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Some of the world’s most extraordinary 
ecosystems exist within the Kingdom of  
the Netherlands: from pristine coral reefs to  
rare elfin cloud forest, the spectacular natural 
world of the Dutch Caribbean includes plants 
and animals found nowhere else on  
the planet.

These diverse ecosystems are a magnet for 
tourists and at the same time one of the most 
important sources of income for the Dutch 
Caribbean. Nature on the islands is unique 
and important but it is also fragile.  The lack 
of sustainable funding for management, the 
lack of policy support and adequate spatial 
planning combine to hamper conservation 
management. Amongst the most significant 
threats include poorly regulated (coastal) 
development, wastewater and waste man-
agement as well as overgrazing, overfishing 
and the impact of invasive species. 

Knowledge about the complex and fragile 
ecosystems is essential to be able to ad-
equately safeguard nature and promote 
sustainable management. Thanks to 
funding support from the Dutch Ministry 
of Agriculture, Nature and Food Quality 
and the dedicated work of our partners, 

conservationists and scientists a plethora  
research and monitoring projects are under-
way within the Dutch Caribbean. DCNA seeks 
to support this work and to communicate 
project results to a broad range of audiences 
and to help facilitate the work of visiting 
researchers, scientists and students. 

Since 2012, DCNA has been producing 
“BioNews”, a free monthly digital newsletter 
featuring nature related news-items about 
the Dutch Caribbean as well as overviews 
of current research and monitoring pro-
grammes, recent publications and events. 
In this issue we present a collection of the arti-
cles published throughout 2017. These cover a 
wide range of topics including the Saba Bank, 
the status of our coral reefs, “Natuurgelden” 
project overviews and the devastating impact 
of hurricanes Irma and Maria. 

We would like to take this opportunity to 
thank our funders, partners, conservation-
ists, scientists and volunteers for their hard 
work and assistance to help us ‘safeguard 
nature in the Dutch Caribbean’ – your passion, 
encouragement and support are invaluable. 
We look forward to all that we will accomplish 
together to conserve nature in 2018.
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In December 2016, after many months of plan-
ning, ten recording devices were successfully 
deployed throughout the Caribbean to listen to 
the sounds and songs of humpback whales as 
part of a new collaborative acoustic monitoring 
program called the Caribbean Humpback Acoustic 
Monitoring Programme (CHAMP). 

CHAMP leverages and expands on networks 
already established in the Caribbean including 
the North Atlantic Humpback Whale Catalog, 
Sister Sanctuaries Program, CARIB Tails, and 
SPAW-RAC to promote and enhance collabora-
tive research on the biology of humpback whales, 
specifically focusing on acoustics research. This 
multi-national acoustic monitoring program 
now includes researchers, government officials, 
NGO’s, managers and others in Aruba, Bonaire, 
Dominican Republic (Silver Bank), Guadeloupe 
(West and East Coast), Martinique, St. Martin, and 
the United States. 

This research is timely given the West Indies 
Distinct Population Segment (DPS) of humpback 
whales (Megaptera novaeangliae) was delisted un-
der the US Endangered Species Act in September 
2016. This DPS covers all of the Caribbean  

breeding grounds. However, growing evidence 
suggests the West Indies DPS contains more than 
one breeding population.

Because humpback whales are known for singing 
on their winter breeding grounds, we can learn 
a lot about these animals simply by listening.  
With passive acoustic recorders throughout the 
Caribbean, we will be able to monitor distribution, 
assess differences in arrival and departure of the 
whales, and analyze the whales’ song, all valuable 
information for management and policy decisions. 
 
The first CHAMP deployment included two differ-
ent types of recording equipment, SoundTraps 
and Marine Autonomous Recording Units or 
popups. The SoundTraps (Ocean Instruments) 
recorded one hour every 4 hours at a sampling 
rate of 48 kHz and were placed on St. Martin, 
Guadeloupe (East Coast),and Bonaire. The Marine 
Autonomous Recording Units or popups (Cornell 
University) recorded continuously at 2 kHz and 
were placed on Aruba, Bonaire, Dominican 
Republic, Guadeloupe (West and East coasts) and 
Martinique. Each of our sites received a single 
device with the exception of the East Coast of 
Guadeloupe and Bonaire where both a SoundTrap 

Listening to the Caribbean Humpback Whales 
By Dr. Heather Heenehan (NOAA Fisheries). This article was published in BioNews 2. 
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Listening to the Caribbean Humpback Whales 

and popup were deployed.  A fourth SoundTrap 
was used in collaboration with the SEA Education 
Association during their “Colonization to 
Conservation in the Caribbean Program.” During 
this program recordings were made on Saba Bank 
and Silver Bank.  Three students on this trip used 
these recordings for their oceanography projects 
and presented their work while on board the SSV 
Corwith Cramer.

The recording devices that were deployed in 
December will be recovered by the team of collab-
orators and partners in May and June 2017. Once 
the recorders have been sent back, we will begin 
the hard work of going through the recordings 
to learn more about the humpback whales of the 

Caribbean. We hope to redeploy the SoundTraps 
in December 2017 for a second year of CHAMP. 

This project is supported by funding from the 
United States National Oceanic and Atmospheric 
Administration Northeast Fisheries Science Center 
as well as in-kind support from the Dominican 
Republic’s National Authority for Maritime Affairs, 
the Aruba Marine Mammal Foundation, STINAPA 
Bonaire National Marine Park, National Office 
for the Caribbean Netherlands (RCN), the Dutch 
Caribbean Nature Alliance, the Observatoire des 
Mammifères Marins de l’Archipel Guadeloupéen 
(OMMAG), the National Park of Guadeloupe, 
the Natural Reserve of St. Martin and the Sea 
Education Association. 

If you or others are interesting in learning more 
about CHAMP and the humpback whales we are 
studying please visit our website (text available in 
English, Spanish, and French). 

http://www.nefsc.noaa.gov/psb/acoustics/psbA-
cousticsCHAMP.html

Additionally, if you or someone you know is  
interested in the CHAMP recordings or has any  
additional acoustic recordings from the region 
please contact Dr. Heather Heenehan. 
 
Email: Heather.heenehan@noaa.gov 

A visualization called a spectrogram of humpback whale song recorded on 
Silver Bank 3-Mar-2017. To listen to this clip of humpback whale song visit: 

http://www.sea.edu/sea_currents/corwith_cramer/taking_time_to_listen

A map of the 2016-2017 CHAMP monitoring locations
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The coral reefs of the Dutch Caribbean have recently 
received much attention in the scientific journal Marine 
Biodiversity. The first issue of 2017 contained various 
articles about coral reef research carried out in the 
Caribbean and particularly St. Eustatius and Curaçao. The 
new findings suggest that much remains to be discovered 
regarding the marine fauna and flora of Caribbean coral 
reefs. 

The plan for this issue started to develop during prepa-
rations for the marine biodiversity expedition to St. 
Eustatius in 2015, which was organized by Naturalis 
Biodiversity Center and ANEMOON Foundation and 
hosted by the Caribbean Netherlands Science Institute 
(CNSI). The expedition resulted in various new discover-
ies of algae, coral, crustacean, fish, hydroid, mollusk and 
sponge species for the eastern Caribbean. These new 
findings included undescribed species and new species 
records for St. Eustatius, some of which were even new 
for the whole Atlantic. 

Most marine biodiversity research executed in the Dutch 
Caribbean by scientists of Naturalis Biodiversity Center 
and other Dutch research institutes was performed on 
Curaçao, which was possible thanks to the hospitality 
offered by the research station of Caribbean Marine 
Biological Institute (CARMABI). This resulted in many 

reports on the marine biota of Curaçao, most of which 
were published in the journals Studies on the Fauna 
of Curaçao and other Caribbean Islands (1940–1980), 
Studies on the Flora of Curaçao and other Caribbean 
Islands (1956–1968), and Studies on the Natural History 
of the Caribbean Region (1992–2000). The special issue 
of Marine Biodiversity adds to these previous studies by 
including new reports on corals, fishes, mollusks, and 
worms. 

With the availability of Substation Curaçao for scientific 
work (since 2010), marine biodiversity studies in the 
deepest reef zones of Curaçao became more easy. The 
manned submersible Curasub can reach depths down 
to ca. 300 m. It can be transported by its mothership 
RV Chapman, which enables deep reef surveys at vari-
ous localities off Curaçao and other Caribbean islands. 
This has already led to many new species discoveries, 
distribution records, and species depth records. The 
Marine Biodiversity special issue features a report on the 
deep reef community (70-85 m depth) discovered off the 
leeward coast of Curaçao.

Dutch Caribbean Reef Biodiversity
By Bert W. Hoeksema (Naturalis Biodiversity Center, Leiden, The Netherlands). This article was published in BioNews 4. 
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Status of Bonaire’s Reefs

While the coral reefs around Bonaire have suffered in recent 
decades from regional phenomena such as repeated bleaching 
events, urchin die-off, coral diseases and local impacts such 
as coastal development, pollution and overfishing, they are 
still considered some of the healthiest reefs in the Caribbean 
(Jackson et al., 2014). Bonaire’s reefs are some of the best-
studied ecosystems in the region. The different studies, such as 
a long-term monitoring study by Dr. Rolf Bak et al. since 1973 
and an intensive study by Dr. Robert Steneck et al. since 2003, 
have been invaluable in providing insight into trends. They 
have revealed the changes that the reefs have gone through 
over the last 40 years with alarming trends in coral cover, spe-
cies composition, macroalgae, turf algae and cyanobacterial 
mats. However, with effective conservation measures in place 
and management of the island’s marine resources in the hands 
of dedicated professionals, and thanks to the island’s location 
outside the hurricane belt, there appears to be hope for their 
survival particularly if there is a political 
willingness to protect them from harm. Recent work 
providing the first evidence of coral reef resilience 1  in the 
Caribbean found that Bonaire’s reefs were able to recover 
from a disturbance such as bleaching event.

Geography and Reef Structure 

Bonaire is the second-largest island in the Dutch Antilles, with a 
total land area of 294 km²  (Fish et al. 2005; Van der Lely, 2013). 
This includes the land area of Klein Bonaire, a small, uninhabited 
coral limestone island located some 750 m off the central west 
coast of Bonaire. The Bonaire National Marine Park (BNMP) was 

established in 1979 and is managed by STINAPA Bonaire. The 
park starts at the high water mark and extends to a depth of 60 
meters, covering an area of 27 km2 that includes fringing reefs, 
seagrass beds and mangroves.

The entire coastline is 120 km long (Jackson et al., 2014). The 
rough north-eastern coastline is exposed to the trade winds and 
made up of steep rocky cliffs and small inlets, locally known as 
“bokas”. The sheltered western coastline is characterized by coral 
shingle beaches. There are numerous small pockets of sand in 
coves and inlets along the leeward shore and the length of the 
northern shore.  

Bonaire’s seabed environment is primarily made up of fringing 
coral reefs that surround the island, with some seagrass beds 
located in the south of the island and in inlets on the windward 
coast as well as small patches near Klein Bonaire. The entire 
reef system is protected as part of the BNMP. There are two 
main areas of mangrove and seagrass beds, both located on 
the windward shore at Lagoen and Lac Bay. Both Bonaire and 
Klein Bonaire are surrounded by continuous, fringing coral reefs 
that cover an area of some 8.7 km2 (Debrot et al., 2017). In many 
places, the reef starts right at the shoreline and extends seaward 
into depths in excess of 70 m within 200 m of the shore. Bonaire’s 
coral reefs harbour 57 species of hard stony and soft corals (Bak, 
1977). There is some zonation within the coral community: shal-
low waters tend to be dominated by a mix of stony and soft corals, 
mid-depth reefs by Montastrea sp. and deeper waters by Agaricia 
sp. Maximum diversity and cover is on the upper reef slope. 

Map of Bonaire
Image credit: DCNA

This article was published in BioNews Issue 3

(1)  “ At its most basic level, resilience means that if coral reefs suffer 
 damage from say a hurricane or bleaching mortality event, they    
 will recover to their previous state “ (Steneck & Wilson, 2017).
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Status of Bonaire’s Reefs

Status of Bonaire’s reefs

Over the past 40 years there have been many 
studies of Bonaire’s reefs. The first assessment of 
Bonaire’s reefs took place in the early 1980s when 
van Duyl mapped Bonaire’s reefs. She found that 
elkhorn and staghorn corals (Acropora palmata 
and A. cervicornis) dominated the reef landscape. 
This was shortly before white-band disease killed 
nearly 90% of elkhorn and staghorn corals and 
before the mass mortality of Diadema antillarum 
urchins that greatly reduced herbivory levels  
(Bak et al., 1984). In 1999, an Atlantic and Gulf 
Rapid Reef Assessment (AGRRA) determined 
that Bonaire’s deep reefs (> 5 meter) had the 
second highest abundance of live coral (nearly 
50%) and a relative low abundance of harmful 
seaweed within the Caribbean region (Kramer, 
2003). Follow-up assessments by Steneck et al. 
since 2003 indicate that Bonaire’s reefs remain 
amongst the best in the Caribbean.

Photo by: © Jannie Koning
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Status of Bonaire’s Reefs

StudieS time period Survey deScription # SiteS Surveyed

Bak et al., 1995, 1997, 2005; Bak & Engel, 1979;  
de Bakker et al., 2016, 2017.

1974-ongoing
Photographs are frequently taken of permanent quadrats of 9m2 at Karpata and Barcadera (at 
depths of 10, 20, 30 and 40 m) to analyze the changes in community structures. 

2

CIEE Bonaire, Peachey et al. 2007-2017
100 m x 0.4 m permanent transects that have been filmed twice per year at 12.2 m  
depth to analyze benthic cover.

10

CIEE Bonaire, Peachey et al., AGRRA. 2007- 2017 Reef surveys including measures on coral cover and fish counts. >20

De Meyer, CARICOMP. 1994-1997 Reef surveys including measures on coral cover, Diadema antillarium and macroalgae abundance. -

Grimsditch et al., 2011. 2009
Several components of the reef ecosystem were measured at varying levels of detail including coral 
cover, macroalgae and fishes.

21

Hawkins et al., 1997. 1991, 1994 Study including measures on coral cover. 6

Kramer, 2003; AGRRA. 1999 Reef survey including measures on coral cover, Diadema antillarium and fish counts. 4-6

Mücher et al., 2017. 2013, 2016 Coral reef mapping using hyperspectral imagery and detailed photographs. 18

NICO expedition organized by  
NIOZ and NWO-Science (PL: Visser & van Duyl)

2018
Deep reef surveys (> 30 m), mapping of cyanobacteria mats,  
onshore groundwaters and bathymetric maps

-

Pattengill-Semmens, 2002; Reef Check.
1993-1999, 
2000-2003.

Roving Diver Technique (RDT), a visual survey method developed specifically for volunteer data 
collection. Divers record every observed species. 

77

Relles et al., 2012, 2018. 2008-2009 Coral reef mapping using satellite remote sensing techniques and video-transects. 10

Sommer, 2011. 2008-2009 Five kilometers of photo transects to determine coral cover. 14

Steneck, 2003-2017. 2003-ongoing
Reef survey measuring coral cover and densities of macroalgae, herbivory (large parrotfish), large 
carnivorous fish (groupers, snappers and barracudas) and coral recruitment. 

11

Sommer et al., 2011. 1982, 1988, 2008 Quantitative benthic community survey on coral and macroalgae abundance. 7

Van Duyl, 1985. 1981-1983
Classified wave energy environments and benthic habitats using aerial photography and in situ reef 
ground truthing surveys (0-20m depth).

Entire Leeward coast

Zanke, de Froe, Meesters (PL), 2015. 2014, 2017
Surveys (based on AGRRA and GCRMN) to assess fish and benthos communities including corals, 
algae, sponges down to a depth of 20 m.

115

Summary of major coral status surveys conducted on Bonaire’s coral reefs. 
 (Adapted from Jackson et al. (2014))

Photo by: Rudy van Geldere

*PL = Project Leader
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Two long-term studies with different approaches 
have recently been published on the health of 
Bonaire’s reefs. Since 1973, Bak et al. have studied 
changes in the benthic community of reefs (cover 
of corals, algal turfs, benthic cyanobacterial mats, 
macroalgae, sponges and crustose coralline algae) 
at the Karpata and Barcadera dive sites at depths 
of 10, 20, 30 and 40 meters. Permanent 9m2 

quadrants have been photographed at 3 to 6 year-
intervals. This represents world-wide the longest 
time series from the same reef.  Newer time series 
began in the 1990s. Steneck et al. have monitored 
reefs since 2003 at 11 sites around the island at a 
depth of 10 meters to assess changes in reef com-
munity, not just benthos composition. They are 
evaluating what supposedly are the keys drivers of 
reef health and resilience: coral cover, macroalgae, 
herbivory (large parrotfish), large carnivorous fish 
(groupers, snappers and barracudas) and coral 
recruitment (density of corals <40 mm diameter).

This chapter summarizes results from different 
studies. As different methods, time scales and 
sample sizes are used and different reefs are 
surveyed the results should be read with caution.

Benthic cover
Coral cover

Coral cover on Bonaire’s reefs has historically been 
high, with a coral cover of nearly 50% between 
1999 and 2010 (Kramer, 2003). The study by de 
Bakker et al. (2016) at Karpata found that the 
abundance of corals declined between 14 and 65% 
over the past 40 years (See table on page 12), with 
the biggest decline at a depth of 20 meters.  

“The decreasing trend in coral cover occurred gradu-
ally through time in a relatively linear pattern with 
some exceptions” (de Bakker, 2017). The bleaching 
event of 2010 caused a mortality of about 10% of 
corals, but the most recent study (2017) showed 
that after hitting a low in 2013, coral cover stead-
ily increased and is now at post-bleaching levels 
with an accelerated increase to a relatively high 
cover of 47.3%  (Figure on page 12: Steneck & 
Wilson, 2017). The most recent bleaching episode 
of 2015-2016 was found to have had little impact 
(Kowalski, 2017). All species, including those that 
were most heavily impacted by the 2010 bleaching 
event such as Colpophyllia colonies, were found to 
be recovering (Steneck & Wilson, 2017). 

Two species of mountain star coral are most  
dominant (Orbicella annularis, O. faveolata), 
and with three other species (yellow finger coral 
Madracis mirabilis; great star coral Montastrea  
cavernosa; lettuce coral Undaria agaricites)  
comprise 75% of cover on monitored reefs 
(Steneck, 2017). Of these, Orbicella contribute 
most to the reefs’ habitat architecture. Dramatic 
visual changes were reported when Steneck’s 
data were compared to van Duyl’s study from the 
early 1980’s such as the large decline of Acropora 
assemblages that were wiped out throughout the 
Caribbean by the white band disease (Bowdoin & 
Wilson, 2005; Steneck, 2005). This has resulted in 
the loss of structural complexity with less shelter 
and resources for a wide range of organisms 
(Alvarez-Filip et al., 2009).

De Bakker et al. (2016) also looked at the coral spe-
cies composition changes of Bonaire and Curaçao’s 

reefs between 1973 and 2014. They found a shift 
both at shallow (10-20m) and upper-mesophotic 
reefs (30-40m) from large structural species 
(Orbicella spp.) to dominance of smaller op-
portunistic species, with a decline of cover and 
abundance for almost all species (de Bakker et 
al. 2016). This is alarming as this reduced the reef 
carbonate production by 67%. Another important 
consequence of reduced coral cover and the shift 
to smaller opportunistic species is the loss of reef 
structural complexity and its associated loss of 
biodiversity, coastal protection and human food 
security (de Bakker et al., 2016).

When looking at the spatial and temporal trends in 
nearshore benthic composition around the island, 
coral rubble areas have largely increased since 
the 1980’s most likely due to the large decline of 
Acropora assemblages (Bowdoin & Wilson, 2005; 
Steneck, 2005; Mücher et al., 2017; Figure on page 
12). The 58% increase of sandy patches around the 
whole island between the 1980’s and 2013 indi-
cates a significant decline in coral cover (Mücher et 
al., 2017).

The most recent study by Steneck and Wilson 
(2017) showed a positive recovery of Bonaire’s 
reefs after the bleaching event in 2010. A strong 
indication of the recovery and resilience of 
Bonaire’s reefs is that the abundance of juve-
nile corals has greatly increased on leeward 
reefs since 2013 after a decline from 2003 
to 2009 and a sharp decline post-
bleaching (Rossin & de León, 2017). 
Densities in 2015 were found to be 
similar to densities found in 2003 

and 2005 (Steneck et al., 2015). This increase in 
juvenile corals most likely occurred due to a de-
crease in macroalgae as harmful seaweed inhibits 
coral recruitment and “outcompetes settling corals 
through shading and abrasion and subsequently 
reduces the available nursery habitat for juvenile 
corals” (Steneck et al., 2015). The most abundant 
juvenile corals are lettuce coral (Undaria agaricites) 
and mustard hill coral (Porites astreoides) which are 
species with low structural complexity (Rossin & 
de León, 2017). 

It is essential to take into account that Bonaire’s 
coral reefs show large variations in ecological 
quality along the coastline (Zanke et al., 2015). 
This makes it is difficult to draw conclusions on 
the health of the entire reef based on studies from 
multiple depths and locations when studies have 
only investigated a relatively small number of 
preselected sites. Several sites were found  
to have higher than average coral cover  
(Forest, Klein Bonaire, and Karpata) and  
some sites lower than average cover  
(Calabas and Barcadera) (Steneck, 2017). 

11 12 13 14 15 ......

Status of Bonaire’s Reefs
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Island Reef Depth (m) Year span Start coral cover (%) End coral cover (%) Net change (%)

Bonaire Karpata 10 1973-2014 63 22 -41

Bonaire Karpata 20 1973-2014 71 6 -65

Bonaire Karpata 30 1973-2014 60 20 -40

Bonaire Karpata 40 1973-2014 25 11 -14

Change in coral cover of a 9 m2 quadrat at a depth 10, 20, 30 and 40 meters on Bonaire. 
(de Bakker et al. 2016)

Benthic cover compared between the 1980’s and 2013. Detail of the current pixel-based hyperspectral coral 
reef classification, near Boca Bartol North on the Northern coast of Bonaire (hyper spectral data from 2013), 
overlayed with the mapping units of van Duyl’s  Bonaire Living Reefs map (1985). 
(Mücher et al., 2017)

Trends in coral, seaweed, and juvenile 
coral densities. Recent trends since 
2011 (post- 2010 bleaching) illustrate 
how Bonaire’s coral reef ecosystem has 
responded since the bleaching event. 
For trends since 1970’s we refer to 
 de Bakker et al. (2016).
(Steneck & Wilson, manuscript  
in preparation)

A former sand covered area where a 
storm has removed all the overlying 
sand showing the underlying reef bottom 
which consists of dead (mostly staghorn) 
coral colonies. 
Photo by: © Erik Meesters (WUR).
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Photos by: Marion Haarsma

De Bakker et al. (2017) found that turf algae decreased down to 
11% from 2002 to 2013. Additionally, they reported the rise of 
benthic cyanobacterial mats (7.1% in 2002 to 22.2% in 2013) and 
a small but significant increase in sponge cover (0.5 to 2.3%). 
Current dominance of cyanobacterial mats suggests that “the 
shift from coral and crustose coralline algae towards turf and 
macroalgae may be a transitional phase that can further 
develop towards a new successional phase of benthic 
cyanobacterial mats and sponge dominance with a less 
prominent role for fleshy macroalgae” (de Bakker et 
al., 2017). There is no direct link between coral cover 
decline and the sudden increase of other benthic 
competing organisms (turf algae, macroalgae, 
benthic cyanobacterial mats). However, these fast-
growing organisms are worrisome as they have the 
ability to reduce the ability of corals to recover from 
disturbances such as storms and bleaching events 
(de Bakker et al., 

Trajectories of change for six benthic groups (1973-2013): hard 
coral (HC, blue), algal turfs (TF, yellow), benthic cyanobacterial 
mats (BCM, brown), macroalgae (MA, green), sponges (SP, 
pink), and crustose coralline algae (CCA, black). Lines represent 
estimated models (with 95% confidence bands) of the change 
in mean percentage cover over 4 sites and depths (10, 20, 30, 40 
m) at Bonaire and Curaçao.
(de Bakker et al., 2017)

Photo by: Rudy Van Geldere

Harmful seaweed  
and the rise of cyanobacterial mats

Many studies have shown that macroalgae and turf algae nega-
tively impact corals by inhibiting coral recruitment and survival, 
slowing coral growth and making them more prone to diseases 
(Jackson et al., 2014). From 1973 to the early 1990s, de Bakker et al. 
(2017) found that calcifying organisms such as corals and crustose 
coralline algae were decreasing and replaced by turf algae (24.5% 
to 38%) and macroalgae (0% to 2%). Turf algae rapidly overgrow 
corals and unlike macroalgae, herbivore fish have no effect on the 
rate by which turf algae overgrow them (Vermeij, 2010).

Bonaire has very low levels of harmful macroalgae compared to 
the rest of the Caribbean (Jackson et al., 2014); in 1999, Steneck 
found that Bonaire’s reefs had very little to no macroalgae, and 
levels remained low until 2010 (< 5%) (Steneck & Wilson, 2017).  
The 2010 bleaching event caused a steep increase in macroalgae, 
but levels are now low again and reefs resisted a phase shift from 
coral to macroalgae dominated benthic communities thanks to  
a relatively abundant herbivore population (Steneck et al., 2015). 
Macroalgae coverage declined from 15% in 2011 to 10.9% in 2015 
(Steneck et al., 2015) and in 2017 monitored reefs had a macroal-
gal abundance of 6.02% (See top right Figure on page 12), which  
is close to what existed prior to the 2010 bleaching event 
(Steneck, 2017). 

Status of Bonaire’s Reefs
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Fish 

Bonaire’s reefs are home to some of the most diverse 
fish populations in the Caribbean. A total of 362 fish 
species have been recorded on the island’s reefs rival-
ling the fish diversity recorded for the entire Florida 
Keys (Pattengill-Semmens, 2002; Reef.org). The 
composition of fish assemblages on Bonaire’s reefs 
compares well to other sites in the southern Caribbean.  
The five most frequent reef fish sightings are Blue 
Tang (Acanthurus coeruleus), Bicolor Damsel (Stegastes 
partitus), Stoplight Parrotfish (Sparisoma viride), Brown 
Chromis (Chromis multilineata), and Bluehead Wrasse 
(Thalassoma bifasciatum) (Pattengill-Semmens, 2002).

Comparing recent data to data collected in the 1950s 
and 60s, it is clear that large piscivores have all but 
disappeared from Bonaire’s reefs (A. Debrot & R. Bak, 
personal communication, 22 august 2017). Data collect-
ed between 1994 and 2003 indicates that the number 
of carnivorous fish, particularly groupers and snap-
pers which are preferentially targeted by recreational 
and commercial fishing, have declined significantly 
(Hawkins et al., 1999; Steneck and McClanahan, 2003;). 
Whilst data collected since 2003 shows fluctuating 
population numbers, there is little or no signs of  
recovery (Boenish & Richie, 2017). 

 
Bonaire has long taken a proactive stand towards 
marine conservation in general and the conservation  
of reef fish populations in particular with restrictions 
on gear and permitted fishing activities, many of 
which predate the establishment of the Marine Park. 
Spearfishing was banned in 1971 at a time when this 
was still a popular activity for scuba divers and annual 
spearfishing competitions were the norm. Since the 
inception of the Bonaire Marine Park, park officials have 
sought to restrict extractive activities and ban activities 
which are harmful to the marine environment.

