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Summary

Recent inventories have documented no less than 211 exotic alien species in the wild for the Dutch
Caribbean. These amount to no less than 27 introduced marine species, 65 introduced terrestrial plants,

72 introduced terrestrial and freshwater animals and 47 introduced agricultural pests and diseases. A list

of these species, pests and diseases are found in resp. Debrot et al . (2011) , Van der Burg et al . 2012,
and Van Buurt and Debrot (2012, 2011). The rate of introductions and establishment of invasive ali en
species (IAS) worldwide has grown rapidly as a result of increasing globalisation. I nvasive species cause
major ecological effects (decimating native flora or fauna populations) as well as economic losses to

these islands, across sectors such as agricul ture (diseases, weeds and vectors), fisheries (fish diseases

and the lionfish), industry (rodents and termites), tourism (roadside weedy species) and public health

(mosquitos). Recently in Curacao the kissing bug Triatoma infestans  was found; this is a vector for
Chagas disease. It almost certainly came in with palm leaves imported from South America to be used as

roof covering for  recreationalbeach fipal apadso.

Several countries in the Caribbean have developed a strategy to address the invasive species problem
already, such as Jamaica (Townsend 2009), the Bahamas (BEST Commission 2003) and St. Lucia

(Andrew and John 2010, Chase 2011). Islands are particularly at risk because of a number of factors:

their small size, resulting in sma Il vulnerable plant and animal populations, a relatively large border

which is difficult to control, a small human population lacking the necessary expertise and resources to

take adequate measures. For islands, the sea acts as a strong natural barrier for natural transport of
terrestrial flora and fauna, however human activities helped in overcoming this barrier. The issue of feral
animals, especially roaming cattle, donkeys, goats create similar problems everywhere: they have a
devastating effect on tree and shrub regeneration, which greatly degrades the natural vegetation, with

severe soil degradation as a result. This shifts the competitive advantage to hardy exotics and creates

runoff of nutrients and silt into the sea, where algal growth and silt deposition are damaging the coral.
The new nature policy plan for the Caribbean Netherlands assigns a high priority to the invasive species
problem (MinEZ 2013), which worldwide is considered second only to habitat destruction as a long -term

threat to biodivers ity (Kaiser 1999, Mooney 2001).

While acknowledging a focus on the Caribbean Netherlands in specific (Bonaire, Saba, St. Eustatius) this

report sets the first key steps in developing a common frame of reference for the whole of the Dutch
Caribbean (i.e. i ncluding the islands of Aruba, Curacao and St. Maarten). These islands share historical

and cultural ties, partly similar climates, scarce expertise, and experience most IAS as a common
problem. The magnitude and severity of the problem is evident and nece ssitates a joint strategy into
which action at insular level can be embedded for maximum efficiency and synergy: a common Invasive

Alien Species Strategy (IASS).

The main action points for implementation are:

1. Develop and adopt guiding legal lists for ac tion: Black lists, Alert lists and Watch lists ,
enumerating the species for which border control is essential or for which control and management

actions would be required. A special task group should be made responsible for keeping these lists up

to date.

2. Install  effective border controls . To prevent is better than to cure: the costs of controlling or
eliminating invasives once established can be very costly. For this reason and because of the earlier

indicated special vulnerability of the island ecosys tems, it is strongly recommended to prevent the

entrance of (more) invasives.

3. Establish Invasive Species Management Teams . For the coordination of data collection, evaluation
and the initiation of actions, a special team is required. This ISMT team shall have its own facilities and
budget.

4. Define responsibilities and mandates . Ultimate responsibility for IAS control lies with the island
government s. This means that policies regarding IAS will be determined by the government.
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However, to be effective and efficient the ISMT (see 9.) needs full mandate to act within the limits of
their own budget.

5. Require quarantine documents . Phytosanitary certificates and animal health certificates will be
required for all imports.

6. Enforc ement. Staff must be trained and instructed how to perform border controls. They must obtain
sufficient mandate and means to confiscate and dispose of prohibited goods.

7. Develop action plans . A plan of action needs to be ready , describing the successive steps and
decisio ns that have to be made for key threat species at all stages of the invasion process.

8. Arrange access to properties . When an alien species is invasive and needs to be eliminated, it is
important that regulations allow the exterminators access to all properties, private and public alike.

9. Assure public support . Large scale programs for extermination and control, especially of animals,
needs extensive publ i c support. Volunteers may prove essential

10. Make rapid surveys . In order to decide whether a complete eradication is needed or that monitoring
and restricting the distribution (mitigation) is the best or only option, a survey of the extent of the
probl em must be assessed by experts.

11. Rapid re sponse . Usually a rapid action can localise the problem to a restricted area or eliminate the
first individuals effectively so that no further costs have to be made.

12. Make risk assessments before introducing natural enemies. In case species are already present in
vast numbers, biological control is often a last resort. This usually means introducing a natural enemy

from the area of origin of the species. This means introducing another alien species, which may become

a pest in itself. Expert consultation and small -scale experimenting is usually needed before the potential
natural enemies can be safely released.

13. Create an information system . A team of experts managing a computer database is needed. This
ISMT team needs to develop a system for easy repor ting of new discoveries of alien species, for
maintaining and updating information on key threats. The information system supports policy, action and

research at all levels of the invasion process.

14. Create a platform for cooperation . In order to develop the system further, a national as well as an
island platform is needed for participation of all relevant stakeholders. These platforms will develop
recommendations for the ISMT and the island governments, and may also act as support group for the

ISMT.
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Terms of Reference

The arrival of exotic species to native communities is a large and increasingly more frequent problem

world -wide, including the Caribbean (Williams and Sinderman 1992; Williams et al . 2001; Kairo et al .

2003; Lopez and Krauss 2006). While many introduced s pecies are unsuccessful , some new arrivals

become extremely abundant and widespread and can negatively impact native flora and fauna. Such

introduced species are often referred to as fAinvasive alien
economic losses worldwide (Pimentel et al . 2005) and rank amongst the most important drivers of local

and global reductions in biodiversity (World Conservation Monitoring Centre 1992; Vitousek et al . 1996;

1997; Mooney and Hobbs 2000). Island ecosystems are especially vu Inerable to biological invasions and

often also happen to possess unique concentrations of biodiversity. This is also the case with the islands

of the Dutch Caribbean which all lie within a global hotspot for biodiversity (Myers et al. 2000;

Mittermeier et al. 1999).

Since 2010, when the former island state known as the Netherlands Antilles was disbanded and the

islands of Bonaire, Saba and St. Eustatius acceded to the Netherlands, the ultimate responsibility for

nature management on these islands has lain with the Ministry of Economic Affairs, the Netherlands. As

one of the premier threats to biodiversity, early on this ministry identified the problem of IAS as a core

area of focus for policy development for its three Caribbean islands and the surrounding m aritime EEZ
zone. In the current nature policy plan (2013 -2017) for the Caribbean Netherlands, invasive species are
identified as the highest threats to biodiversity for both marine and terrestrial nature (MinEZ 2013).

The Netherlands is signatory to seve ral international treaties and conventions which accord special

emphasis to invasive species. These are the Convention on Biological Diversity (CBD) which in
Article 8h <calll on its members O0to prevent the introduction
which threaten ecosystems, h abilIM@ Ballast WMater oneeatiore s 6, artdhhe 200 4
Ballast Water Management Convention (BWM)  whic h the Netherlands ratified in 2010, and finally

the International Plant Protection Convention (IPPC), which principally aims to protect cultivated

and wild plants by preventing the introduction and spread of pests.

Consequently, in 2011 the Ministry of Ec onomic Affairs commissioned IMARES to review the IAS problem

for the Dutch Caribbean. That work resulted in four reports, jointly documenting no less than 211

introduced alien species for the Dutch Caribbean which are present in the natural environment. As IAS
are often costly to combat  , but at the same time overlap between the islands was large, development of

a joint approach based on a shared awareness was a key recommendation and formed the basis for the
Ministry to commission this study.

Our report r epresents the combined input of 38 island organizations and 62 individuals , based on
meetings (25 organizations and 44 persons spoken with) and questionnaires (an additional 13
organizations and 18  persons spoken with).  The island organizations and individuals represented  diverse
sectors that have to do with IAS in one way or other, either as importers of biological material, in policy

development, in  enforcement and  control or in nature management.

This report was edite d by Sarah Smith,  Joost van der Burg, Dolfi Debrot, John de Freitas and Gerard van
Buurt (in order of text contributed). Project leader: Dolfi Debrot. Additional input was provided by:

Aruba - Veterinary Clinics Aruba, Directorate of Infrastructure and Environment - Inspection of Public
Health and Environment, Aruba Port Authorities, Aruba Marine Park Foundation, Directorate of Shipping
Aruba and Fantastic Gardens Aruba.

Bonaire 1 Bonaire Ho tel and Tourism Association (BONHATA), Human Environment and Transport

Inspectorate i Shipping (I&M), Echo, STINAPA, Wayaka Advies BV, Ministry EZ Agriculture & Fisheries,
Dutch Caribbean Nature Alliance (DCNA) and DROB.
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Curaca0 7 Vi vi ands Nur s & Ministry & Adalh ABBvironment and Nature, Veterinary practice
Doest, Executive department of Veterinary Affairs.

