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Abstract

Invasive species are a worldwide threat to biodiversity, especially on Caribbean islands.

Through their  impact  on  the  structure  and  functioning  of  ecosystems,  they  also  affect

ecosystem  services.  Therefore,  invasive  species  can  have  profound  socio-economic

effects. On the Dutch Caribbean Island of St. Eustatius, the invasive perennial vine Coralita

is present on roughly 33% of the Island. While ecological  damage is evident,  effective

management  strategies  are  still  lacking.  This  study  links  the  ecological,  cultural  and

societal effects of the invasion to the economy of the Island by estimating the ecosystem

service  losses  due  to  Coralita  in  monetary  value.  We  have  spatially  assessed  the

economic  value  of  five  main  ecosystem  services  (tourism,  non-use  value,  carbon

sequestration,  archaeology  and  local  cultural  and  recreational  value)  to  the  different

habitats on the Island and estimated the loss of these values under three scenarios of

Coralita  cover:  0%,  3%  and  36%  dominant  cover.  The  baseline  scenario  of  0%

demonstrated a total ecosystem service value of $2.7 million per year, concentrated on the

Quill volcano. The 3% and 36% scenario showed a yearly loss of $39,804 and $576,704,
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respectively, with the largest losses located on the northern and eastern slopes of the Quill.

These areas should be prioritised for management and the known potential gain per area

enables  choice  of  strategy,  based  on  cost-benefit  considerations.  To  reduce  further

economic loss by Coralita, we urgently advise an immediate management strategy and

ongoing research into eradication and restoration methods.
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Introduction

Invasive species are a major threat to biodiversity worldwide (e.g. Mc Neely 2001,Bax et al.

2003). They are defined as non-native species that spread geographically and increase in

abundance after establishment (Lodge and Shrader-Frechette 2003) and, by interfering

with ecological processes and community dynamics, they can drastically alter the structure

and functioning of an ecosystem (Yurkonis and Meiners 2004, Gandhi and Herms 2009, 

Chaffin et al. 2016). Examples of such effects are predation pressure, alteration of nutrient

cycling and the spread of diseases (Ehrenfeld 2003, Crowl et al. 2008, Duron et al. 2017).

Ecosystem changes are reflected in the provision of ecosystem services, which are defined

as the contributions that ecosystems make to human well-being, distinct from the goods

and benefits  that  people  subsequently  derive  from them (Haines-Young and Potschin-

Young 2018).  They can be of  cultural,  social  or  economic importance (e.g.  recreation,

coastal  protection, commodities).  Invasive species can, therefore, have profound socio-

economic  impacts  (Pejchar  and  Mooney  2009).  While  the  ecological  impacts  are  well

documented, fewer studies extend to the ecosystem service level (Peh et al. 2014, Walsh

et al.  2016) and estimates of the economic costs associated with invasive species are

limited (Pimentel et al. 2005, de Lange and van Wilgen 2010). Given the current increasing

global trade connectivity and changes in land use and climate that facilitate the introduction

and spread of invasive species, it has become of critical concern to understand the impact

of invasive species on a multidisciplinary scale (Hulme 2009, Seebens et al. 2015, Bellard

et al. 2016).

Small islands are especially susceptible to invasion (Gimeno et al. 2006, Dawson et al.

2017) and because their environment is strongly linked to the identity and economy of the

island,  invasive  species  tend  to  have  a  high  socio-economic  impact  (Beukering  et  al. 

2014). The perennial vine Antigonon leptopus, native to Mexico, is currently widespread

across  the  Caribbean  and  classified  as  invasive  on  many  islands  (Invasive  Species

Compendium 2019). On St. Eustatius, one of the smallest inhabited Caribbean islands with

a  total  area  of  21  km ,  A. leptopus has  severely  impacted  ecological,  societal  and

economic  factors  by  being  present  in  varying  densities  on  roughly  33% of  the  Island

(Berkowitz 2014). A. leptopus (hereafter called Coralita, its local name) was introduced on

St. Eustatius as an ornamental plant in 1907 and started to spread during the 1980s (Ernst
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and Ketner 2007). A plausible cause was the drastic decline in agriculture practices during

the 20  century. Leaving bare land and free roaming livestock that intensively grazed on

tree saplings,  this  change in  land use provided suitable  areas for  invasion by (exotic)

pioneer  species  (Burg  et  al.  2012,  Jesse  et  al.  2020).  Coralita  grows  very  fast  and

reproduces both asexually through root tubers and sexually through seeds, which travel

large distances via water and are produced through year-round flowering (Fig. 1) (Burke

and DiTommaso 2017). These mechanisms allow Coralita to efficiently spread and invade

new areas, where it eventually kills native vegetation through smothering, light competition

and inhibition of fruiting and germination (Fig. 1). It also poses a threat to animal species,

such as iguanas and birds by reducing suitable habitat and smothering available nesting

sites  (Clavero  et  al.  2009,  Berkowitz  2014).  Despite  several  studies  and  reports

emphasising  the  need  to  control  this  species,  official  management  strategies  are  still

lacking (Ernst and Ketner 2007, Berkowitz 2014, Overeem and Riemens 2018).

To  address  the  full  scope  of  damage  caused  by  Coralita  on  St.  Eustatius,  a

multidisciplinary approach that links the ecological impacts to the socio-economic status of

the  Island  is  needed.  While  social  and  ecological  impacts  of  Coralita  have  received

scientific attention (e.g. Burke and DiTommaso 2017, van Andel et al. 2016, Heger and van

Andel 2019), the economic impact remains unstudied. St. Eustatius’ economy is nowadays

largely dependent on tourism and, therefore, the natural environment that attracts tourists

is highly important for the Islands’ prosperity (Polman et al. 2016). Expressing the negative

effects of Coralita in monetary value provides an explicit measure of the problem, which

likely encourages the willingness to act. The total economic value (TEV) of nature on St.

Eustatius (marine and terrestrial) is estimated to be $25.5 million (USD) per year, based on

eight ecosystem services (Cado van der Lely et al. 2014). With the current environmental

pressures and no additional management, the TEV is also expected to decline to $20.2

million annually  within  30 years  (Cado van der  Lely  et  al.  2014).  The main pressures

identified were tourism and free-roaming livestock, but the study did not include the threat

of  Coralita  to  the ecosystem. Since invasive species have shown to cause substantial

th

Figure 1. 

Coralita flowers (left panel) and vegetation structure of Coralita on the Island of St. Eustatius

(right panel) (Ernst and Ketner 2007, Jesse et al. 2020).