Coral reef health requires an ecological balance of 
corals and algae in which herbivory is a key element 
that can keep the algae abundance low (Jackson et 
al., 2014). Of the herbivorous groups recorded on 
Bonaire, scarids (parrotfish) dominate both in density 
and biomass. Between 1987-1992 total herbivore 
biomass at Karpata was around 7 kg/100 m2 of which 
parrotfish biomass was ~5 kg/100 m2 (Rooij, Videler 
& Bruggeman, 1998). Parrotfish density and biomass 
varies among different reefs and a parrotfish biomass of 
around 6 kg/100m2 was calculated for 2003 based on 11 
monitored reefs (Boenish and Wilson, 2017).

1961 Minimum catch size for lobsters & regulation protecting sea turtles, sea turtle eggs and nesting areas 

1963 Regulation of the use of dragging nets

1971 Use of spear guns banned

1975 Harvesting of corals banned

1979 Bonaire Marine Park established

2008 No fishing areas established

2010 Parrotfish catches banned; fish traps licensed for phase out; new permit system for fish nets

Density of groupers in 1983 and 2004-2005. The category “rest Serranidae” refers 
to large piscivores, excluding the common grasbys and coneys. 
(Debrot & Nagelkerken, unpublished data.)

Timeline of Bonaire fishing regulations (adapted from Jackson et al. 2014) 

Photos by: Marion Haarsma
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Average scarid biomass density  
across monitoring sites from 1999 through 2017.
Source: Steneck & Wilson, manuscript in preparation.

Bonaire’s parrotfish populations are at least 
double those found on most other reefs in the 
Caribbean region (Jackson et al., 2014; Rooij, 
Videler & Bruggeman, 1998; Steneck and Wilson, 
2017). The high numbers of parrotfish have been 
hailed as a significant factor in the recovery of 
Bonaire’s reefs following the 2010 bleaching event, 
particularly as parrotfish enhance coral recruit-
ment and survival through removal of macroalgal 
competitors (Steneck and Wilson, 2017). 

From 2003 onwards parrotfish populations appear 
to have declined (Boenish & Wilson, 2017). This 
prompted the passing of enhanced legal protec-
tion, a ban on parrotfish harvest and phasing out 
of fish traps from 2010 onwards (Jackson et al., 
2014). Data indicate that parrotfish populations 
stabilized between 2009 and 2015 and the most 
recent results show promising signs of recovery 
with a marked increase in herbivore density and  

biomass (Boenish & Wilson, 2017) Scarid biomass 
increased by 36% from 2015 to 2017, while density 
increased by 105% and approached 1999 levels 
suggesting that strong recruitment has occurred 
(Steneck and Wilson, 2017). 

The current parrotfish biomass of ~3.6 kg/100 m2 
indicates that compared to the historical levels 
there might be room for further growth (Boenish  
& Wilson, 2017). Historically, herbivorous fish  
have formed a minor part of the reef fish catch  
(De Graaf et al., 2016) and parrotfish were not 
a target species for local fishermen, but current 
practices are undescribed. So aside from  
anthropogenic impacts, this will depend on a 
variety of factors such as population size structure, 
territory structure, and food availability as  
“scarids are particularly known for high levels of 
intra and inter-specific competition”  
(Boenish & Wilson, 2017; Mumby et al., 2002). 

Photo by: Marion Haarsma

Status of Bonaire’s Reefs
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Bonaire’s reefs are relatively healthy with an 
unusual capacity to recover from the 2010 bleach-
ing event, however they are still threatened by a 
number of stressors. It is important to reduce local 
and regional threats to increase the resilience of 
the reefs to the global stressors caused by climate 
change such as more bleaching events (Donner et 
al., 2010; Steneck & Wilson, 2017).

The main users of Bonaire’s reefs are fishermen 
and divers, which have a direct impact on the 
health of reef ecosystems. While fishing pressure 
on coral reefs has been found to be generally 
moderate (De Graaf et al, 2016), some differences 
in carnivorous fish biomass between fished and 
non-fished areas and the virtual absence of large-
bodied groupers indicate that there is some fishing 
pressure (De Graaf et al, 2016; Boenish & Richie, 
2017). Fishers are aware that stocks are declin-
ing and generally blame external factors such as 
climate change and industrial fishing offshore and 
support more management of fishing (Johnson & 
Jackson 2015).

Negative effects of diving, such as broken coral 
fragments, have also been documented (Lyons et 
al., 2015). Due to the island’s reef structure, reefs 
are very accessible, making them more vulnerable. 
A study by Lyons et al. (2015) found that dive sites 
with heavy diving traffic had 10% less structural 
complexity. They also found that while sponges 
and gorgonians were not affected, massive stony 
corals (Orbicella annularis) were 31% less abundant 
at sites with heavier traffic. Divers overall consider 
the reefs as healthy but are aware of some decline 

which they primarily attribute to coastal develop-
ment and overfishing (Johnson & Jackson, 2015).

Invasive grazing species such as goats significantly 
contribute to the island’s erosion problem. These 
grazers consume the island’s vegetation at such a 
fast rate that it does not have time to regenerate, 
leaving the ground bare and soil vulnerable to ero-
sion (Smith et al., 2014; Roberts, 2017). Not only 
does the removal of soil and sediment particles re-
duce soil quality for native plants, but it also poses 
a serious threat to adjacent corals reefs. Without 
plants and trees to bind it, the soil it is easily blown 
and washed and inevitably ends up in the sea. 
The soil smothers corals and hinders their growth 
and is typically associated with coral mortality 
(Roberts, 2017). Several initiatives are running to 
reduce this threat under the natuurgelden projects 
that are funded by the Netherlands’s Ministry of 
Agriculture, Nature and Food Quality (LNV).

Coastal development has increased dramatically 
to accommodate the large influx of visitors and 
residents to the island in the last years. Building 
near the water’s edge, and even inland on a small 
island such as Bonaire, causes sedimentation and 
nutrient enrichment of the marine environment 
which in turn smothers and kills reef organisms. 
Other changes in land use, such as new car parks 
and beach creation, can increase the amount of 
pollutants entering the sea through increased run-
off and sedimentation. The geology of Bonaire’s 
leeward coast provides little space for beaches 
near human settlements, and artificial beaches 
have been created in some resorts to provide to 

tourists’ needs. Kralendijk, located in the centre 
of the island, is Bonaire’s main population centre 
and has become the focus of the islands tourism 
industry with the majority of hotels, dive and 
watersports centres and restaurants located 
nearby. The reefs around Klein Bonaire are some 
of best reefs as they have so far been spared of 
all the deleterious effects commonly associated 
with coastal development. Also, as Klein Bonaire 
is largely composed of carbonate rock, natural ter-
rigenous sediment stress to the reefs is especially 
low (Debrot, 1997). 

Pollution on Bonaire mainly comes from sewage, 
which makes its way onto Bonaire’s coral reefs 
through terrestrial run-off as well as inadequate 
wastewater treatment and use (Goldstein, 1993). 
A big increase in Bonaire’s inhabitants of 50% 
since 2001 and the growing tourist industry create 
more pollution. This directly affects the health 
of the seabed environment. The resulting raised 
nutrient concentrations stimulate the growth of 
algae, which can outcompete hard corals for set-
tlement space (Steneck et al., 2017). De Bakker et 
al. (2017) suggest that the decline in water quality 
(Slijkerman et al., 2014), along with elevated 
temperatures, may have initiated the recent shift 
to a dominance of benthic cyanobacterial mats. 

Another emerging risk for coral reefs are UV filters 
in sun care products like Benzophenone-3 that 
are introduced in our marine ecosystem directly 
by water users (BP-3; oxybenzone) (Slijkerman et 
al., 2017). Oxybenzone is a genotoxicant to corals, 
meaning that this synthetic organic compound 

can damage corals’ DNA. The chemical has a toxic 
effect on planula (larval stage) of corals and in 
mature corals causes a heightened susceptibility 
to bleaching, interferes with growth and reproduc-
tion and causes deformities and growth anomalies 
(Danovaro et al., 2008; Downs et al., 2016).

Bonaire’s coral reefs face a number of natural 
pressures including storms and coral diseases that 
are believed to be intensified by human activi-
ties. Hurricane Lenny (Category 3), which hit the 
normally sheltered southwest coast in 1999, and 
tropical storm Omar in 2008 caused widespread 
damage to the island’s reefs, reducing areas of 
the reef slope to coral rubble. Bonaire’s reefs have 
also suffered from a number of ongoing disease 
outbreaks including yellow band disease (affecting 
primarily the Boulder star coral Montastrea sp.) 
and black band disease. Besides, the island is also 
dealing with invasive species, notably lionfish that 
were first detected in 2009. A lionfish removal 
program was immediately started and the sub-
sequent continuation of dive removal efforts has 
successfully reduced the local density of lionfish. 
However, this method has diving restrictions, 
which makes it difficult to control the lionfish 
population at deeper depths (De Léon et al., 2013).

Local stressors

Photos by: H
ans Leijnse
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Bonaire’s reefs compared to  
other Caribbean Reefs

While Bonaire’s reefs have suffered over the last 40 
years, they are considered relatively healthy when 
compared to the rest of the Caribbean (Jackson et al., 
2014) and rate favorably on some critical indicators of 
reef health and functional reef communities. Bonaire 
has the highest net carbonate accretion of any of the 
Caribbean sites studied but much lower carbonate 
accumulation than had existed in the past when coral 
species such as Acropora and Orbicella were more 
abundant (Perry et al., 2012; de Bakker et al., 2016). 
All Caribbean reefs have suffered from declines in 
architectural complexity during the last decades 
(Alvarez-Filip et al., 2009), but Bonaire still has a more 
complex 3D structure than many other reefs within its 
region (Pandolfi and Jackson 2006; Green et al, 2008; 
Steneck and Wilson, 2017; R. Steneck personal com-
munication, August 30th 2017). 

In part due to their proactive management, Bonaire’s 
reefs did not follow the Caribbean trend towards 
algal-dominated reefs (Jackson et al, 2014). Both the 
coral cover and parrotfish abundance of the island’s 
leeward coast rank amongst the three highest  
 

 
 
 
in the Caribbean, just above Curaçao, which ranks 
fifth. From 2011 to 2015 average biomass of parrotfish 
on Bonaire’s reefs was 29 g/m2, twice the maximum 
reported in a large-scale study of herbivores on 
Caribbean reefs (Steneck et al., 2015). Also the cover 
of macroalgae is much lower than the Caribbean’s 
average. In 2011, when the post-bleaching of mac-
roalgae abundance spiked, the macroalgae index 
recorded on Bonaire was less than 300 whereas the 
Caribbean average ranged between 700 and 900 
(Steneck et al., 2015). 

Even though some of Bonaire’s reefs are considered 
relatively healthy compared to other reefs in the 
Caribbean, they are definitely not all in a desirable 
state. However, with effective conservation measures 
in place and management of the island’s marine  
resources in the hands of dedicated professionals, 
and thanks to the island’s location outside the 
hurricane belt, there appears to be hope for their 
survival particularly if there is a political willingness 
to protect them from harm.

Comparison and trends in average live coral and seaweed (macroalgae) from over 35,000 
studies throughout the Caribbean (Jackson et al. 2014) and Bonaire. Please note that the value 
for Bonaire is for the 2017 measurements of 11 monitored sites at a depth of 10 meters. It is es-
sential to be aware that coral reefs on Bonaire show large variation in ecological quality which 
makes it difficult to draw conclusions on the health of the entire reef based on one study that 
only investigated a relatively small number of preselected sites.
(Steneck & Wilson, manuscript in preparation)
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Status of Curaçao’s Reefs

The island of Curaçao is almost entirely surrounded 
by narrow fringing reef that covers an estimated area 
of 7.85 km2 (Vermeij, 2012).  These reefs, considered 
some of the healthiest and most diverse in the Wider 
Caribbean Region, have long supported the island’s 
fishing industry and in recent decades have been the 
foundation for Curaçao’s lucrative marine tourism 
industry. A number of studies have however  
highlighted the significant shift that the island’s coral 
reef communities have gone through over the past 
four decades, with a sharp decline in both coral cover 
and fish biomass.

Geography and Reef Structure

Curaçao is the largest island in the Dutch Antilles, with 
a total land area of 444km² and total maritime area of 
4,915 km2 (Van Buurt, 2009). This includes the land area 
of Klein Curaçao, a small, uninhabited coral 
limestone island located some 10 km off the southeast 
point of Curaçao. The island has a total coastal length 
of 175 km. The leeward (west) and windward (east) 
coasts are strikingly different. The windward coast is 
characterized by limestone cliff formations that are 
pounded by high waves rolling in from the rough open 
seas.The leeward coast is sheltered from the trade 
winds and is therefore calm with turquoise lagoons and  
sandy shores.

Due to the vast differences in oceanographic conditions 
between the island’s coasts, reef structure and  
abundance is very different on each side. On the west 
coast, fringing reefs are much better developed and 

have a much higher coral cover, especially in shallow 
waters (Vermeij, 2012). The sea floor drops off steeply 
within about 100 m from the shore, which is known lo-
cally as the “blue edge”. At a depth of 50 to 60 meters, 
a sandy terrace begins to slope gently until a depth of 
about 80 to 90m, where a second steep drop off occurs 
(Van Duyl, 1985; Pors & Nagelkerken, 1999). Corals on 
the east coast only occur past a depth of 12 meters due 
to much rougher conditions, such as high wave energy 
(Van Duyl, 1985).

As of 2010, live coral cover on Curaçao’s reefs was  
assessed to be 23.2%, with a coral diversity of 65 spe-
cies (Van Alfen & Van Vooren, 2010; Vermeij, 2012). 
The highest coral diversity is found on the reef slope, 
with a rapid decline below depths of 30-40 m (Bruckner 
& Bruckner, 2003). When mapping Curaçao’s reefs, van 
Duyl (1985) found a general pattern of vertical zonation 
of species and therefore concluded that the island’s 
coral species are highly affected by both depth and 
wave energy (Van Duyl, 1985). Shallow waters  
(shallower than 20 meters) are dominated by reef-
building stony Montastraea spp. (Bruckner & Bruckner, 
2003). Deeper waters are dominated by Agaricia spp.  
(Bak, Nieuwland & Meesters, 2005).

As of 2010, live coral cover  
on Curaçao’s reefs was  

assessed to be 23.2%, with a 
coral diversity of 65 species. 

Map of Curaçao. 
Image credit: DCNA
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Status of Curaçao’s Reefs

Status of Curaçao’s reefs

A number of studies of Curaçao’s reefs have taken 
place over the past four decades and have helped 
understand how the island’s reef communities 
have changed over this time period (See table on 
page 20). In fact, along with Bonaire, Curaçao has 
the most comprehensive reef monitoring data set 
of the entire Wider Caribbean region: coral cover, 
composition and mortality at depths of 10, 20, 30 
and 40 meters have been recorded at select sites 
since 1973 using fixed photo quadrants (Bak et al., 
2005). Please be aware that this study only targets 
three sites around Curaçao and therefore we 
should be careful with island-wide statements.

The most recent assessment of Curaçao’s reefs 
was carried out in 2015 by Blue Halo Curaçao (a 
partnership between the Waitt Institute and the 
Government of Curaçao in close cooperation with 
researchers from CARMABI and Scripps Institution 
of Oceanography). This Marine Scientific 
Assessment combined data from a marine  
expedition, interviews with divers and fishermen  

 
 
 
and historical sources (WAITT Institute, 2016). The 
expedition, which took place in November 2015, 
measured the abundance and composition of  
benthic and fish communities as well as water 
quality at 148 sites around the island using the 
Caribbean-Global Coral Reef Monitoring Network 
(GCRMN) baseline scientific monitoring  
methods. Based on this expedition Blue Halo 
Curaçao identified 8 zones with similar  
ecological conditions: Klein Curaçao (Zone 
1), Oostpunt (Zone 2), Caracasbaai (Zone 3), 
Willemstad (Zone 4), Bullenbaai (Zone 5), 
Valentijnsbaai (Zone 6), Westpunt (Zone 7),  
North Shore (Zone 8). This chapter focuses on the 
results of this island-wide most recent study. 

Based on the marine expedition eight zones with similar ecological conditions were identi-
fied and used for creating maps. In the Marine Scientific assessment report maps can be 
found with coral cover, juvenile cover density, turf- and macroalgae, fish biomass, infra-
structure, sewage, trash, fishing pressure and diving pressure per zone. 
Credit: WAITT Institute, Esri, GEBCO, NOAA, National Geographic, Delorme,  
HERE, Geonames.org, and other contributors
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StudieS time period Survey deScription # SiteS Surveyed

Bak et al., 2005; Bak, Nieuwland, 1995;  
de Bakker et al., 2016,2017. 1973-ongoing

Photographs are frequently taken of permanent quadrats of 9m2 at 10, 20, 30 and 40 m 
depths at the Leeward side of the island (Carmabi Buoy One (sites I and II) and Carmabi 
Buoy Two (site III)) to analyze the changes in community structures. In addition to these 
three sites, another site that is located at the far south-eastern side of Curaçao, was  
included with a quadrat positioned at 10 m (since 1983) and 20 m (since 1992) depth. 

4

Bruckner and Bruckner, 2003. 1997, 1998 and 
2000 Belt transect surveys to determine coral abundance, diversity and health. 9

Nagelkerken & Nagelkerken, 2004. 1969-2000 Sampling quadrats to determine the change in occurrence, cover, and sociability of coral 
species of shallow (1–3 m depth) coral reefs along the entire southwest coast of Curaçao. 16

Nagelkerken et al., 2005. 1973-2003 Transect surveys to quantify benthic cover. 9

NICO expedition organized by NIOZ and  
NWO-Science (PL: Visser & van Duyl) 2018 Deep reef surveys (> 30 m), mapping of cyanobacteria mats, onshore groundwaters and 

bathymetric maps -

Reefcare Coral Monitoring. 1997-ongoing
Transect surveys were used to classify benthic cover and data on coral cover, state of 
health, amount and algae cover and type. Four sites surveyed at a depth of 7 and 14 m  
every 3 months.

Currently: 6

Sandin et al., 2008. 2008 Data collection on coral reef fish and benthic community structure. 5

Van Duyl, 1985. 1981-1983 Classified wave energy environments and benthic habitats using aerial photography and in 
situ reef ground truthing surveys (0-20m depth). Entire leeward coast

WAITT Institute, 2016. 2016 A large marine scientific assessment combined data from a marine expedition (GCRMN 
method), interviews with divers and fishermen and historical sources. 148

Summary of major coral status surveys conducted on Curaçao’s coral reefs  
(Adapted from Sustainable Fisheries Group, 2015)

Status of Curaçao’s Reefs

Photo by: © Mark Vermeij

*PL = Project Leader
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Benthic cover 
Coral cover

Like many reefs in the Caribbean, Curaçao’s reefs 
suffered over the past decades from anthropogenic and 
natural stressors such pollution, coastal development, 
overexploitation, bleaching events, tropical storms, the 
mass mortality of Diadema antillarum urchins in 1983 
that greatly reduced herbivory levels on competitive 
algae (Bak et al., 1984) and the white-band disease that 
killed nearly 90% of elkhorn and staghorn from the late 
seventies to the mid-eighties (Bries et al., 2002; Mumby 
et al., 2014).

The overall decline in coral cover for the island’s reefs 
ranges from 42% [1980-2012] (Sustainable Fisheries 
Group, 2015) to over 50% [1982-2015] (WAITT Institute, 
2016). Blue Halo Curaçao found that, with the excep-
tion of Klein Curaçao and Oostpunt, the average coral 
cover for the island in 2015 was 15%. The north shore 
has the lowest coral cover (3-7%) due to the oceano-
graphic conditions that inhibit coral reef growth. The 
area from Boka Sami to the North Shore (Zones 5 to 7) 
also has a low coral cover (7-11%).

Timeline of major natural and anthropogenic events 
that have impacted coral reef habitats in Curaçao. 
(Sustainable Fisheries Group UC Santa Barbara, 2015)

Coral cover by site level average. 
Credit: WAITT Institute, Esri, GEBCO, NOAA,  
National Geographic, Delorme, HERE, Geonames.org,  
and other contributors.

Photo by: © Rudy van Geldere
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The use of photo quadrants has also revealed an 
important loss in coral cover loss over the past 40+ 
years (de Bakker et al., 2016, 2017). Indeed, from 
1973 to 2014 de Bakker et al. (2016) found that coral 
cover decreased between 5.5% to 47.4% at 10, 20, 
30 and 40 m depths. While overall cover and abun-
dance declined for almost all species  
(de Bakker et al. 2016), reef-building species such as 
Orbicella spp. have suffered the biggest loss. There 
has been an overall shift towards small colonies 
with reefs now dominated by smaller, opportunistic 
species (e.g. Madracis mirabilis, Porites astreoides, 
Diploria strigosa, and Agaricia lamarcki), although 
even these species have suffered an overall loss 
in cover (de Bakker et al., 2016). Important con-
sequences of reduced coral cover and the shift to 
smaller opportunistic species is reduced carbonate 
production, loss of reef structural complexity and 
its’ associated loss of biodiversity, coastal protec-
tion and human food security 
(de Bakker et al., 2016).

Curaçao’s healthiest reefs are located on the 
island’s east side. Klein Curaçao (Zone 1) and 
Oostpunt (Zone 2) were found to have an average 
coral cover of 25%, with a number of individual sites 
on the eastern side of these zones averaging >40% 
cover (See figure on page 33) (WAITT Institute, 
2016). A few sites near Rif Marie (Zone 6) and Playa 
Kalki (Zone 7) were also found to have a coral cover 
>40%. Current estimates suggest that healthy 
Caribbean reefs have a coral cover of over 40% 
(WAITT Institute, 2016). Both the Klein Curaçao 

 and Oostpunt zones also have the most favorable 
conditions for reef growth, as juvenile corals of 
reef-building species are about twice as abundant 
in these zones than in other parts of the island. 

Vermeij et al. (2014) found that the abundance 
of juvenile corals may be another good measure 
of reef health alongside coral cover as such an 
abundance “reflects the relative success or failure of 
reef functional processes (recruitment, growth and 
survival) on a timescale meaningful to both ecology 
and conservation” (Vermeij, 2014). The relative 
abundance in juvenile reef-building coral species 
helps to predict how well a reef area  
will renew itself once existing corals die, with 
reef-building species most important in building 
calcified reef structures that protect shore com-
munities from extreme weather events such as 
tropical storms (WAITT Institute, 2016). Juvenile 
corals (<4cm) on Curaçao’s reefs decreased on 
average by 55% from 1975 to 2005 (Vermeij, 2011). 

Curaçao is located on the southern edge of the 
hurricane belt, and on average one tropical storm 
passes within 200km (100mi) of the island every 4 
years (Sustainable Fisheries Group, 2015). These 
create high seas and intense wave action that 
causes localised damage to the reefs and the 
coastal zone. Curaçao sustains considerable dam-
age from hurricanes approximately once every 100 
years. There have been no hurricanes in the past 
20 years (Jackson et al., 2014).

Status of Curaçao’s Reefs

Place Reef Depth  
(m) Year span Start coral 

cover (%)
End coral 
cover (%)

Net 
change (%)

Curaçao CARMABI Buoy 1 (1) 10 1973-2014 48.5 1.1 -47,4

20 1973-2014 34.6 8.7 -25,9

30 1973-2014 22,4 4,4 -18

40 1973-2014 12,9 1,4 11,5

CARMABI Buoy 1 (2) 10 1973-2014 22.7 5.9 -16,8

20 1973-2014 32,9 5,6 -27,3

30 1973-2014 19,7 14,2 -5,5

40 1973-2014 17,6 6,9 -10,7

CARMABI Buoy 2 (3) 10 1973-2014 37 24 -13

20 1973-2014 34.9 16.6 -18.3

30 1973-2014 31 9.6 -21.4

40 1973-2014 36.1 18.4 -17.7

Change in coral cover of a 9 m2 quadrat at a depth of
 10, 20, 30 and 40 meters at three different sites on Curaçao. 

(de Bakker et al., 2016)
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Status of Curaçao’s Reefs

Algae and cyanobaterial mats

Macroalgae are a natural part of a reef community but 
many reefs in the Wider Caribbean Region have seen a 
shift from coral to algae dominated benthic communi-
ties. Studies have shown how damaging macroalgae 
can be to coral health, inhibiting coral settlement and 
recruitment, slowing coral growth and making them 
more prone to disease (Jackson et al., 2014). A study on 
Curaçao has revealed how macroalgae can negatively 
impact coral larval recruitment (Vermeij, 2006). Larval 
settlement was found to be good on the experimental 
panels that were totally covered in crustose coralline 
algae between 1979 and 1981. However, by the early 
2000s the upper surfaces of these panels were totally 
covered in macroalgae and larval settlement declined 
five-fold.

Macroalgae cover on Curaçao remains low compared to 
the rest of the Caribbean, largely due to the relatively 
high biomass of parrotfish that keep macroalgae in 
check. However, one worrying trend is the increase in 
turf algae, most likely due to an increase in nutrients in 
the water. Turf algae rapidly overgrows coral and unlike 
macroalgae, herbivore fish have no effect on the rate by 
which turf algae overgrow corals  

 
 
(at a rate of 0.34 mm/3 wk) (WAITT Institute, 2016; 
Vermeij, 2010). Except for the east coast of the island, 
all zones have a much higher percentage cover of turf 
algae than macroalgae, with turf algae covering 40.3% 
of the reef bottom on Curaçao’s southern shore . 
The windward coast (Zone 8) has an unusually high 
cover of macroalgae; it is almost completely covered by 
Sargassum species due to the area’s strong wave action 
and resulting low coral cover (WAITT Institute, 2016).

Another worrying trend is the rise of benthic cyanobac-
terial mats (Mumby et al., 2014) that can also negatively 
impact reef communities by “inhibiting recruitment 
(Kuffner et al., 2006), act as pathogens (Carlton and 
Richardson 1995), overgrow and smother reef benthos 
(Ritson-Williams et al., 2005; de Bakker et al., 2016b), 
create an anoxic environment (Brocke et al., 2015b) and 
produce chemicals that cause coral and fish mortality 
(Nagle and Paul 1998)” (de Bakker et al., 2017). This 
trend is further described in in chapter 1, on page 13. 

Average abundance (in percentage cover) of reef building organisms: corals and crustose coralline algae 
(CCA) and abundant algal groups (turf algae and fleshy macroalgae) that compete with reef builders for 
space. Other bottom cover not shown in this figure includes sponges, sand and rubble.
(WAITT Institute, 2016)

Photo by: © Hans Leijnse
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Status of Curaçao’s Reefs

Fish biomass

There is currently no indicator within the 
Caribbean of what total fish biomass indicates 
a “healthy” reef, although healthy reefs in the 
Pacific have been found to show total fish bio-
masses between 270 – 510 g/m2 (WAITT Institute, 
2016; Sandin et al., 2008). While the three areas in 
Curaçao that have the highest fish biomass (>200 
g/m2) do not fall within this “healthy” range, their 
value is still high compared to other parts of the 
Caribbean. Klein Curaçao (Zone 1) has the highest 
total fish biomass of the island (219 g/m2), closely 
followed by Caracasbaai (Zone 3). Fish biomass is 
higher east of Kaap Sint Marie (Zones 1 to 5) with 
a range of 159 – 219 g/m2 and lower in the north-
east of the island (Valentijnsbaai and Westpunt, 
Zones 6 and 7) .

The abundance of carnivorous and herbivorous 
fish are important indicators of functional reef 
communities. High densities of predatory fish such 
as groupers dominate healthy reef fish communi-
ties. If their abundance diminishes, the trophic 
structure of the reef fish assemblage is affected, 
which in turn affects reef health – for example,  

 
 
 
fewer predatory fish may lead to an increase in 
damselfish, which are known to hurt the reef  
when their population becomes too high 
 (Vermeij, 2015). Herbivorous fish species, notably 
parrotfish, have a crucial ecosystem role within 
reefs as they keep algae from overgrowing coral 
(Jackson et al., 2014).