Saba i Saba Conservation Foundation, Island Government, Agriculture Station, Mosquito Control Unit,
Saba Airport, Customs, Saba Foundatio n for Prevention of Cruelty to Animals, Saba Port Authority, Saba
Public Health Department

St. Eustatius T St. Eustatius National Parks, Department of Agriculture, St. Eustatius Harbour Service,
St. Eustatius Health Department

St. Maarten 1 St. Maarten Nature Foundation, Landscape West Indies, Ministry of Public Health, Social

Development and Labour for the Government of Sint Maarten, Ministry of Public Housing, Spatial
Planning, Environment and Infrastructure (VROMI).

8 of 102 Report number C020/14 i PRI Report number 550



1 Introduction

The ever -increasing international traffic of persons and goods has resulted in the arrival of a whole range

of species in Caribbean Netherlands ( CN). These would never have reached the islands by natural
processes alone : they have profited from this increa sed mobility. Insects are transported in suitcases,
marine species are transported in ballast water, terrestrial plants and animals are escaping from

cultivation and captivity. The majority of these species are not sufficiently adapted to the new

environme nts to survive, let alone produce offspring. But some are. For years such species may remain

unnoticed whilst adapting to the new environment. This is the so -called dag phase 6 But when
circumstances are right they may proliferate exponentially because th ey occupy a 6nicheo6 that w
or less empty or that belonged to a less -competitive native species. Often these new arrivals have the
advantage of absence of natural enemies. It takes time for predators to adapt to the newly arrived
species and in the m eantime the then invasive species can proliferate freely (out)competing the local

species, endangering them with extinction. Examples of such species are the Lionfish ( Pterois
volitans/miles ), the small Asian mongoose ( Herpestes javanicus ) and Rubber vine (Cryptostegia
grandiflora ).

Apart from ecological impacts , also economic
losses may be considerable. Direct losses
may occur if a species invades areas
rendering them useless for e.g. horticulture.
Examples are Purple nutsedge (  Cyperus
esculentus ) or Corallita (  Antigonon leptopus )
that may invade vegetabl e gardens (Figures
1 and 2). The Lionfish (  Pterois
volitans/miles;  figure 4) preys on fish larvae
and outcompeting local fish, negatively
impacting commercial fish stocks (Albins and
Hixon 2008), while the Boa constrictor
(figure 3) feeds on native birds a  nd lizards
(Quick et al. 2005). Another example are
insects or pests that ruin trees (e.g. the Red

palm weevil). In many cases the costs are Figure 1. A lot for sale on Saba overgrown with Corallita
significant: costs for control and (W.J. van der Burg).

management may become huge if action is
delayed for too long. For example, the
eradication of the Giant African land snail in
Florida has cost an estimated 1 million US
dollars (USDA 2013). The annual costs of
IAS control in the Netherland s is estimated
to cost about 1.3 billion euros (van der
Weijden et al. 2005). This relates to the
costs of musk rat control, and control and
eradication of invasive water plants. Special
cases are introductions that may affect
human and animal health, such as dengue
fever and the mosquitos that are
transmitting the disease.

The costs of control grow exponentially with

the growth of the invasive populations.
Therefore , it is of utmost importance to try to prevent the introductions altogether. This means control at

the borders, and these are also not without costs. Developing a system of monitoring, early detection,
control and management requires knowledge about the species in and around CN as well as capacity to

take measures in the field or sea.

Figure 2. A vegetable field on St. Eustatius infested with
Nutsedge (W.J.vander Burg ).
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Recent years ha ve shown an exponential increase in introductions world -wide a nd the same can be
concluded for the Caribbean Netherlands. Consequently unless action is taken, the situation and
consequences will only become worse. As pathways for accidental and/or intentional introduction of

potentially harmful alien species continue to develop, a proactive instead of a merely reactive approach is
essential.

A proactive strategy towards IAS (Townsend 2009) will be based on:

a) Preventon ito | imit the number of | AS that enter the countryds
b) Early detection and eradication i to detect, track down and eliminate potential threats before
they can establish themselves
c) Control and management of species already established - to minimize impact
d) Rehabilitation - of areas rendered useless by invasive species
e) Public awareness - as public attitudes towards trafficking with live biological materials is the

main source of the problem.

This will require establishment of human and
material capacity to implement measures
promptly as well as the legal framework to
authorize and mandate actions (such as
confiscations, and eradication measures).
Aside from a special team (an Invasive
Species  Management  Team)  effective
implementation will require capacity training
in relevant sectors such as agriculture,
landscaping, fisheries, nature conservation,
customs, police, and judiciary bodies.

Elsewhere , it is often the case that key
departments with environmental mandates do

not have the programs or ca pacity they need,
Figure 3. A Boa constrictor on Aruba ( G. van Buurt ). while others with good programs do not have
the legal mandate or sufficient capacity to do

the work (Townsend 2009). Such mismatch needs to be avoided.

The ability to tap into a wide range of taxonomic expertise is essential to allow spec ies to be accurately
identified. Therefore, cooperation with external institutes and experts needs to be established to allow

rapid identification of potential threats. At present, efforts are made by the United States Department of

Agriculture (USDA) to e stablish a network for the entire Caribbean for plant pests through the installation

of the Caribbean Plant Health Directors Forum (CPHD). The network , known as the Caribbean Pest
Diagnostic Network  (CPDN) ( www.cari bpest.org ), intends to provide a collaboration and communication

tool to share information on plant pests.

1.1 Dutch Caribbean

This project was carried out as follow -up to four recent reports that provide an overview of exotic and
invasive species in the Dutch Caribbean (Debrot et al . 2011; Van Buurt and Debrot 2011, Van der Burg
et al . 2012, Van Buurt and Debrot 2012). The main f indings and recommendations of those reviews can

be summarized as follows:
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1.1.1 Marine invasives

Twenty -seven (27) (known or suspected) marine exotic speci es for one or more islands of the Dutch
Caribbean, of which some are also invasive. The marine communities of the Dutch Caribbean have
suffered major changes based on a handful of marine exotic and/or invasive species, particularly in the

special case of ( opportunistic) pathogens. The
arrival of a marine exotic species is possible
through a variety of pathways. Former
identified pathways include; lifting along with
ballast water (Buddo et al . 2003) or ship hulls
(commercial or recreational, Sammarco etal.
2010; Willette et al . in press ; Mantelatto and
Garcia 2001), hull fouling and accidental
introduction  from aquaculture or the
aquarium trade (Sammarco et al. 2010;
Morris et al . 2008). As eradication and control
have proven difficult for marine exotics,
management practices should especially focus

on preventing the arrival of these species.
Harbours are often areas where marine exotic
species establish themselves first. While the

primary introduction of exotic species is by Figure 4. The Lionfish, a top introduced predator in many
definition  related to human act ivities, once coral reef environments (M.J.A Vermeij).

introduced, natural dispersion by means of
ocean currents may also contribute to the
spread of such species. An example of an
invasive marine species is the seagrass,
Halophila stipulacea  (figure 5).

1.1.2 Terrestrial exotic plants

Sixty -five (65) naturalised and (potentially)
invasive alien plant species. The Coral vine
(Antigo non leptopus ), the Rubber vin e
(Cryptostegia grandiflora ), the N eem tree
(Azadirachta indica ) and &éDonna

g#re Cho kingly -dense growth of the invasive seagrass,
opsana stipulacea, 9 m depth, San Nicolas Bay, Aruba,

(Botriochloa pertusa ) appear to be the four June 2013 (B. Boekhoudt).
main problematic species. To control the
introduct ion of and the proliferation of invasive species the key recommendations of Van der Burg etal.
(2012) were:
1 the development of  Black, Watch and Grey lists
1 public awareness
1 funding for staff to control pathways of introduction,
1 development of management plans for specific species to stop further spreading,
1 research on control, and
1  proper legislation.

1.1.3 Terrestrial and freshwater exotic animals and pests

The list of terrestrial and freshwater exotic introductions amounts to 61 inv asive animal species (12
exotic mammals, 16 birds, 13 reptiles, 5 amphibians, 2 freshwater fishes, 3 insects, 2 molluscs and 8
exotic earthworms), as well as some 47 exotic pests, diseases, parasites and pathogens. Some of the

most deleterious animal introductions have been mammals such as goats, the mongoose, the cat and the
black rat (Van Buurt and Debrot 2012). In case of terrestrial and freshwater invasive species, prevention
is also preferred compared to control or eradication.
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Important pathways are container transported goods, international trade in pets and trade in ornamental
plants. In most cases, invasive terrestrial species are so wide -spread, firmly established or even kept as
livestock, that eradication may no longer be possible. Urgent control of these species in sensitive areas
will therefore be essential. Several introduced mammals and reptiles are currently  still present in
relatively small populations, making eradication still very feasible (Van Buu rt and Debrot 2012). Van
Buurt and Debrot (2012) identified the following actions necessary for successful action against invasive
species on the Dutch Caribbean islands:
M  control of goats
1 control of introduced predators
9 eradication of several small popula tions of exotic mammal predators and reptiles before their
proper establishment
9  eradication of introduced species from small satellite island (which serve as seabird breeding
habitat), and
1  prevent further introductions.