Mapping the economic loss of ecosystem services caused by the invasive ... 3

https://arpha.pensoft.net/zoomed_fig/7293866
https://arpha.pensoft.net/zoomed_fig/7293866
https://arpha.pensoft.net/zoomed_fig/7293866


economic loss, for example, an estimated $120 billion yearly in the United States (Pimentel

et al. 2005) and $423 million per year in South Africa (de Lange and van Wilgen 2010),

including  the  effects  of  Coralita  is  essential  when  predicting  the  economic  loss  of

ecosystem services on St. Eustatius.

The aim of this study was to map the supply of the main terrestrial ecosystem services and

assess  the  loss  of  economic  value  under  different  scenarios  of  Coralita  cover  on  St.

Eustatius. We included five ecosystem services in our study (tourism value, non-use value,

carbon sequestration value, archaeological value and the local cultural and recreational

value, which are explained under the Common International Classification of Ecosystem

Services in the methods section) and determined the total  annual economic value, the

spatial distribution of values on the Island and the loss of these values due to Coralita

presence.  The  amount  of  total  loss  demonstrated  the  urgency  to  control  the  Coralita

invasion and, by identifying where the highest losses occurred under different scenarios of

Coralita cover, we identified priority areas for management.

Materials and methods

Study site 

The Island of St. Eustatius is part of the Lesser Antilles, which are located in the Caribbean

Sea (Fig. 2).  Together with Bonaire and Saba, it  is part  of the Caribbean Netherlands,

bearing the status of special Dutch Municipality. With 21 km  and 3,100 inhabitants (CBS

2019), it is one of the smallest Lesser Antillean Islands. The climate is seasonal, with a dry

period from December  to  April  and a wet  period between August  and November.  The

annual mean precipitation, although highly variable, is 986 mm. The dry season has a daily

mean temperature of 24°C, while temperatures rise to over 30°C during the wet season

(NOAA 2015). The Island is  of  volcanic  origin,  with  extinct  volcanoes in  the north  that

nowadays form the hills of Boven National Park and the characteristic Quill volcano in the

south. The Quill is a dormant volcano that last erupted 1600 years ago, leaving a 750 m

wide crater on top of the 600 m high cone. Today the Quill National Park is a popular hiking

destination, with scenic views from trails up to the crater rim. The central area of the Island,

called the Cultuurvlakte, is flat and urbanised. Oranjestad, the only town on the Island, is

spread from the centre of the Cultuurvlakte to the west coast. Despite the small size of the

Island, the diversity of the landscape and climate accounts for a variety of vegetation types.

The Quill volcano, which receives the highest rainfall, is covered by tropical forest, while

other  areas  have  dry,  shrubby  bush  vegetation  (de  Freitas  et  al.  2012).  The  Island

harbours at least ten species that are endemic to the Islands of St. Maarten, Saba and St.

Eustatius (Bos et al. 2018) and the critically-endangered Lesser Antillean iguana (Iguana 

delicatissima), that is endemic to the Lesser Antilles (IUCN Red List 2018).

St. Eustatius was once known as the ‘Golden Rock’, as it was an important international

trading  centre  in  the  Caribbean  during  the  17  and  18  century.  This  period  largely

contributed to the rich archaeology of the Island: with an estimated 200 sites on land and

200 shipwrecks in the surrounding waters, St. Eustatius has the highest concentration of
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archaeological  sites  of  the  New  World  (Stelten  2009).  The  economy  of  the  Island  is

currently driven by tourism, oil  industry and the government (Chamber of Commerce &

Industry 2016). The Gross Domestic Product (GDP) of the Island was 100 million USD in

2016 (CBS 2018) and has remained relatively stable over the past five years. Tourism

started to develop from 1965 onwards, when agricultural practices were abandoned and

infrastructure improved. Major developments were the opening of the airport in 1971 and

the establishment of the NuStar oil terminal in 1982, resulting in NuStar being the largest

private employer on the island (Chamber of Commerce & Industry 2016). Tourists mainly

visit the Island to dive and snorkel on the relatively healthy surrounding coral reefs and to

hike the trails of the Quill volcano (Kerkhof et al. 2014).

General overview 

This section provides a short overview of the mapping steps performed in ArcGIS Desktop

10.6.1. Details on the data sources and calculations are outlined in the following sections.

We started with a base map that divided the Island into sub-areas, based on vegetation

types, to which we could spatially assign the ecosystem service values. After constructing

the  ecosystem  service  maps,  which  required  extra  data  layers  depending  on  the

ecosystem service,  each ecosystem service  map was overlaid  with  the  Coralita  cover

scenarios.  This  enabled  calculation  of  the  percentage  Coralita  cover  per  area.

Subsequently, the ecosystem service value losses per area were calculated, based on the

assumed reduction of ecosystem services caused by Coralita. The values for each area

were expressed in USD (2019) per hectare per year ($/ha/yr). Fig. 3 gives a schematic

overview of these steps.

Figure 2. 

Map of St. Eustatius including the National Park areas of Boven and the Quill volcano (dark

green) (left panel) and its location in the Caribbean Sea (red marker) (right panel). (Source:

Google Maps)
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Base maps 

The basis of all  ecosystem service layers was a polygon feature layer that divided the

Island into sub-areas, which we used to calculate and visualise the ecosystems service

values per  geographic  region across  the  Island.  The areas were  based on vegetation

types,  resulting from an extensive vegetation survey by de Freitas et  al.  (2012).  They

described 13 different vegetation types, represented in ~60 sub-areas across the Island.

The Cultuurvlakte was classified as ‘urban’ and not divided into sub-areas. Tieskens et al.

(2014) used this map to spatially allocate several ecosystem services that they derived

from other studies. They further divided the Cultuurvlakte into sub-areas, mostly according

to urban borders, such as roads. We used the same map in this study, but we detected a

geographical reference shift in south-western direction, which we adjusted based on the

ArcGIS World  Imagery  maps via  the Edge Matching tool  (Spatial  Adjustment  toolbox).

Furthermore, we deleted all polygons without vegetation description that were smaller than

10m  via the Eliminate tool  (Data Management toolbox)  because they appeared to be

slivers of the vegetation polygons. This resulted in a feature layer with 96 polygons (sub-

areas)  to  which  the  different  ecosystem  service  values  were  assigned  (Fig.  4).  The

polygons ranged from 0.12 to 129 hectares, except for the hills in Boven, which formed one

connected sub-landscape spanning 298 hectares. To visualise the Island’s topography in

the final figures (Figs. 6-8), we used a grey-scale elevational layer with hill shading effect

and two layers  with  the Island’s  main  roads and buildings below the semi-transparent

ecosystem  service  layers.  All  maps  had  XY  Coordinate  System

2

Figure 3. 

