between individuals, the cluster of individuals were recorded as 
one single plant. Geographical data were used to generate a distribution 
map, and with the individual plant cover records we built a frequency 
histogram with the different plants size classes. 

Results 

A literature search through the major academic electronic databases (JCR 
2020; SCOPUS 2020; Google Scholar 2020) showed that Scaevola plumieri 
is found along the coast of the Mexican Pacific Gulf of Mexico, and 
Yucatan Peninsula (Flores Guido 1983; Téllez Valdés and Cabrera Cano 
1987; Avendaño-Reyes 2008; Gutiérrez-Báez et al. 2013; Parra-Tabla et al. 
2018), whereas S. rialagartensis is endemic to the Yucatan Peninsula 
(Castillo-Campos et al. 2019). No previous scientific records of the presence 
of S. taccada in Mexico were found. 

Scaevola taccada is an invasive species that was introduced to the 
Caribbean islands and the American continent as an ornamental plant for 
hotel gardens from which it has spread and successfully adapted to the 
natural environment on dunes and beaches in coastal zones (Grande and 
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Figure 1. A) Scaevola taccada (Gaertn.) Roxb. in its habitat, shrubs on the sand dune. B) Large 
individual of S. taccada on the sand. C) Medium size individual of S. taccada (Photos G. 
Castillo-Campos). 

Nozawa 2010). Based on the differences observed between our specimens 
and those of the species naturally occurring in the American continent, we 
can positively conclude that our sightings of S. taccada are a new record for 
the municipality of Cozumel, State of Quintana Roo, Mexico (Figure 1). 

Scaevola taccada (Gaertn.) Roxb. Fl. Ind. (ed. Carey) 2: 146 (1824) 
(Figure 2). 

Lobelia frutescens Mill., Gard. Dict. (ed. 8) 1768. 
L. taccada Gaertn., Fruct. Sem. Pl. 1: 119–120, pl. 25, f. 5. 1788. 
Scaevola billardieri Dieter., Syn. Pl. 786. 1839. 
S. leschenaultii A. DC., Prodr. 7: 505 1839. 
S. chlorantha de Vriese., Ned. Kruidk. Arch. 2: 137. 1851 
S. koenigii Vahl., Sym. Bot. 3: 36. 1794. 
S. lambertiana de Vriese., Ned. Kruidk. Arch. 2: 139. 1851. 
S. latevaga Hance ex Walp., Ann. 2: 1054. 1852. 
S. macrocalyx de Vriese., Ned. Kruidk. Arch. 2: 138. 1851. 
S. piliplena Miq., Fl. Ned. Ind. 2: 581. 1856. 
S. plumeriodes Nutt., Trans. Amer. Philos. Soc. 2(8): 252. 1843. 
S. sericea Vahl., Symb. Bot. 2: 37. 1791. 
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Figure 2. Scaevola taccada (Gaertn.) Roxb. a, branch with flowers and fruits; b, detail of the 
indument; c, flower; d, detail of the flower with the corolla, two sepals and two stamens removed; 
e, stamen; f, stigma; g, detail of the infructescence. Illustration by Edmundo Saavedra. 

Shrubs 1–3 m high, erect or ascending, commonly deciduous, rarely 
prostrate. Stem cylindrical, slightly succulent, whitish, greenish or occasionally 
yellowish, with numerous leaf scars on younger branches. Leaves succulent, 
alternate, subsessile, arranged spirally along the stem, lower leaves 
deciduous, upper or terminal leaves mostly aggregated near the branch 
apex, oblanceolate, spatulate, 7.1–11 × 3.5–4.8 cm, margin entire, scarcely 
revolute, apex rounded, truncate, occasionally emarginate, base tapered, 
cuneate, axillary grey bearded, with glossy pubescence; upper surface 

https://doi.org/10.3391/bir.2021.10.2.21
https://www.invasivesnet.org


 First record of naturalization of Scaevola taccada in southern Mexico 

 Castillo-Campos et al. (2021), BioInvasions Records 10(2): 425–435, https://doi.org/10.3391/bir.2021.10.2.21 430 