In addition two key action points which are urgently needed are the development of the existing
l egislation en the empowerment of invasive species management
important that these initiatives be firmly imbedded in a policy framework.
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2 Objectives and approac h

The Dutch Ministry of Economic Affairs (EZ) requested IMARES and PRI to develop an Invasive Alien

Species Strategy for the Caribbean Netherlands . Using the four studies (mentioned in section 1.) as a
baseline starting point, the objectives of this study were to jointly with island partners discuss priorities,

constraints and key needs and develop a main list of action points to promote and guide the
implementation of a proactive strategy towards IAS in the Dutch Caribbean. This project consisted of the
following 4 objectives

a) Dissemination of the above -mentioned review reports so that partners have access to the
current state of affairs with respect to invasive species.

b) Development and  distribution of an IAS -questionnaire (Appendix 1) to gain insight into
institutional the perception on the IAS problem, the priority species considered, the participants
actual or potential contribution to addressing IAS, and the priority problem areas in miti gating
the IAS problem. This guestionnaire was mailed in April and May 2013 to actual (and potential
partners) on all six Dutch Caribbean Islands (Bonaire, Aruba, Curacao, St. Maarten, Saba and St.
Eustatius). The organization s the questionnaire was se  ntto (137 in total) included governmental
bodies, veterinary practices, customs, tourism authorities, waste management authorities,
police, nurseries, food importers, animal trade, research institutes and shipping companies
(Appendix 2). Intotal, 24 orga nization s responded.

c) Island meetings held with key institutions and organizations in the Caribbean Netherlands to
discuss the initial survey findings and identify priorities in developing a joint approach. These
meetings took place from the 18th of June to 2nd July 2013. In total 44 individuals were spoken
with involving a total of 2 5 organizations (Appendix 3). Eleven of these organizations also filled
in a questionnaire.

d) After receiving last input in (September) a joint strategy document was drafted for consultation.
This draft was sent out for final comments and review to the Ministry of EZ and island partners
in beginning December 2013 and finalized based on the received input at the end of December
2013.

2.1  Acknowledgements

We thank the following contribu tors to this initiative: Rijksdienst CN, Ministry of Economic Affairs of the
Netherlands, Agricultural Services Bonaire, Saba, and St. Eustatius, Customs, Coastguard, Police,
Agriculturalists, DCNA, SCF, STENAPA, STINAPA, DROB, Spatial Planning Bureau Stat ia, Veterinary
Clinics Aruba, Directie 1&M Aruba, Aruba Port Authorities, Aruba Marine Park Foundation, Directie
Scheepvaart Aruba, Fantastic Gardens Aruba, BONHATA Bonaire, 1&M ILT Shipping Bonaire, Echo,

Wayaka Advies BV, Ministry EZ Agriculture & Fisher ies Bonaire, DCNA, DROB, Vivianods
CARMABI, Policy Organization Ministry of Health, Environment and Nature Curacao, Veterinary practice

Doest, Executive department of Veterinary Affairs Curacao, Saba Conservation Foundation, Island
Governme nt, Agriculture Station, Mosquito Control Unit, Saba Airport, Customs, Saba Foundation for

Prevention of Cruelty to Animals, Saba Port Authority, Saba Public Health Department , St. Eustatius
National Parks, Department of Agriculture, St. Eustatius Harbour Service, St. Eustatius Health
Department, St. Maarten Nature Foundation, Landscape West Indies, Ministry of Public Health, Social
Development and Labour for the Government of Sint Maarten (VROMI).

In addition we would like to thank L.A.P. Lotz, and M.J.A. Vermeij for their expert knowledge and M.J.A
Vermeij, R. Hensen , B. Boekhoudt, M. Terpstra and C. de Haseth for contributing the necessary photos.
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3 Results

3.1 Survey

Intotal 1 37 island organizations were sent questionnaires and reminders

, and 24 questionna

returned with responses (Table 1, Appendix 2). Bonaire showed the highest response rate, 8 out of 2
(36 %), whereas the more populous islands of Aruba, Curacao and St. Maarten showed uniformly low
response s rates (combined: 14 out of 111 = 13 %).

Table 1. Number of questionnaires sent and received per island.

ires were

2

Island Questionnaires sent Questionnaires received Percent (%)
return
Aruba 48 6 13
Bonaire 22 8 36
Curacao 42 5 12
Saba 2 1 50
St. Eustatius 2 1 50
St. Maarten 21 3 14
Overall 137 24 18
10
8
<
(h' 6
Z
N
@
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Figure 6. The number of questionnaires returned per Caribbean island.
The results of the survey as represented in different figures are found in Appendix 4. In the present
section a short description is given of the general outcome of the inquiry. The questionnaire first focuse d

on the organizations themselves (sector, organ

on priorities concerning the IAS problem and thirdly enquired about the capacity and needs of the
organization in order to contribute to the fight against invasive alien species.

The majority of the participants  belonged to the categories Governmental (42%) and
Organizations (40%). The remaining participants belonged to the categories Agriculture, Farmer,

izational program), secondly enquired about their views

Nature

Tourism and Individual Citizens. Most of the participants rated the importance of the IAS -problem in their
organi zational program as high (50%) . The next hi ghest
averageo i mportance (25%). Even so, they proclaimed that

(83%)) more attention.
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The response from org anizations not directly concerned with nature management , such as shipping
companies, fisheries or pest control companies was limited. For an overview of the contacted
organizations see Appendix 2. As the IAS problem has been an issue on the islands for so me years now,
the authors do not think that the awareness of the problem is lacking . It is possible that the necessary
more detailed knowledge needed to answer the gquestionnaire, may not be readily available within the
organizations not directly concerned with nature management. The participants that did answer the
guestionnaire indicated that the IAS -problem was being taken serious withi n their organizational
program.

The top 3 of most impacting invasive alien species in the Caribbean were considered to b e the Lion fish
(29%), goats (22%) and the Red palm weevil (9%). The Lionfish preys on fish larvae without having a

natural predator that in turn preys on it. As a result, the Lionfish outcompetes local fish and may

negatively affect commercial fisheries. G oats often roam free on the islands grazing, thereby
endangering native plant species and indirectly causing erosion problems. The Red palm weevil causes a

lot of damage to various species of palm trees.

Due to their presence in the top 3, i t can be expec ted that the Lion fish (67%) and the Goat (50%) scored

high in their present ecological impact on the Caribbean islands (figures 7), as perceived by the surveyed
organizations . The invasive species Cat  (figure 8) , Rat, Mouse and Rubber vine are considered t o have an
average ecological impact. Whereas, the Pink mealy bug, the Agave weevil, the Whistling frog and the

Shiny cowbird seem to be |l esser known invasive alien
chosen . The Mosquito is considered to have a considerable ecological impact and the Corallita vine an
average impact on the islands.

In addition, participants also mentioned Donkey (6x), Boa constrictor (3x), (wild) Pig (4x), Sheep (once),
Tecoma stans (Kelki hel, 1x),  Pedilanthus sp. (Milkbush, 1x) and Neem tree (1x) as invasive alien species

of primary concern. Tecoma stans and Pedilanthus sp. were rated to have an average ecological impact,
while the Donkey, Boa, Pigs, Sheep and Neem tree would have a considerable to high ecological impact
accordi ng to the respondents.

Goats, Lionfish and the Red palm weevil are predominantly seen as the most impacting
invasive alien species.

60

a
o
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H Low

m Average

Considerable
m High

m No opinion

% of participants (N&4)
N
o

Cat Rat Mouse Goat Mosquito Corallite Rubber
vine vine
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Figure 7. The different invasive alien species ranked according to their present ecological impact on the
Caribbean islands according to the questionnaires participants (N=24).

The participants were also asked to rank the different invasive alien species according to economic
impact on the island to the best of their knowledge. Ranking the ecological impact of an invasive alien
species on the islands seemed to be a more difficult task, as the majority of the participants checked the

ANo opiniond option for mo s Goats gné the e ®wnfish Hre predenemantly ranked
AHIi ghdo on t heir ceoothaigdands.cThei m\oaquito (29%) and the  Red palm weevil (21%) are
next in line and ranked as having a fAConsiderabled economic

When asked which invasive alien species
could be successfully controlled, an even

larger number of participants ch ecked the #@ANoO
opiniono box. However, t he
control Cats and Goats were predominantly

ranked as AHi gho, whi |l e t he
predominantly ranked

fAverageo/ o0Considerabl eo. The

control Rats and Mice was ranked as
AfConsiderabl eo.

The participants were asked to rank, from
very low to high, known invasive alien species
not yet found on the island according to their

priority to be kept off the island. Most of the
listed options for invasive alien species  were
Figure 8. Feral c at about to kil and remove a Red  -billed ranked as a high priority to keep off the island.
Tropicbird, Phaethon aethereus, fledgling from its nest A large part of the participants also checked
bur row, Saba, December 2013 (M. Terpstra ). the 6No opiniond option.

