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• Review on invasion by Antigonon leptopus (coralita vine) on islands

• 46 papers, of these 21 were peer-reviewed

• Main factors: 1. overgrazing, 2. human disturbance, 3. climate change

• Little empirical evidence provided in literature

• Invasion is symptom of land degradation, not the cause

• Forest conservation and grazer exclusion best management options
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Abstract  14 
 15 
The Caribbean islands are a hotspot for biodiversity, harboring 2.3% of the world’s endemic 16 
plant species on just 0.18% of the earth surface. Due to habitat degradation, invasive species 17 
are considered a major environmental problem on these islands. The vine coralita (Antigonon 18 
leptopus Hook. & Arn.) is the most abundant invasive species on the Dutch Caribbean island 19 
of St. Eustatius. Forming thick, monospecific carpets, it is seen as a threat to biodiversity. 20 
Insight is needed as to the ecological and social factors that influence the local ecosystem’s 21 
vulnerability for invasion by A. leptopus. We used a Social-Ecological Systems framework 22 
for a literature review to answer our research questions: 1) What is currently known about the 23 
social and ecological factors that make an ecosystem vulnerable for invasions by invasive 24 
species and A. leptopus in particular? 2) How much empirical evidence is provided to back up 25 
the claims made in the reviewed literature? and 3) Which research and management priorities 26 
can be identified for St. Eustatius based on this analysis? Our review yielded 46 relevant 27 
documents, of which only 21 were peer-reviewed scientific articles. We assessed the level of 28 
empirical support for each of the factors mentioned in the reviewed literature and used these 29 
to shape our conceptual Social-Ecological model. Three major factors appeared to be 30 
responsible for the vulnerability of ecosystems for A. leptopus invasion: overgrazing by feral 31 
animals (16 papers), anthropogenic disturbance (19) and climate change (6). Empirical 32 
evidence for the relation between A. leptopus invasion and social and ecological factors is 33 
scarce: only anthropogenic disturbance and overgrazing were supported by quantitative data 34 
(three papers each). Our literature review also indicates that the invasion of A. leptopus on St. 35 
Eustatius is more a symptom than a cause in itself. Efforts to manage coralita by chemical or 36 
manual removal are futile if not combined with active vegetation restoration and grazer 37 
exclusion. Conservation efforts have led to an increase in forested areas on the island, in 38 
which coralita is not present. More experimental research is needed to inform policy and 39 
management decisions, preferably on the effects of feral grazer exclusion and shading by 40 
native trees on the recovery of natural vegetation in areas now dominated by coralita. 41 
 42 
Key Words: anthropogenic disturbance, climate change, Dutch Caribbean, invasive species, 43 
overgrazing, St. Eustatius 44 
 45 
 46 
1. Introduction 47 

Invasive species, defined as non-native (exotic) species that spread geographically and 48 
increase in abundance following initial establishment, can significantly affect ecological 49 
processes, ecosystem structure and the provision of ecosystem services (Chaffin et al. 2016). 50 
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Invasive species are widely recognized as the second biggest global threat to biodiversity after 51 
habitat destruction (Kairo et al. 2003). Small islands are generally vulnerable to invasions 52 
(Rojas-Sandoval and Acevedo-Rodríguez 2014), making them a priority for biodiversity 53 
conservation. The Caribbean islands are a hotspot for biodiversity, harboring 2.3% of the 54 
worlds’ endemic plant species on a small area (0.18% of the earth surface) that is 55 
experiencing severe anthropogenic pressure (Myers et al. 2000). The threat by invasive 56 
species to the Caribbean islands is therefore particularly relevant for nature conservation. A 57 
striking example of the vulnerability of island ecosystems for invasive species is the situation 58 
on the Dutch Caribbean island of St. Eustatius. A variety of exotic plant species, often 59 
introduced deliberately for horticultural or ornamental purposes, have become naturalized on 60 
the island. Some of these, like the perennial vine coralita (Antigonon leptopus Hook. & Arn.), 61 
have become invasive (Figure 1). Covering large areas with a thick, monospecific carpet, its 62 
overwhelming presence on the island is said to have significant negative consequences for 63 
plant and animal diversity (Debrot et al. 2012; Van der Burg et al. 2012; Wagensveld 2015). 64 
The area covered by coralita on St. Eustatius was estimated at 20% to 33% (Ketner and Ernst, 65 
2007; Berkowitz, 2014). A. leptopus is regarded as the most problematic invasive species on 66 
the island. However, coralita is absent from the drier areas of the island and the densely 67 
forested Quill volcano (De Freitas et al., 2012; Van Andel et al, 2016).  68 
 69 