Schematic overview of the general steps of the mapping methodology used to calculate and

map the loss of ecosystem service values due to Coralita presence on St. Eustatius. The data

maps used to build the ecosystem service layers differ per ecosystem service. The overlay of

each Coralita cover scenario with the ecosystem service layers resulted in a map of the loss of

ecosystem service values. Units are percentage (%) and USD per hectare per year ($/ha/yr).
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WGS_1984_UTM_Zone_20N and world satellite images were used as a background in

Figs. 4-8 (Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,

USDA, USGS, AeroGRID, IGN and the GIS User Community).

Figure 4. 

Vegetation map of St. Eustatius derived from de Freitas et al. (2012), with additional polygons

to divide the Cultuurvlakte (Tieskens et al. 2014) and adjusted for the purpose of this study.

Figure 5. 

Dominant Coralita cover scenarios of 3% (a) (derived from Haber et al. (2021)) and 36% (b)

on the Island of St. Eustatius. The conglomerate of white buildings in the northern hills is the

NuStar oil terminal.
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Coralita cover scenarios 

The analyses were based on three scenarios of Coralita cover, expressed in percentage

cover of the Island’s total surface area: 0% (absence of Coralita), 3% dominant cover (Fig.

5a) and 36% dominant cover (Fig. 5b).

The  0%  scenario  illustrates  the  situation  before  Coralita  invasion,  as  well  as  the

hypothetical scenario of complete Coralita removal and ecosystem restoration in the future.

The ecosystem service values in this scenario represent the potential economic value of

ecosystem services unaffected by Coralita. Most of the data used for this baseline scenario

stem  from  recent  years  when  Coralita  was  already  present;  however,  we  carefully

considered whether the obtained values were affected by the Coralita presence at that

time, for example, when the archaeological value was based on expenditures from tourists

visiting archaeological sites and the sites were not covered in Coralita at that time, we

assumed no effect on the value.

The 3% scenario was based on remote sensing of dominant Coralita cover in 2014 by

Haber et al. (2021). Focusing on dominant cover, the 3% scenario captured hotspots of

densely present Coralita only,  excluding the larger area of subdominant invasion. Most

patches were located on the Cultuurvlakte and around the north-eastern slopes of the Quill

volcano (Fig. 5a).

The 36% scenario was based on the observed Coralita presence by Berkowitz (2014).

Visually,  Coralita was estimated to cover 33% of the entire Island. Although this range

included subdominant cover, the dominant patches are likely to expand within that range.

Therefore, we combined the Berkowitz range and the 3% scenario patches into one map

using the Mosaic To New Raster tool (Data management toolbox), which added up to 36%

cover.  In  this  way,  we  established  a  36% dominant  cover  future  scenario.  Given  the

estimated Coralita range expansion of approximately 50% between 2007 and 2014, this

scenario is realistically reached if no rigorous measures are taken. In this scenario, the

Cultuurvlakte  is  almost  entirely  invaded  by  Coralita  and  dominant  cover  progresses

upslope on the northern and eastern flanks of the Quill (Fig. 5b).

Data resources

Ecosystem service values and losses per Coralita cover scenario 

The terrestrial ecosystem services used in this study were tourism, non-use value, carbon

sequestration,  archaeology  and  local  cultural  and  recreational  value.  The  choice  of

ecosystem services was based on data  availability  and prior  identification of  the most

valuable ecosystem services on the Island (Cado van der Lely et al. 2014, Kerkhof et al.

2014, Tieskens et al. 2014). Although the ecosystem services included in this paper are

based on the internationally-recognised Common International Classification of Ecosystem

Services (CICES) (Haines-Young and Potschin-Young 2018), we labelled them with more

intuitive  and  familiar  names  in  order  to  allow  non-experts  in  the  ecosystem  services

terminology and local decision-makers to straightforwardly comprehend the meaning of the
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studied ecosystem services. The ecosystem service tourism is attributed to visitors and

refers to the CICES section Cultural (biotic) – experiential and physical use (code 3.1.1.1

and 3.1.1.2).  The non-use value is held by Dutch citizens in Europe and refers to the

CICES section Cultural (biotic) – existence (code 3.2.2.1). Carbon sequestration serves the

global community and refers to the CICES section Regulation & Maintenance (biotic) (code

2.2.6.1). The local cultural and recreational value (hereafter referred to as local value) is

the benefit to the local community and refers to the CICES section Cultural (biotic) (code

3.1.1.1).  Archaeology  is  the  only  cultural  ecosystem  service  that  falls  in  the  CICES

extended section of abiotic services and refers to direct, in-situ and outdoor interactions

with natural physical systems that depend on presence in the abiotic environmental setting.

It  includes  intellectual  and  representative  interactions  with  abiotic  components  of  the

natural environment, such as ruins and ancient artefacts that have either an existence or

bequest value (codes 6.1.2.1 and 6.2.2.1).

The economic value maps of  three ecosystem services were extracted from an earlier

study by Tieskens et al. (2014) (tourism, archaeology and local value; downloaded from

the  Dutch  Caribbean  Biodiversity  Database  (https://www.dcbd.nl/document/economic-

value-terrestrial-ecosystem-st-eustatius) and two were newly constructed for the purpose

of this study (carbon sequestration and non-use value). The configuration of the value, the

valuation method and the method of spatial allocation to the Island differed per ecosystem

service. Table 1 gives an overview of these factors,  which are further explained in the

following  sections.  It  also  includes  the  loss  of  each  ecosystem service  value  that  we

determined  for  the  3%  and  36%  Coralita  cover  scenarios,  expressed  in  percentage

reduction of the initial  ecosystem service values under the 0% Coralita cover scenario.

After  determining the percentage Coralita  cover per  area using the Zonal  Statics tools

(Spatial  Analyst  toolbox),  the  reductions  were  calculated  via  the  Field  Calculator.  The

spatially distributed values were expressed in USD per hectare per year ($/ha/yr), rounded

off for clarity in the text. All values were corrected for inflation to USD (2019) (CBS 2019),

including the calculated values referred to as USD or $ hereafter.

Tourism Non-use value Carbon

sequestration 

Archaeology Local value 

CICES

section 

Cultural (biotic)

– experiential

and physical

use (3.1.1.1

and 3.1.1.2)

Cultural (biotic) –

existence (3.2.2.1)

Regulation &

Maintenance

(biotic) (2.2.6.1)

Cultural (abiotic) (6.1.2.1

and 6.2.2.1).

Cultural

(biotic) –

experiential

use (3.1.1.1)

Table 1. 