Currently, the biomass of carnivorous fish is low 
across all zones, with the lowest abundance found 
from Kaap Sint Marie to Westpunt and all down 
the east coast (Zones 6 to 8) (WAITT Institute, 
2016). The biomass of herbivorous fish is still quite 
high (58 – 89 g/m2) in certain areas (Klein Curaçao 
to Willemstad) when compared to other parts of 
the Caribbean. The highest biomass is found near 
Bullenbaai and falls within the range at which 
herbivorous fish are able to keep algae from over-
growing coral (>70 g/m2). However, certain areas 
have shown a significant decrease in herbivorous 
fish populations, with the lowest biomass (26 g/
m2) found from Kaap Sint Marie to Santa Cruz 
(Zone 6). 

Spatial distribution of fish around Curaçao.
(WAITT Institute, 2016)
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Status of Curaçao’s Reefs

Local stressors

As is the case for most reefs around the world, 
Curaçao’s coral reefs have suffered from a sharp 
increase in local stressors over the past few 
decades. These stressors, such as pollution and 
coastal development, have had a drastic impact on 
reef health and led to an decline in coral cover and 
fish biomass. It is important to reduce local threats 
to increase the resilience of the reefs to the global 
stressors caused by climate change such as coral 
bleaching events.

Coral cover loss has been the highest around 
the island’s densely populated areas, especially 
around the capital city of Willemstad. Curaçao 
has a population of 160,337 inhabitants and is the 
second most densely populated island of the lee-
ward islands with just over 354 inhabitants per km2 
(CBS, 2017). The Blue Halo Curaçao study assessed 
the island’s coastal pollution from both sea and 
land sources. Land-based pollutants were found 
to contaminate ocean waters through run-off, 
sewage, industrial pipes and trash. As expected, 
sewage pollution was found to be the highest 
around Willemstad, the island’s biggest agglomer-
ate of urban area (Zone 4). Lots of trash was found 
in Bullenbaai (Zone 5) and Westpunt (Zone 7). 
 
While fishing pressure is limited on the island’s 
reefs due to the fact that most fishing now takes  

place offshore and in deep waters, there are still 
certain reef areas around the island that have 
historically been overfished or are being over-
fished (Vermeij, 2012; Kraan, 2017). The two areas 
with the highest fishing pressure are Westpunt 
(Zone 7) and Klein Curaçao (Zone 1) (WAITT 
Institute, 2016). The total fish biomass at Klein 
Curaçao remains high (likely because most fisher-
men target pelagics rather than reef fish), but the 
low fish biomass at Westpunt indicates that the 
area is severely overfished. Westpunt is also one of 
the most visited dive areas and greatly valued by 
both fishermen and divers, meaning that there is 
great potential for conflict between these two user 
groups (WAITT Institute, 2016). The windward 
side of the island has a low fishing pressure due to 
rougher waters that deter most fishermen. Fishing 
is also limited around Willemstad (Zone 4), most 
likely due to the presence of large ships, and near 
Oostpunt (Zone 2), which has limited shore access 
for fishermen.

Curaçao’s reefs compared to other 
Caribbean Reefs 

Curaçao’s reefs are considered relatively healthy 
compared to the rest of the Caribbean (WAITT 
Institute, 2016) and rate favorably on some criti-
cal indicators of reef health and functional reef 
communities (See page 26). The coral cover of the 
island’s leeward coast (31%) is amongst the five 

highest of the Caribbean, just below Bonaire’s 
leeward coast (35%). Coral cover of the east coast 
is much lower (12%) due to the oceanographic 
conditions of that coast, but still higher than Saba 
(9%). Parrotfish abundance of Curaçao’s leeward 
coast is also amongst the five highest in the 
Caribbean, just below Bonaire’s leeward coast (31 
g/m2). The north shore has a much lower parrotfish 
abundance (15 g/m2), around the same range as 
Saba (13 g/m2). The macroalgal cover for both the 
east and west coast rate low (both 8%), while Saba 
rates even lower (5%). 
 
While the health of Curaçao’s reefs has signifi-
cantly worsened over the past decades, they are 
still healthy enough to provide the island with im-
portant economic gains. In 2016, Curaçao’s reefs 
were valued at more than USD 442 million per year 
(Sustainable Fisheries Group, 2016). These eco-
nomic benefits will however disappear if Curaçao’s 
reefs become too damaged, alongside invaluable 
functions such as storm protection and carbon-
ate production. So far, the loss in Curaçao’s coral 
cover has led to a 67% reduction in reef carbonate 
production (de Bakker et al., 2016). Drastic actions 
to ensure the proper management and conserva-
tion of the island’s reefs, such as the designation of 
no take zones and the repair of its water treatment 
facility, is therefore urgently needed and must 
become an absolute priority for the island.

Photo by: © Marion Haarsma

Photo by: © Mark Vermeij
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Overview of commonly used metrics for coral ecosystem health of Curaçao’s coral reefs in comparison to other 
Caribbean islands and nations. High coral cover and high abundance of parrotfish are considered signs of 
functional reef communities, whereas high macroalgal abundance is indicative of degraded reefs.  
(Note: the more common turf algae and cyanobacteria are not included in this comparison).
(WAITT Institute, 2016)

Status of Curaçao’s Reefs

Photo by: © Marion Haarsma
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Status of Saba’s Reefs

Saba is nicknamed the “Unspoiled Queen” due to its 
pristine nature and high level of terrestrial and marine 
biological diversity. Each year, approximately 22,500 visi-
tors come to enjoy the island’s natural treasures, with the 
majority of these visitors taking part in diving and hiking 
activities. The most recent research on the health of Saba’s 
reefs however revealed a decline of the island’s coral 
reef health most likely mainly due to regional and global 
stressors such as the mass mortality of Diadema antillarum 
urchins, bleaching events and hurricane impacts. 

Geography and Reef Structure

Saba is located in the North Eastern Caribbean within the 
Lesser Antilles island group. The island was formed about 
500,000 years ago as the result of volcanic activity and is 
the youngest of the three Windward Islands (Westermann 
and Kiel, 1961). It is the peak of a single dormant volcano, 
Mount Scenery, which rises 877 meters above sea level and 
is the highest point of the Kingdom of the Netherlands 
(Westermann and Kiel, 1961).

Saba is the smallest island of the Dutch Caribbean, with 
a land area of 13km² and a maritime area of 10,367 km² 
(Jackson et al., 2014). The island has two small rocky islets, 
Green Island and Diamond Rock, which are home to breed-
ing seabird colonies. Saba’s coast, which measures 16 km, 

is dominated by steep and rocky cliffs (Jackson et al., 2014). 
Consequently, there are no mangrove stands or extensive 
Thalassia seagrass beds, although there are small patches of 
Syringodium on the leeward western coast and east of Fort 
Bay (Buchan, 1998).

The island is very mountainous with numerous hills sur-
rounding the main peak of Mount Scenery, including Booby 
Hill, Bunker Hill and Great Hill. Much of the island is covered 
by relatively dense vegetation; the upper slopes of Mount 
Scenery are covered in cloud forest with an exceptional 
canopy height of up to 15m (Stoffers, 1960). The slopes of 
Mount Scenery have many V- and U-shaped valleys, locally 
known as guts, which carry water and sediments directly to 
the ocean during heavy rains. The island’s population, which 
reached 1,947 in 2016, is mostly concentrated around the 
capital, The Bottom, in the south-east (CBS, 2016).

Saba has a few reefs and a large number of sand habi-
tats. The most common coral species in Saba’s reefs are 
Orbicella faveolata, Siderastrea siderea and Porites astreoides 
(Hildebrand, 2017). The island’s bathymetry is characterized 
by nearshore drop-offs at Flat Point, Spring Bay, and Corner 
Point (Deslarzes, 1994). The shelf surrounding Saba is typi-
cally 300-500 m wide within a 60m depth limit, but measures 
around 1,000m at its widest point in the north of the island 
(Deslarzes, 1994).

Map of Saba.
Image credit: DCNA

References can be found on DCNA’s website
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Status of Saba’s Reefs

Most of Saba’s reefs reflect the island’s volcanic 
origins, with corals growing on volcanic structures 
such as lava formations, boulders and pinnacles 
(Klomp & Koostra, 2003; van ‘t Hof, et al., 1991; 
Polunin & Roberts, 1993). The island’s reefs are 
also home to a number of deep underwater sea-
mounts, known as pinnacles, with the majority 
located 1.8 km off Saba’s western coast. These 
pinnacles are nourished by deep ocean currents 
and therefore covered in rich marine life. Saba 
does have true reefs - that is reefs with a carbon-
ate framework - in the south-western part of the 
island at the Giles Quarter reef complex  (Polunin 
& Roberts, 1993).

The Saba National Marine Park (SNMP) was  
established in 1987 and includes all the waters 
around the island from the high-water mark to a 
depth of 60m, including the seabed and overlying 
waters. It includes a total area of 1300 ha. The 
park has one no-take zone, which covers 33% of 
the park’s area, in which fishing and anchoring 
or mooring by larger recreational vessels are 
prohibited but diving is permitted (Menger, 2017). 
The Yarari Marine Mammal and Shark Sanctuary, 
which comprises the waters around Bonaire and 
Saba, was established in 2015.

Photo by: © Hans Leijnse
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Status of Saba’s reefs

Only a few studies have assessed the health of Saba’s 
reefs since the early 1990s. Before this time, Saba’s 
reefs have suffered like all reefs in the Caribbean from 
the mass mortality of Diadema antillarum urchins in 
1983 that greatly reduced herbivory levels on com-
petitive algae and the white-band disease that killed 
nearly 90% of elkhorn (Acropora palmata) and stag-
horn corals (Acropora cervicornis) from the late seven-
ties to the mid-eighties (van de Vlugt, 2016). In 1992 a 
baseline study was carried out to identify the benthic 
habitats in the coastal waters of Saba (Van Beek, 
2013).  In 2013, benthic habit mapping was done again 
with video-drops at 276 locations (Kuramae & van 
Rouendal, 2013). In 1999, the reefs of the windward 
Netherlands Antilles were assessed using the Atlantic 
and Gulf Rapid Reef Assessment (AGRRA) protocol 
to assess the damage caused by Hurricane Lenny 
(Klomp & Kooistra, 2003). A reef check was also done 
to assess the damage during the 2005 severe bleach-
ing event (Esteban & Kooistra, 2005). In 1991, 1993, 
1994, 1995 and 2008, one long-term study looked at 
fish communities in the Saba Marine Park by carry-
ing out Underwater Visual Censuses (UVCs) of fish 
abundance and habitat variables at 15 different sites 
within the park (Noble et al., 2013). However, to better 
understand the current status of Saba’s reefs and to 
enable comparison of data from year to year, a yearly 
ongoing monitoring survey began in 2015. Twenty 
sites around the island have been surveyed according 
to the protocols of the Global Coral Reef Monitoring 
Network (GCRMN). On each site the following coral 
reef indicators were measured by students of WUR: 
fish biomass and density, coral and macroalgae cover, 
coral health, density of coral recruits, density of sea 
urchins and cucumbers, and water quality (van der 
Vlugt, 2016; Menger, I., 2017; Hildebrand, 2017). 

Conservation organizations from Saba, St. Eustatius 
and St. Maarten joined a research expedition organ-
ized by the Scripps Institute of Oceanography and the 
WAITT Foundation in November 2016 to conduct a 
rapid scientific assessment of the coral reefs around 
the windward Caribbean islands (Sandin et al., 2016). 
The GCRMN protocol for the Caribbean was used to 
establish a regional scale perspective of coral reef 
health across the islands, with surveys taking place in 
the forereef habitat at depths between 7 and 15 me-
ters. In addition to coral reef assessments following 
the GCRMN protocol, a selection of coral reef envi-
ronments on Saba were mapped using 3D imagery. 
Photography and advanced image post-processing 
are used to create photomosaic images of large reef 
areas up to 100 square meters. These images provide 
a snapshot view of large-area coral reef communities 
and their compositions, enabling data collection of 
benthic communities. Not all results of these surveys 
have been released yet.  The first preliminary results 
on juvenile corals and turf algae are included in this 
chapter and footage can be seen here: https://drive.
google.com/drive/folders/0By3cTucxJ9GFVmZKcVZx
SjQxcG8?usp=sharing. 

In March 2018 researchers aboard the Pelagia 
research vessel collected invaluable data on the 
Windward islands during the “Netherlands Initiative 
Changing Oceans (NICO)” marine expedition or-
ganized by the Royal Netherlands Institute for Sea 
Research (NIOZ) and NWO-Science. The research 
team mapped for the first time the largely unknown 
benthic communities and bathymetry on the wind-
ward side of Saba with video transects and the multi-
beam echo sounder (van Duyl & Meesters, 2018).

Status of Saba’s Reefs

Studies
Time 
period

Survey Description
# Sites 
Surveyed

AGRRA, (Klomp & Kooistra, 
2003)

1999
Post hurricane (Lenny) rapid assessment 
of reefs including measures on coral cover 
and bleaching.

-

Esteban & Kooistra, 2005. 2005 Report on observations of coral bleaching 
(ReefCheck protocol). 4

GCRMN, (Project lead: WUR, 
van der Vlugt, 2016; Menger, 
I., 2017; Hildebrand, 2017)

Annual 
since 
2015

Status and trends of key reef indica-
tors; coral cover, macroalgae cover, 
coral recruitment, coral disease, biomass 
herbivore and commercial fish, macroin-
vertebrates and water quality.

20

NICO expedition organized 
by NIOZ and NWO-Science 
(van Duyl & Meesters, 2018)

2018
Mapping the windward side of Saba with 
video transects and the multibeam echo 
sounder.

-

Polunin & Roberts, 1993; 
Roberts, 1995; Roberts & 
Hawkins, 1995; Noble et al, 
2013.

1991-
2008

Underwater visual censuses (UVCs) of fish 
abundance and habitat variables were 
conducted within the Saba Marine Park

15

Scripps Institute of 
Oceanography and the 
WAITT Foundation

2016

Coral reef assessments following the 
GCRMN protocol and selection of 8 coral 
reef environments was mapped using 3D 
imagery.

14

SCF with staff of local dive 
schools Saba Divers, Sea 
Saba and Explorer ventures

2017- 
2018

Post hurricanes (Irma and Maria) damage 
assessment of coral reefs using GCRMN 
method.

Planned: 
50 in 
SNMP 
and 25 
on the 
Saba 
Bank

Van Beek, 2013; Kuramae & 
van Rouendal, 2013

1992, 
2013 Benthic habitat mapping. 276

Summary of major coral status surveys conducted on Saba’s coral reefs 
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Benthic cover 

Seven habitats occur in Saba’s Marine Park: bare sand, 
bare rock, diffuse patch reef, dense patch reef, coral 
reef, sea grass beds and algae fields  
(Kuramae & Rouendal, 2013). 

Coral Cover 

Coral cover on Saba, that is the amount of reef surface 
covered by live stony corals, has declined over the past 
three decades. In the early 1990s, mean hard coral 
cover ranged from 7.8% to 21.9% and reached 29% in 
certain reef areas (Deslarzes, 1994). According to other 
estimates, it reached up to 38% in 1994 (Noble et al., 
2013). Orbicella annularis was most dominant overall, 
followed by Agaricia spp., Millepora spp. and Diploria 
strigosa. In 1999, the AGRRA assessment found that 
the island’s average coral cover was still high but had 
decreased to 18% with the assemblage of ≥ 10 cm stony 
corals primarily composed of small-sized colonies, one 

third of which belonged to the Orbicella annularis com-
plex (Klomp & Koostra, 2003). By 2008, coral cover was 
said to be less than 10% (Noble et al., 2013; Hildebrand, 
2017). While the different assessments of coral cover 
over the years used different methodologies and are 
therefore difficult to compare, there is an overall visible 
downward trend in live hard coral cover.

Coral recruitment of Saba’s reefs seems to be low, 
which hinders the replenishment of the island’s coral 
populations. While the 1999 AGRRA assessment 
found an average of 3.8 recruits per m2, in 2016 this 
number had dropped to 1.5 recruits per m2 (Klomp & 
Kooistra, 2003; Hildebrand, 2017). Tent Reef had the 
most recruits, while Greer Gut had none (Hildebrand, 
2017). The expedition by the Scripps Institute 
of Oceanography and the WAITT Foundation in 
November 2016 found lower juvenile densities with a 
mean density of +/- 0.14 recruits per m2 (See figures on 
next page, Sandin et al., 2016).

Benthic cover within the SNMP in 2016. 
(Hildebrand, 2017)
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Status of Saba’s Reefs

Mean density and standard error of density of juvenile stony 
corals per island (number of individuals per m2) 
 (Sandin et al., 2016)

Reef complexity, which is vital to reef health as 
it provides a variety of habitats for invertebrates 
and reef fish species to hide in, is often used 
to assess the condition of a reef as it typically 
indicates whether or not coral cover is adequate 
(Noble et al., 2013). This is however not the case 
on Saba as most of the reef structure is made 
from volcanic rock formations rather than the 
more typical coral limestone skeleton deposit 
(Polunin, Roberts, 1993). No significant link was 
therefore found between habitat complexity and 
other health indicator variables (e.g. coral cover, 
macroalgae cover, coral recruits) (Hildebrand, 
2017). The total Polunin score for reef complexity 
of the SNMP was 2.7% in 2015 and 2.6% in 2016, 
which is between the categories “low but wide-
spread relief” and “moderate complexity with 
numerous caves and overhangs”, meaning that 
the reefs offer a good environment for reef life 
(Hildebrand, 2017).

Coral disease on Saba’s reefs seems low, with 
2.5% of corals affected in 2015 and 2.4% in 2016 
(Hildebrand, 2017). The most common coral 
disease in 2016 was red band disease, which 
is caused by cynobacteria, while in 2015 it was 
black band disease. The species most affected 
are Orbicella faveolata followed by Siderastrea 
sidereal (Hildebrand, 2017). 

As seen throughout the Caribbean, bleaching 
events have impacted Saba’s reefs. In 2005, 
Esteban et al. (2005) reported intensive bleach-
ing of the island’s corals down to a depth of 25 
meters and estimated that 80% of all colonies  
of Montastraea cavernosa and brain corals were  
> 90% bleached. Coral bleaching was low in  
2016, with 2% of corals totally bleached 
(Hildebrand, 2017). 

Mean density of juvenile corals
 (Sandin et al., 2016)
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Macroalgae

Macroalgae have been found to inhibit coral 
settlement and recruitment and slow coral 
growth (Jackson et al., 2014). Due to the volcanic 
nature of the island macroalgae grows well here 
(Hildebrand, 2017). In 2013, the island’s sand 
habitats were mapped and sand habitats covered 
with algal and/or cyanobacteria mats were found 
around the entire island further ashore, of which 
the majority were at a depth of 30-50 meters 
(Kuramae & van Rouendal., 2013). In 2016, the 
median macroalgae cover of the SNMP’s reefs 
was measured at 21%, which is comparatively low 
to the 30% Caribbean average (Hildebrand, 2017). 
On the other hand, a relatively higher turfalgae 
height was found on Saba than on the Saba Bank, 
St. Eustatius and St. Maarten (Sandin et al., 2016).

Status of Saba’s Reefs
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Mean height and standard error (mm) of turf by island.
(Sandin et al., 2016)
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Status of Saba’s Reefs

Fish

Saba’s fish biomass was measured as part of the 
1999 AGRRA assessment and the study found that 
the island had a fish biomass of 11 kg/100 m2, with 
a herbivorous fish biomass of 5.8 kg/100 m2 and a 
density of 4.5 individuals/100 m2 for commercially 
significant species (Klomp & Kooistra, 2003). Fish 
species richness was found to be much lower in 
2008 than throughout the 1990s with a drop of  
> 50% (Noble et al., 2013). 

Herbivorous Fish 

Herbivores are an important part of coral reef 
ecosystems as they help to maintain an ecological 
balance between corals and algae. Herbivores can 
control seaweed from overgrowing coral and keep 
substrate free from algae so that coral recruits can 
settle (Jackson et al., 2014; Mumby & Steneck, 
2008). Noble et al. (2013) found an increase in 
density between 1995 and 2008 of 49%. 

Commercial Fish 

Noble et al. (2013) reported a 68% loss of  
carnivorous reef fishes across all zones of the 
SMNP from the 1990s to 2008, with historically 
low carnivorous fish density across all zones in 
2008. Despite effective spatial protection of the 
Saba Marine Park (SMP) by local managers, Noble 
et al. (2013) concluded that the differences in fish  

biomass, density and species richness within the 
SNMP seems to be most likely explained by  
differences in the depth of reefs and associated 
live coral cover than the park’s zoning plan. Noble 
et al. (2013) documented the effects of a marine 
protected area zoning on fish density, biomass and 
species richness over 21 years (1991, 1993, 1994, 
1995, 2008) through the use of Underwater visual 
censuses (UVCs) of fish abundance and habitat 
variables. They found that while all fish species had 
a significantly greater biomass in unfished sites, 
this was only the case in shallow zones (5 m depth) 
and not in deeper habitats (15 meters). Density 
showed little or no mean difference across zones 
but herbivorous fish density did increase 49% in 
shallow habitats. Shallow habitats in the unfished 
sites also had higher species richness. Deeper 
habitats in unfished sites were found to have 
overall lower coral cover, which may explain dif-
ferences in biomass and density between different 
depth zones. Many reef fish prefer to settle into 
live hard coral habitats, which is why “substantial 
coral loss can substantially alter fish community 
structure and species richness on coral reefs, with 
numerous studies documenting significant declines 
in the abundance of adult reef fishes who depend on 
live coral for food and/or habitat when reefs incur 
major losses of live coral cover” (Noble et al., 2013). 
The historically low density of carnivorous fish 
across all zones of the SNMP noted by Noble et al. 
(2013) in 2008 may also be a delayed response to 
the loss of preferred coral reef habitat in the park.

Photo by: © Hans Leijnse
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Local stressors

Saba is, like most Caribbean islands, economically 
dependent on tourism. The island receives 22,500 
visitors on an annual basis. The total expenditure 
of tourists is USD 31.7 million per year, of which 
around USD 6 million is directly attributable to na-
ture (Cado et al., 2014). Most tourists come to the 
island to dive and hike, making the island’s reef a 
valuable resource. This resource is however under 
threat as recent studies have revealed a decrease 
in coral cover. It is most likely that regional and 
global stressors are responsible for this degrada-
tion as local stressors are believed to be minimal 
(Wulf, K. personal comment 2018). 

The two main uses of Saba’s reefs are diving 
and fishing, and both uses seem to have limited 
impacts on the health of the reefs. One long-term 
study of diving activities within the SNMP found 
that these led to no significant damage of the 
park’s coral reefs (Hawkins et al., 2005). A few  

recreational fishers use line fish from the shore or 
line-based trolling around the island (Toller et al., 
2010). Since 2016 traps have been prohibited in 
the SNMP.

Overgrazing of the island’s vegetation and the 
resulting sedimentation is an issue on the island 
(Hildebrand, 2017). Saba’s goat population has 
increased over the past decades, and their vera-
cious appetite has led to much vegetation loss, 
causing sediment to wash up into the ocean 
during heavy rains (Burke et al., 2011; Hildebrand, 
2017). Sediment run-off can directly smother 
coral reefs or decrease light availability to reefs, 
limiting their growth and making them more 
susceptible to disease. An initiative is running to 
reduce the number of free-roaming goats under 
the natuurgelden projects that are funded by  
the Ministry of Agriculture, Nature and Food 
Quality (LNV).

Status of Saba’s Reefs
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Saba’s population is small compared to some 
other islands in the Caribbean, with fewer coastal 
developments and overall less pressure on the 
island’s marine resources. There is nevertheless 
some concern over the island’s sewage system 
and its potential impact on the reefs (Hildebrand, 
2017). Sewage is captured under each house and 
filtered through the island’s volcanic stone, and 
eventually ends up in the ocean. No study has 
been carried out to assess how many nutrients end 
up in the water as a result of this process.

Besides, Saba is also dealing with invasive species, 
notably lionfish that were first sighted in 2010 and 
are reported to negatively impact native coral fish 
populations (Albins and Hixon, 2008). SCF has a 
lionfish removal program and a project started in 
2017 in close collaboration with commercial fisher-
men to try to actively remove lionfish with specific 
traps on the Saba Bank, especially from deeper 
reefs inaccessible to divers (Kuramae, personal 
communication 25th of July 2018).

Saba’s reefs also face natural pressures including 
storms and bleaching events, which are likely 
intensified by global warming (Bender et al., 2010). 
Hurricanes can have a significant impact on Saba’s 
reefs, both in terms of limiting reef development 
and causing damage to existing living hard corals. 
In September 2017, Irma, a Category 5 hurricane, 
one of the strongest Atlantic hurricanes ever ob-
served, passed Saba that was shortly followed by 
another Category 5 hurricane named Maria. Saba’s 
reefs appear to have incurred limited damage by 
Hurricanes Irma and Maria with the exception of 
sponges which shown some damage. There were 
massive, unusual northern swells in March 2018, 
which did much damage to the shallow reefs on 
Saba’s west coast. For the first time in recent 
memory, waves were observed breaking on the 
Saba Bank.

Status of Saba’s Reefs
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Status of Saba Bank’s Reefs

The Saba Bank remained an unexplored and mysterious 
offshore submerged carbonate platform until very re-
cently. Research on the Saba Bank was first initiated under 
the Central Government of the Netherlands Antilles due to 
fishing pressure on the Bank and after fishery legislation 
was first enacted. After the constitutional change in 2010 
when the Saba Bank became the direct responsibility of the 
Netherlands, there was more attention for the Saba Bank 
and there have been several research expeditions to assess 
the state of the fisheries, coral reef health and shark popu-
lation (Bos et al., 2016). A known biodiversity hotspot, the 
Saba Bank is of special interest to scientists because it has 
remained relatively pristine thanks to its remote location 
(DCNA, 2016; Bos et al., 2016).  But the Saba Bank is by no 
means immune to global and regional impacts including 
the effects of climate change. 

It is essential that action is taken to increase the resilience 
of the Saba Bank as much as possible in order to buffer the 
effects of climate change including the very real possibility of 
more, and more intense bleaching events and hurricanes as 
well as the insidious impact of ocean acidification. 

Geography and Reef Structure

The Saba Bank lies just 5 kilometers southwest of the island 
of Saba but extends almost 70km from the Saba coastline. It 
covers 268.000 hectares, an area roughly the size of the Dutch 
part of the Wadden Sea or, more evocatively, about the same 
size as Luxembourg. About one quarter of the Bank lies within 
Saban territorial waters (DCNA, 2017).
 
The Saba Bank is the second largest submerged carbonate 
platform of its kind and the largest in the Atlantic Ocean basin 
(Meesters et al., 2009). It was an island during the last glacial 

period until about 5,000 years ago (Van der Land 1977). There 
are reef crests, lagoon and beach formations, which probably 
formed during this and previous glaciations when the Bank 
was above sea level (DCNA, 2017).

This submerged carbonate platform rises from the sea floor 
and is crowned at the summit by a 150 km² expanse of grow-
ing coral reef (Meesters et al., 1996; DCNA, 2016). Most of the 
Bank lies at depths of 20 to 50 meters, but a considerable area 
to the east lies between 10 and 20 meters and has extensive 
reef development (Meesters et al., 1996). It reaches a plateau 
at a depth of about 15 m (Klomp and Kooistra, 2003). The 
western edge is deeper (50 m) and believed to be dominated 
by sand (Klomp and Kooistra, 2003).