 70 
Figure 1. Antigonon leptopus growing on heavily grazed soils at the foot of the Quill National 71 
Park, St. Eustatius. Picture by Koos Biesmeijer. 72 
 73 
Once a colonial outpost for the Dutch West-India Company, St. Eustatius has supported 74 
plantation agriculture for centuries. Acres of forest were cleared on the small island to plant 75 
sugar cane, tobacco, cotton and indigo (Enthoven, 2012). In 1790, more than 8,124 people 76 
were living on its 21 km2 surface (compared to 3290 in 2017, World Atlas 2017) and almost 77 
the entire landscape was anthropogenic (Stoffers, 1956). Maps and drawings of St. Eustatius 78 
from the 18th and 19th century show that except for a few inaccessible places, none of the 79 
original vegetation types remained free from human impact (Ottens 1775; Enthoven, 2012). 80 
Even the slopes and the crater of the Quill volcano were in use as coffee and cocoa 81 
plantations, as can be seen in a drawing of the island (Figure 2), made for P.R. Cantzlaar, the 82 
governor-general of St. Eustatius from 1820 to 1828 (Renkema, 2009). Today, this volcano is 83 
a protected area and is covered with tropical dry and evergreen forest (Figure 1).  84 
 85 
The decrease in agricultural activity in second half of the 20th century left many fields 86 
abandoned, and no effort was undertaken to manage the large population of herbivores. Goats, 87 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
and to a lesser extent cows, were not confined to enclosed pastures and freely roamed the 88 
island, providing opportunities for pioneer plant species to colonize the open areas and 89 
prevented the formation of a stable climax vegetation (Van der Burg et al. 2012).  90 
 91 

 92 
 93 
Figure 2. Anonymous watercolor drawing of St. Eustatius, made between 1820 and 1828, 94 
showing the agricultural fields and the deforested slopes of the Quill volcano. Source: 95 
National Museum of World Cultures, the Netherlands (TM-3728-694). 96 
 97 
Ecological resilience describes the capacity of an ecosystem to remain in its current regime 98 
despite disturbance events (Holling 1973). When we approach biological invasions and the 99 
ecosystems they affect from the perspective of ecological resilience, this may lead to a 100 
nuanced description of the situation on St. Eustatius. Disturbance events may reach a certain 101 
critical threshold, when a regime shift will take place. This shift results in a reorganized 102 
regime, characterized by a different set of processes, structures, functions and feedbacks 103 
(Chaffin et al. 2016). The A. leptopus-dominated vegetation on St. Eustatius may be regarded 104 
as such an alternative regime, brought about by a set of abiotic and biotic factors. This 105 
deterministic perspective may help explain why some parts of the island are covered with 106 
climax forest, whereas others are severely degraded, invaded by exotic plants and prone to 107 
soil erosion. Insight is needed in the factors that undermine the resilience of the preferred 108 
ecosystems and keep degraded communities in their suboptimal state. Analysis of these 109 
factors may provide vital information for designing conservation and restoration strategies, 110 
and indicate possible knowledge gaps. 111 
 112 
Herbarium data suggest that coralita was introduced in the Caribbean in the mid 19th century 113 
(Burke and DiTomasso, 2011). The first specimen was collected on St. Eustatius in 1908 114 
(Wesselingh et al., 2013). In the early 1950s, A. leptopus was said to ‘play a role of minor 115 
impact in the vegetation of the islands’ (Stoffers, 1956), although the species was rapidly 116 
spreading over the West Indies in that period (Vandebroek, 2018). Recent vegetation studies 117 
have described several areas on St. Eustatius where invasive species dominated, such as A. 118 
leptopus, Leucaena leucocephala (Lam.) de Wit and Jatropha gossypiifolia L. (De Freitas et 119 
al. 2012; Van Andel et al. 2016). Ketner and Ernst (2007) made several attempts at 120 
controlling A. leptopus, and comprehensive policy advice on how to manage invasive species 121 
was given by Debrot et al. (2011) and Smith et al. (2014). However, these contributions have 122 
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not yet been translated into an actionable strategy for environmental management on the 123 
island (Vaas et al. 2017). One of the reasons for this is the fragmented nature of the available 124 
scientific knowledge, which often seems to be confined to a specific discipline (Haber et al. 125 
2016). All actors have their own view of the problems with invasive species that are faced by 126 
St. Eustatius. 127 
 128 
The aim of this comprehensive literature review is to discuss the current state of knowledge 129 
on factors influencing the vulnerability of island ecosystems to invasion by A. leptopus and to 130 
use this knowledge to shape a conceptual, holistic model for the problem with invasive 131 
species on St. Eustatius. We used a Social-Ecological Systems (SES) model to describe the 132 
factors influencing the natural vegetation towards an A. leptopus-dominated regime. The SES 133 
framework conceptualizes the environment as an open system consisting of ecological and 134 
social components and processes, including biomes, humans, domesticated animals and 135 
wildlife (Virapongse et al. 2016). It provides a common language for researchers working on 136 
complex issues that involve both social and ecological aspects; an attempt to draw knowledge 137 
out of isolation so it can cumulate (Ostrom 2009). With the invasion by A. leptopus as a focal 138 
point, we organized the available published information to create an overview of the social 139 
and ecological factors that affect the plant community on the island. During our literature 140 
review, we sought to answer the following questions:  141 
 142 
1) What is currently known about the social and ecological factors that make an ecosystem 143 
vulnerable for invasions and invasion by A. leptopus in particular?  144 
2) Which factors create and maintain the A. leptopus-dominated ecological regime in certain 145 
areas on St. Eustatius?  146 
3) How much empirical evidence is provided to back up the claims made in the reviewed 147 
literature? 148 
4) Which research and management priorities can be identified based on this analysis? 149 
 150 
Combining the results of our literature review and the SES framework allows us to provide a 151 
synthesis of the available literature, identify gaps in the current knowledge and assess the 152 
level of empirical support for the various ecological and anthropogenic relationships relevant 153 
to the  coralita problem on St. Eustatius. This analysis could be extended for the overall 154 
invasive species problem on the island. 155 
 156 
 157 
2. Materials and Methods 158 
 159 
Our literature research was performed in November and December 2017. Search terms for our 160 
literature review were defined based on the Social-Ecological Systems framework developed 161 
by Virapongse et al. (2016), and a preliminary review of literature on A. leptopus invasions. 162 
We focused on both the ecological and anthropogenic elements of this framework, namely 163 
‘Overgrazing’, ‘Resilience’, ‘Soil erosion’, ‘Biodiversity’, ‘Competition’ and ‘Human’. Each 164 
search term was composed of one of these five aspects (in English) and the scientific and/or 165 
vernacular name of A. leptopus (Table 1). We used the vernacular name ‘coralita’ (in various 166 
spelling variants) because it is the most recurrent common name in the literature on the West 167 
Indies (Vandebroek 2018). However, since we also searched using its Latin name, our review 168 
included references that used other common names, such as corallilla, coral vine, Mexican 169 
creeper, etc. The resulting hits were scanned for relevance based on title and abstract, and 170 
only included in our analysis when they provided information about the relationships 171 
proposed in the hypothesized model (Figure 3), or added new relationships to this model. The 172 
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selected articles were therefore not limited to the Caribbean region or A. leptopus specifically. 173 
To capture the breadth of information available, accessions included English and Dutch 174 
articles, PhD and MSc dissertations and technical reports. Some additional relevant articles 175 
that we encountered in the references of the included articles but did not emerge from our 176 
google scholar search, were also included in our analysis (snowball method). 177 
 178 