Overview of  background data,  allocation  and valuation  methods used to  determine the  spatial

distribution of the loss of ecosystem service values under different scenarios of dominant Coralita

cover on St. Eustatius. Abbreviations: CICES = Common International Classification of Ecosystem

Services; WTP = willingness to pay; BES Islands = Bonaire, St. Eustatius and Saba.
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Tourism Non-use value Carbon

sequestration 

Archaeology Local value 

Value

composition 

Tourist

expenditures +

WTP of

tourists for

nature on St.

Eustatius

WTP of Dutch

mainland

inhabitants for

nature on St.

Eustatius

Market price of

the amount of

carbon

sequestered by

St. Eustatius’

forests

Tourist expenditures +

WTP of tourists and local

inhabitants for

management of

archaeological sites

WTP of local

inhabitants for

nature

conservation

Valuation

method 

Tourist exit

survey with

Choice

Experiment

Contingent

Valuation and

Choice

Experiment

amongst Dutch

mainland

inhabitants

Calculated with

tree cover data

and carbon

fixation rate of

tropical dry forest

Tourist exit survey and

household survey, both

with Choice Experiment

Household

survey with

Choice

Experiment

Valuation

sources 
Kerkhof et al.

(2014) 

Beukering et al.

(2012)(WTP all

BES Islands),

share St.

Eustatius derived

in this study

Calculated in this

study

Kerkhof et al. (2014)

(tourists), Fenkl et al.

(2014) (local inhabitants)

Fenkl et al.

(2014) 

Spatial

allocation 

Along hiking

trails (Tieskens

et al. 2014)

Based on

biodiversity

distribution

determined in this

study

Based on tree

cover distribution

used in this

study

Following probability

map of archaeological

findings by ARGEOgraph

(Tieskens et al. 2014)

Based on

accessible

forest areas (

Tieskens et al.

2014)

Map layers

(ArcGIS)

excluding

base layers 

Tourism value

(Tieskens et al.

2014)

Tree cover, iguana

sightings,

important birding

areas, turtle

nesting sites and

endemic plant

layers, adding up

to one biodiversity

layer used to

create non-use

value layer

Tree cover layer

used to create

carbon

sequestration

layer

Archaeology value (

Tieskens et al. 2014)

Local value (

Tieskens et al.

2014)

Value loss for

Coralita

covered areas

under 3%

scenario 

33% 100% 80% 100% 100%

Value loss for

Coralita

covered areas

under 

36% scenario 

77% 100% 80% + 30% 100% 100%
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Tourism 

The  tourism  value  attributable  to  nature  was  derived  from  Kerkhof  et  al.  (2014) and

mapped  according  to  Tieskens  et  al.  (2014).  The  value  was  composed  of  tourist

expenditures (revenues of the tourism sector, dependent on nature) and the willingness to

pay (WTP) of tourists for conservation of the natural environment on the Island. This WTP,

obtained through an extensive choice experiment, was used as a proxy for how highly

people value the ecosystem (Kerkhof et  al.  2014).  The total  value related to terrestrial

nature was $1.2 million per year. This value was spatially distributed on the Island along

the hiking trails, because the terrestrial nature is mostly enjoyed by hiking the trails in the

National Park areas. The trails up the Quill volcano are especially popular with tourists.

The tourism values were weighted by the trails’ popularity and included a 200-metre radius

around the trails (Tieskens et al. 2014).

To determine the loss of tourism value under the 3% Coralita scenario, we assumed a

complete loss of WTP by tourists for the places with dominant Coralita cover, because a

degraded habitat  dominated by one species is  likely  not  considered worth  conserving.

However, we did not expect the overall expenditure of tourists to decline yet, since the

patchiness of this scenario still provides plenty of uninvaded habitat along the trails that

tourists  are  hiking.  Therefore,  it  was  assumed  that  tourists  were  visiting  these  areas

equally often. Besides, the 3% scenario reflects the minimum dominant cover situation in

2014,  when  there  was  no  evidence  of  tourism decline  due  to  Coralita  presence.  The

proportion  WTP from the  total  value  was  33%,  the  other  67% reflected  expenditures.

Hence, the tourism value was reduced with 33% in areas that were dominantly covered by

Coralita under the 3% scenario.

For the 36% cover scenario, we assumed the same decline to zero for the WTP (33% from

the total value), plus an additional loss in expenditure. We expected the large areas of

dominant Coralita cover in this scenario to discourage tourists to hike the trails, because

the beautiful  and diverse scenery  that  they  were previously  enjoying would  largely  be

replaced by a monoculture of Coralita. In the study by Kerkhof et al. (2014), scores given

by tourists for how much they enjoyed the features of 'natural landscape' and 'hiking' made

up  65% of  the  maximum 'enjoyability  score'.  Assuming  a  full  decline  of  these  scores

because  a  Coralita-dominated  landscape  is  not  likely  to  be  enjoyed  by  tourists,  we

calculated a loss of 65% from 67% (the share of expenditures in the total value). In addition

to the 33% decline to zero of the WTP, this resulted in an overall 77% loss of tourism value

for the areas with dominant Coralita cover under the 36% scenario.

Non-use value 

The  non-use  value  reflects  the  value  of  importance  assigned  to  nature  through  the

willingness to conserve the ecosystem. It is often considered a biodiversity value, referring

to the richness of nature and its perception by people. In contrast to the other ecosystem

services, it is not based on goods directly provided by the ecosystem and used by people.

In  this  case,  the  non-use  value  is  defined  by  the  willingness  to  pay  (WTP)  of  Dutch

mainland  inhabitants  for  the  conservation  of  nature  on  St.  Eustatius.  Beukering  et  al.

Mapping the economic loss of ecosystem services caused by the invasive ... 11



(2012) determined the WTP from Dutch inhabitants for nature on the BES Islands (Bonaire,

St. Eustatius and Saba) through a combination of contingent valuation methods and choice

experiments. Nature in this experiment included the terrestrial and marine ecosystems of

all three Islands and yielded a total non-use value of $20 million per year.

To derive the value for terrestrial nature only from the total WTP value that included both

marine and terrestrial  nature,  we assumed that  one third  was attributable to  terrestrial

nature and two thirds to the marine areas. This assumption was based on the emphasis on

the marine habitat  in  the choice experiment  (i.e.  the graphic illustration of  BES nature

showed an underwater scenery) and because all Islands are relatively small compared to

their  vast  surrounding  marine  areas.  The  individual  portion  of  the  total  non-use  value

associated  with  St.  Eustatius  was  determined  by  its  proportion  of  the  total  terrestrial

surface area of the three Islands. Bonaire is much larger than St. Eustatius and Saba (288

km², 21 km² and 13 km², respectively), but St. Eustatius and Saba harbour more natural

habitat. Therefore, we rounded off St. Eustatius’ share of 7% in surface area to 10%. This

resulted in a total non-use value for terrestrial nature on St. Eustatius of $680,410 per year.