pubescent, lower surface densely pubescent (velvety to the touch), reticulate 
venation, central vein impressed above, prominent below, secondary venation 
visible above, prominent below, 5–7 pairs of lateral veins. Inflorescence 
paniculate, 2.5–5.3 cm long. Involucral bracts, triangular, 2.2–3 × 0.8–2 mm, 
pubescent. Peduncles axillary, 6–11 mm long, 1.6–2 mm thick, pubescent. 
Flowers bisexual, 3–5 per inflorescence, pedicels articulated at the apex, 
pubescent, 3–8 mm long, 0.6–1 mm thick. Calyx persistent, sepals 5, fused 
in more than half their length, 4–5 × 1.6–2.8 mm in the middle, subulate, 
2.6–2.8 × 0.8–1 mm, pubescent. Corolla white, woolly internally, 1.5–1.9 cm 
long, lobes 5, brown when dry, half as long as the corolla tube, lanceolate, 
subacute, 7.6–11 × 1.4–4 mm, with three longitudinal veins, externally 
pubescent, internally pubescent towards the base, margin membranaceous, 
crenulate, tube 7.4–8.8 mm long, 1.4–1.8 mm thick, pubescent, laterally 
open to about half its length. Stamens 5, filaments 5.8–6.8 mm long, 0.2 mm 
thick. Anthers separate or connivant, basifixed, 1.8–2.6 × 0.4 mm. Style brown, 
9.5 × 0.4 mm, pubescent, incurved, Stigma grey, villous, 2.2 mm diam., 
surrounded by a cup-shaped indusium. Fruit a drupe, ovoid-globose, 7–10 mm 
diam., white, brown when dry, pubescent, 8–10.8 × 4.8–9 mm, epicarp laminar, 
mesocarp succulent, endocarp woody, bilocular, 8–ribbed, 6.6 × 6 mm, 
calyx persistent, pubescent. Seeds one per locule. 

Plant communities and spatial distribution 

Scaevola taccada is usually found in the shrub stratum of coastal dune 
scrub vegetation, growing on white sandy soils, at elevations from 0 to 7 m 
above sea level, mainly on beaches in the northeast part of Cozumel Island 
(Figure 3). The prevailing climate type at Cozumel island is Am(f)(i), Köppen’s 
classification, i.e., warm, humid with summer rains, mean temperature of 
25.5 °C and mean annual rainfall of 1,570 mm (García 1988). The species 
commonly associated with S. taccada include: Bidens pilosa L. (Asteraceae), 
Bravaisia tubiflora Hemsl. (Acanthaceae), Bursera simaruba (L.) Sarg. 
(Burseraceae), Canavalia rosea (Sw.) DC. (Fabaceae), Cassytha filiformis L. 
(Lauraceae), Chiococca alba (L.) Hitchc. (Rubiaceae), Coccoloba uvifera (L.) L. 
(Polygonaceae), Conocarpus erectus L. (Combretaceae), Ernodea littoralis 
Sw. (Rubiaceae), Hymenocallis littoralis Salisb. L. Pancratium littorale 
(Jacq.) (Amaryllidaceae), Ipomoea pes-caprae (L.) R. Br. (Convolvulaceae), 
Lantana incarnata Raf. (Verbenaceae), Metopium brownei (Jacq.) Urb. 
(Anacardiaceae), Sesuvium portulacastrum (L.) L. (Aizoaceae), Sporobolus 
virginicus (L.) Kunth (Poaceae), Suriana maritima L. (Surianaceae), 
Tournefortia gnaphalodes (L.) R. Br. Ex Roem. & Schult. (Boraginaceae), 
Thrinax radiata Lood. ex Schult. & Schult. f. (Arecaceae), Zygophyllum 
pterocarpum Bunge (Zygophyllaceae) and Waltheria indica L. (Malvaceae) 
and Zygophyllum pterocarpum Bunge (Zygophyllaceae). 