 179 
 180 
Figure 3. The hypothesized Social-Ecological model for St. Eustatius, its components and 181 
interactions, based on a simplified version of the model by Virapongse et al (2016). 182 
 183 
Selected documents were downloaded and their meta-data were recorded as accessions in an 184 
excel spreadsheet. During the review process, the information presented in the literature was 185 
assessed for its (dis-) agreement with the hypothesized model (Figure 1) by condensing the 186 
information to components and processes. Furthermore, the origin of the information was 187 
assessed to identify whether support for a certain relationship was backed up by empirical 188 
evidence or merely quoted from another source. Lastly, we assessed whether the literature 189 
sources were peer-reviewed scientific articles or not. The hypothesized model was then 190 
expanded to a conceptual model to show the (dis-) agreement of literature sources and to 191 
indicate gaps in knowledge and the need for more scientific research and adequate 192 
management measurements.  193 
 194 
  195 
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3. Results 196 
 197 
3.1 Review statistics 198 
 199 
Our search queries returned a total of 1727 documents, of which only 36 (2%) were included 200 
in the first stage of the review (Table 1). An additional ten documents were included via the 201 
snowball method. Only 21 out of the 46 documents (46%) were peer-reviewed articles.  202 
 203 
 204 
Table 1. General summary of search statistics. 205 
 206 
Search terms entered in Google Scholar # articles 

retrieved 
# included 
(%) 