The total  non-use value was mapped according to a biodiversity score system that we

developed for this study. Every polygon received a summed score based on five indicators

that we chose, based on their importance to biodiversity and data availability: tree cover,

endemic iguana presence, the occurrence of endemic plants, sea turtle nesting sites and

important birding areas. Mean tree cover (Suppl.  material  1) (Hansen et al.  2013) was

divided into low, medium and high forest cover (<20%, 20-60% and >60%, respectively)

and scored accordingly, because dense tropical forests harbour higher genetic diversity

and species richness (Wilson et al.  2012). We included iguana presence, based on an

iguana  sightings  map  downloaded  from  the  Dutch  Caribbean  Biodiversity  Database

(https://www.dcbd.nl/document/iguana-sightings-st-eustatius) (Suppl. material 2). With their

critically endangered status, they are close to manifesting a major loss in biodiversity (Burg

et  al.  2012).  Important  birding  areas were also  included through the Dutch Caribbean

Biodiversity  Database  (https://www.dcbd.nl/document/important-bird-areas-caribbean-st-

eustatius)  (Suppl.  material  3).  The presence of  the  critically-endangered  turtle  species

(Mortimer and Donnelly 2008) was  scored,  based  on  the  beaches  where  they  nest

(Esteban et al. 2018) and  the  endemic  and  iconic  Statia  Morning  Glory  ( Ipomoea 

sphenophylla) occurrence was derived from a distribution map by Leeuw (2014) (Suppl.

material 4). The summed scores were weighted by the size of the sub-area where they

occurred  and  standardised  to  relative  scores,  allowing  us  to  assign  each  polygon  a

proportion of the total monetary non-use value and establish the values in $/ha/yr.

To  calculate  the  reduction  in  non-use  value  under  the  3%  and  36%  Coralita  cover

scenarios, we assumed the WTP to be zero for the dominantly-covered areas. A dominant

Coralita system quickly loses its biodiversity, degrading the area to a poor ecosystem that

likely  no-one  is  willing  to  pay  for  (Burke  and  DiTommaso  2017).  Coralita  affects  all

biodiversity factors that we used to map the non-use value, i.e. by degrading habitat and

smothering nesting sites (of birds, iguanas and turtles) and overgrowing endemic plants.

Therefore, non-use values were reduced by 100% for the dominantly covered areas under

both Coralita cover scenarios.
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Carbon sequestration 

Carbon sequestration is considered a regulating ecosystem service function because it

reflects  the  capture  and  storage  of  carbon  from the  atmosphere  (Haines-Young  and

Potschin-Young  2018).  To  define  the  value  of  carbon  captured  by  the  forests  on  St.

Eustatius, mean tree cover in hectares (ha) was calculated for each polygon. Mean tree

cover was based on remotely-sensed canopy data by Hansen et al. (2013) (Suppl. material

1). Carbon sequestration values can be directly derived from the net primary productivity

(NPP), which reflects the net carbon gain by plants (Chapin and Eviner 2014). The NPP of

tropical dry forest is estimated to be 8-21 metric tonnes (megagram) per hectare per year

(Mg/ha/yr), which is slightly lower than for tropical wet forest (13-28 Mg/ha/yr) (Murphy and

Lugo 1986). As the forests on St. Eustatius are relatively wet dry forests (van Andel et al.

2016), we used 21 Mg/ha/yr multiplied by the tree cover area (ha) to calculate the amount

of carbon per polygon. The European Union Emissions Trading System (EU ETS) April

2019 price of $24.86 per metric tonne was used to calculate the monetary value of carbon

per polygon in $/ha/yr. As the April 2019 price was similar to the 2019 average carbon price

($25), the results were unaffected by short term market fluctuations. We used the market

price instead of the more holistic social costs of carbon, because our study aims to guide

local  decision-makers in their  efforts to manage their  ecosystems in rather constrained

conditions with limited budgets. By adopting the market value of carbon, a more financially

realistic picture is presented in which these policy-makers could theoretically even try to

sell  the generated carbon credits  on the global  market.  Moreover,  van den Bergh and

Botzen (2015) state that, in view of the many uncertainties and omissions in current cost–

benefit analyses of climate impacts and the social costs of carbon, alternative approaches,

such as using the market value, should be considered.

The  loss  of  carbon  sequestration  value  under  the  3%  Coralita  cover  scenario  was

calculated by assuming 80% reduction for the areas covered in Coralita, based on the

study of van der Heijden et al. (2015) that assessed the carbon sequestration reduction of

forests covered in lianas. The remaining 20% reflects carbon sequestration through the few

uncovered parts of the trees and by Coralita itself, a plant that captures a minimal amount

of carbon compared to trees because of its much lower biomass (De Deyn et al. 2008).

For  the  36%  Coralita  cover  scenario,  we  expected  more  impact  on  the  carbon

sequestration value. With vast continuous areas of dominant Coralita cover, eventual death

of trees is a likely result, causing a release of carbon into the atmosphere (Tyukavina et al.

2018). Instead of capturing carbon and functioning like a carbon sink, these spots can then

become a carbon source (Baccini et al. 2017). We estimated this to happen to 30% of the

trees, considering that not all trees are equally susceptible and that varying factors, such

as soil conditions, can enhance local resilience (Burslem and Whitmore 1999). This 30%

was added to the assumed 80% reduction for the dominantly covered areas under the 36%

Coralita scenario.
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Archaeology 

Archaeological  sites  and  potential  archaeological  findings  in  the  landscape provide  an

important economic value. The rich (pre)history of trade and colonisation by Amerindians

and,  later,  by  Europeans  and  Africans,  has  led  to  high  probabilities  of  finding

archaeological artefacts and current public archaeological sites are frequently visited by

tourists.  The  archaeology  value  of  St.  Eustatius,  derived  from  the  mapping  report  of

Tieskens et al. (2014), consisted of these tourist expenditures and the WTP of tourists and

local inhabitants to manage archaeological sites. The WTP values were obtained through

the same choice experiments as the WTP for nature that determined the non-use and local

value (Kerkhof et al. 2014, Fenkl et al. 2014). The total archaeological value of $285,445

was spatially distributed based on a probability map of expected archaeological findings by

ARGEOgraph (ARGEOgraph 2013, Tieskens et al. 2014).