We recorded 1,565 plants and plant clumps throughout the Cozumel 
Island coastal area (Figure 3). Despite the fact that S. taccada is used as an 
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Figure 3. Map showing the register sites (black dots) of Scaevola taccada (Gaertn.) Roxb. at 
Cozumel Island, Quintana Roo, Mexico. 

ornamental plant in urban and hotel gardens in the central western and 
south-western coastal areas, respectively, most individuals of this species 
are located in the areas specifically destined for the protection of terrestrial 
and maritime flora and fauna in the north and northeastern side of the 
island (DOF 2012; SEMARNAT 2016). We also observed different sizes of 
S. taccada, ranging from very small with only 0.10 m in diameter (0.008 m2 
of coverage), with the largest clumps reaching more than 15 m in diameter 
(> 200 m2 of coverage) (Figure 4). Most individuals were found to be between 
1 and 5 m in diameter (0.40 m2 and < 20 m2), which are mature and 
reproductive plants. This suggests that the S. taccada population has been 
expanding in the coastal zone, the smaller plants being of a later generation 
from the larger, more established plants. 

Discussion 

Scaevola taccada was introduced to the Island of Cozumel as an ornamental 
plant for urban and hotel gardens. It blooms almost all year round; 
however, flowering peaks occur between May and November and produces 
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Figure 4. Frequency of Scaevola taccada (Gaertn.) Roxb. individuals in to the different size 
categories according to their coverage (m2) registered on the Island of Cozumel, Quintana Roo, 
Mexico. 

 
Figure 5. Occurrence records of Scaevola taccada found in the Global Biodiversity Information 
Facility (GBIF) along the coasts of the Yucatan Peninsula (map from GBIF.org). 

fruits from July to December. The plant escaped from these sites and has 
spread widely to the entire coastal area of the island. The fact that we 
observed populations consisting of individuals of various size classes 
distributed throughout the island is evidence of this species’ invasiveness. 
Furthermore, the species seems to have become naturalized along the 
Mexican coasts, but mostly concentrated along the Mexican Caribbean, as 
indicated by the occurrence information found in the database from the 
Global Biodiversity Information Facility (GBIF.org 2020). Here 26 records 
are reported along the Mexican Caribbean, with 4 additional occurrences 
on the Island of Cozumel, and three more in northern Yucatan Peninsula 
(Figure 5). As mentioned earlier, to our knowledge, these findings have not 
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been verified with field observations and are not reported in the published 
scientific literature. Thus, this is the first report on the invasion by S. taccada 
along the coasts of the Island of Cozumel, with field corroboration. 

Apparently, the effective invasiveness of S. taccada is associated with the 
dispersal attributes of its fruits, rather than by the occurrence of a long-
lasting seedbank. Although local studies in Mexico do not exist, studies 
elsewhere can help understand the dispersal modes of the species. In this 
sense, Emura et al. (2014) observed that fruits collected from the Okinawan 
islands in Japan had two morphs: one floats on seawater and thus can be 
dispersed by ocean currents, and the other is eaten and dispersed by birds. 
On the Island of Cozumel we observed seeds of S. taccada in small 
vertebrate droppings in the northeastern part of the island. It is also 
possible that birds are eating the fruits. However, we do not have 
information on which species might be acting as dispersers in Cozumel. 
Ocean currents are also likely to have promoted the local dispersal of the 
species, especially because sea water facilitates seed germination by breaking 
the hard-coat dormancy (Lesko and Walker 1969). 

In contrast with the above, there is no evidence that a permanent long-
lasting seed bank of S. taccada seeds is inducing its invasiveness, since 
fruits and seeds are predated in the soil and do not accumulate (Louda and 
Zedler 1985; O’Dowd and Lake 1991). 