Based on the high number of participants that checked the
suggest that respondents feel unsure about the potential dangers that these species represent

for the islands. As the remainder of the participants predominantly r anked the different

species as high, our results suggest that the respondents would support keeping all new

potential invasive species from entering the islands. Participants also mentioned the

Screwworm and the Giant African land snail as potential invasi ve species to be reckoned with.

The majority of the participating organizations (88%) stated to be willing to contribute to the fight

against invasive species.  This was predominantly by providing people (39%, e.g. staff, hunters, trappers,

bee keepers, shooters), equipment (20%, e.g. pig traps, sprayer, hunting dogs), facilities and vehicles
(each 17%, e.g.  office and storage space, truck ) and toxins (5%).
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Other options included: communication, know -how, policy, feedback, raising awareness and PR. All
organizations indicated that they currently contribute to addressing the IAS problem, predominantly

through creating awareness (20%), through policy development (19 %), eradication and control and
research (both 16%). Man -hours involved per year were mostly around <300 / 300 -500 (resp. 42% and
25%) and occasionally > 1000 ( 17%), while the financial resources that represented these activities

were considered to be belo w the 1000 USD (67%) and occasionally between 1000 i 10.000 USD or
10.000 7 100.000 USD (resp. 17% and 4%).

Even though the willingness to contribute is clearly large , there are major constraints in terms
of budget and time/availability of personnel for o perations and research.
The top 3 areas in which r  espondents experienced problems when combating invasive species were: 1)

Awareness (22%), 2) Policy (16%) and 3) Enforcement (16%), followed by Capacity and Finance (each
13%). According to the participants the top 5 priority problem areas that need to be overcome for a
successful mitig ation of the IAS  -problem are:

1. Political attention (26%)

2. Awareness (24%)

3. Embedding into legal framework/ Enforcement (20%)
4. Capacity (14%)

5. Lack of IAS knowledge (13%)

The majority of the participants recommended that regulations should focus on all areas of approach
mentioned (57% All of the above: Knowledge, Prevention, Eradication Control, Restoration of native

species). The options in declining order were Prevention (18%), Eradication (9%), Control (8%) and
Knowledge (6%).

Respondents con cluded that awareness and basic knowledge under the public, political
attention and enforcement (through legal framework) were the area s most urgently needed
to start successfully addressing the IAS -problem. In addition, the participants stressed the

need for regulations to prevent invasive alien species entering the Dutch Caribbean.

Fifty -two percent (52%) of the organizations were interested in capacity training. The areas of interest

for capacity training ranged from prevention (23%), knowledge (20%), eradication (20%), control (15%)
and restoration of native species (15%). Alternative organizational structure was another field of interest
mentioned. The need for an IAS database was less clear (52% yes and 43% maybe), however the
required information wi  thin the database ranged from information on prevention (20%), alert species
(15%), present IAS species (14%), eradication (11%), control (12%), pathways of introduction (9%),

legislation (9%) and restoration of native species (8%).

The majority of the or  ganization indicated that the extent to which they communicate with surrounding
countries concerning the invasive alien species problem is low (50%) to medium (27%).

The wish for a database and capacity training was average. It seems that the majority of the
participants give priority to action and implementation rather than inventories.
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3.2  Synthesis of the Caribbean Netherlands island discussions

In total five islands were visited and 44 people w ere spoken with, representing 25 organizations . The IAS
problem is shared between the Dutch Islands and there is considerable overlap in many aspects of this

problem. A synthesis is limited to the three Caribbean Netherlands islands (i.e. Saba, Statia and

Bonaire).

From the meetings held on the Dutch islands t he consensus is that the IAS problem should be addressed
via a three -tiered approach (a) prevention, b) rapid response and c) control and mitigation). Parties
agree that prevention of entry should be the main focus to limiting and containing the IAS proble m.

The two biggest bottlenecks to implementation were the almost total lack of useful legislation, and lack

of capacity. The exception is where it concerns species of public health concern, particularly the yellow -
fever mosquito and rats. The current tea ms for these species are considered adequate in terms of
capacity and resources (by those involved) but additional training and certification are welcomed.

The needs for implementation in terms of legislation, capacity and the most pressing practical nee ds are
highlighted separately per island. To address the IAS issue more broadly, the consensus was that new
legislation needs to be developed to be consistent with other existing legislation , and additional island -

teams of 3 -5 individuals are minimally nee ded.

3.3 Island overviews

3.3.1 Statia

The number of potentially deleterious invasive species continues to grow. The most disturbing recent
introduction is the Giant African Snail (figure 9). The most economically damaging recent introduction so
far is the Lethal -yellowing virus that has

killed a large fraction (maybe 30%) of the

coconut trees.

Point of entry
For invasive species in general, parties

agree that prevention at the point of entry

is most effective. The key focus should be
directed to prevention of entry , for those
species not already present on a given
island . Awareness of potential problems
and willingness to cooperate are high but

the required legislation, capacity and
practical tools all remain totally lacking.
The legal basis for any action by Customs

to prevent entry of species that have the
customary health papers is completely Figure 9. Giant African land snail on St Maarten
absent. Customs needs legislation,

identification sheet s and experts on call and can then easily keep an eye out for invasives and collaborate
to write police reports. There is a need for better legislation to prevent new introductions, for training to
identify new threats during inspections and screening.

Sp ecific needs:
Legislation:

- Full legislation needed to require self -reporting of importation, and to provide authority for
impoundment, confiscation, quarantine and destruction.
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Capacity:
- Minimally one dedicated customs officer
- Training .

Practical:
- Quarantine capability needed for the port
- Id entification sheets for customs.
- Network of experts on call

Rapid Response

There is no legislation or organized personnel capacity for rapid response of any kind. LVV has one staff

level personnel member funded by the Ministry of EZ that is part time dedicated to invasive species

issues. Minimally one dedicated staff member is needed to coordinate implementation. Aside from some

shotguns and fencing materials of LVV, spears (used for lionfish) and cat trap s of STENAPA, there is no
supply of tools with which to trap, kill catch or eradicate any invasive species. STENAPA is active in
combating and assessing impacts of invasive species but is very limited in personnel capacity and does

most if not all projects in conjunction with outside support by visiting scientists. It is willing to head and
coordinate rapid response efforts on selected species when needed, as well as to serve as experts for

species confirmation for suspected shipments.

Specific needs:

Leg islation
- Full legislation needed to outlaw species and provide authority for impoundment, confiscation,
guarantine and destruction.

Capacity:
- Minimally one fully  -dedicated officer
- Training .
Practical:
- Standard tool kits to be developed for main target species .

Control and mitigation

Four Statia island organizations are currently active in combating established invasive species. These are

the Agriculture Department, STENAPA, the Public Health Department and the Animal Shelter. The only
directly funded p rogram (3? persons fulltime) is the control of species of direct public health impact,
namely the mosquito Aedes aegypti and rats. The housefly is sometimes a problem that is addressed
using poisoned baits.

On Statia, rats appear much less a problem tha n on Saba. This is likely due to less feral fruit trees being
present, due to alternation in the use of rodenticide (which prevents the build -up of resistance) and due
to landfill practices that reduce night -time food availability. Cats are also much less of a problem than on
Saba because the Animal Shelter does not release unwanted pets into the wild as was common practice

until recently on Saba. Mosquitos may be more of a problem on Statia than Saba because gardens often

have more refuse that collects wat er. Sanitary conditions that breed roaches and flies also appear to be

more of a problem on Statia than on Saba.

STENAPA devotes some attention to the Lionfish while the Animal Shelter helps combat the
overpopulation of pets by neutering pets for a fee. The Agriculture Department currently has several
persons part -time dedicated to reducing and controlling feral livestock. Work is underway to facilitate
livestock reductions as well as studies in cooperation with IMARES to evaluate herd size structure and
distribution and the effects of livestock grazing on vegetation development.
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Specific needs:

Legislation
- Full legislation needed to provide authority for impoundment, exclusion, confiscation, quarantine
and destruction.

Capacity
- Minimally one dedicated officer to coordinate control and mitigation (towards species other than
mosquitoes and rats)
- The inspectors ask for training and police authority to better do their work

Practical
- Astudy is needed to assess and compare the costs and benefit s of roaming livestock to facilitate
well -informed decision -making.
- Study needed to assess feral grazer population size as this defines magnitude of the problem
and the magnitude of the required effort to contain the problem.
- Standard tool kits to be devel oped for main target species.

3.3.2 Bonaire

Even though nature and environment are the pillar upon which the economy of Bonaire largely rests, the

Nature and Environment Division of the Bonaire Government is allotted only one quarter of a percent of

the annual i sland government budget. This is way too little considering the importance of the sector. A

larger proportion of the more than 120 million guilders spent annually must be allotted to the sector.

Only with more capacity is it possible to deliver the sustain ed effort that is necessary to address the
invasive species problem.

Point of Entry
While customs recognizes the problem, and is ready to cooperate it must be better equipped, in terms of

legal status, training, information resources (folders and sheets) and tools of the trade. The islands need
their own inspections, particularly concerning ornamentals, pets and agricultural products which form the

main entry pathways for new invasive species, with a short list of acceptable (useful) species and
defining a | | fotherodo species as fiblack | istedod and wundesired.
(manpower, equipment and time) to do all their current duties, and would need additional resources to
effectively address this matter.