The loss of archaeological value for dominant Coralita cover was assumed to be 100%,

because Coralita easily overgrows any type of archaeological site. The expenditure from

visiting  archaeological  sites  will  inarguably  decline  if  they  become  invisible  due  to

smothering by Coralita and WTP for archaeology is equally likely to fall when there are no

visible sites left and potential excavation is hampered by Coralita presence. Therefore, a

complete loss or archaeology value was calculated for the dominant Coralita areas under

both scenarios.

Local cultural and recreational value 

The  local  cultural  and  recreational  value  (also  referred  to  as  local  value)  reflects  the

importance of the natural environment to the local inhabitants, reflected by their willingness

to pay (WTP) for conservation or improvement of this environment.  Fenkl et al.  (2014)

designed a survey to gain insight into the activities and engagement of local people related

to the natural environment, including a choice experiment that demonstrated their WTP for

nature conservation. Based on the number of households and the WTP derived from the

survey, the total value reserved for nature conservation by the local people was estimated

to be $41,315. This value was spatially distributed in relation to accessible forest areas,

assuming that these areas serve as the most important enjoyable nature areas to the local

inhabitants and, thus, are the areas they are most willing to pay for when it  comes to

conservation (Tieskens et al. 2014).

Ecosystem service Total annual value 0%

scenario 

Total annual loss 3%

scenario 

Total annual loss 36%

scenario 

Tourism value $1,231,310 $3,858 $111,545

Non-use value $751,298 $18,016 $212,472

Table 2. 

Total annual value of ecosystem services in USD (2019) for the 0% Coralita cover scenario and

total annual loss of ecosystem service values under the 3% and 36% Coralita cover scenarios on

the Island of St. Eustatius.
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Ecosystem service Total annual value 0%

scenario 

Total annual loss 3%

scenario 

Total annual loss 36%

scenario 

Carbon

sequestration

$410,625 $8,292 $132,744

Archaeology value $285,445 $8,416 $105,542

Local value $41,315 $1,222 $14,401

Total $2,719,993 $39,804 $576,704

For both Coralita cover scenarios, the local cultural and recreational value was expected to

decline to zero. Most local people are fully aware of the negative impacts of Coralita and

they  have  indicated  strong  'unwantedness'  of  its  presence  (Vaas  et  al.  2017).

Consequently, the local value loss was calculated to be 100% for the areas of dominant

cover under both Coralita cover scenarios.

Figure 6. 

Distribution  of  ecosystem service  values  in  USD (2019)  per  hectare  per  year  for  the  0%

Coralita cover scenario on the Island of St. Eustatius.
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Results

0% scenario 

Of all ecosystem services, the largest component was the tourism value (Table 2). The

total tourism value of $1.2 million per year was concentrated mainly on the Quill and in

Boven  National  Park,  with  values  ranging  from  $0  to  $16,477/ha/yr  (Fig.  6a).  The

Cultuurvlakte received solely low values and the highest value belonged to the crater of the

Quill volcano.

The second largest value was the non-use value, with a total amount of $751,298 per year

(Table 2). This amount was more evenly distributed over the Island than the tourism value,

spanning  a  range  from  $0  to  $756/ha/yr  (Fig.  6b).  The  higher  values  were  mostly

represented by the National Park areas of Boven and the Quill, extending partly onto the

Cultuurvlakte from the Quill  towards the centre of the Island. The north-western part of

Oranjestad and its neighbouring beach yielded higher values than most beaches on the

Island.

The carbon value ranged from $0 to $473/ha/yr and its distribution clearly represented the

mean tree cover pattern (Fig. 6c) (Suppl. material 1). Accordingly, the forests on the Quill

and in Boven National Park generated the highest values. The yearly value amounted to

$410,625 (Table 2).

Archaeology showed a unique geographic pattern compared to the other services, with

values peaking mainly on the Cultuurvlakte and at the bottom of the north-eastern Quill

slopes (Fig. 6d). Each value level was slightly lower than for carbon, ranging from $0.1 to

$408/ha/yr. With a total yearly value of $285,445, archaeology was the fourth contributor to

the total economic value (Table 2).

The  smallest  ecosystem  service  value  was  the  local  cultural  and  recreational  value,

ranging from $0 to $59/ha/yr. The total value of $41,315 was mainly concentrated on the

slopes of the Quill and in Boven National Park (Fig. 6e) (Table 2).

The sum of  all  ecosystem service values amounted to a total  economic value of  $2.7

million per year (Table 2). The highest values per hectare were clearly located on the crater

of the Quill ($12,362 - $17,564), indicating the significance of the volcano for the Island’s

ecosystem services.  Mid-range values  were  distributed  on  the  volcano’s  flanks  and in

Boven  National  Park  ($528  -  $5,417)  and  the  lower  values  appeared  mainly  on  the

Cultuurvlakte, around the oil terminal and on the south-western beach areas (Fig. 6f).

3% scenario 

The total loss of ecosystem service values under the 3% scenario was $39,804 per year

(Table 2), which was 1.5% of the total value under the 0% scenario. This loss was largely

driven by the reduction of the non-use value, that accounted for 45% of the total loss and

reached ca. $100/ha/ yr in two areas on the northern base of the Quill (Fig. 7b) (Table 2).

These areas also showed the highest total value loss (up to $183/ha/yr) and belonged to
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the highest loss category for carbon, archaeology and the local value (Fig. 7c-e). The 3%

cover pattern affected the tourism value only on the slopes of the Quill, which accounted

for a relatively large overall loss on the eastern flank (Fig. 7a,f). Despite the low Coralita

abundance on the western slopes of the Quill, there was still a considerable overall loss

because all ecosystem services, other than archaeology, were affected. A smaller area with

severe impact was near a trail end on the west coast, just below the hills of Boven (Fig. 7f).

The high density of Coralita at this location resulted in high-end losses for carbon and

archaeology values (Fig. 7c,d). The areas least affected by Coralita presence under this

scenario were a portion of the Cultuurvlakte towards the east coast and around the oil

terminal (Fig. 7a-f).

Figure 7. 

Distribution of the loss of ecosystem service values in USD (2019) per hectare per year for the

3% Coralita cover scenario on the Island of St. Eustatius.
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36% scenario 

This scenario demonstrated a substantial loss of all ecosystem services, amounting to a

total yearly loss of $576,704 (Table 2). This is a 21.2% loss of the total economic value

under the 0% scenario. Similar to the 3% scenario, the ecosystem service with the largest

loss was the non-use value. However, losses were more evenly distributed, with tourism,

carbon and archaeology values largely contributing as well (Table 2). The highest loss per

hectare occurred in the tourism value, with losses up to $661/ha/yr on the eastern slopes

of the Quill (Fig. 8a). This was reflected in the total loss map, where a major part of the

eastern flank fell into the highest loss category (Fig. 8f). With losses between $769 and

$1,256/ha/yr, this category also extended further onto the Cultuurvlakte and towards the

north-western slopes of the Quill  (Fig.  8f).  On the southern slope, an area with losses

between $42 and $119/ha/yr occurred, whereas the 3% scenario only caused a negligible

loss at this site (< $4/ha/yr) (Fig. 7f) (Fig. 8f).