% peer-
reviewed 

‘Overgrazing’+‘Antigonon leptopus’ or ‘coralita*’ 42 7 (17) 14 
‘Resilience’+‘Antigonon leptopus’ or ‘coralita’ 51 9 (18) 33 
‘Soil erosion’+‘Antigonon leptopus’ or ‘coralita’ 61 2 (3) 0 
‘Biodiversity’+‘ Antigonon leptopus’ or ‘coralita’ 522 11 (2) 55 
‘Competition’+‘Antigonon leptopus’ or ‘coralita’ 245 1 (0.4) 0 
‘Human’+‘Antigonon leptopus’ or ‘coralita’ 806 19 (2) 57 
Subtotal  1727 36** (2) 30 
Snowball method  10 60 
Total 1737 46 (3) 46 
* including different spelling variants 207 
** A total of 13 articles emerged for more than one search term 208 
 209 
Based on the reviewed literature, we generalized the Social-Ecological system of St. Eustatius 210 
into to five interrelated components (Figure 3). These interacting components are also 211 
affected by exogenous environmental conditions, such as climate (change). Below, we 212 
describe these components and their relationships, with a focus on A. leptopus, which is a 213 
feature of the plant community component. Therefore, the description of relationships 214 
between the plant community and other components will be at the core of our argument. An 215 
overview of the reviewed literature that supports the relationships between the components is 216 
provided in the Supplementary Table, in which we also indicate those papers that were peer-217 
reviewed, whether research was based on desktop studies or empirical field research and the 218 
studies that had St. Eustatius as a focus. 219 
 220 
3.2 Herbivores 221 
 222 
Almost 36% of the relevant articles (16 out of 45) identified an effect of non-native 223 
herbivores on the plant community, although these were not always retrieved by using the 224 
search term ‘overgrazing’. Most papers focused on feral goats, which are regarded as the main 225 
cause for the problem with invasive species on St. Eustatius (e.g., Ketner and Ernst 2007; De 226 
Freitas et al. 2012). Exotic herbivores were also connected to plant invasions in other island 227 
ecosystems, such as donkeys on Bonaire (Debrot and Bugter 2010), rabbits on Robinson 228 
Crusoe Island (Smith-Ramirez et al. 2017) and cattle on the Seychelles (Vos 2004). Four 229 
related but distinct effects of non-native herbivores on the plant community were identified: 230 
1) a slower regeneration of the natural vegetation (e.g., Van Andel et al. 2016; Smith-Ramirez 231 
et al. 2017); 2) a shift in competitive dynamics within the plant community (e.g., Coblentz 232 
1978; Debrot and De Freitas 1993; Kairo et al. 2003); 3) loss of biodiversity (e.g., Francis et 233 
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al. 1994; De Freitas et al. 2012); and 4) arrested succession (Helmer et al. 2008; Van der Burg 234 
et al. 2012). 235 
 236 
The most direct effect of herbivores is a decrease in the regeneration of the vegetation. 237 
Herbivores eat plant biomass, and since young saplings and seedlings are located close to the 238 
ground, these are often the first to be consumed. Removal of these juvenile plants hampers the 239 
regeneration processes of the plant community. However, none of the eight studies that 240 
identified this relationship (Coblentz 1980; Francis et al. 1994; Debrot et al. 2010; De Freitas 241 
et al. 2012; Van der Burg et al. 2012; Smith et al. 2014; Van Andel et al. 2016; Smith-242 
Ramirez et al. 2017) provided direct empirical evidence of this process in a Caribbean setting.  243 
 244 
A related effect of herbivores is a shift of competitive dynamics within the plant community. 245 
In an ecosystem under grazing pressure, plant species adapted to an environment with 246 
herbivores are more likely to proliferate than species not adapted to these conditions (Francis 247 
et al. 1994; Debrot and De Freitas 1993). Plants with spines, acrid latex or unpalatable leaves 248 
become dominant (De Freitas et al. 2012). On St. Eustatius, this process is visible by the 249 
abundance of poisonous plants (e.g. Jatropha gossypiifolia) and spiny shrubs (e.g. Randia 250 
aculeata L.) in overgrazed areas (Van Andel et al. 2016). Antigonon leptopus, whose leaves 251 
are generally avoided by non-native herbivores (Ketner and Ernst 2007), has a similar 252 
competitive advantage. Debrot and De Freitas (1993) quantified the effects of herbivores on 253 
species composition on Curaçao. They comparised the floristic composition of plant 254 
communities on goat-accessible and -inaccessible rocks. On rocks that were under grazing 255 
pressure they found a sharp decline in grazing sensitive species such as Tillandsia flexuosa 256 
Sw. and Brassavola nodosa (L.) Lindl. and an increase in grazing tolerant species, such as the 257 
notoriously spiny Opuntia wentiana Britton & Rose and Acacia tortuosa (L.) Willd, and 258 
Aristida adscensionis L., a grass that is avoided by goats as it causes intestinal obstruction. 259 
Similar observations were made in rangelands of the Midwestern United States, where an 260 
increase in grazing pressure was identified as the cause for vegetation change, in which 261 
herbaceous understory species decreased and less palatable species thrived (Brown et al. 262 
2008).  263 
 264 
The shift in species composition is accompanied by a decrease in biodiversity. Francis et al. 265 
(1994) found that since the 1800s, 13% of the native canopy tree species had disappeared 266 
from the Caribbean island of Antigua, which the authors partially attributed to clearing for 267 
agriculture, burning and high grazing pressure. This relationship is supported by empirical 268 
research from the Mediterranean region, where an increase in grazing pressure led to a 269 
reduction in plant diversity (Alados et al. 2003). Grazing by free-roaming herbivores has been 270 
identified as a threat to the biodiversity of St. Eustatius (e.g. Rojer, 1997; Jongman, 2010), 271 
and plant diversity in heavily grazed areas is low (Van Andel et al. 2016). However, no 272 
experimental studies have been done on St. Eustatius to quantify the effect of grazing pressure 273 
on floristic diversity.  274 
 275 
Grazing pressure is also said to hamper the successional processes of the plant community. 276 
This effect is related to the decreased regenerative abilities discussed earlier. Since young 277 
trees are prevented from reaching maturity, the natural development of the vegetation towards 278 
its climax community is impeded. The vegetation remains in a state of arrested succession, 279 