Considered to be one of the world’s marine biodiversity 
hotspots (Church and Allison, 2004), the Saba Bank is  
recognized under the Convention of Biological Diversity 
(CBD) as an Ecologically and Biologically Significant Area 
(EBSA). It forms a regionally unique and relatively pristine 
ecosystem characterized by high biological diversity and 
productivity (Meesters, 2013). The Bank is home to some of 
the richest diversity of marine life of the Dutch Caribbean  
(Bos et al., 2016) including sea turtles, migratory humpback 
whales (Megaptera novaeangliae) and more than 200  
species of fish. It contains many different habitat types 
including coral reefs (patch reefs and spur and groove reefs 
with sandy channels), fields of calcareous algae, algal fields, 
sand plains, as well as limestone pavements overgrown  
with unique and diverse plant assemblages  
(Lundvall, 2008; Meesters, 2016; DCNA, 2017).

Map of the Saba Bank
Image by: ©  DCNA

Photo by: © Randall Ruiz

This article was published in BioNews Issue 8 
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Status of Saba Bank’s Reefs

Status of the reefs of the Saba Bank 

The first scientific expeditions to the Saba Bank took place in the 
1970s with mixed results: one study concluded that the Saba Bank 
had minimal reef development but abundant crustose coralline algae 
and sponges (MacIntyre et al., 1975), while a study published soon 
after found that the Bank’s two large windward reefs had abundant 
coral growth (Zonneveld, 1977). During an expedition with research 
vessel H.M.S. Luymes of the Royal Netherlands Navy in 1972, natural 
history specimens were collected that could serve as baseline mate-
rial for future biodiversity studies (Van der Land, 1977; Hofker, 1980; 
Logan, 1990; Thacker et al., 2010; Hoeksema et al., 2011).

In the 1980s the reefs on the Saba Bank have experienced Caribbean-
wide disease induced mass mortalities such as the die-off of the 
main urchin species in the Caribbean (Diadema antillarum) in 1983 
(Aronson & Precht, 2001). In 2006, Scientists from Conservation 
International (CI), the Netherlands Antilles government and 
Smithsonian Institution’s Museum of Natural History carried out a 
two-week expedition to the Saba Bank. They uncovered a rich and 
healthy coral fauna, confirming Zonneveld’s prior findings (1977). 
The Bank was recognized as a regionally unique area with relatively 
pristine ecosystems characterized by high biological diversity and 
productivity, as well as being a possible source of fish and coral 
larvae to downstream areas.

Research on the Saba Bank gained momentum when the Bank 
became the responsibility of the Netherlands in October 2010,  
and since then several research expeditions have taken place to  
assess the Bank’s fish communities, coral reef health and shark 
population (Bos et al., 2016). As a known biodiversity hotspot,  
the Saba Bank is of special interest to scientists because it has 
remained relatively pristine thanks to its remote location, offering 
researchers the opportunity to study the effects of global change 
and reef resilience compared to other reefs in the region  
(Meesters et al., 2016; Bos et al., 2016). 

Three research expeditions conducted by Wageningen Marine 
Research (formerly IMARES) took place between 2011 and 2015 to 
gather data on the Bank’s biodiversity, ecological functioning and 
ecosystem changes triggered by mounting environmental pres-
sures. The 2015 expedition was a joint expedition with the Royal 
Netherlands Institute for Sea Research (NIOZ Sea Research) (van 
Duyl, 2016). The data collected during these surveys will be invalu-
able to ensure the sustainable management of the Bank.

In November 2016 conservation management organizations from 
Saba, St. Eustatius and St. Maarten joined a research expedition 
organized by the Scripps Institute of Oceanography and the WAITT 
Foundation to conduct a rapid scientific assessment of the coral reefs 
in the windward Caribbean islands (Sandin et al., 2016). The Global 
Coral Reef Monitoring Network protocol for the Caribbean (GCRMN-
Caribbean) was used to establish a regional perspective of coral reef 
health, surveying the fore-reef habitat at depths between 7 and 15 
meters. In addition to GCRMN coral reef assessments, a selection 
of coral reef environments on the Saba Bank were mapped using 3D 
imagery.  The footage can be found at: 
https://drive.google.com/drive/folders/0By3cTucxJ9GFcEYyUi16OG4y
c0k?usp=sharing (Scripps Institution of Oceanography). 

In March 2018 researchers aboard the Pelagia research vessel  
collected invaluable data on the Saba Bank during the “Netherlands 
Initiative Changing Oceans (NICO)” marine expedition organized 
by NIOZ Sea Research and NWO-Science (ENW). The first project 
focused on the deep-sea habitats (100m and beyond) and their 
main goal was to determine the biodiversity of the deep slopes and 
describe how environmental conditions such as turbulence, currents, 
mixing and food-supply influence live in the deep-sea. During the 
second project the researchers mapped the benthic habitats (from 
10 until 100m depth) and investigated benthic-pelagic coupling of 
different benthic habitats with focus on net calcification, organic 
matter (bio)deposition/ mineralization and oxygen dynamics in the 
benthic boundary layer (van Duyl & Meesters,2018).

Photo by: © Hans Leijnse

A Symposium dedicated to the Saba Bank was organized by the University 
of Wageningen in  Den Helder in December 2016. The Symposium brought 
together researchers and conservationists from throughout the Kingdom 
to share their knowledge and to provide an overview of the current state of 
scientific knowledge about the Saba Bank. A special BioNews edition  
http://www.dcnanature.org/wp-content/uploads/2018/08/BioNews-Saba-
Bank.pdf was created to capture the wealth of information presented at the 
Symposium. Additionally a book was produced by Wageningen University, 
which can be downloaded here: http://edepot.wur.nl/400225 (Bos et al., 2016).
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Studies Time period Survey Description
# Sites 
Surveyed

CICAR Expedition (Van der 
Land, 1977) 1972

The first recorded expedition to the Saba 
Bank. Collections of the benthos were made 
by hand by Dutch Naval divers. 

25 by Scuba 
diving

Corwith Cramer Cruise C-103 
(Joyce, 1989) 1989

During this expedition a depth Recorder pro-
file and sediment sample transect lines were 
completed.

112

Netherlands Antilles 
Department of Environment  
(MINA) survey
(Meesters, 1996)

1996
The expedition focused on the central and 
eastern part of the Saba Bank and surveyed 
approximately 1.8% of the total area.

-

AGRRA (Klomp & Kooistra, 
2003) 1999

Post-hurricane (Lenny) rapid assessment of 
reefs including measures on coral cover and 
bleaching.

3

Conservation International 
expedition 2006 Rapid Assessment of the Saba Bank 17

Royal Dutch Navy, MINA, 
Harte Research Institute, 
Conservation International 
(CI), and SCF

2007

This survey focused on octocorals as well as 
surveys of fish and conch. For the first time 
monitoring included surveys for crustaceans 
as well as some ROV deep water exploration. 
Using multibeam sonar data from the Dutch 
Navy a high resolution (2 m) bathymetric GIS 
map was prepared

40 (5 zones)

CARIBSAT expedition, M.V. 
Caribbean Explorer 2010

A ground truthing expedition to the Saba 
Bank to find ways to use satellite images to 
map the benthic communities. Data were 
collected using video camera drops and 
underwater video transects at 7 places.

200

Studies Time period Survey Description
# Sites 
Surveyed

IMARES and NIOZ 2011, 2013, 
2015

Three expeditions aimed to collect data on 
benthic and reef fish communities; connectiv-
ity; sponges and nutritional sources of the 
sponge community; seabirds and marine 
mammals; net coral reef calcification, water 
quality, water velocity and other physical 
parameters. 

11

NIOZ and IMARES
(NWO funded project entitled 
“Caribbean Coral Reef Ecosystems 
- interactions of anthropogenic 
ocean acidification and eutrophi-
cation with bio-erosion by coral 
excavating sponges”)

2016

Researchers wanted to gain a better  
understanding of the hydrography of the 
Saba Bank and to determine if net ecosystem 
calcification is occurring. This expedition 
integrates ecological mapping (Spatial cover-
age of corals and other calcifying organisms), 
(carbonate) chemistry, net calcification, and 
physical oceanography. 

61

Scripps Institute of Oceanography 
and the WAITT Foundation 2016

Coral reef assessments following the GCRMN 
protocol and a selection of 2 coral reef envi-
ronments were mapped using 3D imagery.

3

NICO expedition organized by NIOZ 
and NWO-Science (PL: van Duyl & 
Meesters, 2018; Duineveld & Mienis)

2018

Biodiversity of deep-sea habitats (>100m), 
mapping of benthic habitats (10 - 100m), 
benthic-pelagic coupling of different benthic 
habitats with focus on net calcification, organic 
matter (bio)deposition/ mineralization and 
oxygen dynamics in the benthic boundary layer.

-

GCRMN by SCF Planned Coral reef assessments following the GCRMN 
protocol after hurricanes Irma and Maria

Planned: 
25

Summary of major coral status surveys conducted on Saba Bank’s coral reefs. 
(DCNA, 2017)

Status of Saba Bank’s Reefs *PL = Project Leader
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Benthic cover
Coral

Coral cover is the amount of bottom surface 
covered by live stony corals, contributing to the 
three-dimensional framework of the coral reef. 
The Saba Bank had a rich coral fauna and high 
coral cover in the 1990s and 2000s according to 
a number of studies. During a 1996 expedition 
on the Saba Bank, 28 hard coral species and 14 
soft coral species were recorded and hard coral 
cover was estimated at 60 to 90% (Meesters 
et al., 1996). A decade later, scientists from 
Conservation International (CI), the Netherlands 
Antilles government and Smithsonian 
Institution’s Museum of Natural History carried 
out a survey of the Bank and found the hard and 
soft coral fauna of the Bank to be very rich, abun-
dant, diverse and representative of the Caribbean 
(Lundvall, 2008). Researchers counted 40 hard 
coral species and found a rich and abundant 
gorgonian fauna with 20 different species of soft 
coral documented. In 2015, a biodiversity assess-
ment of the Bank recorded nearly 50 species of 
reef-building corals (Hoeksema et al., 2017).

However, there has been a significant decrease in 
coral cover in the last 15 to 20 years. Quantitative 
surveys carried out at 10 different locations as 
part of the 2011, 2013 and 2015 IMARES research 
expeditions revealed an important decline 

(Becking & Meesters, 2017), although coral cover 
remained stable between 2011 and 2015 (Becking 
& Meesters, 2017). In 2011, living hard coral 
cover was only 8%, which is much lower than the 
coverages of 40-60% reported in 1996 (Bos et al., 
2016). Some variety was found between sites, 
with the lowest coral cover found at “Tertre de 
Fleur” (2.6%) and the highest recorded on the 
southern edge of the Bank at “Gorgonian Delight” 
(15.5%) (Meesters, 2016). It is hard to pinpoint 
what caused this drastic decline, but a mix of 
events including climate change related impacts 
such as several bleaching events (1998 and 2005) 
are likely to blame (Meesters 2016; Becking & 
Meesters, 2017).

Beyond the stabilization of coral cover between 
2011 and 2015, there are some encouraging signs 
regarding the Saba Bank’s reef health. During 
NIOZ’s 2016 research expedition, many new coral 
areas were discovered, as well as other habitats 
(Becking & Meesters, 2017). The 2011-2015 
expeditions also found numerous small young 
coral colonies and little evidence of disease, which 
are good indicators for reef resilience (Becking 
& Meesters, 2017). Meesters et al. (1996) also 
described the virtual absence of diseases back in 
the 1990s (Meesters et al., 1996). Furthermore, 
it was discovered that the species-poor locality 
“Tertre de Fleur” harbours a unique assemblage 
of free-living corals, so-called coralliths, which 

is probably related to the special oceanographic 
conditions offered by the Saba Bank (Hoeksema 
et al., 2017).

Whilst just 9% of the Saba Bank’s coral reefs 
were bleached in 1999 (Klomp & Kooistra, 2003), 
the 2005 Caribbean-wide bleaching event had 
devastating consequences for the Bank’s reefs. 
It is estimated that over 50% of coral cover in the 
Caribbean was lost (Eakin et al., 2005), and while 
no accurate data for the Saba Bank is avail-
able, similar loss of coral cover was recorded on 
neighboring islands of Saba and St. Eustatius and 
many other islands in the northeastern Caribbean  
(Esteban & Kooistra, 2005). Anecdotal data such 
as comparison of before and after photographs 
of an identical spot on the Bank from 2003 and 
2007 show an almost complete loss of coral cover 
(Lundvall, 2008; DCNA, 2017). A rapid assessment 
of stony corals in January 2006 found evidence 
of bleaching at 82% of the sites assessed with 43 
colonies bleached (McKenna, 2010). 

De Bakker et al. (2016) assessed the role of the 
Saba Bank as a potential reservoir of diversity for 
the surrounding reefs by examining the popula-
tion genetic structure, abundance and health 
status of two prominent benthic species, the 
coral Montastraea cavernosa and the sponge 
Xestospongia muta. Data indicates that there is 
genetic connectivity between populations on the 

Saba Bank and nearby Saba as well as  
multiple locations in the wider Caribbean, 
 ranging in distance from 100s–1000s km  
(de Bakker et al., 2016). The combined results of 
apparent gene flow among populations on the 
Bank and surrounding reefs, the high abundance 
and unique genetic diversity and the upstream 
position with respect to the wider Caribbean 
indicate that the Saba Bank could function as an 
important buffer for the region. Either as a natural 
source of larvae to replenish genetic diversity or 
as a storehouse of diversity that can be utilized if 
needed for restoration practices (de Bakker et al., 
2016; Becking & Meesters, 2017).

Status of Saba Bank’s Reefs Coral cover estimates for the Saba 
Bank from 1995 to 2015  
(Meesters, 2016)
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Sponges, algae and cyanobacteria

Corals, sponges, macrolagae, turf algae and cyanobacteria are all 
naturally occurring components of the benthos which compete with 
each other for space. Macroalgae, turf algae and cyanobacteria 
appear to benefit from eutrophication (de Bakker et al., 2017). From 
2012 to 2015 a shift was seen on the Saba Bank from turf algae to a 
cyanobacteria dominated systems, possibly linked to increasing  
water temperatures and/or low grazing pressure on cyanobacteria 
(Wiltink, 2016). It is hypothesized that increased macroalgae, turf 
algae and cyanobacteria densities might be beneficial to sponges 
as they feed on the dissolved organic carbon they release (Wiltink, 
2016; de Bakker et al., 2017). This, in combination with a reduction of 
spongivores due to overfishing, decreasing pH and climate changed 
induced increasing seawater temperatures, may give sponges a 
competitive advantage over reef building corals in the future (Wiltink, 
2016; de Bakker et al., 2017). More disturbed eutrophic coral reefs 
in the Caribbean have changed into sponge-dominated reefs where 
corals abundance largely declined (Becking & Meesters, 2017).  
This is currently not the case on the Saba Bank where sponge cover 
 is not considered to be high and does not appear to be increasing 
(Wiltink, 2016; Becking & Meesters, 2017). 

Sponges are essential components of reef ecosystems (de Goeij et al., 
2013). They filter small particulate material including pathogens from 
the water, provide habitat for many species and convert dissolved or-
ganic matter into food particles for other species (de Goeij et al., 2013; 
Bos et al., 2016).  At least 131 species occur on the Saba Bank (Witlink 
et al., 2017) and at present, “the cover and diversity of sponges indicates 
a resilient community“ (de Bos et al., 2016). Sponge cover is generally 
slightly higher on the Bank than coral cover (Wiltink, 2016). One of the 
species that contributes most to total sponge cover is the Giant Barrel 

sponge (Xestospongia muta) and there seems connectivity between 
populations on the Saba Bank and Belize and the Bahamas (Wiltink, 
2016; de Bakker et al., 2016). There is some concern about the health 
Gian Barrel sponges on the Saba Bank. A study by de Bakker et al. 
(2016) found the vast majority of the Giant barrel sponge (> 80%) 
showed signs of presumed bleaching in 2013 (although the densities 
and genetic diversity of X. muta on Saba Bank indicate a healthy 
population) (de Bakker et al, 2016). This is of concern as “a reduction  
in X. muta populations would likely cause a significant change in  
ecosystem functioning” (de Bakker et al, 2016).

During the 2006 Conservation International expedition, the Saba Bank 
was discovered to have an exceptionally high diversity of macroalgae 
(Conservation International, 2006). Littler et al. (2010), who carried 
out a marine macroalgal diversity assessment of the Bank during the 
expedition, not only found a high cover of algae (mainly Dictyota spp. 
and Lobophora spp.) on the reefs but also observed few filamentous 
and thin sheet forms indicative of stressed or physically disturbed en-
vironments (Littler et al., 2010). Acknowledged algae experts M. and 
D. Littler stated that the Saba Bank is without doubt the richest area 
in the Caribbean for macroalgae (Littler et al., 2010). The following 
year, macroalgae were found to be the most conspicuous component 
of the Bank’s benthic communities, most likely due to environmental 
conditions which favor the growth of many different types of macroal-
gae (Lundvall, 2008). In 2015 mean macroalgae cover was 9% which 
was lower than the dominant cyanobacteria cover of 23% (Wiltink, 
2016). Macroalgae are a natural part of a reef community, but many 
studies have shown how harmful they can be to corals, inhibiting coral 
settlement and recruitment, slowing coral growth and making them 
more prone to disease (Jackson et al., 2014).

Status of Saba Bank’s Reefs

Benthic cover on the Saba Bank in 2015.  
Mean cover values include: corals 7.82% +/- 1.26; 
sponges 9.62% +/- 1.48; macroalgae 9.01% +/- 2.64; 
turf algae 12.02% +/- 1.78; cyanobacteria 23.02% +/- 2.22 
(Wiltink, 2016).
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Status of Saba Bank’s Reefs

Fish

The Saba Bank has a very diverse and rich fish 
fauna. A biodiversity-assessment survey car-
ried out on the Saba Bank between 2006 and 
2007 recorded a total of 270 fish species, raising 
expectations that the final count may exceed 400 
species (Williams et al. 2010).

Fish density, however, has remained low over 
time. In 1996, researchers observed low fish 
densities on the Bank (Meesters et al., 1996). 
During the 2011 IMARES expedition, the visual 
surveys (UVC) demonstrated that fish abundance 
was quite low, varying between 23 and 100 fish 
per 100m2 (van Beek & Meesters, 2014). The 2013 
expedition did record a considerably higher fish 
abundance, varying between 51 and 175 fish per 
100m2 (van Beek & Meesters, 2014). However, 
the visual surveys in 2011, 2013 and 2015 indicate 
that the biomass of key herbivorous and commer-
cial fish (snappers, groupers and grunts) families is 
low, “indicating possibly a poor status of these fish 
families” (van Beek & Meesters, 2013; Becking & 
Meesters, 2017).

The low density of commercial fish could have a 
serious economic impact for Saba as the Bank is 
a vital fisheries resource for the island, bringing 
the island an estimate annual revenue of US$ 1.38 
million (Lely, 2014). Fishing efforts focus mainly 
on a trap fishery, targeting lobster (Panulirus 
argus) and deep-water snappers (redfish) 
(Dilrosun 2000, Toller 2008, van Gerwen 2013, 
Boonstra 2014; de Graaf et al., 2017). The mixed  

reef fish landings are significantly lower than 
mixed reef fish harvest in the region (de Graaf et 
al., 2017).

The Saba Bank has revealed itself as an important 
spawning ground for fish species, making the 
Bank an important natural resource for the sur-
rounding region. “The Saba Bank is a unique area, 
invaluable for neighboring Saba, but also for the 
region as a whole as a source of coral, fish, lobster, 
and queen conch larvae” explains Paul Hoetjes 
(RCN). “I’d say it is the richest biodiversity area 
of the entire Kingdom” (DCNA, 2017). Spawning 
aggregations of red hind, queen triggerfish - lo-
cally called moonfish - and squirrelfish have been 
confirmed (Lundvall, 2008). Since December 
2013, the spawning aggregation site on the Moon 
Fish Bank (northeastern corner of the Saba Bank) 
is closed to fisheries for three months each year to 
protect the populations of red hind (Epinephelus 
guttatus) and queen triggerfish (Balistes vetula) 
(Lundvall, 2008). 

Recent work on the Bank has revealed that the 
Saba Bank has a healthy population of sharks. 
Since 2012, researchers from Wageningen Marine 
Research (IMARES), in partnership with local 
partners, have used simple, non-invasive stereo 
Baited Remote Underwater Videos (sBRUV) to 
gather baseline information on the size, diversity, 
species composition and abundance of shark 
populations across different management zones 
in the Dutch Caribbean. To this date, 165 BRUVs 

have been deployed and initial results point to 
the Bank having a higher abundance of sharks 
compared to similar BRUV surveys in the wider 
Caribbean region (Stoffers, 2014; Becking & 
Meesters, 2017). The two most common species 
on the Bank are the nurse shark (Ginglymostoma 
cirratum) and the Caribbean reef shark 
(Carcharhinus perezi). In 2013, BRUV deployments 
recorded an average of 0.23 reef shark sightings 
per hour - including a 3-meter long hammerhead 
-which is higher than sightings at study sites 
on Belize and the Bahamas (Brooks et al., 2011, 
Bond et al., 2012; Stoffers, 2014; Winter, 2016). 
For nurse sharks and Caribbean reef sharks also 
behavioural studies are carried out using acoustic 
telemetry (Winter et al., 2015). The 8 receivers 
that were placed on the Saba Bank are part of a 
larger network that covers the reefs of Saba,  
St. Eustatius and St. Maarten. With this study 
individual movements and scale of home ranges 
can be assessed.

The Saba Bank compared to other 
reefs within the Caribbean Region

The Saba Bank is home to some of the richest  
diversity of marine life of the Dutch Caribbean 
(Bos et al., 2016). Not only are there stoney coral 
reefs, but the Bank is particularly rich in gorgo-
nians, benthic cyanobacteria and macroalgae, 
including algal assemblages never described 
before (Littler et al., 2010; Wiltink, 2016). The high 

species abundance on the Saba Bank prompted 
Conservation International to designate it an 
important “biodiversity hotspot” within the 
Caribbean (Hoetjes, 2010). The abundance of 
shallow water gorgonians is 10-30% higher than 
at other sites in the Caribbean, with 43 recorded 
species and the discovery of a new species of 
Pterogorgia (Etnoyer et al., 2010). More gorgon-
ian species remain to be discovered on the Bank, 
though richness is already higher than other study 
sites in the West Atlantic (Etnoyer et al., 2008). 
Sponge diversity on the other hand seems lower 
than in other Caribbean locations even though 
these studies are difficult to compare as they were 
done in different habitats (Thacker et al., 2010; 
Wiltink, 2016). 

Photo by: © Marion Haarsma
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Status of Saba Bank’s Reefs

Local stressors

Unregulated fishing was a serious concern for the Saba Bank in 
the 1980s and 1990s, but since the mid-1990s fishing activities 
have become much more regulated. Management of the Saba 
Bank dates back to 1994 with the declaration of the Exclusive 
Fishery Zone in the Dutch Caribbean and the passing of a national 
fishery ordinance which made it illegal for foreign vessels to fish 
on the Bank without a license. This effectively ended most illegal, 
unreported and unregulated (IUU) fishing on the Saba Bank, 
with lobster and fin fisheries practiced only by local, licensed 
fishermen (DCNA, 2017). Since 2002, researchers from the 
Wageningen Marine Research institute have been involved with 
fishermen and SBMU staff in the structural monitoring of fishing 
activities (de Graaf et al., 2017) and there have been regular coast 
guard patrols (by plane) above the Saba Bank.

Saban fishermen have been actively involved in the regulation 
of fisheries on the Bank (Becking & Meesters, 2017). Recent 
concerns over the status of redfish populations led Saban fisher-
men to broker an agreement in 2016 that introduces a number of 
self-imposed restrictions aimed at protecting redfish populations 
from over-exploitation, such as a 6-month closure for redfish 
beginning in April 2017 (de Graaf et al., 2017). Once the closure 
ends, licensed fishermen will only deploy 25 traps per fisherman 
and use large mesh sizes. Another decision that was made with 
the support of local fishermen is the seasonal closure of the 
Moonfish Bank Spawning Aggregation Area. Since December 
2013, fishing for red hind, whether by traps or lines, is now prohib-
ited on the Moonfish Bank from December to February (DCNA, 
2017). This will help protect their spawning aggregation from 
being fished out.

Whilst fishermen do not actively target reef fish, some are caught 
as by-catch in lobster traps. Between 2012 and 2015 the landings 
of mixed reef fish caught in lobster traps increased from 6.6t 
to 13.6t, which appears low in comparison to other areas in the 
Caribbean (de Graaf et al., 2017). However, no conclusions can 
be made about differences in fishing pressure compared to other 
areas in the region. Therefore, besides landings, differences in 
observed fish biomass need to be taken into account. This has not 
yet been evaluated.

By-catch is a potentially important issue for the lobster fishery 
with nurse sharks being caught in about 60% of the trips using 
lobster traps (de Graaf et al., 2017). Under the redfish agreement 
above, signed in 2016, Saban fishermen have also pledged to 
release trap caught sharks to the reef alive (DCNA, 2017).

On average 0.6 traps are lost per fishing trip. This amounts to 
between 400-600 lobster traps lost annually, which can trap sea 
life as ‘ghost traps’. Work is underway to refine the trap design to 
make them more sustainable. Current recommendations include 
increasing the mesh size to over 38mm and making sure traps are 
made with biodegradable material and include a biodegradable 
panel to prevent ghost fishing (De Graaf et al., 2017). 

The rules and regulations of both the lobster and deep-water 
snapper trap fisheries will need to be updated in the near-future 
to provide the responsible management authorities with the ap-
propriate tools to ensure their sustainability (Becking & Meesters, 
2017). At this time it is unclear how the Bank’s reef communities 
will fare and what impact fishing activity is having on the reefs.

Nurse sharks are caught in about
60% of trips using lobster traps.
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Prior to the designation of the Saba Bank as the world’s 13th 
Particularly Sensitive Sea Area (PSSA) by the International Maritime 
Organisation in 2012, ships and tankers were a significant threat to 
the Bank’s reefs. Many freighters, tankers and cruise ships passed over 
the Bank, with reports of oil spills and the emptying of sewage tanks. 
Tankers frequently anchored on the shallow Saba Bank while waiting 
to unload at the St. Eustatius Oil Terminal to avoid anchoring fees in 
the territorial waters of nearby St. Eustatius, causing significant dam-
age to the Bank’s reefs as well as other benthic communities (Meesters 
et al., 1996). Before anchoring was prohibited in 2010,  
it was estimated that in 2009 a minimum of 24 vessels anchored on 
the Saba Bank for a total of 187 days (Resolution MEPC 226(64), 2012). 
This was an underestimation as the surveys only covered 40-60%  
of the Bank. 

In 2008, Lundvall listed the four main threats to the Saba Bank as 
followed: overexploitation of fishery resources, impacts from tanker 
anchorage on benthic communities, impacts of tanker traffic on 
fishermen and traps and global climate change (Lundvall, 2008). The 
first three of these threats have been either removed or decreased as a 
result of active management. It is important to keep monitoring those 
threats and enforcement of regulations should be further improved. 
Even though the Saba Bank is not influenced by coastal processes be-
cause of its distance from land—its remoteness means that it has been 
spared many of the insidious anthropogenic effects such as eutrophi-
cation and increased sedimentation—global threats such as climate 
change appear to be on the increase. Extreme weather events in the 
Caribbean Region have become much more common and intense 
bleaching events have already taken their toll on the Bank’s coral reef 
communities (Meesters et al., 2016). It is vital that future management 
plans for the protection of the Bank’s reefs anticipate the potential 
negative impact of these threats as well as their ever-evolving nature 
and take the appropriate actions to increase the resilience of the 
Bank’s reefs (Meesters et al. 2016). 