Figure 8. 

Distribution of the loss of ecosystem service values in USD (2019) per hectare per year for the

36% Coralita cover scenario on the Island of St. Eustatius.
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Discussion

Interpreting total ecosystem service values and losses 

The total value of the five main ecosystem services of St. Eustatius included in this study

was $2.7 million per year for the 0% scenario (unaffected by Coralita) (Table 2). This is

2.7% of  St.  Eustatius’  Gross Domestic  Product  (GDP) (CBS 2018).  The 3% and 36%

dominant Coralita cover scenarios caused a total loss of $39,804 and $576,704 per year,

respectively (Table 2). The 36% scenario loss accounts for 0.6% of the GDP. The only

former studies directly relating the economic costs of invasive species to the national GDP

found a  loss  of  1.36% in  China  and 1.37% in  the  United  States  (US);  however,  both

estimates were based on the effects of all nationally-occurring invasive species combined

(283 for China and 50,000 for the US) (Pimentel et al. 2005, Xu et al. 2006). This shows

that  the loss of  0.6% GDP resulting from only  one invasive species in  our  study is  a

relatively major impact.

Moreover, since we included only five terrestrial ecosystem services, our estimate of the

total value and subsequently the total value loss due to Coralita was very conservative.

Considering all ecosystem services, including those provided by the marine system, which

have shown to make up the largest share of ecosystem service values on St. Eustatius

(Cado van der Lely et al. 2014), would further increase the proportion of the total value loss

in relation to the GDP of the Island. Although Coralita is a terrestrial species, it likely also

affects  the  marine  environment  through  run-off  and  sedimentation.  Coralita  presence

shows  a  positive  trend  towards  increased  erosion  rates (Jesse  et  al.,  in  prep)  and,

especially  on  steep  slopes,  eroded  soils  rapidly  enter  lowland  watersheds,  eventually

ending up in the ocean (Haber et al. 2016, Haber et al. 2021). Increased sedimentation has

a negative impact  on the balance of  coral  reef  ecosystems by promoting algal  growth

(Debrot and Sybesma 2000) and reducing herbivory (Bellwood and Fulton 2008),  which

favours the algae in their competition with corals. This, in turn, reduces the overall diversity

of the system and reduces its resilience to disturbances (Nyström et al. 2000). A degraded

marine environment is detrimental for the diving industry, which makes up the largest part

of  the tourism value on St.  Eustatius (Kerkhof  et  al.  2014).  Diving and snorkelling are

primary reasons to visit the Island for many tourists, so a substantial decline in tourism

value is expected upon degradation of the coral reef. The main diving area is located just

off the west coast, in line with the western slopes of the Quill (Suppl. material 5). Therefore,

this area of the reef may easily be affected by potential increased run-off due the presence

of Coralita on the steep slopes. Ultimately, it should be realised that the effects of Coralita

extend beyond the terrestrial  environment and probably cause far more comprehensive

damage than we demonstrated in monetary values in this study.

Besides not  being able to  include all  ecosystem services provided on and around the

Island in this study, another point to consider is the difference in data accuracy and timing

of the ecosystem service valuation and distribution methods. Values based on the studies

from 2014 were updated where possible, for example, adjusted to the recent number of

inhabitants on the Island; however, there was still an unavoidable variation amongst data
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layers ranging from 2013 to 2019. For instance, for carbon sequestration, the combination

of most accurate and most recent data resulted in tree cover data from 2013 and carbon

prices from 2019 and the spatial distribution of the non-use value was built on species data

from varying  years.  This  variance  could  result  in  different  outcome values  should  the

studies be repeated today, especially with highly volatile parameters, such as the carbon

market price. However, we expect most valuation methods to be relatively stable, as we

see no reason to assume that people drastically changed their  attitude towards nature

valuation. Moreover, it could be assumed that people are more willing to pay for nature

now that climate change and habitat degradation become more visible, both in the direct

surrounding and on the global agenda (Gärtner and Schoen 2021). Again, this would point

towards an underestimation of the ecosystem service values and hence losses caused by

Coralita.

Spatial distribution patterns 

The initial distribution of values (0% scenario) mainly corresponded to the distribution of

forest cover, with higher values in the National Park areas and especially in the Quill crater

(Fig. 6f) (Suppl. material 1). This demonstrates how most ecosystem services are linked to

the more pristine ecosystems,  giving value to  the greener,  less urbanised areas.  Only

archaeological values and some local values showed different patterns, giving more value

to the Cultuurvlakte. This can be explained by the locations of archaeological sites in the

urban areas and the probability of findings that was higher on most beaches according to

the ARGEOgraph map (Fig. 6d). Although most of the Quill is covered in equally dense

forest, the crater and crater rim generated much higher values than the slopes (Fig. 6f).

This was driven by the peak values of tourism in the crater (Fig. 6a), since visiting the

crater is one of  the main attractions on the Island. Furthermore, the crater is home to

endemic plant and bird species and contains rare primary forest habitat. Ultimately, the

centre  of  the  Quill  volcano  is  the  most  economically  valuable  part  of  St.  Eustatius’

ecosystem.

Under both Coralita cover scenarios (3% and 36%), the highest losses were concentrated

on the slopes of the Quill. Given the initial distribution of ecosystem service values (0%

scenario) with the highest values covering the Quill, this pattern seems plausible. In the 3%

scenario, the non-use value made up the largest component of the total loss (Table 2). This

means that the total loss of the 3% scenario was mostly due to the negative impacts of

Coralita on the biodiversity that (mainland) Dutch inhabitants are willing to pay for. For the

two highest loss areas, at the northern base of the Quill (Fig. 7b,f), this is explained by the

density  of  dominant  Coralita  cover  patches concentrated in  highly  biodiverse areas.  In

these  areas,  apart  from  smothering  native  vegetation,  Coralita  overgrows  (potential)

nesting sites in  the habitat  of  birds and iguanas.  The Lesser  Antillean Iguana (Iguana 

delicatissima) is an iconic and critically-endangered species (IUCN Red List 2018). The

decline of a single species may seem a local ecological event; however, it can extend to

the ecosystem service level and ultimately shrink the large amount of money from Dutch

mainland inhabitants that St. Eustatius could receive for its nature.
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The  36%  scenario  demonstrated  a  much  higher  loss  of  tourism  values  than  the  3%

scenario. Although the total yearly loss was still highest in the non-use value, the tourism

value showed the largest loss in hectares per year: up to $661/ha/yr (Fig. 8a). This is an

important  result  because  the  Island's  economy  is  highly dependent  on  tourism.  The