Specific needs:

Legislation
- Full legislation needed to require self -reporting of importation, and to provide authority for
impoundment, confiscation, quarantine and destruction.

Capacity
- Minimally one dedicated customs officer
- Training .

Practical
- Identification sheet s for customs.
- Network of experts on call

Rapid response

Parties consider it optimal on island level to have a single team to decide and coordinate effort on three

major levels of the invasion process. Decision -making criteria to act or not to act on any parti cular
species will be a) actual or potential impact of the species and b) likely effectiveness of the effort. It will

be important to score some early successes as encouragement to all, including volunteers. An example of

a recent success is the Lionfish.
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A removal program was initiated based on volunteers using spear guns immediately after the first

Lionfish was sighted (2009) on Bonaire. Results showed that Lionfish biomass in fished locations was

2.76 -fold lower than in unfished areas on Bonaire and 4.1 4-fold lower than on unfished areas on Curacao
(De Léon et al . 2013). Preliminary results on Little Cayman showed 70 percent more native fish in areas

where Lionfish were culled compared to areas where Lionfish were not culled. Examples of potential
succes ses waiting to be executed are several species of plants on Klein Bonaire.

Specific needs:

Legislation
- Full legislation needed to outlaw (more) species and provide authority for impoundment,
confiscation, quarantine and destruction.

Capacity
- Minimally two fully  -dedicated officers
- Training .

Practical
- Standard tool kits to be developed for main target species

Control and mitigation

Control efforts are currently carried out by three organizations on Bonaire. These are the Department of

Public Health and Welfare, STINAPA and Echo. The first organization largely limits its effort towards

Aedes aegypti mosquito abatement. STINAPA coordin ates a public program addressing the Lionfish and

goat removals from the Washington Slagbaai National Park. Echo is active in the control of feral pigs and ,
to a much lesser extent , bees. No other species are actively targeted for control.

The goat is th e worst invasive and urgent
action is needed. The best conditions to
address goats on Bonaire are inside the
Slagbaai plantation. While conditions
have improved, STINAPA still lacks the
capacity to address the situation. Building
on experience in Curacao a nd applying
approaches and techniques successfully
used there, it should be possible to turn
around the situation in Slagbaai within a
few years. Building from such a success
and with additional studies that deliver
convincing arguments, the nature sector
of Bonaire will be in a stronger, more
convincing position to address the
problem at island level.

To deal effectively with the terrestrial

L . Figure 10. Feral livestock grazing on tree -cactus bark in the
?XOt'C invasive problem. on the BES Washington -Slagbaai National Park, Bonaire, threatens a key
islands a small teams (in the case of food source for native faunaa  nd flora (A.O. Debrot ).

Bonaire, at least 5 people) should be
created and funded initially for several years to evaluate effectiveness.

Specific needs:
Legislation

- Full legislation needed to provide authority for impoundment, exclusion, confiscation, quarantine
and destruction.
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Capacity

- Minimally two dedicated officers to coordinate control and mitigate (towards species other than
mosq uitoes and rats).
The inspectors ask for training and police authority to do their work better.

Practical
- Network of experts and volunteers that can be mobilized to support rapid action.
- Astudy is needed to assess and compare the costs and benefits of roaming livestock to facilitate
well -informed decision -making.
- Action plans to be developed and implemented towards key deleterious grazing species (such as
the goat, pig and donkey.

3.3.3 Saba

The number of potentially deleterious invasive species continues to grow. The most disturbing recent
development is the establishment and spread of introduced Guinea pigs and rabbits at The Level.

Point of entry
Parties agree that prevention at the point of entry is most effective. The key focus should be directed to

pre vention of entry. Awareness of potential problems and willingness to cooperate are high but the
required legislation, capacity and practical tools all remain totally lacking. There is no legal basis for any

action by Customs to prevent entry of species tha t have the customary health papers. Customs needs
legislation, identification sheets and experts on call and can then easily keep an eye out for invasives and
collaborate to write police reports.

Specific needs:

Legislation
- Full legislation needed to require self -reporting of importation, and to provide authority for
impoundment, confiscation, quarantine and destruction.

Capacity
- Minimally one dedicated customs officer
- Training .

Practical
- Quarantine capability needed for the ports
- Livestock trail er for humane transport of imported cattle and goa ts.
- Id entification sheets for customs.
- Network of experts on call

Rapid Response

There is no legislation or organized personnel capacity for rapid response of any kind. Minimally one
dedicated staff member is needed to coordinate implementation. Aside from some spears (used for
lionfish) and cat traps of the SFPCA, there is no supply of tools with which to trap, kill catch or eradicate

any invasive species. Guinea pigs and rabbits are a potential majo r problem but are still easy to contain
as both species are still limited in distribution and numbers, and easy to capture as they are still
relatively tame. Both species are very appropriate for rapid response.

Specific needs:
Legislation

- Full legislat ion needed to outlaw species and provide authority for impoundment, confiscation,
guarantine and destruction.
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Capacity
- Minimally one dedicated officer
- Training .

Practical
- Network of experts and volunteers that can be mobilized for rapid action

Control and mitigation
Three Saba island organizations are currently active in combating established invasive species. These are
the SCF the SFPCA and the Agricultural Station. The only funded program (5 persons fulltime) is the

control of species of direc t public health impact, namely rats and the mosquito Aedes aegypti . SCF
devotes some attention to the Lionfish while the SFPCA helps combat the overpopulation of pets by
neutering and euthanizing unwanted pets. SFPCA does not support abandonment of pets in to the feral

state. The Agricultural Station has several persons fulltime dedicated to abatement of established species

of public health concern. All programs rely heavily on participation of the local community and
volunteers. Most support from the commun ity is obtained for the species that cause hinder (rats and
mosquitoes). For pets there is some legislation requiring registration but this is not being enforced.

On Saba, rats appear much more of a problem than on neighbouring Statia. This is likely due to a
number of factors such as the much larger abundance of feral fruit trees being present, due to the
decades -long use of the identical rodenticide (instead of alternation like on Statia which prevents build -

up of resistance) and due to landfill practic es that allow night -time food availability to cats and rats
(unlike on Statia). Cats are also (still) much more of a problem than on Statia because of the (recently

discontinued) practice of releasing unwanted pets into the wild which has never been common practice
on Statia.

Specific needs:

Legislation
- Full legislation needed to provide authority for impoundment, exclusion, confiscation, quarantine
and destruction.

Capacity
- Minimally one dedicated officer to coordinate control and mitigation (towards species other than
rats and mosquitoes)
- Training .

Pract ical :

- Network of experts and volunteers that can be mobilized to support rapid action

- A solution to the shortage of guppies is important for the Agriculture Station

- Anevaluation of rat  resistance to brodifacoum should be conducted for the Agrlculture Station

- New cat traps for the SFPCA

- Possibilities for control should be studied and evaluated (e.g. bringing the endangered native
tortoise back to help control the invasive snail).

- Theis land landfill needs a varmint -proof night vault for garbage to eliminate food availability to
rats and abandoned cats.

- Action plans to be developed and implemented towards key deleterious grazing species (such as
the cat and rat.
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4 Invasive alien species  strategy for Caribbean Netherlands

4.1 Implement prevention

4.1.1 Lists of prohibited and restricted species

The scale of the IAS pro blem in Caribbean Netherlands means that priorities need to be sharply set.
Black lists, grey lists, watch lists, alert lists have been developed elsewhere in the world , but the criteria
for compiling these lists vary among authors.

Shine et al. (2000) and  Wittenberg and Cock (2001) suggest to Develop lists of
prioritize species according to three categories: black list species, invasives

white list species and grey list species. Black list species are those Black lists, Alert lists,
known to be problematic and risky and need to be dealt with. White and Watch lists need

list spec ies are those proven not to be problematic and grey list
species are the large number of species for which the information
available is insufficient.

to be developed,
officially recognised
and maintained.

EEA (2010) indicates the nee d for further refinement within the

general black category of problem species so as to facilitate a rapid
assessment and response. Within the black Aproblemdo |ist category they p
listd species for which rntlsekareaasproees ssknte the enirensients Healthvor
economy; fiwatch | isto species which have a high likelihood of
monitored; fal ert i st specieso that ar e both a proven ris
introduction.
0 Black fprobl emo | HAroblemat arel cskye s
o Black list Proven risk to the environment, health or economy
o  Watch list High likelihood of being problematic, monitoring needed.
o Alertlist Proven risk, high probability of introduction.
U White list species Not problematic
U  Grey list species Insufficient information available

We recommend following EEA and distinguish between Black, Watch,
and Alert lists:

Black lists  contain species that are already present and are creating Lists Task Group
harm to the environment (reduce biodiversity), health or economy: A special task
these have to be eradicated and are prohibited to import; group should be

. . . made responsible
Watch lists contain species that are already present and have

shown invas ive behaviour elsewhere. These have to be closely
monitored.

for keeping the
listsup -to -date.