where only early successional species and disturbance specialists such as A. leptopus can 280 
thrive (Helmer et al. 2008; Van der Burg et al. 2012). 281 
 282 
 283 
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3.3 Soil and native fauna 284 
 285 
The effects of herbivores on the plant community, such as loss of biodiversity and reduced 286 
vegetation cover, in turn result in soil erosion (Rojer 1997; Brown et al. 2008; De Freitas et al. 287 
2012). On St. Eustatius, silt deposition caused by soil erosion is causing serious coral 288 
deterioration (Jongman et al. 2010; Van der Burg et al. 2012; Smith et al. 2014). These reefs 289 
are of vital importance to the local tourism sector, as the related income from these reefs is 290 
estimated at USD 9.1 million annually (Bervoets 2010). Herbivores also affect the 291 
populations of native fauna. On St. Eustatius, goats and other non-native mammals disturb the 292 
nesting burrows of seabirds such as the endangered red-billed tropicbirds (Phaeton aethereus) 293 
(De Freitas et al. 2012; https://www.dcnanature.org/red-billed-tropicbird/) as well as nests of 294 
the endangered Lesser Antillean iguana (Iguana delicatissima) (Debrot et al. 2012). The 295 
dense, monospecific carpets of coralita decrease the availability of nesting sites for this rare 296 
reptile, which is in severe decline due to hunting, habitat destruction, hybridization with the 297 
much more abundant green iguana (I. Iguana L.) and feral predators (Wagensveld 2015). 298 
These relationships between herbivores and native fauna, however, were not supported by 299 
direct experimental data.  300 
 301 
3.4 Human influence  302 
 303 
Our literature review on the social context of the coralita invasions yielded 19 papers that 304 
identified anthropogenic effects on the plant community that were related to A. leptopus, 13 of 305 
which had already been retrieved during our search with the ecological keywords. Most 306 
papers retrieved for the combined search terms ‘human’+’Antigonon leptopus’ were about 307 
medicinal uses of the plant and its pharmacological properties, and therefore excluded from 308 
our analysis.  309 
 310 
The arrival of European colonists during the 16th and 17th century initiated a period of grave 311 
environmental changes in the Caribbean (Berry, 2003). Forests were logged to make space for 312 
plantation agriculture, settlements were constructed and human population numbers soared 313 
(Francis et al. 1994; Fitzpatrick and Keegan, 2007). In the 20th century, the region saw a 314 
gradual decrease of land used for agricultural practices (Rojer 1997; Helmer et al. 2008). The 315 
management of arable land became less intensive, with more and more exhausted fields left 316 
fallow (Delgado et al. 2016). The succession processes on these patches of abandoned 317 
agricultural land could not follow their natural pathways due to grazing disturbance and 318 
limited recruitment possibilities for native plant species (Helmer et al. 2008; Brooks 2013), 319 
resulting in plant communities with a low floristic diversity and high percentages of invasive 320 
plant species. Similarly, construction activities and the felling of trees for timber and firewood 321 
disturbed the balance of the ecosystem and left niches unoccupied, creating room for exotic 322 
species to colonize the land (BEST Commission 2003; Ketner and Ernst 2007; Joseph and 323 
Abati 2016).  324 
 325 
Humans have played an active role in the distribution of A. leptopus (Burke and DiTomasso, 326 
2011). People have been attracted to the decorative vine, which is sometimes advertised as 327 
‘cascades of showy pink flowers’, and has the potential to turn depressing looking urban areas 328 
into flower meadows (Vandebroek et al., 2018). Several ornamental plants were introduced in 329 
the Caribbean between 1750 and 1850 (Berry, 2003), only to become invasive after decades. 330 
Seed exchange between botanic gardens and horticultural companies were also indicated as 331 
the cause for the introduction of coralita in Asia and the Pacific (McConnell and Muniappan, 332 
1991; Marambe et al., 2001; Swarbrick and Hart, 2001; Tassin et al., 2006). On St. Eustatius, 333 
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a tea from the leaves is drunk to purify the blood and relieve stomach ache; the boiled tubers 334 
and fried seeds are edible (Posthouwer 2016). This has, however, not led to large-scale 335 
harvesting of the vine. 336 
 337 
The relationship between the presence of invasive plant species and human land use was 338 
supported empirically by Wahyuni (2016), who tested the presence and coverage of invasive 339 
species in different land use systems on the Indonesian island of Sumatra. Clear differences 340 
were observed between oil palm plantations (28 species of invasive plants, 21% total 341 
coverage) and pristine forest (no invasive plants at all). In the Midwestern United States, 342 
invasive plant presence and coverage was significantly related to metrics of disturbance and 343 
fragmentation, such as distance to roads and forest intactness (Moser et al. 2009). Human-344 
induced alteration of native plant communities also influences the competitive advantage of 345 
species. Anthropogenic processes such as agriculture create circumstances that are conducive 346 
to the establishment and proliferation of certain ‘anthropophilic’ species, which are often 347 
exotic (Joseph and Abati 2016). On land that has been heavily impacted by humans, harsh 348 
environmental conditions such as high temperatures, low humidity and highly compacted 349 
soils prevent colonization by native pioneers (Rojas-Sandoval and Acevedo-Rodríguez 2014). 350 
Better adapted to these harsh environmental pressures, exotics replace the native species. In a 351 
variety of ecosystems, human disturbances also increase the abundance of certain functional 352 
groups, especially vines (Delgado Riviera 2015). On St. Eustatius, these processes result in 353 
the dominance of A. leptopus on those areas that have experienced the most intense exposure 354 
to human activities (De Freitas et al. 2012). From the distribution maps published by Ketner 355 
and Ernst (2007) and Berkowitz (2014), a relationship between intensive agriculture in the 356 
past and A. leptopus cover can be inferred, but clear empirical evidence is lacking.  357 
 358 