Conservation activities

A PSSA is an “area that needs special protection through action by IMO 
because of its significance for recognized ecological or socio-economic or 
scientific reasons and which may be vulnerable to damage by interna-
tional maritime activities” (IMO, 2017).  The Saba Bank was designated 
as a PSSA in 2012, and with the designation came the establishment 
of a new mandatory ‘no anchoring’ area for all ships and a new ‘area 
to be avoided’ (for ships of 300 gross tonnage or over). The Bank was 
declared a Nature Park in 2010 and came under the management of the 
Saba Conservation Foundation (SCF) in 2012. That same year (2012) the 
Saba Bank was also recognized as an area of regional importance by the 
Specially Protected Areas and Wildlife (SPAW) Protocol and in 2013 it 
was recognized as an Ecologically/Biologically Significant Marine Area 
(EBSA) by the Convention on Biological Diversity (CBD). The “Save our 
Sharks” DCNA awareness project is being implemented from 2015-2017 
(grant from National Postcode Lottery). In September 2015, thanks 
in major part to the efforts of Saba’s Commissioner Chris Johnson, 
facilitated by a regional meeting promoting shark protection organized 
by the PEW Trust, the Saba Bank became part of the Yarari Marine 
Mammal and Shark Sanctuary covering all waters of Saba and Bonaire. 
As part of a multi-year program funded by the Ministry of Economic 
Affairs (MinEZ) (now the Ministry of Agriculture, Nature and Food 
Quality (LNV)) , the collaborating parties are working out the steps 
needed towards implementing marine mammal management and 
policy measures for the Yarari Sanctuary (Becking and Meesters, 2017).

The Saba Bank Management Unit (SBMU) was established by the 
MinEZ in 2012, in close co-operation with SCF and the Saba Island 
Government. The SBMU is responsible for day-to-day management 
of the Saba Bank. It is staffed by two fulltime staff and its tasks consist 
of surveillance and reporting of shipping or fishing violations, facilitat-
ing and conducting scientific research on the Bank, monitoring of fish 
landings and liaising with local resource users (DCNA, 2017).

Status of Saba Bank’s Reefs

Photo by: © Hans Leijnse
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Status of Saba Bank’s Reefs

Recently the management of the Saba Bank National 
Park by SCF (SBMU) during the period 2012-2017 was 
evaluated. Thanks to the support of the MinEZ, SCF 
and the Island Government of Saba “and to the work 
of the various agencies and resource users involved, the 
Saba Bank is to a large extent an effectively managed 
protected area, in a region where many marine pro-
tected areas are legally established but do not benefit 
from active management in the field. When measured 
against the goals and objectives of the Saba Bank 
Special Marine Area Management Plan, the impacts 
and outcomes of the management effort have been 
significant. However, at current level, the financial, 
human and technical resources available to the SBMU 
through the SCF are insufficient to allow it to perform 
all its tasks and functions effectively, and are not 

commensurate with the size, the ecological and eco-
nomic value of the Saba Bank nor with the conservation 
and resource management mandates arising from the 
status of the area as a Nature Park, PSSA, EBSA and 
critical component of the Yarari Sanctuary. So far, the 
achievements of the SBMU were only possible thanks 
to the collaboration with the SCF, to the support pro-
vided by the SCF beyond the terms of the Agreement 
between the MinEZ and SCF, and to the SCF’s and the 
SBMU’s ability to work under challenging conditions. 
The two main planning instruments that have guided 
management, namely the Saba Bank Management 
Plan and the terms of reference for the management of 
the Saba Bank, have proven adequate, but now need 
updating. (Renard & Hoogerduijn, 2017)”

Video Saba Bank: https://vimeo.com/195774102
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Status of St. Eustatius’s Reefs 

Five major studies of St. Eustatius’ coral reefs have 
taken place over the past five years and have shed 
light on the decline of the island’s coral cover and the 
shift from coral dominated to algae-dominated ben-
thic communities. This shift is being observed through-
out the Wider Caribbean Region and is a wake-up call 
for all involved in the protection of coral reefs. Local 
threats must be minimized to enable the recovery of 
the island’s reefs and ensure their resilience to mount-
ing global threats such as ocean warming and severe 
weather events (hurricanes). The recovery of St. 
Eustatius’ reefs is not just of great importance from 
an ecological standpoint but also an economic one. 
Approximately 10% of the island’s Gross Domestic 
Product (GDP) is generated through coral-reef-associ-
ated tourism and fishery  
(Bervoets, 2010). 

Geography and Reef Structure

St. Eustatius is a volcanic island located in the North 
Eastern Caribbean, north of the St. Kitts Bank. The 
island is very small, measuring 21 km2, with a maritime 
area of 1,591 km2 (Jackson et al., 2014). The south of 
the island is dominated by The Quill, a young dormant 
stratovolcano, while the north is dominated by the 
Northern Hills, which are the remains of a much older 
stratovolcano. In the center of the island is a central 
plain, the Kultuurvlakte, where the capital city of 
Oranjestad - and the main population center- is lo-
cated. St. Eustatius is one of the least populated islands 
of the Dutch Caribbean, with 3,200 residents recorded 
in 2016 (CBS).
 
 

The total coastline of the island measures 23 km long 
(Jackson et al., 2014). The coastline consists primarily of 
rocky cliffs or slopes, with a rapid expansion of seagrass 
beds consisting mostly of the invasive seagrass  
species Halophila stipulacea, which is found all around 
the island (E. Houtepen, personal communication, 
8th of August 2017). There are two large beaches 
on the west coast (Gallows Bay) and the east coast 
(Zeelandia). St. Eustatius is mostly surrounded by fring-
ing corals reefs, for a total reef area of 12 km2 (Jackson 
et al., 2014). The structure of the coral reefs results 
from the island’s volcanic origins, with most reef com-
munities occurring on large volcanic rocks and boulders 
that were blown out from The Quill centuries ago 
(Research group at Scripps Institution of Oceanography 
UC San Diego, personal communication, June 15, 2017). 
The spur and groove system’s coral fingers in the south 
of the island are made from hardened ancient lava that 
flowed from The Quill volcano. Volcanic activity in the 
north, south and west of the island has also produced 
patch reefs, and in the northern and southern ends of 
the island corals have settled on large, shallow ridges 
and ledges formed by basaltic rocks (Westermann and 
Kiel, 1961; Roobol and Smith, 2004).

St. Eustatius’s reef system is dominated by algae, 
rubble and low relief gorgonian habitats (Debrot et al., 
2014). The dominant hard coral species on shallow reefs 
include Porites astreoides, Diploria sp., Montastraea sp. 
and Dendrogyra cylindrus. Soft corals are most common 
at depths in excess of 20m, particularly at the drop off. 
In deeper areas, the coral communities are dominated 
by Agaricia species. The island’s reefs are protected by 
the St. Eustatius National Marine Park (SNMP), which 
was established in 1996 and is managed by STENAPA. 

Map of St. Eustatius. 
Image credit: DCNA

This article was published in BioNews Issue 5 
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Status of St. Eustatius’s Reefs 

Data Contributors Time period Survey Description # Sites Surveyed

AGRRA (Klomp & Kooistra, 2003) 1999
Post hurricane (Lenny) rapid assessment of reefs including 
measures on coral cover and bleaching.

10

White et al., 2006 2004
Fisheries baseline assessment of St. Eustatius’s
Marine Park.

16

Reef Check 2005, 2007, 2008, 2009, 2010 Monitoring corals, Diadema antillarum and macroalgae. 2

McClellan, 2009 2008
Reef fish surveys and measures on substrate composition and 
habitat complexity.

17

Debrot et al., 2014 2012-2013
Video assessments for the benthic map and  
seascape assessment.

869

Data monitoring officer 2013-2014 Fish surveys. 15

GCRMN (2015: CARIPES) (De Graaf  
et al., 2015; Piontek, 2015, 2016)

2015-ongoing
Status and trends of key reef indicators; coral cover, macroalgae 
cover, coral recruitment, coral disease, biomass herbivore and 
commercial fish, macroinvertebrates and water quality. 

20

Naturalis Biodiversity Center 2015

Marine expedition including assessments on 
the variation in marine species composition and species richness, 
the marine benthic diversity (i.e. algae, corals, mollusks, tunicates 
and fishes) and interspecific associations  
(host species and parasites, commensals, other symbionts).

40

Van Kuijk et al., 2015 2015
The relative finfish community composition, density and  
distribution in the shallow coastal waters of the St. Eustatius 
Marine Park based on baited video stations.

104

Scripps Institute of Oceanography 
and the WAITT Foundation

2016
Coral reef assessments following the GCRMN protocol and  
a selection of 11 coral reef environments was mapped using  
3D imagery.

20

STENAPA 2017
Post hurricane (Irma & Maria) damage assessment of  
among others coral reefs.

So far: 7

NICO expedition organized by NIOZ 
and NWO-Science 
van Duyl & Meesters, 2018)

2018
Mapping the windward side of St. Eustatius with video transects 
and the multibeam echo sounder.

-

Status of the reefs of St. Eustatius 

In the past five years five major studies have looked at the 
health of St. Eustatius’ coral reefs. Between October 2012 
and August 2013, Debrot et al. (2014) did a quantitative as-
sessment of habitat diversity and biodiversity of the benthic 
seascape.  Based on 869 video assessments they mapped St. 
Eustatius’ nearshore shelf at depths of 5-30 meters includ-
ing sea grass beds, coral reefs and algal fields.  In June 2015, 
Naturalis Biodiversity Center in collaboration with ‘ANEMOON 
Foundation’ organized a marine biodiversity expedition to St. 
Eustatius to create a species list against which future stud-
ies on the island’s marine fauna and flora can be compared 
(Hoeksema, 2016). The expedition’s multi-disciplinary team 
assessed species composition and richness of various groups 
of organisms including corals, seaweeds, sponges, mollusks, 
tunicates and fishes (Hoeksema and Schrieken, 2016). Baseline 
data was collected from 40 dive stations and 20 shore-side 
locations down to a depth of 30 m. Biological samples and pho-
tographs were taken at each station to document the present 
state of St. Eustatius’s marine biodiversity (Hoeksema, 2016).

In 2015, Piontek and de Graaf surveyed 20 sites within the  
St. Eustatius National Marine Park at depths between 8 and 18 
m to set up a baseline of St. Eustatius’s reef health (de Graaf 
et al., 2015; Piontek, 2016). The Caribbean-Global Coral Reef 
Monitoring Network (GCRMN) protocol was used to assess 
the health of St. Eustatius’s coral reef ecosystems and the 
island’s fish population was additionally evaluated through 
the CARIPES survey (EU BEST project) 1. GCRMN surveys have 
been repeated every year since 2015 to follow changes and 
trends. In addition, 104 stereo Baited Remote Underwater 
Videos (sBRUV) were deployed in 2015 to assess the relative 
finfish community composition, density and distribution in the 
shallow coastal waters of the St. Eustatius Marine Park (Van 
Kuijk et al., 2015). 

  1 http://ec.europa.eu/environment/nature/biodiversity/best/pdf/fs_caripes.final.pdf

Summary of major coral reef status surveys conducted on St. Eustatius’ coral reefs. 
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Status of St. Eustatius’s Reefs 

Elements of the coral reef ecosystem

1 Abundance and biomass of key reef fish taxa (i.e. parrotfish, surgeon fish, groupers, snappers)

2 Relative cover of reef-building organisms (corals, coralline algae) and their dominant competitors (macroalgae)

3 Assessment of health of reef-building corals

4 Recruitment of reef-building corals

5 Abundance of key macro-invertebrate species (i.e. Diadema antillarum)

6 Water quality (i.e. water transparency (Secchi-disk)

In November 2016, conservation organizations 
from Saba, St. Eustatius and St. Maarten joined 
a research expedition organized by the Scripps 
Institute of Oceanography and the WAITT 
Foundation to conduct a rapid scientific assess-
ment of the coral reefs around the windward 
Caribbean islands (Sandin et al., 2016). The 
GCRMN protocol was used to establish a regional 
scale perspective of reef health, with surveys 
taking place in the fore-reef habitat at depths 
between 7 and 15 m (Sandin et al., 2016). In St. 
Eustatius, eleven coral reef environments were 
mapped with 3D imagery to gather data on ben-
thic and reef fish communities, including their 
structure and composition (Sandin et al., 2016). 
The footage can be seen here: https://drive.google.
com/drive/folders/0By3cTucxJ9GFd3VtUUVueHhp
bEU (100IslandChallenge.org, Scripps Institution 
of Oceanography at UC San Diego, in partnership 
with the Waitt Institute). Recently, researchers 
mapped the windward side of St. Eustatius dur-
ing the “Netherlands Initiative Changing Oceans 
(NICO)” marine expedition organized by the Royal 
Netherlands Institute for Sea Research (NIOZ 
Sea Research) and NWO-Science (van Duyl & 
Meesters,(2018).

Benthic cover
Coral cover

De Graaf et al. (2015) used the Reef Health Index 
(RHI) to describe the island’s reef status based on 
recent survey results. Using the most conservative 

results, the overall RHI scored St. Eustatius’s reefs 
as “poor” in 2015 (de Graaf, 2015). The coral cover 
of St. Eustatius’ reefs has declined significantly 
over the past 15 years. In 2003, the cover of reef-
building corals was assessed at 22% (Klomp and 
Kooistra, 2003) but hit a historic low in 2015/2016 
with 5% in 2015 and 5.2% in 2016 (de Graaf, 2015; 
Piontek, 2016). This seems to be the result of 
coastal development, coral bleaching events and 
possible water quality issues (erosion) (MacRae 
and Esteban, 2007; de Graaf et al., 2015). 

Fifty-two species of stony corals (Scleractinia, 
Milleporidae, Stylasteridae) were observed during 
the Naturalis Biodiversity Expedition, 50 of which 
could be identified with certainty (Hoeksema and 
van Moorsel, 2016). This is higher than previous 
coral species counts for the island, due in part to 
the fact that small azooxanthellate species were 
included (Hoeksema and van Moorsel, 2016). The 
island’s octocoral population was found to be 
similar to Curaçao with poor species diversity. A 
total of 35 species of octocoral were identified, 
with the most common species belonging to the 
Plexauridae and Gorgoniidae families (Lau, 2016). 
Gorgonian seafans, such as Gorgonia mariae, have 
decreased in abundance in Curaçao but are still 
common on St. Eustatius (Lau, 2016). Shallow-
water Acropora palmata forests used to be found 
at many places along the shores of St. Eustatius 
but in the 1980’s were almost all killed over the 
span of a few years by white-band disease, which 
happened throughout the entire Caribbean region. 
(Debrot et al., 2014). 

Elements of the coral reef ecosystem that the GCRMN method uses to assess its health

Reef Health Index trend for St. 
Eustatius (1999-2016).  
(www.dcbd.nl)
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Status of St. Eustatius’s Reefs 

There are indications that under low stress  
conditions coral cover will increase in the future 
as coral recruitment has been assessed as “good”. 
The density of coral recruits was nearly 12 coral 
recruits per m2 in 2015 and 10 recruits/m2 in 2016 
(Piontek, 2016). This is much higher than the 
average reported for the Wider Caribbean (~4 
coral recruits per m2 between 1997 and 2004) 
(Kramer, 2003). Forty percent of observed recruits 
belonged to one species, Siderastrea sidereal 
(Piontek, 2016).

Despite the large impacts of Hurricane Irma from 
last September on land, the short-term impact on 
St. Eustatius’s reefs seems to be relatively small. 
First observations show that “in the National 
Marine Park seven of the most important dive 
sites have weathered the storm relatively well. 
There is minor damage to the reef. The hard and 
soft corals such as sea fans retained their cover. 
Except for damage to mostly medium-size Giant 
Barrel Sponges the sites have retained their cover” 
(BES reporter, 2017). However, the impact on 
land where hundreds of trees on the island were 
uprooted and damaged may lead to erosion and 
resulting sediment-runoff onto the island’s reefs.

“A week later after Hurricane Maria a middle-sized 
staghorn field located in the southwest of the island 
(not a dive site) was devastated. Only small frag-
ments remain of what was once a reasonable sized 

field with healthy bushes of staghorn.  
This field was on a depth of around 10 to 15m, 
shallower than the seven dive sites mentioned 
above. A larger staghorn field to the south of the 
island in the White Wall was similarly affected by 
both hurricanes, resulting in large scale damage to 
all inspected corals. These colonies have been fully 
destroyed and often no living tissue was found on 
coral locations and therefore the recovery will take 
many years. Elkhorn corals have been impacted 
less by both hurricanes, it appears that the stronger 
attachment to the seafloor makes these corals 
stronger and more sturdy” (STENAPA, 2017).

Macroalgae & sponges

Many studies have shown how damaging  
macroalgae (seaweed) can be to reef health, 
inhibiting coral settlement and recruitment,  
slowing coral growth and making them more 
prone to disease (Jackson et al., 2014). The shift 
from coral to macroalgae dominance seen in 
many parts of the Caribbean has also taken place 
on St. Eustatius’s reefs. The cover of macroalgae 
is very high, averaging 28% in 2015 and 27% in 
2016 (Piontek, 2010). Of great concern is also 
the high cyanobacteria cover, which averaged 
15% in 2015 and 16.5% in 2016, as it indicates an 
increase in local threats, notably eutrophication, 
and is linked to coral diseases (Piontek, 2016). 
Cyanobacteria grow over macroalgae so the 

biomass of this harmful seaweed is likely higher 
than what was recorded (Piontek, 2016).  Factors 
such as coastal development, coral bleaching 
events, possible water quality issues (erosion)  
and the reduction of algae grazing herbivores 
probably played a role for this shift to algal  
dominance (de Graaf et al., 2015).

Macroalgae were sampled at 40 different  
locations during the 2015 Naturalis Biodiversity 
Expedition (Hoeksema, 2016). Specimens and 
samples are now being analyzed in the herbarium 
collection of the Naturalis Biodiversity Center, 
and more than 175 species are expected to be 
documented. A new record has also been made 
for the Atlantic: Parvocaulis exiguus  
(Van der Loos and Prud’homme van Reine, 2016). 

Sponges are also an important competitive 
benthic group (Loh et al., 2015). The coral reef 
habitats of St. Eustatius appeared to be domi-
nated by macroalgal coverage, next were sponges 
and finally corals (Debrot et al., 2014). In 2015 
sponges were sampled at 36 sites, and 1,457 
sponges were recorded, 90% of which belonged 
to the Demospongiae class. Barrel sponges and 
several other sponge species were affected by an 
unknown type of illness/bleaching  
(García-Hernández et al., 2016).
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Status of St. Eustatius’s Reefs 

Fish

Herbivores have a crucial role within reefs as they can 
control seaweed from overgrowing coral  (Jackson et 
al., 2014). The density of the herbivorous long-spined 
sea urchin Diadema antillarum is very low (<1 urchin/ 
m2) following its Caribbean-wide mass mortality in 
1983/1984 (de Graaf et al., 2015). Statia’s popula-
tion of herbivore fish, parrotfish and surgeonfish was 
“reasonable at best” in 2015 as is the case for many 
parts of the Wider Caribbean Region (de Graaf et al., 
2015). The species composition around St. Eustatius 
largely or even fully lacks certain fish species such as 
the parrotfish species  S. coeruleus and S. guacamaia 
due to the natural absence of mangroves (Van Kuijk et 
al., 2015). While the population of parrotfish is higher 
than the Caribbean average, with a “fair” biomass, the 
high contribution of surgeonfish to the catch of the 
trap fishery is reason for concern (de Graaf et al., 2015). 
The biomass of key herbivorous fish was “very good” in 
1999 but only scored “fair” in 2008 and 2014.  According 
to the GCRMN surveys the populations improved as 
in 2015 and 2016 herbivorous fish scored “very good” 
again (Piontek, 2016).

The biomass of predatory fish (groupers and  
snappers) - which are targeted by commercial  
fisheries - is “reasonable” compared to the Wider 
Caribbean average (de Graaf et al., 2015). One  
worrying trend is the near absence of large groupers  
and snappers (de Graaf et al., 2015; Piontek et al, 2016. 
Of all the groupers spotted during the extensive fish 
survey of St. Eustatius’s reefs with the use of sBRUV, 
only about 2% belonged to the large grouper 

species (Van Kuijk et al, 2015). The lack of slow-growing 
large apex predators can be a sign of overfishing and is 
undesirable for population recovery  
(de Graaf et al., 2015).

St. Eustatius has a relatively healthy population of reef 
sharks, most likely due to the fact that they are not  
targeted by coastal fisheries (de Graaf et al., 2015). 
During the 2015 fish survey, 42 sharks were sighted 
during 104 sBRUV deployments (de Graaf et al., 2015). 
Caribbean reef sharks and nurse sharks were most 
often spotted. “As top predators, these sharks play an 
important ecological role in healthy reefs and their higher 
abundance around St Eustatius compared to most other 
areas of the Caribbean may contribute to and be a useful 
indicator of overall coastal ecosystem health”  
(de Graaf et al., 2015).

Condition of St. Eustatius’s reefs  
compared to other Caribbean reefs

The average Caribbean-wide coral cover declined sharp-
ly between 1970-1983 and 1984-1999 but has remained 
stable since 1999 (Jackson et al. 2014). “On St Eustatius, 
however, the trend in coral cover continued to decline 
since 1999 reaching a historic low level in 2015. Like in 
the rest of the Wider Caribbean Region, the macroalgal 
cover has been high since 2007 and the reef community 
is at present dominated by macroalgae” (de Graaf et al., 
2015). The +/- 25% macroalgae cover is similar the the 
average reported for the whole Caribbean.

Composition of grouper assemblages in Guantanamo Bay Naval Base, southeastern Cuba (GTMO), 
southeastern Dominican Republic (DR), Florida Keys, Southern and Northern Exumas, and the Exuma 
Cays Land and Sea Park (ECLSP) (redrawn from Chiappone et al., 2000) compared with St Eustatius. 
From GTMO to ECLSP fishing pressure decreased and management and protection increased. 
(de Graaf et al., 2015)
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Local stressors

The decline in the health of St. Eustatius’s reefs 
and the shift from coral to algal dominance is 
a clear indication that they are under pressure 
from local, regional and global stressors. Local 
threats must be minimized to enable the recovery 
of the island’s reefs and ensure their resilience 
to mounting global threats such as ocean warm-
ing. Bleaching events, for example, have been 
observed in the Windward Islands since 2005 and 
have caused significant damage to coral reefs 
around St. Eustatius. The severe bleaching event 
of 2005 led to a great loss in coral cover in some 
of the island’s shallower reefs. Coral cover loss of 
78.6% was recorded in one dive site (Mushroom 
Gardens) located in the SNMP’s Southern Marine 
Reserve (MacRae and Esteban, 2007). 

Fishermen are the primary users of St. Eustatius’ 
reefs. The island’s fisheries are small-scale, with 5 
active fishermen and 15 to 20 small boats (> 10m) 
(de Graaf et al., 2015). The annual catch is 18 tons 
per km2/y. The island’s most important fishery is 
the Caribbean spiny lobster (Panulirus argus) with 
an annual catch of 11 tons per km2/y, which is 
the highest recorded through its range (de Graaf 
et al., 2015). One of the main concerns with this 
fishery is that 41 % of the landed lobsters - which 
are caught with lobster traps - are under the 
minimum legal size (de Graaf et al., 2015). 

The status of St. Eustatius’s mixed reef fish 
fishery, with annual catches of 4 tons per km2/y, 
has been found to be “at most reasonable” but in 
slightly better shape than the Caribbean average 
(de Graaf et al., 2015). While the density of reef 
fish remains reasonable, there is concern about 
the high contribution of herbivores to the catch of 
the trap fishery (de Graaf et al., 2015). Currently, 
approximately 50 % of the annual mixed reef fish 
catch is made up of small groupers and key her-
bivore surgeonfish (de Graaf et al., 2015). There 
is also a near absence of large groupers, which is 
a potential sign of overfishing (Van Kuijk et al., 
2015). To reduce the bycatch of narrow-bodied 
surgeonfish, escape slots could potentially be 
introduced. Furthermore, the pelagic fishery is 
underdeveloped and managers could potentially 
divert fishing activity from the reef to the pelagic 
environment.

Divers also make great use of St. Eustatius’s 
coral reefs. Snorkelers and divers from all around 
the world come to enjoy the island’s unique reef 
formations. The effect of divers on coral reefs is 
not clear although there are documented nega-
tive effects such as broken coral fragments (Lyons 
et al, 2015).

There are mounting concerns over St. Eustatius’s 
water quality and the resulting impact on the 
island’s coral reef communities. In the early 2000s, 
erosion and resulting sedimentation was believed 
to most likely be “the key and possibly only major 

factor impacting water quality on St. Eustatius” 
(Debrot and Sybesma, 2000). While erosion does 
occur naturally, overgrazing by free-roaming feral 
cattle, goats and donkeys has made the problem 
much worse. Eutrophication is now also a growing 
issue. The island has no wastewater treatment 
plant and therefore untreated water from septic 
tanks and private cesspits is reaching coastal 
waters and the fringing reefs (de Graaf et al., 
2015). Excess nutrients “may stimulate macroalgal 
growth resulting in overgrown, abraded and even 
poisoned stony coral colonies, reduced coral recruit-
ment and/or increased coral disease (de Graaf et 
al., 2015). Long term monitoring data to assess 
trends in sedimentation and nutrient levels are 
missing. In June 2016 CNSI started taken monthly 
measurements of nutrients (ammonium, phos-
phate and nitrate) in the coastal waters around 
St. Eustatius. Their preliminary results show that 
nitrate concentrations are particularly high, espe-
cially in well water and cistern water (CNSI news-
letter, 2016). An initiative is running to reduce the 
erosion problem under the natuurgelden projects 
that are funded by the Ministry of Agriculture, 
Nature and Food Quality (LNV).

Another threat to the island’s water quality is 
the oil terminal NuStar. Oil spills, such as the 
October 2012 spill, result in the exposure of corals 
to oil, which interrupts coral larvae settlement 
(Hartmann et al, 2015). Chemicals and toxins 
may also leak into the surrounding water of the 
terminal (de Graaf et al., 2015). The anti-fouling 

agent Tributyltin (TBT) used on large vessels may 
cause Imposex, a disorder in marine snails where 
female marine snails develop male reproductive 
organs (de Graaf et al., 2015). This disorder has 
been observed in Lobatus gigas on St. Eustatius 
(de Graaf et al., 2014). Oil tankers can also cause 
direct damage to reefs. Since the early 1980s, 
tankers have anchored in the waters of Oranje 
Bay whilst waiting to bunker at St. Eustatius 
Terminals. STENAPA has been drawing attention 
to this problem and sending damage reports to 
the police, harbor master and the Public Entity.

Photo by: © Mark Vermeij
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St. Eustatius’s reefs also face natural pressures 
including storms, which are likely intensified by 
global warming (Bender et al., 2010). St. Eustatius 
is located in the Atlantic hurricane zone, and the 
island’s seabed has suffered great damage from 
hurricanes over the past decades. In the late 1990s, 
six hurricanes hit St. Eustatius and had profound 
impacts on the island’s reefs (hurricanes Luis and 
Marilyn in 1995, hurricane Bertha in 1996, hur-
ricane Georges in 1998 and hurricanes Jose and 
Lenny in 1999) (Jackson et al., 2014). Shallow coral 
reefs were the most impacted by the series of hur-
ricanes, with many broken colonies of branching 
Acropora palmata. From 2004 to 2014, the island 
was hit by seven hurricanes. In September 2017 
St. Eustatius was hit by category five storm Irma 
and Maria, one of the strongest Atlantic hurricanes 
ever observed. It is important to reduce local 
threats to increase the resilience of the reefs to the 
global stressors caused by climate change. 

Besides, St. Eustatius’s is also dealing with invasive 
species, notably lionfish that were first sighted in 
2010 and are reported to negatively impact native 
coral fish populations (Albins and Hixon, 2008). 
Sanguinet (2015) reports that the culling program 
on St. Eustatius has been fairly efficient 

in minimizing the well-established lionfish popula-
tion, with marine park staff killing more than 50% 
of lionfish observed annually since 2012 in the 
Southern Marine Reserve. However, this method 
has diving restrictions, which makes it difficult to 
control lionfish at deeper depths  
(De Léon et al., 2013).  