Alert lists contain species that are not yet present but are known

invasives elsewhere, in similar climates and are likely to arrive. They are prohibited to import. Species
that are likely to arr  ive may be determined by observing their previous distribution pattern in the vicinity
and with knowledge on the pathways they use. Appendix 5 shows a decision key to determine the

appropriate listing.

In order to prevent the arrival of new invasive specie s in Caribbean Netherlands, it is necessary to make
an inventory of those invasive species already found in other parts of the Caribbean or in surrounding
countries. This requires active interchange of information via an insular knowledge network
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With knowledge on their pathways of introduction, it is possible to estimate the chances of their actual

arrival and to determine which measures should be taken to prevent that. The Caribbean Invasive
Species Working Group (CISWG) in cooperation with the U nited States Department of Agriculture (USDA)
established a report on the pathways of plant pest movement into and within the entire Greater
Caribbean Region (Meissner et al . 2009). It provides necessary information in preventing the introduction

and furth er spread of exotic pests. Debrot et al . (2011) constructed a marine alert list of marine and
cryptogenic species recorded from nearby waters (i.e. <300 km or at an up -current location from an
island) of the Dutch Caribbean. The alert list shows the specie s that can be expected to arrive in the near
future. Similar lists were made for agricultural and animal pests, diseases and vectors (Van Buurt &
Debrot 2012), as well as for plants (Van der Burg etal . 2012).
Because of the different climatic nature of the Leeward Islands as compared to the Windward Islands,
two sets of lists have been developed, with the latter also taking
account of the more humid forest species. Eacilities
Carry out  strict These are presented in Appendices 6 and Facilities are
border control 7. To provide a legal basis for enforcement needed to collect

at the points of entry, the lists must
officially be adopted and published (see confiscated

I h 6P I i .
individuals through also paragrap oPublic awa materials. /)

Most IAS are being and dispose of

introduced by

the regular ports

Regular updates and re  -evaluation of such

of entry like lists should be a task assigned to a specific task group, e.g. Invasive Species
airports and Management Teams (| SMTO6s, s e cAppeodix 103shav3 a  preliminary
harbours. Black, Alert and Watch Lists for non -native a nimal species in the Dutch

Caribbean.

4.1.2 Border control

According to Waugh (2009) about 66% of invasive plant species in the Caribbean are linked to
horticulture as the main pathway while about 23% are linked to agriculture. Meissner et al . (2009)
further point out that plant quarantine material transfers within and from the Caribbean nations is very

high compared to levels typical of the Northern European countries studied.

St. Eust atius airport customs practices 100% control on both exports and imports focussing on materials

of natural or historical value. Self -reporting of unprocessed biological materials and fresh foods is a low

cost and simple method to increase effectiveness of border control.

In the Dutch Caribbean, at present only Aruba, Curacao and St.

Maarten practice any form of self -reporting but this is currently Enforcement

almost only dedicated to tourism -related information (e.g. Appendix Staff must be

8). Only St. Maarten requires visitors to s elf-report the transportation trained and

of animals, plants and perishables. Since 2010 all forms of reporting instructed how to

have been discontinued on all three Caribbean Netherlands islands perform border

for tourism marketing purposes. controls
effectively.

4.1.3 Restrictions and prohibitions

In case plants or animals ar e found at border control it must be made clear to the carrier that (s)he is
required to carry the necessary permits for import (see quarantine). In case of animals all imports shall

be prohibited, unless specifically granted through an import permit. Perm its can only be granted for
species not present on a Black, Watch or Alert list.

Plants may be imported unless present on the Black list or Alert list. For spe cies on the Watch lists,
exemptions may be made if the authorities are convinced that the species will remain under close
management and can be effectively contained.

The distinction between plants and animals is due to the fact that plants are more easily contained: they
do not move, there is usually no ownership and there are no ethical issues.
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Therefore , certain plants on the Watch list may be imported for ornamental purposes or agricultural
production. This may differ per island: some species are behaving invasively on one island but not on the

other: Rubber vine (  Cryptostegia grandiflora ) is especially problematic on Bonaire, while Coral vine
(Antigonon leptopus ) is so on St. Eustatius (Van der Burg et al . 2012). Dedicated lists per island would
therefore be needed. For efficiency reasons, and because not yet enough is known about the behaviour

of specie s on the various islands, we propose separate lists for the Windward and Leeward Dutch
Caribbean Islands. These are presented in appendices 5 to 6.

4.1.4 Quarantine and treatment

Prevention by border control is potentially very cost effective. Live import and im port of plants and

potentially infested or infected materials should be better regulated. Apart from invasive, plants are

potentially harmful to the environment, as they may also carry diseases which can be detrimental to

crops. In addition, the soil in wh ich plants are transported can be a vehicle for plant pests. It is believed

that the invasive African snail has entered the territory (Van Buurt and Debrot 2012) : eggs may have
lain hidden in or on the potting soil of imported plants.

Many other organisms ~ may be transported through soil. Apart from snail eggs,

Adopt an action it is normally impossible for customs officers to identify these: they may be

plan harmful fungi, insects, nematodes, etc. Clearly diseased plants may be

The consecutive stopped at the border effectively. A phytosanitary certificate from the place or
steps for control origin shall be required at all times.

and management

need to be The ultimate tool to prevent unwanted introductions is a form of quarantine,
described. where plants or animals are kept in a carefully guarded environment before

including release. This however requires investment in facilities, expertise and

management costs. This does not seem a realistic possibility.
responsibilities.

Some transports are known vectors of harmful insects and pose an extra risk:
ships containers, cargoes of wood and bamboo, wooden crates, etc. These
may harbour mosquitoes, beetles, spiders, snakes, rats, mice. Species not known in the territory or
established pests. Such material shall be disinfected at the point of shipment (with a document
confirming this) or dis  infected at the point of entry.

4.1.5 Public awareness
Create public

A successful implementa tion of legal measures and prohibitions can
awareness

only work if: 1. the public is made aware of the new regulations; and
2. people understand and appreciate the background and accept the
logical consequences. Restrictions alone will not work and may be
perceived as outside interference or undue bureaucracy.

Make people aware
of the dangers of
introducing IAS
and the costs of

Moreover, in case a species is not prohibited but needs to be contained control.
within certain numerical or geographic limits, i.e. Watch list species,
then the cooperation of the population is essential. Campaigns may be
necessary to control the plants or animals, and then many volunteers may be
Regulate access to necessary. Access to private properties may be needed to eradicate pockets of
properties possible re -infestation, so people should willingly cooperate and give access to
Control officers their property or  do the removal themselves.

must get the legal o ) )
In the case of prohibited species that pose a danger to the environment, pose

human or animal health risks, or may harm agriculture or horticulture,
regulations must guarantee access to private properties by official control
people.

right to control
pests and diseases
when they harm
the general safety.

From the returned questionnaires for the survey discussed in 2.1. one could
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get the impression that, with ex ception to a few governmental and nature organizations, for the majority

of the organizations in the Caribbean the IAS problem is not a priority. This means that more emphasis
must be given to information on the subject, to both civil society organization s as well as to the general
public. This includes information meetings, newspaper articles, radio and television items, special school

activities, etc. Because of its relevance to island communities, information about invasive species shall be

part of the normal curriculum in all types of education.

Awareness should not only be island specific but preferably Caribbean wide. More international
communication and collaborations in keeping IAS in check is necessary, as the IAS problem does not
stop at borders , in particular for marine exotics . A joint effort is needed in obtaining a larger awareness
on the islands, benefitting more islands than the Dutch Caribbean.

4.2 Implement early detection and eradication

4.2.1 Early warning system

An Early warning system is necessa ry to detect newly arrived alien species on the islands, so that swift

action can be taken to prevent the establishment of a possibly new IAS. Essential is that the early
warning system is open and inviting people to submit t heir observations (e.g. like ww w.waarnemingen.nl
in the Netherlands) and is constantly monitored by experts. These will then validate the first
observations by going to the indicated locations.

A special team should be available for a rapid response action. For marine species already | oose and
dispersed in the marine environment, rapid action is likely not appropriate. However, in the case of
accidental release of mariculture or aquarium species, rapid action may certainly be possible. Van der
Burg & Lotz (2012) have developed a flow ch art for the Belgian -Netherlands area which describes the
successive steps in the decision process. For the Caribbean Netherlands this would translate as follows:

U After an initial observation by an individual who reports this to the invasives action team,
U a specialist verifies the signalling.

U In case of a species from the Black list (species with a p  roven risk to the environment, health or
economy ), a team of controllers will take immediate action to remove the species and put it
under control (animal) or destroy the specimen (plant).

Note. In case of an animal it depends on ethics and the public sentiment whether the animal can be

killed or that it shall remain under care (mosquitoes vs. vertebrates). See Public awareness below.