Strategic Development Plan for the Island (Koene 2010) also includes strategies to further

develop the tourism industry for economic purposes. Our study shows that the threat of

Coralita should be seriously considered in relation to tourism, because it can have a large

impact on tourism numbers, expenditure and their WTP for the environment. Tourists have

indicated that hiking and the natural landscape are amongst the most enjoyed features of

their  Island visit;  few tourists  visit  the Island without  hiking trails  in  the National  Parks

(Kerkhof et al. 2014). It should be recognised that especially the popular trails on the Quill

volcano will rapidly lose their attraction if Coralita dominates the landscape. Although diving

is still the most enjoyed and profitable tourist activity (Kerkhof et al. 2014), degradation of

the natural landscape will likely lead to tourists visiting another Caribbean island to enjoy

the terrestrial landscape when they are not engaged in marine activities.

The loss in archaeological value is also linked to tourism, since tourists have indicated that

visiting historical sites is their foremost terrestrial activity (50% of all tourists visit historical

sites, followed by 48% that take an Island tour by car and 40% that go hiking) (Kerkhof et

al. 2014). They also firmly agreed with the statement that archaeological heritage should

be promoted more. Although the WTP of tourists for archaeology management is part of

the archaeological  value in  this  study,  this  interest  implies that  a decline in  accessible

archaeological  heritage  may  also  negatively  affect  overall  tourism  appreciation  for

terrestrial activities on the Island.

Scenario validity 

The difference between the annual loss under the 3% and 36% Coralita cover scenario is

larger than the proportional difference in Coralita cover (1.5% and 21% of the total value,

respectively). This results partly from the assumed extent of the damage that increases

with the extent of the invasion: large, monospecific carpets of Coralita are more likely to

completely  smother  trees  and  degrade  habitats,  whereas  smaller,  sparsely  distributed

patches allow for a more diverse landscape, more light to penetrate and more space to use

for  nesting  and  foraging  by  animals.  Furthermore,  it  is  explained  by  the  difference  in

affected areas. Considering the Quill area, the most economically-valuable region of the

landscape, we see Coralita literally creeping up the slopes. The further it progresses, the

higher the losses will be. The obvious questions are: what is the current situation and how

realistic are the estimated losses?

The current situation lies in between the two scenarios: using the rate of spread estimated

by Berkowitz (2014), the minimal dominant cover is likely ~6% in 2021. This is probably still

an underestimate,  because the remote sensing method cannot  detect  Coralita  when it

grows underneath the canopy (Haber et al. 2021). Besides, all effects from subdominant

cover are not included in this scenario. The assumptions made to estimate the loss under

different scenarios are hypothetical  rather than empirical.  However,  the direction of  the

effects is often a solid case based on observation or literature and, therefore, we consider
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the  estimates  a  valid  approach to demonstrate  the impact  of  Coralita  on the included

ecosystem services.

When estimating the increase of Coralita cover over time, it  should also be noted that

exogenous factors will likely favour Coralita growth, i.e. abiotic influences like the current

warming trend in temperature and the occurrence of  hurricanes (Heger and van Andel

2019).  With  abiotic  stress,  native  plant  communities  generally  become  less  resilient,

resulting  in  competitive  advantage for  exotic  species  (Bullard  2010).  Disturbances that

cause canopy openings,  such as lightning or  hurricanes,  create suitable conditions for

pioneer invasive species like Coralita (Debrot and Bugter 2010, Eppinga and Pucko 2018).

With  a  predicted  increase  in  hurricane  intensity  (IPCC  2014)  and  the  location  of  St.

Eustatius  in  the  Caribbean  hurricane  belt,  Coralita  may  well  be  favoured  (again)  by

hurricane events in the near future (Eppinga and Pucko 2018).

Priority areas 

Our study provides a clear image of the areas where Coralita is causing the highest losses

in total economic ecosystem service values. The analysis can help define the priority areas

for Coralita management and, furthermore, serve to balance costs and benefits of removal

versus lost ecosystem service values. While the costs of complete Coralita removal have

yet  to  be  defined,  it  is  evident  that  the  costs  become  disproportionally  higher  with

increasing  Coralita  cover  (Jesse  et  al.,  in  prep).  Furthermore,  the  recently-developed

model by Eppinga et al. (2021) suggests that removal strategies focusing on smaller, more

isolated patches would be most effective. Therefore, targeting these specific patches in an

early succession state is likely to have a strong positive effect on the cost-benefit balance.

For  almost  all  ecosystem  service  values,  the  Quill  volcano  yields  the  highest  value,

especially on the northern and eastern slopes. Coralita has slowly been progressing up the

slopes  for  years,  although  it  seems  to  have  an  elevational  threshold  around  150-200

metres above sea-level (masl) (Ernst and Ketner 2007; Berkowitz 2014). This may be due

to  the  increased angle  of  the  slopes,  a  change in  soil  properties  or  the  fact  that  the

vegetation on the higher slopes of the Quill  is still  too dense and resilient for invasion

(Ernst and Ketner 2007). However, nowadays Coralita can already be found occasionally

above 200 masl and has also shown to be capable of smothering dense, natural vegetation

at elevations around 100 masl. Therefore, the slopes of the Quill should be a priority area

to stop Coralita  from progressing further  up into the healthy forests  of  the volcano.  In

combination with the results of  the model  by Eppinga et  al.  (2021) that  show removal

strategies focusing on smaller, more isolated patches would be most effective, targeting

exactly those type of patches on the slopes of the Quill should provide optimal results.

Conclusions

While monitoring and evidence of the negative effects of Coralita on St. Eustatius started

more than a decade ago, no rigorous measures have been taken yet. We hope that the

minimal economic loss of $39,804 per year and future expectancy of $576,704 per year
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due to Coralita presence are a wake-up call to realise the threat of this invasive species to

the economy of the Island. The economic losses in ecosystem service values and, more

importantly, their spatial distribution, will hopefully form a basis for prioritised management

strategies  and  promote  urgent  action  to  tackle  the  major  problem of  Coralita  that  St.

Eustatius is currently facing. We recommend future research efforts to focus specifically on

making a cost-benefit  analysis of Coralita removal from isolated patches in the defined

priority areas, as this would greatly contribute to the design of management strategies.
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