An adaptive management plan with “clearly 
defined quantifiable objectives, targets and refer-
ence points of coral reef health indicators” needs 
to be put in place, with all stakeholders involved 
in the decision-making process (de Graaf et al., 
2015). The annual monitoring of the island’s reefs 
must also carry on to keep track of changes in reef 
health and assess the efficiency of management 
actions (Piontek, 2016). The annual monitoring of 
20 sites within the SNMP “provides a 50% chance 
of documenting a change of 5% in coral cover as a 
general guideline” (Piontek, 2016).

Photo by: © Marion Haarsma
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Status of St. Maarten’s Reefs 

In September 2017, major category 5+ Hurricane Irma caused 
widespread damage to St. Maarten. This was a strong 
reminder of the urgency to preserve the natural buffers that 
protect our islands from storm damage, such as coral reefs 
and mangroves, and increase their resilience. Coral reefs are 
marine biodiversity hotspots that are not only invaluable 
for coastal protection but also have a high economic value 
through associated tourism and fishery. 

There is limited information on the status of St. Maarten’s 
reefs over the past three decades as only a few studies have 
taken place. Therefore the St. Maarten Nature Foundation 
(NFSXM) started in 2016 monitoring the reefs with the 
GCRMN baseline scientific method to follow the trends. 
Coral reef assessments since Hurricane Irma showed that 
the damage is extensive and significant; coral cover has 
reduced by 40% but the Man of War Shoal Marine 
Protected Area showed greater resilience than reefs 
outside of the protected area.

Geography and Reef Structure

St. Maarten is an island made of magma and limestone rocks 
located in the North Eastern Caribbean, on the Anguilla Bank. 
It is part of the outer arc of the Lesser Antilles, which consists 
of the islands Sombrero up to and including Marie Galante. 
The oldest rock strata date from +/- nearly 50 million years 
ago and the island is older than Saba and St. Eustatius  
(Rojer, 1997)..

St. Maarten is the largest of the Dutch Caribbean’s Windward 
Islands, with a land area of 37 km2 and a maritime area of 
434 km2. St. Maarten is actually part of a larger landmass 
(96 km2) that is divided between two sovereign govern-
ments - the Dutch and the French. St. Maarten makes up the 
smaller, southern side and is an autonomous country within 

the Kingdom of the Netherlands. Saint-Martin makes up 
the larger (59 km2), northern side and is a French Overseas 
Territory (MacRae, 2007).

Except for the lowlands in the west, St. Maarten is hilly. The 
east end has a range of conical hills: Cole Bay Hill (215m), 
Sentry Hill (344m), Saint Peter’s Hill (317m) and Flagstaff 
(386m) (Rojer, 1997). Before hurricane Irma, the island was 
covered with evergreen forests, deciduous and mixed ever-
green thorn woodlands, and succulent evergreen shrubland 
(NFSXM, 2017a).

The numerous bays and lagoons along St. Maarten’s coast 
give the island its irregular shape (Rojer, 1997). The west end 
is dominated by Simpson Bay Lagoon, one of the largest 
lagoons in the Lesser Antilles. The lagoon, as well as RAMSAR 
site Mullet Pond, are home to the island’s largest mangrove 
forests (NFSXM, 2017a). Seagrasses are found mainly along 
the southern and south-western shores, from Great Bay to 
Cupecoy Beach. The rest of the coastline, which measures 
in total 27 km2, is made up of steep rocky cliffs and white 
sandy beaches. The island is surrounded by a number of small 
uninhabited islands such as Pelican Rock and Molly B’day. 
These offshore islands are important nesting sites for migra-
tory and resident seabirds and have been listed by Birdlife 
International as Important Bird Areas (DCNA, 2017).

St. Maarten’s reefs are primarily fringing reefs (Jackson et al., 
2014). Patch reefs are found in shallow waters close to shore 
along the eastern, western and southern coasts. Many upper 
reef slopes on the eastern part of the island have spur and 
groove formations (NFSXM, 2017b). The Dutch Caribbean’s 
youngest protected area, the Man of War Shoal Marine Park, 
was established in 2010. The Marine Park is located off the 
southern shore of the island and covers an area of 31 km2.  
St. Maarten was also declared a shark sanctuary in 2011.

Map of St. Maarten.  
Image by: ©  DCNAThis article was published in BioNews Issue 7 
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Status of St. Maarten’s Reefs 

Studies Time period Survey Description # Sites Surveyed

AGRRA, Klomp, 
Kooistra (2003) 1999

Post hurricane (Lenny) rapid assessment of 
reefs including measures on coral cover and 
bleaching.

-

NFSXM and ReefKeeper 
International

1999 and  
2001 Survey of coral species. 3

Esteban, Kooistra (2005) 2005 Report on observations of coral  
bleaching in St Maarten’s Marine Park. -

Catlin Seaview Survey 2013
Underwater scooter-assisted SV II survey 
camera system to conduct  
reef surveys.

2

GCRMN Since 2016

Abundance and biomass of key reef fish taxa, 
relative cover of reef-building organisms 
(corals, coralline algae) and their dominant 
competitors (macroalgae), assessment of 
health of reef-building corals, recruitment of 
reef-building corals, abundance of key macro-
invertebrate species  (i.e. Diadema antillarum), 
and water quality (i.e. water transparency 
(Secchi-disk).

7  (mainly within  
the Man of War Shoal  
Marine Protected Area)

Scripps Institute of 
Oceanography and the 
WAITT Foundation

2016
Coral reef assessments following the GCRMN 
protocol and selection of 11 coral reef environ-
ments were mapped using 3D imagery.

18

Status of the reefs of St. Maarten  

There has only been a limited number of studies 
over the past twenty years that have investigated 
the health of St. Maarten’s reefs. In the late 
1999, the reefs of the windward Netherlands 
Antilles were assessed at 24 sites to assess the 
damage caused by hurricane Lenny (Klomp & 
Kooistra, 2003). The Atlantic and Gulf Rapid Reef 
Assessment (AGRRA) protocol was used with 
modifications to detect the hurricane impact. In 
1999 and 2001, a joint project between Nature 
Foundation S.t Maarten (NFSXM) and ReefKeeper 
International surveyed coral species at 3 of the is-
land’s main dive sites (Hen & Chicken, Molly Béday 
and Mike’s Maze)  (St. Maarten ReefMonitor 
Update, 1999; 2001). In 2013 two dive sites in the 
Man of War Shoal Marine Park were filmed as part 
of the Catlin Seaview Survey to assess the state of 
coral reefs over larger scales and in more precise 
(www.globalreefrecord.org).

The conservation organizations from Saba, St. 
Eustatius and St. Maarten joined a research 
expedition organized by the Scripps Institute of 
Oceanography and the WAITT Foundation in 
November 2016 to conduct a rapid scientific as-
sessment of the coral reefs around the windward 

Caribbean islands (Sandin et al., 2016). The Global 
Coral Reef Monitoring Network protocol for 
the Caribbean (GCRMN Caribbean) was used to 
establish a regional scale perspective of coral reef 
health across the islands, with surveys taking place 
in the forereef habitat at depths between 7 and 15 
meters (Sandin et al., 2016). In addition to coral 
reef assessments following the GCRMN protocol, 
eleven coral reef environments on St. Maarten 
were mapped using 3D imagery (Sandin et al., 
2016). Photography and advanced image post-
processing are used to create photomosaic images 
of large reef areas up to 100 square meters. These 
images provide a snapshot view of large-area coral 
reef communities and their compositions, ena-
bling data collection of benthic communities. The 
results of these surveys have not yet been released 
but footage can be seen here: https://drive.google.
com/drive/folders/0By3cTucxJ9GFbmdGd1lFZ3du
alk [100IslandChallenge.org , Scripps Institution 
of Oceanography at UC San Diego, in partnership 
with the Waitt Institute]. The goal is to repeat the 
assessment in two years so that changes in reef 
health can be gauged. Most recently, NFSXM 
researched the impacts of the 2017 hurricane 
season using the GCRMN guidelines.

Summary of major coral status surveys conducted on St. Maarten’s coral reefs 

Photo by: © Marion Haarsma
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Benthic cover
Coral cover

In 1999, live coral cover of the reefs of the Dutch 
Caribbean’s Windward islands was assessed 
at 18%, with most hard corals made up of 
small-sized colonies (Klomp & Kooistra, 2003). 
However, the joint study between NFSXM and 
ReefKeeper International in 1999 found St. 
Maarten’s reefs to be in good health with an  
overall hard coral bottom cover of 34% and a 
moderate species diversity of 13 hard coral  
species (St. Maarten ReefMonitor update, 1999). 
When the study was repeated in 2001, hard 
coral cover had dropped to 30% (St Maarten 
ReefMonitor update, 2001).

In the early 2000s, St. Maarten’s reefs showed 
signs of disturbance, notably sedimentation and 
bleaching - bleaching was noted in 44% of colo-
nies (Klomp & Kooistra, 2003). The island’s reefs 
have suffered from a number of severe bleaching 
events over the years, notably in 1998 and 2005. 
Following the severe bleaching event of 2005, 
many coral colonies were found to be affected 
(Esteban & Kooistra, 2005). At Mike’s Maze 

dive site, 70% of all fire coral were bleached. At 
Proselyte Reef, 60% of all hard corals were affect-
ed at a depth of 14 meters. At Fort Amsterdam, 
at least 75% of corals were severely affected at a 
depth of 6.5 meters, including branching, mound 
and brain corals, as well as various soft corals 
(Esteban & Kooistra, 2005). In 2006, a fairly high 
level of residual coral bleaching was observed, 
notably in Montastrea cavernosa and Agaricia 
agaricites colonies (Goreau, 2006).

In September 2017, major category five storm 
Irma caused widespread damage to the island, 
a strong reminder of the urgency to preserve 
our natural buffers that protect our islands from 
storm damage, such as coral reefs, and increasing 
their resilience. The first survey results showed 
large coral and sponge die-off, especially at the 
shallow reefs and direct damage to branching 
corals such as Elkhorn corals. (NFSXM, 2017c). 
Recently the analyzed GCRMN data revealed that 
hard coral cover reduced from 6.1% to 3.7% since 
2017’s hurricane season. Scientific research found 
that coral cover mostly declines the year after 
large hurricanes and therefore there are concerns 
to observe a larger reduction during the 2018 

surveys later this year. The observed decrease in 
coral bleaching could be favorable for the health 
of the corals and is likely caused by the lower sea-
water temperatures and decreased visibility after 
the storms. The reefs in the Man of War Shoal 
Marine Park showed a higher resilience than reefs 
outside of the protected area with higher densi-
ties of coral recruits (Mitchell, A. 2018).

Macroalgae
Macrolagae negatively impact corals by inhibit-
ing coral recruitment and survival, slowing coral 
growth and making them more prone to diseases 
(Jackson et al., 2014). Macroalgal cover was found 
to be low for the reefs of the Windward islands in 
1999 (Klomp & Kooistra, 2003). This was partly 
attributed to the high biomass of grazing her-
bivorous fishes in the region (Klomp & Kooistra, 
2003). However, the joint study between NFSXM 
and ReefKeeper International in 1999 found a 
much higher algal cover of 25% (St. Maarten 
ReefMonitor Update, 1999). In 2001, 
all the reefs surveyed had nearly the 
same percentage of algae cover 
(27%) (St. Maarten ReefMonitor 
Update, 2001). The high algae 

cover by Dictyota was also reported by Goreau 
(2006): “there are moderately high nutrient levels 
even in areas that are not exposed to land based 
sources of nutrients. This suggests that there are 
high natural inputs from deep cold waters, probably 
caused by the shallow thermocline and the activ-
ity of breaking internal waves in Atlantic waters 
to the east of Sint Maarten. High natural nutrient 
backgrounds offshore indicate that even stricter 
control of land-based sources of nutrient pollu-
tion is needed to prevent explosive weedy algae 
overgrowth, or eutrophication, of coastal waters.” 
(Goreau, 2006). ).  After the 2017’s hurricane 
season the macroalgae has further increased to > 
50% at all sites, being highest outside the Marine 
Park (Mitchell, A. 2018).

Photo by: © Marion Haarsma
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Status of St. Maarten’s Reefs 

Fish

St. Maarten’s reefs are home to 153 species of  
reef fish.  The most common reef fish  
species are blue tang (Acanthurus coeruleus), 
bluehead (Thalassoma bifasciatum), sergeant 
major (Abudefduf saxatilis), spotted goatfish 
(Pseudupeneus maculatus) and ocean surgeonfish 
(Acanthurus bahianus) (NFSXM, 2017a). The 
fish communities of the island’s offshore and 
protected areas have recently been described 
as “noticeably robust and intact” with relatively 
common sightings of bigger fish, which highlights 
the success of fish management initiatives on St. 
Maarten (Research group at Scripps Institution of 
Oceanography UC San Diego, personal communi-
cation, June 15, 2017).

The island has a healthy shark population. Since 
2015, Baited Remote Underwater stereo Video 
(stereo-BRUV) has been used to gather data on 
St. Maarten’s shark population. Caribbean reef 
sharks (Carcharhinus perezii) and nurse sharks 
(Ginglymostoma cirratum) are the most abundant 
shark species. Between February and August 2016, 
477 Caribbean reef sharks were sighted, along with 
70 nurse sharks (Ginglymostoma cirratum) and one 
hammerhead shark (Sphyrnidae sp.) (DCBD,2017). 
The abundance of these species is higher in the  

 
 

 
 
marine park, and is markedly more abundant 
within the park’s Conservation Zone (Kramer & 
Odinga, 2015). This may be the result of their pref-
erence for reef habitats. Their distribution could 
also be affected by the shark-feeding excursions 
that used to be organized for tourists (Kramer & 
Odinga, 2015).

Local stressors 

While there is limited information regarding  
the current status of St. Maarten’s reefs, there  
are clear indications that these reefs are under  
a number of man-made and natural pressures.  
In 2003, signs of disturbance such as sedimenta-
tion and increased bleaching were already  
noticeable compared to the other Windward 
Islands (Klomp & Kooistra, 2003). It is important to 
reduce local threats to increase the resilience  
of the reefs to the global stressors caused by 
climate change such as intensified bleaching  
and storm events (Bender et al., 2010; Walther  
et al., 2002). In light of the considerable worth  
of the island’s reefs, adequate management  
measures must be put in place to protect this 
invaluable resource.

Caribbean Reef Sharks , Photo by: © Jim Abernethy

Ocean Surgeonfish  , Photo by: © Hans Leijnse Spotted Goatfish  , Photo by: © Marion Haarsma
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Status of St. Maarten’s Reefs 

The economy of St. Maarten is extremely de-
pendent on marine-based activities, with the 
reefs generating approximately USD $58 million 
through coral reef associated tourism and fishery 
(Bervoets, 2010). Tourism has increased greatly 
over recent decades, and continues to do so. From 
2011 up to the end of 2015, the island has seen the 
number of stay-over tourists grow from 424,340 
to 505,374 (Heyliger, 2017). Most visitors make 
use of the marine environment, from lounging on 
a beach to enjoying a fishing or boating excursion 
and taking part in watersports activities such as 
snorkelling and SCUBA diving. St. Maarten is 
also a major port of call for Caribbean cruise ships 
(Klomp & Kooistra, 2003), and in 2015 Port St. 
Maarten catered to over 1.9 million cruise passen-
gers (Port St. Maarten, 2016). These passengers 
also partake in the island’s many water-based 
activities.

The rapid and continuous growth in tourist num-
bers as well as residents (from 5,000 in 1960 to 
41,338 in 2017) has led to thoughtless landscaping 
and building near the waters’ edge to accommo-
date them. Unsustainable development is one of 
the most serious threats to St. Maarten’s reefs. It 
causes sedimentation and nutrient enrichment of 
the marine environment which in turn smothers 

and kills reef organisms (MacRae, 20007; NFSXM, 
2017b). Development for tourism has resulted in 
further habitat destruction and degradation of 
habitats such as the lagoon and the numerous salt 
ponds on the island (Yokoyama, 2010).

The increase in the permanent and temporary 
population of St. Maarten has also led to an 
increase in pollution. Pollution on St. Maarten 
mainly comes from sewage, fuel and litter. These 
directly affect the health of the seabed environ-
ment. The resulting raised nutrient concentra-
tions stimulate the growth of algae, which can 
out compete hard corals for settlement space. 
The seagrasses in Simpson Bay Lagoon and in 
Oyster Pond have all but disappeared as a result 
of pollution, anchoring and eutrophication caused 
by excessive nutrients entering coastal waters 
(MacRae, 2003). However, the little available 
evidence indicates that water quality is generally 
good within St. Maarten’s open water environ-
ments (MacRae, 2003).  

Small-scale commercial and artisanal fishing 
takes place on the island’s reefs. There are seven 
active fishing vessels with an estimated 490 
kg total catch per week (Lindop et al., 2015). 
Commercial fishing targets snappers (Ocyurus 

chrysurus and Lutjanus campechanus),  
pelagic species (Acanthocybium solandri, 
Coryphaena hippurus, Thunnus sp. and Selar 
crumenophthalmus), and lobster (Panulirus argus) 
(Dilrosun, 2004). The island’s fishing grounds have 
been described as poor with few large specimens 
of carnivorous fish such as groupers and snappers, 
most likely the result of overfishing throughout 
the 1970s and 1980s (MacRae, 2007; Dilrosun, 
2004). Illegal spearfishing takes place to some ex-
tent, and conch are taken unsustainably (MacRae, 
2007). The creation of the Man of War Shoal 
Marine Park in 2010 has had a positive impact on 
commercial species. In 2013, grouper and snap-
per populations increased by 10-15% within the 
Marine Park, with fishers reporting an increase in 
catch (Bervoets, 2014).

Besides, St. Maarten is also dealing with invasive 
species, notably lionfish that were first sighted in 
2010 and are reported to negatively impact native 
coral fish populations (Albins and Hixon, 2008). In 
its efforts to manage and control the infestation 
NFSXM has been catching these fish and distrib-
uted lionfish collection materials to the various 
dive centers and fishermen. Twice a year the 
Nature Foundation also holds a lionfish derby. 

St. Maarten is located in the Atlantic hurricane 
zone, and on average is hit by a hurricane every 
4 to 5 years. These hurricanes not only limit reef 
development but also cause great damage to 
island’s seabed (Klomp & Kooistra, 2003). In the 
late 1990s, six hurricanes hit St. Maarten and had 
profound impacts on the island’s reefs (hurricanes 
Luis and Marilyn in 1995, hurricane Bertha in 1996, 
hurricane Georges in 1998 and hurricanes Jose 
and Lenny in 1999). For example, the heavy seas 
generated by Hurricane Luis shifted sand which 
smothered coral colonies, and shallow strands of 
Acropora palmata suffered breakage (Smith et al., 
1997). In September 2017, St. Maarten was hit by 
the strongest hurricanes in history in the Atlantic 
‘Irma’ and caused severe major damage to the 
environment and infrastructure. In addition to 
storm damage, St. Maarten’s reefs have also suf-
fered from other natural impacts. An outbreak of 
white band disease between 1980 and 1982 killed 
90% of the Caribbean’s populations of Acropora 
cervicornis and Acropora palmata. This was fol-
lowed by a mass mortality of Diadema antillarum, 
one of the most important grazers on Caribbean 
reefs (MacRae, 2007). 

Blackfin Snapper, Photo by: © Hans Leijnse
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Queen Conch on the Windward Islands 
By Erik M Boman (PhD Candidate, Project: CONDUCT). This article was published in BioNews 10.

The Queen Conch (Lobatus gigas) has been a source of 
food in the Caribbean for centuries, but recent over-
exploitation has resulted in a decrease in population 
densities across much of the species’ range (Acosta, 
2006; Stoner et al., 2012b). This large marine gastropod 
is found throughout the Wider Caribbean Region and the 
southern Gulf of Mexico, including the islands of the Dutch 
Caribbean where it is economically and culturally impor-
tant (Appeldoorn 1994; Brownell & Stevely 1981). Over 
the past 30 years, harvesting of queen conch has increased 
considerably in order to satisfy the demand from a grow-
ing international market (Theile, 2005) and the Queen 
Conch is now heavily exploited throughout large parts 
of its natural range (Acosta, 2002; Stoner, 1997). Queen 
conch have several biological characteristics, such as the 
fact that they are slow moving, often occurring at shallow 
depths, and aggregating during reproductive season, 
which make them particularly vulnerable to overfishing 
(Appeldoorn et al., 2011). 

Concern for the future of Queen Conch has resulted in a 
number of regional and international measures, which 
have been taken to protect them. Trade in Queen Conch 
came under regulation when the species was listed in 
Appendix II of CITES in 1992, which prompted “numerous 
collaborative initiatives to promote its recovery, reduce over-
fishing and ensure legal, sustainable trade” (CITES, 2017). 
At the first meeting of the International Queen Conch 
Initiative in 1996, several Caribbean countries adopted the 

Declaration of San Juan and thereby pledged to improve 
regional management of the Queen Conch through 
harmonized regulations, enhanced communication and 
the application of scientific advice for the management 
and assessment of stocks (Daves and Fields 2006). In the 
Dutch Caribbean, a 4-year PhD project entitled “Queen 
conch in the Dutch Caribbean Territories (CONDUCT)” 
aims to improve our understanding of the ecology and 
life history of the Queen Conch and to provide guidelines 
for a more sustainable conch fishery. The project, which 
started in June 2014, is part of the TripleP@Sea and is a 
collaboration between Wageningen University & Research 
and Wageningen Marine Research.

The accurate estimation of live adult conch densities, in 
shallow and deep areas alike, is essential to set sustainable 
harvest quotas and to determine the reproductive success 
of Queen Conch which are highly dependent on adult 
conch densities (Appeldoorn et al., 2011). Areas below 20 
m have previously rarely been surveyed and areas below 
30 m are generally excluded from biomass estimates 
because of safety limitations and logistical challenges 
of survey methods using SCUBA (Queen Conch Expert 
Workshop Group Report 2012, MRAG 2013). Boman et 
al., (2016) developed a light and affordable towed video 
method to estimate conch densities throughout the spe-
cies range to depths of 60 m depth, which has been suc-
cessfully used for biomass estimates around St. Eustatius, 
Saba Bank and Anguilla (Boman et al., In preperation). 

Towed video array: Towed video array 
used to survey queen conch throughout 
the species entire depth range (0-60 m).
 Photo by: © Boman et al., 2016

Landed queen conch: Landed queen conch 
from the sustainable fishery in St Eustatius
 Photo by: © Erik Boman
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Queen Conch on the Windward Islands 

Unlike many other locations in the Caribbean region, 
St. Eustatius and the Saba Bank were found to have 
healthy populations of Queen Conch. The surveys 
found high densities of adult Queen Conch (>200 
adult conch/ha), at depths greater than 25m at both 
locations. Few areas with high densities of conch were 
found around Anguilla, which may be explained by 
the island’s higher fishing pressure (Boman et al., In 
preparation (a)). It should be noted that the Saba Bank 
was heavily fished prior to the enforcement of fisher-
ies legislation in 1994. In a 4 month period between 
October 1993 and January 1994, approximately 450000 
lbs. (ca. 204500 kg) of conch meat (ca. 900 000 conchs) 
were caught on the Saba Bank (Sybesma, 1994) in-
dicating a very high fishing effort on the Bank at that 
time. Although no quantitative biomass estimate data 
for conch is available for this time period, anecdotal 
evidence suggests that the Saba Bank was at least 
partly overfished at this point in time. However, in con-
trast to other overfished populations in the Caribbean 
(e.g. Florida) the Queen Conch populations on the Saba 
Bank seem to have recovered well after the closure of 
the fishery in 1994.

A key finding from the CONDUCT study is that the 
majority of Queen Conch regulations currently in place 
in the Caribbean are not sufficient to ensure that at 
least half of the population reaches maturity before 
being harvested (Boman et al., In review). In order to 
adequately protect conch populations from over-har-
vesting and ensure the sustainability of the stock, man-
agers must be well informed about the life history of 
conch in their area so as to protect juveniles and allow 
mature individuals to spawn at least once before being 

harvested (Vasilakopoulos et al., 2011). Most nations 
in the Caribbean region have implemented size regula-
tions for Queen Conch based on outdated and limited 
biological information. Shell length is commonly used 
to regulate the fishery (including St. Eustatius, St. 
Maarten and Curacao) but this is not a reliable indicator 
of maturity (Stoner et al., 2012a; Foley & Takahashi, 
2017). A much more reliable indicator is lip thickness, 
which develops only after the conch reaches its maxi-
mum shell length (Stoner et al., 2012a). The CONDUCT 
study found that size (lip thickness) of mature conch 
varied between locations in the Caribbean, from 4 – 14 
mm. In most cases females had a larger lip thickness 
than males at maturity indicating sexual dimorphism 
(Boman et al., In review).

Knowledge of the reproductive season of Queen Conch 
is key to the successful implementation of appropriate 
site-specific regulations to protect them during the 
spawning season. The reproductive season of Queen 
Conch differs between locations both in duration and 
in intensity across the Caribbean region (Avila-Poveda 
& Baqueiro-Cardenas 2009; Aldana-Aranda et al., 
2014). Boman et al. (in prep.) found that locations with 
a relatively high variation in water temperature had a 
significantly shorter reproductive season and that most 
Caribbean nations have a reproductive season concen-
trated around the warmest period of the year (Boman 
et al., In review). The implementation of adequate 
minimum size regulation based on lip thickness (ca. 
15 mm) and a Caribbean wide seasonal closure (May - 
September) using the most up to date biological infor-
mation (taking into consideration the local differences 
in lip thickness and reproductive season) will help the 

long term survival of Queen Conch and the dependent 
fishery (Boman et al., In review).

The CONDUCT project also studied the impact of inva-
sive seagrass species on juvenile Queen Conch growth. 
Whilst conch inhabit a range of ecosystems (e.g. 
seagrass, algae, rubble, sand), juveniles in large parts 
of the Caribbean are primarily associated with seagrass 
beds made up predominately of Thalassia testudinum 
(Stoner, 2006; Stoner, 2003; Alcolado, 1976; Stoner et 
al., 1996, Stoner 2003). The invasive seagrass Halophila 
stipulacea has spread rapidly throughout the eastern 
Caribbean during the last decade and has been ob-
served occupying habitats of other native seagrass such 
as Thalassia testudinum (Debrot et al., 2012, personal 
observation, Boman). There is currently little knowl-
edge of the ecological impact this replacement may 
cause for species currently living in native seagrasses, 
including Queen Conch. Changes to biological aspects 
of juvenile conch can have severe consequences for the 
resilience of a population and its capability to with-
stand fishing pressure or other external stressors. The 
CONDUCT study aims to examine different biological 
aspects of juvenile conch living in the invasive seagrass 
H. stipulacea and to compare them with conch living in 
native seagrass. While this part of the study is ongoing, 
the project was severely affected by Hurricane Irma 
and Hurricane Maria. However, results obtained prior 
to the hurricanes indicate that there may be a decrease 
in growth of juvenile conch in the invasive seagrass 
compared to the native seagrass. However, definitive 
conclusions regarding growth in the invasive and native 
seagrass cannot be made due to the short duration of 
the experiment (Boman et al.,In preparation (b)).