U In case of a species from the Watch list, the location(s) will be visited at regular intervals to see
whether the species starts to reproduce and proliferate (plants). In case of animals just

observing will normally lead to proliferation. Thus, a certain level of control has to be adopted
(see 3.3).
Ui After appropriate action, it will always be necessary to monitor the Assure public
situation on site for a number of years: propagules (seeds) may have support
germ inated, animals may have escaped. Large -scale

eradications can

. . . . only be effective
Throughout this process it must be clear who is responsible for what: who are

. ) o ) ) with general
the experts available for field verification, who are carrying out rapid
assessments, who decide on extermination, who can allocate budget for this, support.
who are the ones to carry out the action, who can do the monitoring, who is
responsible for information to the public. Such issues are to be laid down in an action plan , so that at

the time of entry of an IAS, this should be no issue of discussion and that immediate action can be
take n.
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4.2.2 Public awareness

The general public generally oppose the extermination of animals, especially of vertebrates. Culling

without public consent may create serious
itself but also to the entire process of invasives control.

opportune to discuss these issues beforehand. An example is t
the Netherlands on the annual culling of 100,000 geese:

debate, conviction that something really needs to be done, aft
the most animal -friendly way of Kkiling, and after fi
destinations for the animals (animal feed, geese meat in re
actions could start. This exa

Make rapid surveys
If possible make a
rapid assessments
to quantify the
problem.

and other feral grazers on the Caribbean islands.

4.2.3

Risk assessment for species that could potentially be introduced is an essential tool for settin
Several risk assessment tools have been developed and may be applicable to the situation i

Rapid assessment

opposition, not only to the event

It is therefore
he discussion in
only after |

er agreeing on
nding alternative
staurants), the

ong

mple has several parallels with the case of goats

g priorities.

n the Dutch

Caribbean. One example developed and used in screening plant imports into Australia is referred to as a

fiweed -asskssment 0 ( WRA) and has re

IAS problem in other Pacific Island systems (D
identification of likely invasive pests before they are

system

cent | been

y

aehler et al . 2004). The screening system allows for the

introduced (intentionally). The likeliness of a species to
be potentially invasive is based on the factors such as a

Tree or
tree-like shrub

Herb or low stature
shrubby life form

history of invasiveness elsewhere; intrinsic life - history
traits such as persistenc e, reproduction and dispersal
attributes, and suitable climate or environmental
conditions in the new site of introduction (Rejmanek

A. [Shade tolerant OR known
to form dense stands] AND

B. Bird OR clearly wind
dispersed

Reported as a weed of
cultivated lands?

o | yes

lyesw‘l

LAcce

2000). The screening system used by Daehler et al.

Pt | unpalatable to grazers OR

(2004) consists of the modified Australian and New Life cycle <4 years?

Zealand WRA system (4 9 questions on factors that \l}yes e'l:'uale
contribute to the likelihood of becoming a pest) plus a Reject further

known to form dense stands
yes no

evaluate

Reject further

second sc reening (decision tree, figure 11 ), based on
trends identified from empirical literature on weeds and
natural -area invaders, to reduce the number of species
that a re ranked for further evaluation (Daehler

2004).

screening of harmful plant
al (2004)
and 6accepto

et al.

Often time and resources are limited, while a decision on a possible rapid

Figure 11. The decision tree used for the second

species by Daehler et
6Rej ect 0 ted pedt,
indicates a

action is urgent. Then rapid assessments may be a useful tool. Campbell et al.
(2007) describe rapid survey methods used to assess the marine invasive
problem. Ashton et al. (2006) demonstrate the usefulness of a rapid
assessment approach focusing on a limited number of species and the most
important sites. This provides essential quantitative information and will enable

a fact -based evaluation of the situation. Such a baseline field assessment is
urgently needed both o n land and in the sea. At a later stage, tailor
monitoring programs for the various invasive species are needed.

-made

Hayes and Silwa (2003) describe a method of risk analysis to determine the
risk that the same or similar exotics could arrive in future. They developed a

so-cal l ed finext pest |isto. For that they s

Establish Invasive
Species
Management Teams
(1 SMTo6s)
A team with a
mandate to collect,
and evaluate
information and to
initiate control and
UEBLTN ¢ he

actions

f

species has been reported i -mediated
invasion history;

the vector still exists;

the species is responsible for economic or environmental harm; and,

it is exotic to (a region) or present in (a region) but subject to official control.

n a shipping vector or has a ship
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By accuratelyp redi cting the fAnext pesto it may be possible
measures. However, for most species, too little is known about their ecology to know what measures
might actually be effective.

4.2.4 Rapid response

Some pests, diseases and invasive species can be eliminated at an early stage,

Rapid response before they are able to establish themselves, if rapid action is taken. An
example of a successful rapid response campaign was that of the campaign
against the screw -worm fly on Aruba, October 2004, with the assistance of the
Mexican -American Commission for the eradication of the screwworm and the
USDA-ARS (United States Department of Agriculture - Agric ultural Research
Services).

Early action is
necessary before
the situation
literally grows out
of hand

The task to quickly respond to the first detection of potential IAS should lie

with o6ébiosecurity wuneictisebs oManlamgweaneinte T&mms (| SMTb6s) .
tasks as the Team I nvasieve Exoten in the Netherlands
would have the following responsibilities:

U Regular update and re -evaluate of Black lists, Alert lists and Watch
lists 3.4;
Initiate rapid assessments;

U Develop contingency plans to combat diseases and IAS that are on

Define
responsibilities
and mandates
Staff must have

these lists;
Ui Initiate and coordinate control and management actions; the necessary
Monitor the effects of eradication actions; backup from
U Maintain close contact  with all Kingdom island partners, stakeholders, superiors and
regional organizations (FAO, CABI and USDA/Aphis), local commercial legislation.

pest control companies, local and regional companies supplying

chemicals to combat species (insecticides, acaricides, fungicides,
herbicide s, mollucides etc.);

So far only Curagao and Aruba have long had plans to develop a biosecurity unit, which have not yet

been realized. Clearly, such a unit is needed for the
success, additional and supportive legislation is necessary to allow for the establishment of such (a)

unit(s) and for effective enforcement.

4.3  Implement control and management

The saying O6to prevent is better than to

problem. Prevention is often more cost -effective than eradication or Quarantine
containment of arrived invasive species. However, for those IAS already Phytosanitary
present actions need to be taken in order to mitigate their proliferation and certificates or

negative impact on their surroundings. Several options exist to control or
completely eliminate (eradicate) IAS.

health certificates
shall be required

4.3.1 Methods of control for allimports.

Manual or mechanical (e.g. bulldozers for invasive plants) removal as control

methods ar e often easier to apply to plant species than animal species. Manually removing animal
species is problematic due to their mobility. The combination of manual and mechanical removal is also

applied to plant species (e.g. Floating pennywort (Van der Burg & Lotz 2012)): the best method proved
to be mechanical removal of the plants early in the year including part of the soil if possible and manual

removal of any new shoot including its roots. Applying this method with water plants rooted in the

bottom however , is extremely difficult because one cannot normally drain whole ponds or lakes (e.g.
Parrot feather, Myriophyllum aquaticum ref.).
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Manual removal of animal species relates to trapping or hunting; spearing Lion fish, trapping mongoose,

bio constrictors, cats or goats, netting bullfrogs ( Rana catesbeiana ) and their larvae etc. Using nets to
catch bullfrogs ( Rana catesbeiana ) and their larvae has only limited effect. In the case of infested ponds,
the only way seems to be the complete draining of the ponds and removal of all the animals (Van der

Burg & Lotz 2012).

Make risk Chemical control is another option. However, chemical ¢ ontrol is only an option
assessments for land plants and insects. Applying chemicals to water is very undesirable.
The effects on other life in the water is unknown and cannot be contained.
Many substances can be used either to spray onto land plants directly or on
stubs and regrowth after mechanical removal. The latter method seems the

before introducing
natural enemies
Introduction of

) most appropriate for Corallita (figure 12, Ernst & Ketner 2007) and most trees
alien predators and
and shrubs.
parasites may put
indigenous species Biological control relates to the use of (predatory) insects or diseases such as
at risk. fungi to con trol the growth of invasive plant species. Predatory insects were

successfully used in controlling floating water plants such as Giant salvinia
(Salvinia molesta ) in many tropical countries (CSIRO 2011) and Water
hyacinth ( Eichhornia crassipes ) on Lake Vic toria (E. Africa). The introduction of natural enemies from the
area of origin however, has to be done only after careful study: the intended predator may prefer the

local plants over the invasive, aggravating the problem (Mo et al. 2000). When available, the use of
native predators already present is to be preferred. A good example, is the introduction of the small
Asian mongoose ( Herpestes javanicus ) on several Caribbean islands; initially to decimate the rat
population on the island, the mongoose nearly decimated reptile populations native to these islands.
Despite this risk the use of predatory insects to control Rubber vine ( Cryptostegia grandiflora ) in
Australia has been successful (Mo et al . 2000). Likewise, the use of diseases such as fungi has been quite
successful in decimating populations of Rubber vine ( Cryptostegia grandiflora ), also in Australia (Tomley

& Evans 2007). A well -known example of the introduction of a disease to control animals is the
introduction of myxomatosis to control rabbits in various parts of the World.