 359 
Figure 4. Monospecific carpet of Antigonon leptopus in a semi-urban environment on St. 360 
Eustatius. Picture by Thomas Heger. 361 
 362 
3.5 Exogenous factors 363 
 364 
Aside from processes taking place within the social-ecological system, the invasiveness of the 365 
plant community for A. leptopus is also affected by outside conditions. The main exogenous 366 
factor revealed by our review is climate change, which was identified by six authors as 367 
negatively affecting the native vegetation on various islands (BEST Commission 2003; 368 
Ketner and Ernst 2007; Debrot and Bugter 2010; Senterre 2009; Jongman et al. 2010; Bullard 369 
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2013). The predicted rising temperatures are expected to create suitable conditions for 370 
invasion by exotic plant species (Ketner and Ernst 2007; Bullard 2013). As temperatures rise, 371 
the resilience of the native plant community will weaken, while conditions for invasive 372 
species improve (Debrot and Bugter 2010). Worldwide, hurricane frequency and intensity are 373 
expected to rise by a daunting 66% as a result of climate change (Senterre 2009; Debrot and 374 
Bugter 2010). Hurricane disturbances, especially combined with grazing pressure, increase 375 
the ecosystem’s vulnerability to invasions by exotic plant species (Senterre 2009; Debrot and 376 
Bugter 2010), although this has not yet been supported by empirical evidence for St. 377 
Eustatius. 378 
 379 
3.6 A Social-Ecological Model on Antigonon leptopus-dominated ecosystems 380 
 381 
Through our literature review, we identified three major factors responsible for the 382 
vulnerability of ecosystems for A. leptopus invasion: overgrazing, anthropogenic disturbance 383 
and climate change. All relevant papers describing direct relations among these three factors 384 
and A. leptopus domination (16, 19 and six papers respectively) are depicted in our new 385 
conceptual model (Figure 5). Of these papers, nine focused on St. Eustatius in particular 386 
(Supplementary Table). 387 
 388 
 389 