Queen conch survey: Measuring of lip thickness 
during queen conch survey (St Eustatius)
Photo by: © Erik Boman
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A detailed understanding of spatial genetic  
structure and the factors driving current patterns 
of gene flow and genetic diversity are fundamental 
for developing conservation and management 
plans for marine fisheries (Bay & Palumbi, 2014; 
D’Aloia, Bogdanowicz, Harrison, & Buston, 2014; 
D’Aloia et al., 2015; Pinsky & Palumbi, 2014). 
Connectivity of Queen Conch populations in the 
Caribbean was studied through a large collabora-
tive effort including researcher from the Wider 
Caribbean Region. The study investigated the 
spatial genetic structure and genetic diversity 
throughout the Queen Conch fishery (19 locations) 
using microsatellites (Truelove et al., 2017). They 
found that L. gigas does not form a single genetic 
population in the greater Caribbean and that there 
are significant levels of genetic differentiation 
between Caribbean countries, within Caribbean 
countries, and among sites irrespective of geo-
graphic location. Gene flow across the greater 
Caribbean is constrained by distance, which acts 
to isolate local populations. This genetic isolation 
may impede the natural recovery of overfished L. 
gigas populations, such as in Florida, and results 
suggest a careful blend of local and international 
management will be required to ensure long-term 
sustainability for the species (Truelove et al., 2017).

Challenges facing Queen Conch include continued 
high demand for conch products from the  

international market, and loss of suitable habitat-
through eutrophication, acidification, sedimenta-
tion, and runoff from land (Appeldoorn et al., 
2013). There are also emerging threats, such as 
the introduction and rapid spread of the invasive 
seagrass H. stipulacea throughout the Caribbean 
as well as the implications of climate change, the 
impacts of which cannot be predicted. Although 
the situation for Queen Conch populations in 
some part of the Caribbean region is uncertain 
(Acosta, 2006; Stoner et al., 2012b), healthy and 
viable conch populations and sustainable conch 
fisheries can still be found in the Dutch Caribbean 
(Boman et al., In preparation (a)). New studies, 
such as the ones described above and others, have 
and will continue to increase the knowledge of the 
conch biology and ecology as well as providing 
first insights into potential future threats. Local 
and international collaborative efforts such as the 
establishing of the Queen conch expert workgroup 
has led to a set of recommendations on many 
aspects of the Queen Conch fishery (Queen Conch 
Expert Workshop Group Report, 2012), which if 
implemented would undoubtedly be a big step 
forward on the path to a more sustainable conch 
fishery. However, to preserve this iconic species 
for future generations public and political support 
is necessary to implement the changes needed to 
improve management.

Queen conch (Lobatus gigas): Eye of adult queen conch
Photo by: © Mike Harterink

Queen Conch on the Windward Islands 
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Flamingo Tongue One Species

Two researchers at Naturalis and Oxford University 
Museum of Natural History, Bastian Reijnen and Sancia 
van der Meij, recently carried out research on flamingo 
tongue snails and found that the three known species 
(Cyphoma gibbosum – flamingo tongue; C. signatum 
¬fingerprint flamingo tongue and C. mcgintyi - McGinty’s 
flamingo tongue) are in fact one single species despite dif-
ferences in their mantle morphology. Cyphoma signatum 
and C. mcgintyi  have different color patterns than  
C. gibbosum (fingerprint pattern and brown dots) and  
C. gibbosum and C. signatum have different shell outlines 
and color (Reijnen & Van der Meij, 2017). 

Flamingo tongue snails are easily recognizable thanks to 
their light colored coat, known as mantle, which has a pat-
tern of orange dots with an encircling black line (Naturalis, 
2017). The mantle is made up of soft tissue that covers 
the entire shell. The colors and patterns of the snail’s coat 
help protect it against predators by warning predators 
of its toxicity. Flamingo tongue snails live on gorgonians 
and feed on them. They consume the living tissue of the 
gorgonians as they move across it; their digestive system 
secretes chemicals that break down the octocoral tis-
sue into nutrients. The snail also ingests toxins from the 
gorgonians but stores them in its tissues and uses them as 
a defense mechanism against predators. 
 
 
 

 
 

 
 

Reijnen and Van der Meij (2017) collected 31 flamingo 
tongue specimens from Curaçao and St. Eustatius and 
obtained material from Florida. The specimens belonged 
to the three known species as well as one unidentified 
black morphotype. “We found some patterns that were 
set between the striped and spotted one” explains Reijnen, 
“it was therefore not clear which kind of snail species they 
belonged to, which is why we carried out genetic testing” 
(Naturalis, 2017). The researchers used data obtained 
from a previous study on Caribbean Cyphoma (Reijnen et 
al., 2010) and carried out genetic testing on each of the 31 
collected specimens to investigate the genetics behind the 
morphological differences in shell shape, mantle patterns 
and coloration in Cyphoma spp. (Reijnen & Van der Meij,  
2017). Four molecular markers were studied: COI mtDNA, 
16S mtDNA, 28S tDNA and H3 nDNA.

The results of the study revealed that there is no genetic 
difference between the three species and that they are in 
fact a single, genetically homogeneous species (Reijnen 
& Van der Meij, 2017). “We have now shown that all these 
patterns are just a variation of one and the same kind.” 
explains Van der Meij. “Instead of describing new species, 
we synonymize snail species (Cyphoma signatum and C. 
mcgintyi) with the oldest available species name (C. gib-
bosum)”. These findings are in line with anatomical studies 
by Ghiselin & Wilson (1966) and Simone (2004), who 
found that interpretation of the anatomical features in 
Cyphoma are troublesome and observed no clear differ-
ences between species. The researchers suggest that the 
prominent differences in mantle morphology between the 
species are the result of one of three possible scenarios: 
rapid divergence, supergenes or incipient speciation 
(Reijnen & Van der Meij, 2017).

Photos by: ©
 Bastian Reijnen 

This article was published in BioNews 4.
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The Dutch Caribbean island of St. Eustatius is 
home to a particularly rich marine life. Since 
1996, the waters surrounding the island have 
been protected as a Marine Park and managed by 
STENAPA (St. Eustatius National Parks). However, 
marine organisms are still under pressure from 
human activities.

The ANEMOON Foundation is a Dutch volunteer 
organization of citizen scientists who are inter-
ested in sea life. The Foundation has started a 
project to make an inventory of the underwater 
life of St. Eustatius, using citizen scientists as 
recorders. In 2015, an excellent start was made by 
the St. Eustatius Marine Biodiversity Expedition 
2015. During this expedition, the ANEMOON 
Foundation, together with Naturalis Biodiversity 
Center (of Leiden in the Netherlands), and some 
local partners on St. Eustatius, surveyed the 
underwater life of the Marine Park. In three weeks, 
over 1,150 different species of plants and animals 

were observed.

In order to be able to develop sustain-
able management techniques 

for marine life in the future,  

it will be crucial to monitor changes and the  
distribution of species over time.  

In the Netherlands, ANEMOON has for many 
years run successful long-term projects to moni-
tor marine wildlife using an extensive network of 
volunteers who are active citizen scientists. The 
Foundation hopes to set up a similar long-term 
project on St. Eustatius. This project, developed 
in close collaboration with STENAPA, intends 
to recruit tourists, expats and locals to record 
endangered and exotic marine species. By giving 
workshops and supporting volunteers in other 
ways, ANEMOON plans to achieve greater public 
awareness of the spectacular underwater life of St. 
Eustatius. We hope this awareness will in turn re-
sult in more volunteers participating in the project.

Everyone who goes diving or snorkeling off St. 
Eustatius can contribute by using an Observation 
Card created by ANEMOON Foundation and 
STENAPA. The card has images of twelve easily 
recognizable species, which together serve as 
a good indicator of the health of the marine life 
around the island. The species shown on the card 
include sea turtles, a shark, and a ray. Although 
these creatures are vulnerable everywhere in the 
Caribbean, the likelihood of your seeing them 
around St. Eustatius is currently still excellent. 

After a dive or snorkel trip, you can simply mark 
on the card which species you saw. 

Around the island there is of course much more to 
see underwater than the 12 species on the card. A 
wide variety of species with extraordinary colours 
and shapes are shown in a strikingly beautiful 
publication, “Field Guide to the Marine Life of St. 
Eustatius.” This field guide showcases 234 species, 
all photographed in the waters off the island. A 
free download of the guide is available at www.
anemoon.org/eux. 

More extensive information about the marine 
species of the Dutch Caribbean is available on the 
ANEMOON Foundation’s website. And, for more 
dedicated divers, snorkelers, and beach combers, 
an extended observation form, which includes 150 
species, is also available.

More information about the project of the 
ANEMOON Foundation can be found at  
www.anemoon.org/euxnl (in Dutch) and  
www.anemoon.org/eux (in English). For more 
information about STENAPA and the Marine Park, 
go to www.statiapark.org. 

This project was supported by the Caribbean 
Department of the Prins Bernhard Cultuurfonds.

Photos by: © Marion Haarsma

Counting Endangered Species on St. Eustatius (Anemoon)
By Sylvia van Leeuwen, Niels Schrieken and Susan J. Hewitt. This article was published in BioNews 2.

61 62 63 64 65 ......BioNews 2017 - Content

www.anemoon.org/eux
www.anemoon.org/eux
www.anemoon.org/euxnl
www.anemoon.org/eux
www.statiapark.org
http://www.dcnanature.org/wp-content/uploads/2017/10/BioNews_2017_2_Online.pdf
http://www.dcnanature.org


Seagrass Ecosystem Services (Lac, Bonaire)
By Marjolijn Christianen and Sabine Engel. This article was published in BioNews 6.

Seagrasses are essential components of coastal 
zones ecosystems due to their extremely high 
productivity and the high biodiversity they sup-
port. Inside Lac, Bonaire, seagrasses cover the 
sea floor and provide a key-habitat to a growing 
population of endangered green sea turtles 
(Chelonia mydas).

Invasive seagrass Halophila stipulacea (originating 
from the Red Sea) appears to be outcompeting 
native seagrasses such as Thalassia testudinum. 
Using 49 fixed locations, we observed that 
between 2011 and 2015 the occurrence of H. 
stipulacea in the bay increased significantly from 
6% to 20% while native T. testudinum occur-
rence decreased significantly from 53% to 33% 
(Smulders et al., 2017).  The consequences for the 
seagrass ecosystem services are still not known. 
In February 2017, several fieldwork projects were 

conducted on seagrass ecosystem services and 
foraging behaviour of sea turtles in Lac by a team 
of local experts (Sabine Engel, STINAPA and 
STCB), together with researchers from Groningen 
University, NIOZ and NIOO led by Marjolijn 
Christianen1 . 

The project included the final measurements of a 
sea turtle-exclosure study which was established 
in Lac in 2015. Plots excluded turtle grazing in 
order to study the impact of grazing on the dif-
ferent seagrass species and the expansion of the 
invasive seagrass. Although results are still being 
analysed, first results show that grazing may 
impact the expansion rate of the invasive sea-
grass. A day after the sea turtle-exclosure cages 
were removed, the long T. testudinum leaves were 
already cropped by the turtles.

Seagrasses can stabilize sediments, resulting 
in clear water and the dampening of waves.  
Sediment stabilisation and hydrodynamics de-
pend on interactions with plant cover, different 
vegetation types and grazing activity. This can 
be studied in “flumes”, where water currents and 
waves are mimicked and this work is most often 
conducted in laboratory environments. In Lac, the 
first prototype of a portable wave-flume in the 
field alongside a current-flume was tested. This 
project was executed by a team from the Royal 
Netherlands Institute of Sea Research (NIOZ) 
led by Prof. Tjeerd Bouma with PhD students 
Rebecca James (NWO SCENES project) and  
Jaco de Smit. First results show that sediment 
stabilisation is closely correlated with the amount 
of above ground biomass, with ungrazed T. 
testudinum being very effective at stabilising  
 

sediment. Whereas H. stipulaceae and heavily 
grazed T. testudinum provide no significant stabi-
lisation of the surface sediment when exposed to 
waves or currents.

In the last 2 years, several green sea turtles were 
tagged with satellite transmitters to study their 
movement in foraging habitats in the Dutch 
Caribbean. In Lac, green sea turtles spend much 
of the daytime grazing on seagrass meadows and 
they often revisit the same site. They maintain 
their own underwater gardens and clip the grass 
short so that they can eat nitrogen rich fresh 
leaves.  These turtle “gardens” were checked and 
monitored for species cover, grazing marks and 
isotope samples were collected. At night, the sea 
turtles return to the reef outside of the bay to rest.

Green sea turtle grazing on seagrass. 
Photo by: © Kai Wulf

Set-up current-flume with ADV (NIOZ).  
Photo by: ©Marjolijn Christianen

Ungrazed Thalassia testudinum seagrass meadow. 
Photo by: © Marjolijn Christianen

Set-up of a BESE-element for seagrass restoration 
in Lac, Bonaire. Photo by: © Zoran Steinmann

1  *co-PI NWO program Ecology and 
conservation of green and hawksbill 

turtles in the Dutch Caribbean.
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Seagrass Ecosystem Services (Lac, Bonaire)

Also a pilot experiment was installed to test the use of 
“BESE-elements”, biodegradable potato starch polymer 
structures (https://www.bese-elements.com) for seagrass 
restoration. This work is part of a global initiative and the 
BESE-elements are currently being developed and tested 
by Bureau Waardenburg and Radboud University. A 1m2 
biodegradable structure is installed either below the sedi-
ment or on top of the sediment and seagrass shoots  
(T. testudinum) are planted in the middle. Instead of trans-
planting large seagrass patches, this method temporarily 
facilitates seagrass growth of a few shoots by simulating 
positive feedback mechanisms (e.g. reducing hydrody-
namics, predation or macroalgae cover). Once seagrass 
becomes established, the BESE-elements are expected to 
completely break down in situ leaving newly established 
seagrass beds. 

Sabine Engel (STINAPA) is monitoring the BESE-elements 
and the results are encouraging. “Since the deployment  
of the BESE-elements the site has been revisited 8 times.  
In the beginning the rhizomes and shoots looked as if they 
were wasting away, but now we can see that some rhizomes 
have been established, and new shoots are appearing.  
The BESE-elements have been placed on top and in the 
sediment, and a difference in success and growth is already 
evident. We will monitor the site for one full year. Best  
results so far were found where the BESE-elements have 
been placed in the sediment. The places where BESE-
elements were placed on top of the substrate are doing 
reasonable. There is no more seagrass in the control 
sites, where the rhizomes were placed without the BESE-
elements. ”  (Sabine Engel, personal communication).

This project is funded by NWO.
Involved organisations: Radboud University, Bureau 
Waardenburg, STINAPA, STCB, NIOZ, and NIOO.

Research team (not in photo: Sabine Engel). 
Photo by: © Marjolijn Christianen

Sabine Engel and Gevy.  
Photo by: © Marjolijn Christianen. 
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The Netherlands’ Largest National Park

For the longest time, the Saba Bank has been 
the largest and richest forgotten treasure 
within the Kingdom of the Netherlands. It lies 
just 5 kilometers (3 miles) south west of the 
island of Saba but extends almost 70km from 
the Saba coastline covering an area roughly 
the size of the Dutch part of the Waddenzee 
or, more evocatively, about the same size as 
Luxembourg (2,679 km² / 850 mi²). The Saba 
Bank was set up as a nature park as recently as 
2010, and was recognized as a protected area of 
regional importance under the SPAW-protocol 
(Protocol Concerning Specially Protected Areas 
and Wildlife of the Wider Caribbean) in 2012. 
In the same year it was declared a National 
Park, making it the largest National Park in the 
Netherlands (DCNA, n.d.). 

The fishery on the Saba Bank was first docu-
mented in 1907 by Boeke who also mentioned 
the existence of extensive coral reefs.
 In 1972 an expedition to the Saba Bank 

was organised and van der Land 
started mapping the coral 

reefs (Land, 1977). 

In 2006 the Dutch Hydrographic Service collected 
high-resolution bathymetric data, from which the 
first detailed maps of the Saba Bank were made.  

We now know that the Saba Bank is a flat-topped 
carbonate seamount rising 1,800 metres (5,905 
feet) above the sea floor, crowned by a ring of 
growing coral reef on its fringes. It is the second 
largest submerged carbonate platform of its 
kind in the world (Church et al. 2004), and its rich 
biodiversity includes coral reefs, patch reefs, sand 
flats, as well as limestone pavements overgrown 
with uniquely diverse algal assemblages. It is 
entirely submerged and most of it lies at water 
depths of 20 to 50 meters (66 to 164 feet). It is 
thought that the southwestern part of the Bank 
contains the healthiest reefs.

From the bathymetric data the Bank can be seen 
in fascinating detail showing the presence of 

distinctive beach, reef crests and lagoon 
formations, which must have formed dur-
ing previous glaciations when parts of the 
Bank were above sea level. Old spur and 

groove structures and former barrier reefs 
can be identified as well as a cluster  

of unidentified pinnacle like structures, 
which dot the northeastern part of the Bank 

 rising 10m above the bottom. The bathymetric 
data can be used to distinguish bottom types but 
these still need to be translated into habitat maps, 
so for the most part we still do not know what 
lives or grows there.

The race to discover more about this unique area 
only began in earnest in the mid-nineties, once it 
became clear that significant quantities of Queen 
Conch, lobster and grouper were being systemati-
cally harvested by foreign vessels. 

About one-quarter of the Saba Bank lies within 
Saban territorial waters and 1.3% within the  
territorial waters of St. Eustatius, the rest falls 
within the Exclusive Economic Zone. After a 
brief exploratory expedition in 1996, and a first 
inventory of the fisheries in 1999, the former 
Netherlands Antilles organized two further  
expeditions to inventory the biodiversity of  
the Saba Bank with support from Conservation 
International and the Dutch government.  
After the constitutional changes in 2010, the  
Saba Bank became the direct responsibility of  
the Netherlands and since then six expeditions 
 to the Saba Bank have explored various aspects 
of the biology and ‘health’ of the area.  

The Saba Bank is exceptionally biodiverse and in 
addition to extensive coral reefs it is particularly 
rich in gorgonians and macro-algae, including 
algal assemblages never described before (Littler 
et al. 2010). The abundance of shallow water 
gorgonians is high (43 recorded species) which is 
10-30% higher than at other sites in the Caribbean 
with the discovery of a new species of Pterogorgia 
being confirmed (Etnoyer et al. 2010). In terms 
of fish diversity, despite the absence of shallow 
water habitats, the Saba Bank ranks eighth in the 
Caribbean in terms of fish species richness. A total 
of 270 fish species were recorded during a nine-
day expedition to the Saba Bank, raising expecta-
tions that the final count may exceed 400 species 
(Williams et al. 2010). 

There have been 4 species of sharks recorded 
on the Saba Bank as well as 6 species of marine 
mammals (Stoffers 2012, Debrot et al. 2013). 
Humpback whales are regularly spotted in the 
channel between Saba and the Saba Bank and 
there have been various sightings of humpback 
whales with calves, leading to speculation about 
the role of the Saba Bank as a calving and/or 
nursery area for humpbacks. 
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The Netherlands’ Largest National Park

The Saba Bank is also an important foraging 
ground for many seabirds and conservative 
estimates indicate that ¼ million sea birds are 
dependent on the Saba Bank. This includes birds 
from Saba, St Eustatius and Dog Island, which 
alone supports 100,000 pairs of nesting seabirds 
including Magnificent Frigatebirds, Tropicbirds, 
Sooty terns and Masked boobies, all of which are 
species whose global populations are in decline. 
An estimated 18% of the world population, the 
equivalent of 70% of the Caribbean population of 
Red-billed Tropicbirds, forage on the Saba Bank 
(Adrian Delnevo, personal communication,  
23 February 2017). 

The high species abundance on the Saba Bank 
prompted Conservation International to designate 
it an important “biodiversity hotspot” within the 
Caribbean (Hoetjes, 2010). In addition, the Parties 
to the Convention on Biological Diversity (CBD) 
identified the Saba Bank as an Ecologically or 
Biologically Significant Marine Area (EBSA).

Whilst the Saba Bank is not immune to the effects 
of global climate change, sea level rise, ocean 
acidification etc., and has a history of fisheries 
exploitation, its remoteness means that it has 
been spared many of the insidious anthropogenic 
effects such as eutrophication and increased 
sedimentation. Recent studies indicate that good 
genetic connectivity as well as genetic diversity 
comparable to other sites in the Caribbean mean 
that the Saba Bank is a likely source of fish and 
coral larvae and may serve an important ecological 
role, bolstering the resilience of reefs downstream 
(Bakker at al 2016).
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Expeditions to the Saba Bank

The first scientific expeditions to the Saba Bank 
took place in the 1970s with mixed results: one 
study concluded that the Saba Bank had mini-
mal reef development but abundant crustose 
coralline algae and sponges (MacIntyre et al., 
1975), while a study published soon after found 
that the Bank’s two large windward reefs had 
abundant coral growth (Zonneveld, 1977). 
During an expedition with research vessel 
H.M.S. Luymes of the Royal Netherlands Navy 
in 1972, natural history specimens were col-
lected that could serve as baseline material for 
future biodiversity studies (Van der Land, 1977; 
Hofker, 1980; Logan, 1990; Thacker et al., 2010; 
Hoeksema et al., 2011).

In the 1980s the reefs on the Saba Bank have 
experienced Caribbean-wide disease induced 
mass mortalities such as the die-off of the main 
urchin species in the Caribbean (Diadema antil-
larum) in 1983 (Aronson & Precht, 2001). In 2006, 
Scientists from Conservation International (CI), the 
Netherlands Antilles government and Smithsonian 

Institution’s Museum of Natural History carried 
out a two-week expedition to the Saba Bank. They 
uncovered a rich and healthy coral fauna, confirm-
ing Zonneveld’s prior findings (1977). The Bank 
was recognized as a regionally unique area with 
relatively pristine ecosystems characterized by 
high biological diversity and productivity, as well 
as being a possible source of fish and coral larvae 
to downstream areas.

Research on the Saba Bank gained momentum 
when the Bank became the responsibility of the 
Netherlands in October 2010, and since then 
several research expeditions have taken place 
to assess the Bank’s fish communities, coral reef 
health and shark population (Bos et al., 2016). 
As a known biodiversity hotspot, the Saba Bank 
is of special interest to scientists because it has 
remained relatively pristine thanks to its remote 
location, offering researchers the opportunity 
to study the effects of global change and reef 
resilience compared to other reefs in the region 
(Meesters et al., 2016; Bos et al., 2016).
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Expeditions to the Saba Bank
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R/V Oregon, R/V Pillsbury, R/V  
eastward Caribbean Cruise E- 33D-70/71   
Small samples of fish and possibly other 
organism have been collected by passing 
research vessels.

AGRRA expedition 
Less than two weeks after hurricane Lenny, 
the reefs of the Windward islands were sur-
veyed using the Atlantic And Gulf Rapid Reef 
Assessment (AGRRA) with modifications to 
detect impacts by hurricane Lenny. Three 
sites on the Saba Bank were examined and 
stony coral cover of 11, 26 and 41% was re-
ported, mainly Montastraea annularis faveo-
lata (23%). Windward islands were largely 
influenced by hurricanes; around 1% of all the 
individually surveyed colonies were physically 
damaged and >23% was bleached with lowest 
percentage occurring on the Saba Bank (9%).

CICAR Expedition 
The first recorded expedition to the Saba 
Bank was in May and June of 1972 aboard 
the Dutch Royal Navy vessel, HMS Luymes. 
Collections of the benthos were made by 
hand using Dutch Naval divers. Twenty-five 
sites were sampled spanning the length 
and breadth of the Saba Bank. Collections 
included 37 species of stony corals. 

Conservation International expedition In 
January 2006, Conservation International fi-
nanced a Rapid Assessment of the Saba Bank. 
Surveying 17 sites the expedition confirmed 
the high species richness on the bank and 
identified many species of fish, coral, sponges 
and macro-algae. On average researchers 
found one new species a day including two 
new species of goby, one new to science, 
and more than a dozen new species of macro 
algae as well as previously undocumented 
macro algal assemblages. As a result of this 
work Conservation International declared the 
Saba Bank a Biodiversity Hot Spot. 

Corwith Cramer Cruise C-103 
During this expedition a depth Recorder 
profile and sediment sample transect lines 
were completed.

Royal Dutch Navy, MINA, Harte Research 
Institute,  Conservation International (CI), 
and Saba Conservation Foundation 
An expedition in October 2007 focused on 
octocorals as well as surveys of fish and 
conch. Two new species of gorgonian were 
discovered and for the first time monitor-
ing included surveys for crustacean as well 
as some ROV deep water exploration. The 
expedition was used to ground truth a high-
resolution bathymetric map based on 2006 
survey data from the Dutch Hydrographic 
Service. Results from all expeditions so far 
plus a six month survey of fisheries, ship traf-
fic and biodiversity out of Saba, formed the 
basis for the Saba Bank Special Marine Area 
Management Plan 2008 (Lundvall, 2008).

Netherlands Antilles Department 
of Environment  (MINA) survey  
A first quick field survey of the Saba Bank was 
commissioned by the Netherlands Antilles 
Department of Nature and Environment in 
1996. The expedition focused on the central 
and eastern part of the Saba Bank and sur-
veyed approximately 1.8% of the total area. 
Researchers concluded that the Saba Bank 
is a regionally unique and relatively pristine 
ecosystem with high biodiversity and produc-
tivity. The survey noted a high abundance of 
apex predators, which are generally consid-
ered good indicators of a healthy ecosystem. 

CARIBSAT expedition, M.V.  
Caribbean Explorer 
In November 2010, a team of eight scientists 
and conservation practitioners came together 
for a mapping expedition to the Saba Bank 
with the M.V. Caribbean Explorer. This was 
part of a joint project called CARIBSAT, 
between Martinique, Saba and Bonaire, to 
find ways to use satellite images to map the 
benthic communities and included data col-
lected from 200 video camera drops. 
The expedition found that the health of the 
reefs of the Saba Bank had deteriorated since 
the first observations in 1972, 1996, and 2002. 
The general impression was that the Bank 
is still recovering from the 2005 bleaching 
disaster, but there is not enough data to ex-
clude other reasons (e.g. overfishing, anchor 
damage, hurricanes).
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Please check the References and Publications in 
BioNews 1 to find an overview of the publications 
which are the result of these expeditions. 
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IMARES expedition aboard  
Caribbean Explorer   
The October 2011 research expedition aimed 
to collect data on benthic and reef fish com-
munities; sponges and nutritional sources of 
the sponge community; seabirds and marine 
mammals; water quality, water velocity and 
other physical parameters. A multidisciplinary 
team conducted video and visual surveys of 
the benthos, fish and sponges at ten sites, 
while sea birds and marine mammals were 
surveyed by means of on-board visual surveys 
and acoustic data loggers. The first passive 
acoustic monitoring sensor (noise logger) for 
marine mammals was placed on the Saba 
Bank. Water velocity and water quality were 
also measured on-board. During the expedi-
tion 8 sponge species were collected and 37 
scleractinian coral species and 85 fish species 
were identified. Most frequently sighted sea-
birds were the Brown Booby and Magnificent 
Frigatebird.

DCNA Shark Tagging expedition aboard the Caribbean Explorer
In October 2016 as part of a three year long “Save our Sharks” project 
the Dutch Caribbean Nature Alliance ran a shark tagging expedition 
to the Saba Bank. Drum lines were used to catch a total of 22 sharks: 
sixteen Caribbean reefs sharks and six adult Tiger sharks (Galeocerdo 
cuvier). All were fitted with Passive Integrated Transponder (PIT) tags. 
Four of the tiger sharks were additionally fitted with SPOT satellite 
transmitting devices, which will be used to track the sharks movements 
for up to four years via the ARGOS satellite tracking system.

Waitt Institute expedition aboard M.V Plan B 
The Saba Bank was included in a Waitt Institute’s research voyage to the 
Dutch Caribbean Windward Islands to collect standardized information 
on the status of the reefs. The surveys were conducted using GCRMN 
monitoring protocols in addition to new efforts in large-area reef imaging 
using photography and advanced image post-processing to create photo-
mosaic images of the reefs.