Several control and management methods can be employed to address IAS. These include mechanical,

chemical, biological methods of control as well as habitat management and integrated pest management
approaches which combine two or more of these approaches. Integrated approaches can often be quite
productive. Our review of species provides some options that can be applied but in general and with few

exceptions effective methods still need to be developed for the most problematic s pecies (see appendix
13).

Before one can decide on a method to control a (potentially) invasive alien species, it is necessary to
make a risk assessment to avoid putting th e cart before the horse. The Code of Conduct for the Import
and Release of Exotic Biological . ,X V Ronr i A e

Control Agents (FAO 1996) has - J i "
been adopted as an international
standard for phytosanitary
measures under the IPPC and
aims to facilitate the safe import,
export an d release of such
agents.

4.3.2 Legislation

The existing legal framework to
prevent the introduction of
invasive species and pests and
plant diseases and to combat
them once they have been
introduced is critically insufficient

Figure 12. Rubber vine overgrowing the vegetation on Bonaire (W.J. van
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(Debrot et al. 2011) . A similar conclusion can be made from the survey

Create an results. For instance, the Ordinance for Importation of Small Animals into the

information system Caribbean Netherlands (Besluit Invoer Kleine Dieren BES) cannot prevent the

A system to disastrous importation of even a mongoose into the B ES islands so long that

collect, store, and there is a valid health cgrtificate (Appendix 9, in_ Dutch ).. Participants of the
survey considered 6éembedding into | egal

evaluate data on L
problem areas that needed to be overcome for a successful mitigation of the

IAS problem. A major problem is that the existing legislation often does not
enable governments to confiscate and destroy imported plants and animals.

alien species must
be established and

maintained Such legislation does exist for veterinary products which could transmit
diseases (Van Buurt & Debrot 2012). Additionally, |  egislation regulating the
importation of and trafficking with aquaculture and aquarium species is also necessary . Appendices 11
and resp. lists  international legislation and initiatives and national legal and institutional framework

4.4  Information system

An information system needs to be developed (e.g. EEA 2010) which provides:
a) species databases,
b) identification tools,
c) risk assessment tools,
d) registers of experts,
e) documentation of best management options.

Many countries are in the process of developing systems for prevention, early detection, control and
management of invasives. Such a system is as of yet still absent in CN. Central in such a system is one
organization responsible for collecting and storing the data and providing this information to authorities

framewor

that are responsible for containment and act iBxnot elnnd tpheer fNoertnhse r

this task. I't coordinates the collection of informati
professionals, and translate this in policy recommendations. This is often based on a Risk Assessment,

but sometimes the time to make such an assessment is not available and immediate action is necessary.

The responsible ministry will then instruct provinces and communities to take action and in some cases,

when human or animal health is concerned, may provide funding. If necessary, suc h as in the case of
potential economic damage or the possibility of serious diseases in crops, animals or humans, the NVWA
(Nederlandse Voedsel - en Warenautoriteit) takes over and coordinates on a national scale.

For the Dutch Caribbean priorities need to be set for species requiring control and management and
species requiring eradication. The need for control or eradication is determined by the impact of the
species and the prospects for measures actually sorting an effect. In other words, even if a speci es has a

large effect but if prospects for control are poor, the species is assigned a low priority for action. On the

other hand even species for which the presumed impact is low, the priority for action may be high
because the chances for successful erad ication or control are good. For many species, too little is known
to provide such judgement calls.

4.4.1 Monitoring invasives

Monitoring is an expensive endeavour and priorities must be sharply set. For many species that have

already established themselves, and for which the sense of conducting action is questionable, monitoring

is discouraged. Monitoring of IAS should certainly focus to a large extent on the borders of the nation

and the islands to prevent introduction of new agents. However, in the case of era dication of invasive
plants or animals, monitoring the effect to be sure that no escapes have happened, may be necessary for

some years.
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5 Recommendations for the Caribbean Netherlands

Based on the four studies on invasive species in the Caribbean providing a preliminary overview of the
exotic species found on the islands , the questionnaire survey, the island meetings and the final
consultation with the islands partners the following IAS Strategy recommendations were determined:

1. Develop and adopt g uiding legal lists for action: Black lists, Alert lists and Watch lists ,
enumerating the species for which border control is essential or for which control and management
actions would be required. A special task group should be made responsible for keepin g these lists
up to date.

2. Install effective border controls . To prevent is better than to cure: the costs of controlling or

eliminating invas ives once established can be very costly. For this reason and because of the earlier
indicated special vulnerabilit  y of the island ecosystems, it is strongly recommended to prevent the
entrance of (more) invasives.

3. Establish Invasive Species Management Teams . For the coordination of data collection,
evaluation and the initiation of actions, a special team is required. This ISMT team shall have its own
facilities and budget.

4. Define responsibilities and mandates . Ultimate responsibility for IAS control lies with the island
government s. This means that policies regarding IAS will be determined by the government.

However, t o be effective and efficient the ISMT (see 9.) need full mandate to act within the limits of
their own budget.
5. Require quarantine documents . Phytosanitary certificates and animal health cer tificates wi Il be

required for all imports.
6. Enforcement. Staff must be trained and instructed how to perform border controls. They must obtain

sufficient mandate and means to confiscate and dispose of prohibited goods.
7. Develop action plans . A plan of action needs to be ready describing the successiv e steps and
decisions that have to be made for key threat species at all stages of the invasion process.
8. Arrange access to properties . When an alien species is invasive and needs to be eliminated, it is
important that regulations allow the exterminators a ccess to all properties, private and public alike.
9. Assure public support . Large scale programs for extermination and control, e specially of animals,
needs extensive publ i c support. Vol unteers may prove essenti al
manpower.
10. Make rapid surveys . In order to decide whether a complete eradication is needed or that

monitoring and restricting the distribution (mitigation) is the best or only option, a survey of the
extent of the problem must be assessed by experts.

11. Rapid response . Usual ly a rapid action can localise the problem to a restricted area or eliminate the
first individuals effectively so that no further costs have to be made.

12. Make risk assessments before introducing natural enemies. In case species are already present in
vast n umbers, biological control is often a last resort. This usually means introducing a natural
enemy from the area of origin of the species. This means introducing another alien species, which
may b ecome a pest in itself. Expert consultation and small -scale e xperimenting is usually needed
before the potential natural  enemies can be safely released.

13. Create an information system . A team of experts managing a computer database is needed. This
ISMT team needs to develop a system for easy reporting of new discoveri es of alien species, for
maintaining and updating information on key threats. The information system supports policy, action
and research at all levels of the invasion process.

14. Create a platform for cooperation . In order to develop the system further, a na tional as well as
an island platform is needed for participation of all relevant stakeholders. These platforms will
develop recommendations for the ISMT and the island governments, and may also act as support
group for the ISMT.
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6 Glossary of Terms

Alert List

Alien

Black List
Established
Exotic

In the wild
Invasive
Naturalised

Non -indigenous
Prevention

Red List

Watch List

Report number

a list of species that are not yet present but are known invasives elsewhere, in similar
climates and are likely to arrive.

not normally part of the natural flora or fauna (and introduced intentionally or
unintentionally by man or man -related activities). Synonym of exotic.

a list of species that are already present and are creating harm to the environment
(reduce biodiversity), health or economy.

a species that occurs o6in the wildd and
a species introduced by human intervention outside its native distribution range

outside the control of cultivation and husbandry.

behaving aggressively and spreading at a high rate, replacing native species, competing
on resources or  significantly changing the environment.

a species that has adapted itself (physiologically or through habitat use) to the new
environment without significantly harming or replacing native species.

a species that is not part of th e natural indigenous fauna or flora.

to keep the chance that exotic species are introduced as low as possible.

the I UCN Red List of Threatened SpeciesE: an

species that need special protection.
a list of species that are already present and have shown invasive behaviour elsewhere.
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7 Abbreviations and Acronyms

CABI Centre of Agricultural Bioscience International

CARDI Caribbean Agricultural Research and Development Institute

CARICOM Caribbean Community (and Common Market)

CBD Convention on Biological Diversity

CIRAD Centre de Coopération Internationale en Recherche Agronomique pour le
Développement (French Agricultural Research Centre for International Development).

CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora

CN Caribbean Netherlands

CPDN Caribbean Pest Diagnostic Network

FAO Food and Agricultural Organization of the United Nations

IICA Inter American Institute for Co -operation on Agriculture

IMO International Maritime Organization

IPPC International Plant Protection Convention

IUCN International Union for the Conservation of Nature

PAHO Pan American Health Organisation

UF University of Florida

USDA-APHIS US Department of A griculture Plant Health Inspection Services

uwi University of the West Indies

WTO World Trade Organization
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8 Quality Assurance

IMARES utilises an ISO 9001:200 8 certified quality management system (certificate number: 124296 -
2012-AQ-NLD-RvA). This certificate is valid until 15 December 201 5. The organization has been certified
since 27 February 2001. The certification was issued by DNV Certification B.V. Furthermore, the chemical

laboratory of the  Fish Divisio n has NEN -EN-ISO/IEC 17025:2005  accredit ation for test laboratories with
number L0O97. This accreditation is valid until 1th of April 2017  and was first issued on 27 March 1997.
Accreditation was granted by the Council for Accreditation
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