 390 
 391 
Figure 5. Conceptual model representing the current state of knowledge on factors responsible 392 
for the vulnerability of ecosystems for A. leptopus. Bold numbers indicate studies backed up 393 
by empirical evidence, italic numbers indicate peer-reviewed articles.  394 
1. Van Andel et al. 2016; 2. Francis et al. 1994; 6. Debrot and Bugter 2010; 7. Van der Burg et al. 2012; 8. 395 
Ketner and Ernst 2007; 9. Helmer et al. 2008; 12. Berkowitz 2014; 14. Delgado Riviera et al. 2015; 15. Smith-396 
Ramirez et al. 2017; 16. BEST 2003; 17. De Freitas et al. 2012; 19. Brown 2008; 20. Bullard 2013; 21. Kairo 397 
2003; 22. Senterre et al. 2009; 23. Rojer 1997; 24. Coblentz 1978; 25. Rojas-Sandoval and Acevedo-Rodríguez 398 
2014; 28. Jongman et al. 2010; 30. Joseph and Abati 2016; 31. Smith et al. 2014; 32. Delgado et al. 2016; 35. 399 
Brooks 2013; 36. Wahyuni 2016; 37. Moser et al. 2009; 38. Alados et al. 2002; 39. Debrot and De Freitas 1993; 400 
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40. Coblentz 1980; 41. Berry (2003); 42. McConnell and Muniappan (1991); 43. Swarbrick and Hart (2001); 44. 401 
Tassin et al. (2006).  402 
 403 
Of the 32 studies included in our model, only 16 (50%) were published in a peer-reviewed 404 
scientific journal (Supplementary Table). None of the studies that identified climate change as 405 
a factor contributing to coralita invasion provided empirical evidence, while both 406 
anthropogenic disturbance and overgrazing were supported by three papers that provided 407 
quantitative data to back up their claims. In total, only five of the 46 reviewed papers proved 408 
the effects of overgrazing and/or anthropogenic disturbance through field observations. 409 
Evidence of these relationships was obtained by assessing species composition (Debrot and 410 
De Freitas 1993; Francis et al. 1994; Alados et al. 2003) and by quantifying invasive plant 411 
presence and coverage under different levels of anthropogenic influence (Moser et al. 2009; 412 
Wahyuni 2016). None of these studies were done on St. Eustatius.  413 
 414 
4. Discussion and conclusions 415 
 416 
4.1 Ecosystem function of Antigonon leptopus 417 
 418 
Our literature review on the social and ecological context of A. leptopus invasions revealed 419 
three major factors (overgrazing, anthropogenic disturbance and climate change) that are 420 
responsible for pushing the vegetation towards an alternative stable state in which A. leptopus 421 
is the dominant species. The identification of these factors hints towards a new perspective on 422 
the issue at hand: one that is not species- but circumstance-focused. As Brooks (2013) pointed 423 
out, biological invasions are more likely to be the passengers of ecological change than the 424 
drivers. Invasive species tend to establish themselves in unoccupied niches that were created 425 
by disturbance events or changing climatic conditions. When looking for a solution, avoiding 426 
the presence of unoccupied niches (i.e., decreasing the vulnerability of the vegetation for 427 
invasive species) should be considered a more important aspect to focus on than the invasive 428 
species itself. This does not mean that the biological aspects of the invasive species itself are 429 
irrelevant. A. leptopus possesses several traits that make it an exceptional fit for the disturbed 430 
areas of St. Eustatius, such as tolerance for drought and poor, disturbed soils and the 431 
production of many underground tubers that can resprout after the material above ground has 432 
been removed (Burke and DiTommaso 2011). Due to its climbing habit, it is able to use 433 
structures like abandoned cars and buildings to utilize space that is not available for non-434 
climbing plants (Figure 4).  435 
 436 
The cause of the problem of coralita invasion, however, lies more in the environmental 437 
problems at large. Several ecosystems on St. Eustatius experience such heavy environmental 438 
pressure from grazing and human disturbance that hardly anything but exotic species can 439 
thrive. The resulting thick, monospecific carpets that are perceived so negatively may actually 440 
perform a vital ecological function. Within invasion literature, the dominant narrative that 441 
invasions are ecologically, economically and culturally undesirable has been challenged by 442 
the idea that invasive species can, in some instances, actually take over lost ecosystem 443 
functions (Chaffin et al. 2016). The establishment of A. leptopus on bare, overgrazed hills has 444 
a positive effect on erosion control, since a slope with vegetation is more resistant to run-off 445 
than a bare slope (Figure 6). In this case, A. leptopus takes over an ecosystem function that 446 
cannot be performed anymore by the original vegetation. A more holistic perspective on the 447 
invasive species problem is necessary: one that takes the bigger picture into account and does 448 
not regard invasions as inherently bad. 449 
 450 
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 451 
Figure 6. Antigonon leptopus covering an erosion-prone slope along Bay road, St. Eustatius. 452 
Picture by Thomas Heger. 453 
 454 
These findings have implications for management of A. leptopus infestations. Attempts at 455 
managing coralita by solely removing or weakening the plant through chemical or manual 456 
efforts, have proven to be futile (Swarbrick and Hart, 2001; Ketner and Ernst 2007). The 457 
control efforts will re-open a niche, only to be filled quickly with either the same or a 458 
different invasive species. Furthermore, removing A. leptopus from slopes will exacerbate soil 459 
erosion problems unless combined with sufficient erosion control efforts. Any effort in 460 
combatting coralita infestations should focus on negating the factors that push the vegetation 461 
towards this regime in the first place. This will allow the ecosystem to develop, with 462 
succession processes running their natural course.  463 
 464 
When goats are removed from a coralita-infested area, upcoming trees may shade out 465 
heliotrophic plants like A. leptopus, which decreases their competitiveness. While this alone 466 
may be enough to restore the vegetation to a species-rich, balanced and resilient plant 467 
community, heavily disturbed areas like former agricultural fields and deserted building sites 468 
should be monitored and actively managed to ensure the development of a floristically more 469 
diverse and functional plant community. The effects of climate change on the vegetation are 470 
of another scale level, and are not within the control of any one individual on the island. The 471 
best strategy for negating climate change’s effects on the vegetation is to focus on 472 