The broad expansion of S. taccada along the coasts of the Island of 
Cozumel is probably affecting the natural ecosystems of this Biosphere 
Reserve, especially those from the beach and coastal dunes. In fact, on-going 
studies in Cozumel are showing an impact in community composition and 
structure of beach and coastal dunes vegetation (Castillo-Campos et al. 
unpublished). In other tropical locations, such as Florida, Gordon (1998) 
found ecosystem effects of S. taccada, but did not observe a competitive 
advantage of this species over the native flora. 

The potential impact of this broadly expanding invasive calls for more 
detailed studies on the local reproductive biology and dispersal forms of 
the species, as well as the effect that the expansion has had on the local 
flora. This information is highly relevant to help local authorities to 
implement control programs and tighter restrictions on using S. taccada as 
an ornamental plant. 

Acknowledgements 
We thank José de Jesús Pale-Pale, Oscar Jiménez-Orocio, and Leonardo Ortega Maldonado for 
their assistance in the field. We also thank Rosario Landgrave Ramírez for her assistance in 
preparing the location map, and María Elena Medina Abreo for her useful comments on the 
manuscript. We especially thank the curators of the CHAPA, ENCB, MEXU, and XAL 
herbaria for kindly granting access to review voucher specimens deposited in their collections, 
and the Institute of Ecology, A.C. for making our work possible. María Elena Sánchez-Salazar 
translated the manuscript into English. We also thank comments and suggestions from 
anonymous reviewers. 

https://doi.org/10.3391/bir.2021.10.2.21
https://www.invasivesnet.org


 First record of naturalization of Scaevola taccada in southern Mexico 

 Castillo-Campos et al. (2021), BioInvasions Records 10(2): 425–435, https://doi.org/10.3391/bir.2021.10.2.21 434 

Funding declaration 
This project was funded by the CEMIE-Oceano project (grant No. 80045) and Instituto de 
Ecología, A.C. The funders had no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript. 

References 
Avendaño-Reyes S (2008) Goodeniaceae. Flora de Veracruz 146: 1–7. http://www1.inecol.edu.mx/ 

publicaciones/resumeness/FLOVER/146-Goodeniaceae.pdf (accessed 5 November 2019) 
Castillo-Campos G, García-Franco JG, Martínez ML (2019) Scaevola rialagartensis 

(Goodeniaceae), a new species from coastal sand dunes of Rio Lagartos, Yucatan, Mexico. 
Phytotaxa 392: 239–244, https://doi.org/10.11646/phytotaxa.392.3.7 

Collantes-Chávez-Costa A, Alanís-Rodríguez E, Yam-Uicab O, López-Contreras C, Sarmiento-
Muñoz T, Tapia-Muñoz JL (2019) Composition, structure and diversity of coastal 
vegetation in the northeasterns of Cozumel, Mexico. Botanical Sciences 97: 135–147, 
https://doi.org/10.17129/botsci.2044 

DOF (2012) Diario Oficial de la Federación. Decreto por el que se declara área natural 
protegida, con el carácter de Area de protección de flora y fauna, la porción norte y la franja 
costera oriental, terrestres y marinas de la Isla de Cozumel, Municipio de Cozumel, Estado 
de Quintana Roo. 25/92012. https://www.dof.gob.mx/nota_detalle.php?codigo=5270007&fecha=25/09/2012 
(accessed 30 sep 2020) 

Emura N, Denda T, Sakai M, Ueda K (2014) Dimorphism of the seed-dispersing organ in a 
pantropical coastal plant, Scaevola taccada: heterogeneous population structures across 
islands. Ecological Research 29: 733–740, https://doi.org/10.1007/s11284-014-1164-z 

Flores Guido JS (1983) Vegetación Insular de la Península de Yucatán. Boletín de la Sociedad 
Botánica de México 45: 23–38, https://doi.org/10.17129/botsci.1296 

García E (1988) Modificaciones al sistema de clasificación climática de Köppen (para adaptarlo 
a las condiciones de la República Mexicana). 4th edn. Offset Larios, S.A., México D.F., 217 pp 

GBIF.org (2020) Scaevola taccada. https://doi.org/10.15468/dl.whgyy4; https://doi.org/10.15468/dl.mqseds 
(accessed 3 December 2020) 

Google Scholar (2020) Web searcher for scholarly literature. https://scholar.google.es/ (accessed 
02 July 2020) 

Gordon DR (1998) Effects of invasive, non‐indigenous plant species on ecosystem processes: 
lessons from Florida. Ecological Applications 8: 975–989, https://doi.org/10.1890/1051-0761 
(1998)008[0975:EOINIP]2.0.CO;2 

Grande JR, Nozawa S (2010) Notas sobre la naturalización de Scaevola taccada (Gaertn.) 
Roxb. (Goodeniaceae) en las costas de Venezuela. Acta Botánica Venezuélica 33: 33–40. 
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S0084-59062010000100003&lng=pt&nrm=iso 
(accessed 5 November 2019) 

Gutiérrez-Báez C, Avendaño-Reyes S, Zamora-Crescencio P (2013) La familia Goodeniaceae 
en México. Foresta Veracruzana 15: 1–6. https://www.redalyc.org/pdf/497/49729248001.pdf 
(accessed 5 September 2019) 

Howarth DG, Gustafsson MHG, Baum DA, Motley TJ (2003) Phylogenetics of the genus 
Scaevola (Goodeniaceae): Implication for dispersal patterns across the Pacific Basin and 
colonization of the Hawaiian Islands. American Journal of Botany 90: 915–923, 
https://doi.org/10.3732/ajb.90.6.915 

Jabaily RS, Shepherd KA, Gustafsson MHG, Sage LW, Krauss SL, Howarth DG, Motley TJ 
(2012) Systematics of the Austral-Pacific family Goodeniaceae: Establishing a taxonomic 
and evolutionary framework. Taxon 61: 419–436, https://doi.org/10.1002/tax.612012 

JCR (2020) InCites Journal of Citation Reports, Clarivate analytics. www.jcr.clarivate.com (accessed 
July 20, 2020) 

JSTOR (2019) Global Plants. Ithaka, New York, USA. https://plants.jstor.org/ (accessed 10 October 
2019) 

Lesko GL, Walker RB (1969) Effect of sea water on seed germination in two Pacific atoll beach 
species. Ecology 50: 730–734, https://doi.org/10.2307/1936271 

Liogier EE (1962) Flora de Cuba. Tomo IV: Rubiales-Valerianales-Cucurbitales-Campanulales-
Asterales. Edtorial Universitaria, Universidad de Puerto Rico, Río Pedernales, Puerto Rico, 
522 pp 

Louda SM, Zedler PH (1985) Predation in insular plant dynamics: an experimental assessment 
of postdispersal fruit and seed survival, Enewetak Atoll, Marshall Islands. American 
Journal of Botany 72: 438–445, https://doi.org/10.1002/j.1537-2197.1985.tb05367.x 

Márquez-Llauger L, Ferro Díaz J, Márquez Govea L, Varela Montero R, Camejo Lamas JA, 
Cobián Rojas D (2013) Primer reporte de Scaevola sericea y S. plumieri (Goodeniaceae) en 
la península de Guanahacabibes, Cuba. Acercamiento a la historia natural de una invasión 
biológica en un área protegida. Ecovida 4: 89–100. http://revistaecovida.upr.edu.cu/index.php/ 
ecovida/article/view/49 (accessed 15 October 2019) 