overgrazing and anthropogenic disturbance first, in other words ‘to manage for resilience’ 473 
(Debrot and Bugter 2010). 474 
 475 
For St. Eustatius, important progress has been made in the ‘management for resilience’ in the 476 
past decades. Due to the conservation activities of the St. Eustatius National Parks Foundation 477 
(STENAPA), the dry and evergreen Caribbean forest on the Quill volcano and in the northern 478 
hills has increased substantially in species number, height and diameter, even though goats 479 
can still access these protected areas. In the northern hills it is too dry for A. leptopus, but 480 
under the closed canopy of the Quill forest and in the slowly recovering secondary forest on 481 
the volcano slopes, there is too much shade for coralita (Van Andel et al., 2016). 482 
 483 
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4.2 Research and management priorities 484 
 485 
Drawing on our literature review, we suggest that the first research priority is to carry out 486 
scientific experiments on the effects of grazer exclusion on the recovery of vegetation in 487 
severely degraded areas on St. Eustatius. Preliminary data are available on nine fenced off 488 
plots (of 3m2 each) on the slopes of the Quill volcano, in which the excluxion of grazers 489 
resulted in a higher number of woody plant individuals and species in one year (Madden 490 
2014), but species lists and statistical proofs are not yet available. A study on the effect of 491 
fencing off heavily overgrazed areas has recently started on Bonaire, but it is too early to draw 492 
conclusions from the data gathered (J. Foest, personal communication). After all rats and 493 
goats had been removed from the rocky island of Redonda, the barren slopes have seen a 494 
rapid recovery of the natural vegetation (Birds Caribbean, 2018), although the results of this 495 
project have yet not been reported in the scientific literature. Grazing exclusion experiments 496 
are relatively quick and easy to implement and monitor, and can also serve an educational 497 
function. Even though several recent projects in the Caribbean have gathered proof that 498 
excluding herbivores restores the vegetation, it is essential that the results from these 499 
experiments are published in scientific journals, in order to influence government decisions on 500 
nature conservation and controlling invasive species. 501 
 502 
As recruitment limitations among native species are often a limiting factor in the restoration 503 
of ecosystems (Brooks 2013), grazing exclusion should also be combined with active 504 
reforestation with native species (Swarbrick and Hart, 2001). Experiments have started with 505 
native tree planting on Bonaire (https://www.dcbd.nl/document/raw-data-native-tree-planting-506 
bonaire), but no scientific data have been published so far. Depending on local stakeholder 507 
goals, deserted agricultural land may also be afforested with valuable native fruit and timber 508 
trees (e.g., Hymenaea courbaril L., Spondias mombin L.), or even exotic ones as long as they 509 
have been for some time on the island and have proven not to be invasive (e.g., Tamarindus 510 
indica L.). Research on the competitive dynamics between A. leptopus and other plant species 511 
is needed to inform restoration strategies. Experiments could include measurements on the 512 
spread of coralita in shaded vs. non-shaded areas, in which the shade is preferably provided 513 
by native trees that are protected from non-native herbivore browsing. To quantify the effects 514 
of climate change, we also suggest to implement monitoring experiments directly after 515 
hurricanes, comparing heavily affected and less affected areas and measure the spread of 516 
invasive species. 517 
 518 
Our review demonstrated a lack of empirically supported claims about A. leptopus on St. 519 
Eustatius, as well as a clear difference in how well certain relationships are supported by 520 
empirical data. One of the reasons for this difference may be the variation in complexity 521 
among the various factors. Overgrazing, a clearly delineated phenomenon, is easier to test for 522 
its effect on the vegetation than a broad phenomenon like climate change, which affects the 523 
ecosystem in many different ways. It is essential, however, that such complex processes are 524 
also studied. This may be accomplished by testing the different effects of climate change 525 
separately, in order to combine the results and draw general conclusions. 526 
 527 
Successful management strategies on Christmas Island (Indian Ocean), also included the 528 
combination of a strict quarantine of new species brought to the island, the development of 529 
local legislation to prohibit the cultivation of certain exotic plants, rehabilitation with native 530 
forest seedlings and limited physical and biological eradication of major invasive species 531 
(Swarbrick and Hart, 2001). However, the insufficient involvement of local stakeholders and 532 
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poor coordination of eradication activities are common risks in such eradication programs 533 
(Marambe et al., 2001).   534 
 535 
Regime shifts taking place in an ecosystem are the result of many factors of ecological and/or 536 
social origin that have an effect over different time scales. When dealing with a complex, 537 
multi-faceted problems such as invasive species on small islands, a mono-disciplinary 538 
approach may not produce the insights required to solve the problem. Complex ecosystem and 539 
land use issues require an inter-disciplinary approach (Young and Marzano 2010). We 540 
therefore advocate the cooperation among scientists from different disciplines, and the 541 
involvement of the local community and policy makers in developing solutions for the 542 
invasive species problems on St. Eustatius. Our literature review provided insight into the 543 
underlying mechanisms of this problem may contribute to possible solutions, not only for St. 544 
Eustatius, but to the Caribbean region and island ecosystems in general. 545 
 546 
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Highlights for A Social-Ecological perspective on ecosystem vulnerability for the invasive creeper 

Antigonon leptopus in the Caribbean: a review 

By Thomas Heger and Tinde van Andel 

 

 

1. Review on coralita invasion (Antigonon leptopus) on islands yielded 46 papers 

2. Main influencing factors are overgrazing, human disturbance and climate change 

3. Very little empirical evidence on factors influencing invasivity 

4. Invasion by coralita is a symptom of land degradation, not the cause 

5. Best management options are forest conservation, reforestation and grazer exclusion 

 

 