https://doi.org/10.3391/bir.2021.10.2.21
https://www.invasivesnet.org
http://www1.inecol.edu.mx/publicaciones/resumeness/FLOVER/146-Goodeniaceae.pdf
http://www1.inecol.edu.mx/publicaciones/resumeness/FLOVER/146-Goodeniaceae.pdf
https://doi.org/10.11646/phytotaxa.392.3.7
https://doi.org/10.17129/botsci.2044
https://www.dof.gob.mx/nota_detalle.php?codigo=5270007&fecha=25/09/2012
https://doi.org/10.1007/s11284-014-1164-z
https://doi.org/10.17129/botsci.1296
https://doi.org/10.15468/dl.whgyy4
https://doi.org/10.15468/dl.mqseds
https://scholar.google.es/
https://doi.org/10.1890/1051-0761(1998)008%5b0975:EOINIP%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(1998)008%5b0975:EOINIP%5d2.0.CO;2
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S0084-59062010000100003&lng=pt&nrm=iso
https://www.redalyc.org/pdf/497/49729248001.pdf
https://doi.org/10.3732/ajb.90.6.915
https://doi.org/10.1002/tax.612012
http://www.jcr.clarivate.com/
https://plants.jstor.org/
https://doi.org/10.2307/1936271
https://doi.org/10.1002/j.1537-2197.1985.tb05367.x
http://revistaecovida.upr.edu.cu/index.php/ecovida/article/view/49
http://revistaecovida.upr.edu.cu/index.php/ecovida/article/view/49


 First record of naturalization of Scaevola taccada in southern Mexico 

 Castillo-Campos et al. (2021), BioInvasions Records 10(2): 425–435, https://doi.org/10.3391/bir.2021.10.2.21 435 

O’Dowd DJ, Lake PS (1991) Red crabs in rain forest, Christmas Island: removal and fate of 
fruits and seeds. Journal of Tropical Ecology 7: 113–122, https://doi.org/10.1017/S0266467 
400005162 

Parra-Tabla V, Albor-Pinto C, Tun-Garrido J, Angulo-Pérez D, Barajas C, Silveira R, Ortiz-
Díaz JJ, Arceo-Gómez G (2018) Spatial patterns of species diversity in sand dune plant 
communities in Yucatan, Mexico: importance of invasive species for species dominance 
patterns. Plant Ecology & Diversity 11: 157–172, https://doi.org/10.1080/17550874.2018.1455232 

POWO (2019) Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. 
http://www.plantsoftheworldonline.org/ (accessed 23 June 2020) 

SCOPUS (2020) Database of peer-reviewed scientific (academic) literature. Elsevier B.V. 
https://www.scopus.com (accessed 25 July 2020) 

SEMARNAT (2016) Secretaría de Medio Ambiente y Recursos Naturales. Programa de 
Manejo Área de Protección de Flora y Fauna la porción norte y la franja costera oriental, 
terrestre y marinas de la Isla de Cozumel. Comisión Nacional de Áreas Naturales 
Protegidas. www.gob.mx/conanp 

Téllez Valdés O, Cabrera Cano EF (1987) Listados florísticos de México VI. Flórula de la Isla 
de Cozumel, Q.R. Universidad Nacional Autónoma de México. México, D.F. http://www. 
ibiologia.unam.mx/BIBLIO68/fulltext/lfl6.html (accessed 24 September 2019) 

The Plant List (2013) Version 1.1. http://www.theplantlist.org/ (accessed 23 June 2020) 
Thieret JW, Brandenburg DM (1986) Scaevola (Goodeniaceae) in southeastern United States. 

Sida 11: 445–453. https://www.jstor.org/stable/41966699?seq=1 (accessed 12 September 2019) 
Tropicos.org (2019) Missouri Botanical Garden. Missouri, USA. https://tropicos.org (accessed 4 

October 2019) 
   

https://doi.org/10.3391/bir.2021.10.2.21
https://www.invasivesnet.org
https://doi.org/10.1017/S0266467400005162
https://doi.org/10.1017/S0266467400005162
https://doi.org/10.1080/17550874.2018.1455232
http://www.plantsoftheworldonline.org/
https://www.scopus.com/
http://www.gob.mx/conanp
http://www.ibiologia.unam.mx/BIBLIO68/fulltext/lfl6.html
http://www.ibiologia.unam.mx/BIBLIO68/fulltext/lfl6.html
http://www.theplantlist.org/
https://www.jstor.org/stable/41966699?seq=1
https://tropicos.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