IMARES expedition 
An international team of marine biologists 
collected data on benthic communities at  
11 study sites, recording fish abundance  
and size, reef structural complexity, coral-al-
gal interactions, water quality and connectiv-
ity. A preliminary comparison with data from 
2011 showed a reduction in snappers, group-
ers, and grunts, whilst there were noticeably 
more sharks. Fewer algae were recorded on 
the bank, possibly indicating a healthier reef, 
though there appeared to be a gradient with 
algal cover increasing towards the island of 
Saba. The expedition was filmed by Mouissie 
Corporation and broadcast as part of a series 
on marine life for National Geographic. 

IMARES / NIOZ joint expedition aboard 
Caribbean Explorer
In October 2015 fourteen researchers visited 
11 sites on the Saba Bank to continue benthic 
and fish monitoring as well as to look at 
productivity. Particular attention was paid 
to sponge communities. Other areas of the 
bank were also monitored using camera 
drops. Research teams diving at sites with 
a flat bottom, small low growing reefs and 
a substrate that was partly unconsolidated 
recorded 18 coral species one of which was 
new to science (Meandrina danae). Together 
with earlier expeditions this brings the total 
confirmed number of stony corals on the 
Saba Bank to around 40 species which in-
cludes four unattached, free living varieties 
of coral (coralliths). These were found by 
roving divers at a depth of 15-20 meters. One 
of the conclusions of this expedition was that 
the Saba Bank includes unique wave-swept 
habitats, which support free-living corals so 
far not reported from any other sites.
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Expeditions to the Saba Bank

NIOZ expedition aboard R.V. Pelagia 
In August and September, a group of scien-
tists from NIOZ, University of Wageningen 
and others surveyed 30 sites on the Saba 
Bank to investigate how environmental 
conditions are impacting coral reef ecosys-
tem function on the Saba Bank. This work 
is part of an NWO funded project entitled 
“Caribbean Coral Reef Ecosystems - interac-
tions of anthropogenic ocean acidification 
and eutrophication with bio-erosion by coral 
excavating sponges”. Researchers want to 
gain a better understanding of the hydrog-
raphy of the Saba Bank and to determine 
if net ecosystem calcification is occurring. 
In other words is the Saba Bank growing or 
eroding and which factors can explain these 
processes.
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WAITT Institute expedition  
aboard MV Plan B 
Footage can be found at:
https://drive.google.com/drive/folders/0By3cTu
cxJ9GFcEYyUi16OG4yc0k?usp=sharing
(Scripps Institution of Oceanography).

National Initiative Changing Oceans (NICO) expedition
(NWO-Science & NIOZ Sea Research) 
The NICO expedition aimed to provide the Netherlands with 
a better understanding of changing seas and oceans (NIOZ, 
2017). During the Northern Caribbean leg of the expedition, two 
research projects focused on the Saba Bank. The first project 
focused on the deep-sea habitats (100m and beyond) and their 
main goal was to determine the biodiversity of the deep slopes 
and describe how environmental conditions such as 

turbulence, currents, mixing and food-supply influence live 
in the deep-sea. During the second project the researchers 
mapped the benthic habitats (from 10 until 100m depth) and 
investigated benthic-pelagic coupling of different benthic 
habitats with focus on net calcification, organic matter (bio)
deposition/ mineralization and oxygen dynamics in the benthic 
boundary layer .
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The University of Wageningen (IMARES) has participated in 
research voyages to the Saba Bank in 2011, 2013 and 2015. 
Monitoring of coral reefs has mostly been done by surveying 
video transects and looking at coral recruitment.  

Coral cover on the Saba Bank varies significantly from area to 
areas with the lowest recorded stoney coral cover at “Tertre de 
Fleur” (2.6%) and the highest recorded stoney coral cover on the 
southern edge of the Saba Bank at “Gorgonian Delight” (15.5%)

The Saba Bank is comprised of many different benthic ecosys-
tems all of which are likely to be functionally linked and important 
to the health of the area as a whole. The benthic communities 
include coral dominated reefs, fields of calcareous algae, sargas-
sum beds, algal beds and sand plains. 

A number of events over the past twenty years have combined to 
dramatically reduce coral cover on the Saba Bank. These include 
Hurricane Lenny in 1999 and 
the bleaching events in 1998 and 2005.

Due to its remote location the Saba Bank experiences high rates 
of water exchange and is not directly impacted by land based 
pollution or terrestrial run off. The reefs have consistently shown 
few signs of disease and whilst fish population numbers are highly 
variable, the number of apex predators on the Saba Bank seems 
to be consistently high. 

But, the Saba Bank is by no means immune to the impacts of 
global climate change. Bleaching events are believed to have 
already taken their toll on coral reef communities. Of concern too 
is the very real possibility of more, and more intense, weather 
events such as bleachings and hurricanes as well as the impacts of 
ocean acidification.

Successive expeditions have noted the virtual absence of grazing 
urchins on the Saba Bank. Invasive lionfish are now present and 
evidence from other parts of the Caribbean indicates that lionfish 
are capable of decimating reef fish populations, and have caused 
a 78% decrease in juvenile fish. The Saba Bank is an important 
fisheries resource for the island of Saba and there is a thriving 
fishery for lobster and red fish as well as red hind.

At this time it is unclear how the reef communities on the Saba 
Bank will fare and what impact, if any, fishing activity is having on 
the reefs.  It is therefore essential that actions are taken to raise 
the resilience of the Saba Bank as much as possible to cope with 
the effects of climate change. 

Sampling sites included (from south to east to north)•	 Dutch Plains•	 Scottish Hills•	 Gorgonian Delight•	 Coral Gardens•	 Pauls Cathedral•	 Tertre de Fleur• Erik’s Point• Twelve Monkeys• La colline aux gorgones• Devils Corner• Rebecca’s Garden

This news item is based on a presentation given by Erik   
Meesters (WUR)
https://www.wur.nl/en/download/Erik-Meesters-State-of-the-
reefs-3-expeditions-to-Saba-Bank.htm

Saba Bank: Coral Status and Trends
Range in coral cover estimates 

A book was made that can be  
downloaded here:

Saba Bank: research 2011 - 2016
Bos, O.G. ; Becking, L.E. ; Meesters, H.W.G.  (2016)
Wageningen Marine Research, - 66 p.  
(http://edepot.wur.nl/400225)

This article was published in BioNews 1.
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Reef status: 
Compared to the 1990s, coral cover on Saba Bank is currently much 
lower. In 2011, 2013 and 2015 quantitative surveys were carried out on 
the Saba Bank on 10 locations. At each site 3 transects of 50 m were 
photographed (150m2). In 2011, living coral cover was only 8%, which is 
much lower than the coverages of 40-60% reported in 1996. The proxi-
mate causes for this dramatic decline remain uncertain but we suggest 
that bleaching and climate change are largely responsible for the lower 
cover of living corals on the bank. Climate change leads to warmer sea 
water and this causes periods when the sea water temperature is too high 
for corals leading to so called bleaching events, which often cause high 
coral mortality. In particular, the 2005 Caribbean bleaching event which 
decimated coral cover all over the north eastern Caribbean is important 
in this respect. On a positive note, between 2011 and 2015, there is no 
indication that coral cover has further declined. Encouraging indications 
for reef resilience were that there are many small young coral colonies 
and there are very little signs of coral disease. Furthermore, Saba Bank is 
not a ‘sponge reef’ and sponges are not becoming dominant over corals, 
as is the case in several disturbed eutrophic reefs in the Caribbean. 
These findings seem to indicate that the Bank is relatively less disturbed. 
Even under the best circumstances, we have to add that restoration 
of coral reefs is a very slow process and might take several decades. 
Saba Bank will, however, not stay the same in the coming years, as it 
will continue to change due to climate change and this change must be 
considered in management plans.  

During the 2016 research expedition of NIOZ many new coral areas 
were discovered, as well as other habitats. At this moment knowledge 
is insufficient to set up a biologically sound benthic monitoring plan or 
management plan for the whole Bank – more basic knowledge of the 
bank is required.  

Due to its high species and unique genetic diversity, the upstream posi-
tion with respect to the wider western Atlantic, its large area of deeper 
reef, and relatively limited anthropogenic disturbance, Saba Bank serves 
as an important source population to the wider Caribbean. However, 
further research is necessary to establish to what extent and how it serves 
as a source and or sink for key species groups. 

Fish communities: 
From surveys between 2011-2013 a reduction in snappers, groupers, and 
grunts has been observed, while there were noticeably more sharks. The 
visual surveys (UVC) in 2011, 2013 and 2015 demonstrated repeatedly 
that the biomass of key herbivorous fish families and key commercial fish 
families was low, indicating possibly a poor status of these fish families. 
Lionfish are present on the Bank, but their densities are lower compared 
to the neighbouring islands and no significant increase was seen between 
years 2011-2015 at 20-30m depth. 

Saba Bank: Coral Status and Trends

What have we learned from the past 5 years: 

Wageningen University & Research
(Becking & Meesters, 2017)
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Saba Bank: Sharks 
This article was published in BioNews 1. 

Researchers on early expeditions to the Saba Bank 
recorded seeing sharks on every dive. In today’s world, 
where about a quarter of sharks and rays are considered 
globally endangered (Dulvy et al., 2014), this is very 
good news and has prompted the Netherlands to de-
clare the Yarari Marine Mammal and Shark Sanctuary in 
Dutch Caribbean waters as well as developing a policy 
document to protect sharks  (“Shark Protection Plan”). 

Monitoring sharks

To find out more about sharks, a technique involv-
ing the use of simple, non-invasive, Baited Remote 
Underwater Videos (BRUVs), has been used to gather 
information on species composition and length fre-
quency distribution. BRUVs have been deployed on 
Saba since 2013 and on the Saba Bank since 2014 across 
a variety of habitats in depths of 15 – 100m water for 
between 50min and 70 minutes per drop. This work has 
shown that sharks are most common along the shallow 
eastern and southern edge of the Saba Bank and that 
the most common species are Caribbean reef sharks 
(Carcharhinus perezi) and nurse sharks (Ginglymostoma 
cirratum). On average BRUV studies record 0.23 reef 
shark sightings per hour, which is higher than sight-
ings at study sites on Belize and the Bahamas and 50% 
higher than around the adjacent island of Saba (Brooks 
et al., 2011, Bond et al., 2012; Stoffers, 2014, Winter, 
2016). (See BioNews 30 for an in-depth article on the 
BRUV work in the Dutch Caribbean)

 

 

Fishing effort on the Saba Bank does not target  
sharks, but there is an unwanted by-catch of nurse 
sharks estimated at up to 900 sharks annually.  
These are caught in lobster traps and are not landed  
but discarded. 

Without historical information on the Saba Bank or 
reference points from other locations in the Caribbean 
it is difficult to assess whether or not shark densities 
on the Saba Bank are “reasonable”.  GlobalFinprint is 
a worldwide initiative, which aims to create reference 
points by using available BRUV data to assess reef 
shark abundance around the world.  Researchers from 
the Wageningen Marine Research are also participating 
in this initiative. 

About a quarter of 
sharks and rays are 
considered globally 

endangered

Species composition 
of sharks on the Saba Bank, Saba 
and St. Eustatius (BRUV results). 

Mainly Caribbean Reef sharks 
(C. perezi) and Nurse sharks 
(G. cirratum) were recorded. 

(n= no. sharks)

Number of sharks observed 
per hour on the Saba Bank,  

Saba and St. Eustatius  
(BRUV results). This number  

was about 50% higher on  
the Saba Bank and St. Eustatius 

than on Saba. (n=no. drops)
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Saba Bank: Sharks

Tracking shark movements

VEMCO acoustic telemetry equipment has been deployed 
to track shark movements. In total a network of 32 acous-
tic receivers has been set up, eight of them on the Saba 
Bank and the remainder on Saba, St. Eustatius and St. 
Maarten. Receivers have a detection ranger of 450-850m 
and a battery life of up to 4.5 years. Pilot studies on Saba 
started in 2014 and expanded to the Saba Bank in 2015.  
(See BioNews 30 for an in-depth article on the acoustic 
telemetry work on Saba)

So far 11 sharks caught on the Saba Bank have been fitted 
with acoustic transmitters and data collected so far from 
the individual movement patterns of two Caribbean reef 
sharks (C. perezi) seems to indicate that they may have  

 
 
a relatively small home range. One 1.63m long male 
Caribbean reef shark (C. perezi) has been detected by 
acoustic receivers on the north, south and east of the  
Saba Bank. 

The scientific data collected so far, does not show whether 
or not the Saba Bank is important for particular life stages 
of sharks, such as a mating ground or as a nursery area, 
but it does indicate that the Saba Bank supports healthy 
populations of Caribbean reef and nurse sharks. Local 
conservation efforts and the establishment of shark-
protected areas may be a very good management option 
for this species.

What have we learned from the past 5 years: 

Sharks
Caribbean reef sharks, nurse sharks and tiger sharks were observed 
during the 155 baited video (BRUV) deployments across the Saba 
Bank. The relative abundance of reef sharks on the Saba Bank ap-
peared to be higher compared to similar standardised BRUV surveys 
in the wider Caribbean region. Saba Bank appears to have relatively 
healthy reef shark populations. Results further suggest that the Saba 
Bank is an important nursery and adult habitat for Caribbean Reef and 
Nurse Sharks (possibly also for the Tiger Shark). Individual movement 
patterns based on tracking data point to small home ranges of the 
Reef and Nurse sharks which show that reserves and marine parks 
offer good opportunities to protect these shark species. 

This chapter is based on the presentation by Erwin 
Winter’s (WUR) given at the Saba Bank Symposium 
https://www.wur.nl/en/download/Erwin-Winter- 
Shark-Habitat-Use.htm

Would you like to learn more  
about the sharks in the Dutch Caribbean?
Follow the ‘Save Our Sharks’ online or on facebook 
(http://saveoursharks.nl/en/homepage/) + (https://
www.facebook.com/SaveOurSharksNL/?fref=ts)

You can help save our sharks by signing the petition 
(http://saveoursharks.nl/en/events/petition/)

Area Species Latin name Shark hr-1

Saba Bank Reef shark C. perezi 0.23 (0.13 - 0.36)

Saba Bank Nurse shark G. cirratum 0.18 (0.08 - 0.25)

Bahamas (Brooks et al 2011) Reef shark C. perezi 0.08 (0 - 0.23)

Bahamas (Brooks et al 2011) Nurse shark G. cirratum 0.21 (0.12 - 0.35)

Belize (Bond et al. 2012) Reef shark C. perezi 0.16 (0.03 - 0.29)

BRUV data from the Saba Bank compared to other areas.

Length of sharks recorded around Saba, St. Eustatius and the Saba Bank (BRUV results). 
Mainly neonates (<0.8m), y-o-y (<1m) and juveniles (<1.5-2m) of Caribbean reef shark  
(C. perezi) were recorded. Mostly juveniles (<2m) of nurse shark (G. cirratum) on  
St Eustatius and Saba were filmed.

Wageningen University & Research
(Becking & Meesters, 2017)
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Saba Bank: Marine Mammals

The Northern Caribbean is a well-known breeding 
and calving ground for North Atlantic humpback 
whales (Megaptera novaeangliae) and considerable 
research effort has focused on the largest aggrega-
tions of whales, off the Silver Bank, north of the 
Dominican Republic during their winter breeding 
and calving season.  

Resident marine mammals in the Caribbean include 
bottlenose dolphin (Tursiops), spinner dolphin 
(Stenella longirostris), Atlantic spotted dolphin 
(Stenella frontalis), short-finned pilot whales 
(Globicephala macrorhynchus) and cuvier’s beaked 
whales (Ziphius cavirostris). Seasonal visitor include 
humpback whales (Megaptera novaeangliae), com-
mon minke whales (Balaenoptera acutorostrata) and 
sperm whales (Physeter macrocephalus). Little is 
known about the seasonal migration and distribution 
of whales and dolphins in the Caribbean as a whole. 

Ecotourism activities in the windward islands in the 
form of whale watching tours has encouraged many 
Caribbean islands that whales are more economically 
valuable to them alive than dead. And whilst hump-
back whale populations worldwide have shown some 
signs of recovery in recent years, concern remains 
about the status of marine mammal populations in 
the Caribbean. 

The Dominican Republic and France were the first 
to establish marine mammal protected areas and in 
September 2015 the Dutch Caribbean Yarari Marine 
Mammal and Shark Sanctuary was declared by minis-
terial decree and which includes the territorial waters 
of Saba and the Saba Bank. 

Marine mammal monitoring is generally conducted 
by aerial surveys and through sighting networks. 
More recently Passive Acoustic Monitoring (PAM) 
noise recorders have been deployed to detect whale 
soundings.  The first MARU noise logger was placed in 
2011 and from 2015 onwards more AMAR noise log-
gers have been deployed including loggers deployed 
by NOAA in Guadeloupe, St Martin and Aruba. Two 
PAM noise loggers were placed on the Saba Bank, 
one on the north eastern tip and the other on the 
south eastern part of the bank. 

Noise loggers detect all ambient noise including noise 
of natural background, produced by tidal current and 
waves, anthropogenic noise from shipping, seismic 
operations and naval sonar. Shipping intensity is high 
in some parts of the Caribbean and this could inter-
fere sound produced by marine mammals and fish. 
Humpback whales and Minke whales, in particular, 
have distinctive vocalizations. Male humpback whales 
“sing” and Minke whales produce calls or pulse trains.

Photo by: © Henkjan Kievit

This article was published in BioNews 1.
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This article was published in BioNews 1.

Fisheries

The Saba Bank supports a vibrant local fishing 
industry. Fishing effort focuses mainly on a trap 
fishery, targeting lobster and deep water red 
fish (snapper) (Dilrosun 2000, Toller 2008, van 
Gerwen 2013, Boonstra 2014), as well as bottom 
drop lining for red fish (snapper). Other common 
fishing activities include hand lining and trap 
fishing for red hind (grouper) as well as trolling 
for pelagic species.

Studies of fishing effort from 2000 – 2007 indicate 
that the fishery on the Saba Bank was relatively 
stable at that time, supporting 50 active fishermen 
from Saba and generating around Euro 1 million 
annually, or 8% of the total economic activity 
on the island of Saba (Dilrosun 2000, Toller and 
Lundvall 2008). Fishing currently accounts for an 
estimated US$ 1.38 million income annually  
(Lely, 2014). 

Fishing activities on the Saba Bank have been 
regulated since 1996 but it is only since 2012 
that researchers from the Wageningen Marine 
Research institute have been involved with fisher-
men and Saba Bank Management Unit staff in the 
structural monitoring of fishing activities. 

Lobster
Caribbean spiny lobsters (Panulirus argus) are 
caught on the Saba Bank using traps. Only ten 
Saban fishermen currently have licenses to fish for 
lobster on the Saba Bank and their annual catch 
(Fig. 1) is believed to account for approximately 
0.1% of the total lobster landed in the Caribbean 
annually.  In common with other places in the 
Caribbean, lobster catches from the Saba Bank de-
clined after 2000. Despite the lower lobster stock 
abundance (expressed as CPUE), recent annual 
landings are comparable to the annual landing in 
2000 due to an increase in the number of fishing 
trips.

Lobster throughout the Caribbean, are currently 
thought to be part of one metapopulation and the 
management of lobster stocks therefore requires 
international collaboration and co-ordination. 
The current recommended is to follow manage-
ment proposals of Caribbean Regional Fisheries 
Mechanism (CRFM) (Headley, 2014).

Estimated annual landings of lobster in the Caribbean 

CPUE (no. lobster per trap, 
rough proxy for stock trend)

Estimated annual landings 
of lobster on the Saba Bank
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Fisheries

Mixed reef fish
Whilst fishermen do not actively target reef fish, 
they are caught in lobster traps. Since 2000 the 
landings of mixed reef fish caught in lobster traps 
has remained rather stable. Assuming that the 
mixed fish are harvested from 100-400 km2 of 
coral reef on the Saba Bank, only 0.12-0.3 tonnes 
of reef fish are harvested per km2 of coral reef.  
This is significantly lower than the 2 tonnes per 
km2 of mixed reef fish harvested on Bonaire’s 
reefs (de Graaf et al, 2016). 

In addition to reef fish, which are landed, a similar 
amount of mixed reef fish are discarded annually 
by fishermen. 

Bycatch is a potentially important issue  
for the lobster fishery with an estimated 500-950 
nurse sharks caught in lobster traps annually (de 
Graaf, personal communication). Under a recent 
agreement, signed in 2016, Saban fishermen  
have pledged to return trap caught sharks to 
the reef alive. 

Ghost traps
On average 0.6 traps are lost per fishing trip. This 
amounts to between 400-600 lobster traps lost 
annually, which can trap sea life as ‘ghost traps’. 
Work is underway to refine the trap design to 
make them more sustainable. Current recom-
mendations include increasing the mesh size to 
over 38mm and making sure traps are made with 
biodegradable material and include a biodegrad-
able panel to prevent ghost fishing.

Common name Latin name % Catch

White grunt Haemulon plumierii 27

Red hind Epinephelus guttatus 11

Cottonwick grunt Haemulon melaanurum 8

Queen trigger fish Balistes vetula 6

Doctorfish Acanthurus chirurgus 6

Honeycomb cowfish Acanthostracion polygonia 6

Spotted goatfish Pseudopeneus maculatus 3

Coney Cephalopholis fulva 3

Blue tang Acanthurus coeruleus 3

Other 24

Common name Latin name % Catch

White grunt Haemulon melanurum 27

Red hind Haemulon plumierii 11

Cottonwick grunt Acanthostracion polygonia 8

Queen trigger fish Acanthostracion quadricornis 6

Doctorfish Acanthurus bahianus 6

Honeycomb cowfish Cheatodon striatus 6

Spotted goatfish Chilomycterus antillarum 3

Coney Acanthurus chirurgus 3

Blue tang Acanthurus coeruleus 3

Other 24

Yearly mean landed catches of mixed reef fish (kg) 
per fishing trip (de Graaf et al., 2017)

Species composition of the discarded mixed reef fish from the 
lobster traps on the Saba Bank (van Gerwen 2013).

Species composition of the landed mixed reef fish from 
lobster traps on the Saba Bank (van Gerwen 2013)

“The Saba bank is a unique area, 
invaluable for neighboring Saba, 
but also for the region as a whole 
as a source of coral, fish, lobster, 
and queen conch larvae. I’d say it 
is the richest biodiversity area of 

the entire Kingdom”  
Paul Hoetjes (RCN)
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Fisheries

Red fish 
The red fish fishery targets mostly silk snapper 
(Lutjanus vivanus), blackfin snapper (Lutjanus 
buccanella) and vermilion snapper (Rhomboplites 
aurorubens), with silk snapper accounting for ap-
proximately ¾ of the total landings.

Since 2007, annual landings of red fish have re-
mained relatively stable. The CPUE (kg per trap 
which is a proxy for the stock) has even showed 
a modest increase since 2011. A drop in red fish 
landings recorded in 2015 is the result of a decline 
in redfish fishing trips.

Despite evidence from landings that fish popula-
tions are stable, there is concern amongst local 
fishermen about the status of red fish populations. 
This has resulted in a local fishermen agreement, 
brokered by Saban fishermen themselves in 2016, 
which introduces a number of self-imposed re-
strictions aimed at protecting red fish populations 

from over-exploitation. 
These measures include a 6 month closure for red 
fish beginning in April 2017. Once the site closure 
ends licensed fishermen have agreed to deploy 
only 25 traps and to use large mesh sizes. These 
restrictions are being regulated through the exist-
ing fishing license system, which does not extend 
to the EEZ (Exclusive Economic Zone). Fishermen 
also expressed the intention to set up a fisher-
mens’ organisation. 

Red hind
There is an emerging fishery on the Saba Bank 
for red hind (Epinephelus guttatus), which has 
developed over the past five years. Fishing activity 
focuses on red hind spawning aggregation sites. 
These fish group together at spawning aggrega-
tion sites annually to breed. Targeting spawning 
aggregation sites makes the red hind extremely 
vulnerable to overfishing and population collapse. 
The danger of targeting spawning aggregations 

has been highlighted by work on Nassau group-
ers (Epinephelus striatus) for which more than 
60% of spawning aggregation sites have been 
overfished to the point of collapse. Most of the 
remaining Nassau grouper aggregations are 
severely depleted (Whaylen 2007, Sadovy  
de Mitcheson 2008).

As a response to this, the first fisheries related 
closure of a fishing ground was introduced in 
December 2013 to protect known red hind spawn-
ing aggregations. Annually from December to 
February all fishing for red hind, whether by traps 
or lines, is now prohibited on the Moonfish Bank.

Conch
Whilst no local conch fishery exists, until 1996 
Queen conch (Strombus gigas) were the target of 
intensive and unsustainable fishing activities by 
foreign vessels on the Saba Bank. Recent moni-
toring indicates that Queen conch populations 

appear to be recovering (Boman, unpublished 
results). Their size at maturity is around 10mm lip 
thickness and their spawning season lasts from 
June to September (Boman et al, in preparation). 
This makes the Saba Bank not only an important 
potential source of larval recruitment for large 
areas downstream, but  
also, with good management, the Saba Bank 
could potentially support a sustainable local  
conch fishery.

This chapter is based on a presentation 
given by Martin de Graaf (WUR) at the  
Saba Bank Symposium.
https://www.wur.nl/en/download/Martin-de-Graaf-Fish-and-
fisheries-at-Saba-Bank.htm

CPUE (kg of red fish per trap, rough proxy 
for stock trend) (de Graaf et al., 2017).

Estimated annual landings of the red fish 
trap fishery on the Saba Bank 

Saba Bank 2016/ Chizzilala

Short documentary produced for broadcast on 
Saba local TV about the Saba Bank.Commissioned 
by the Ministry of Economic Affairs (EZ) of  
The Netherlands can be watched here:

https://vimeo.com/195774102
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Fisheries

What have we learned from the past 5 years: 

Fisheries
Most fishermen are positive towards working on regulations and working together 
with management. During 2012-2015 the West-Indian spiny lobster stock remained 
stable and total annual landings increased yearly due to increasing effort (number of 
fishing trips). The peak and subsequent gradual decline in annual in lobster landings 
as witnessed in recent years, mirror catch trends for the wider Caribbean region.
A potentially healthy sign is the consistently large size of harvested lobsters between
2000 and 2015. The rules and regulations of both the lobster and deep-water snapper 
trap fisheries will need to be updated in the near future to provide the responsible 
management authorities with the appropriate tools to ensure a sustainable fisheries.

Photo by: © Hans Leijnse

Wageningen University & Research
(Becking & Meesters, 2017)
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Saba Bank Management

SBM
U

 research and patrol vessel 

Fisheries
Management of the Saba Bank dates back to 1994 and 
the declaration of the Exclusive Fishery Zone in the 
Dutch Caribbean and the passing of a national fishery 
ordinance made it illegal for foreign vessels to fish on 
the Bank without a license. In 1996, despite international 
protests, the Coastguard started to enforce the new 
fisheries regulations and removed all unlicensed fishing 
vessels. Licenses were issued preferentially to Saban and 
Statian fishing boats. This effectively ended all illegal, 
unreported and unregulated (IUU) fishing on the Saba 
Bank. In particular conch fishing was effectively stopped 
altogether, lobster and finfish fisheries continued but 
only by local, licensed fishermen. To justify continued 
exclusion of foreign fishing vessels, monitoring of the 
fisheries then became a necessity.

Shipping and Marine  
Protected Area designations
In the past, substantial damage was caused to the Saba 
Bank by shipping traffic, particularly tankers bound for 
the St. Eustatius Oil Terminal (established in 1982), rou-
tinely anchoring on the Bank. Monitoring of Automatic 
Identification System (AIS) transponders legally required 
on any large ship over a five-year period starting in 2007, 
found that until the prohibition on anchoring in 2010, an 
average of 21 vessels with an average length of 210 m 
anchored on the Saba Bank every year, for an average 
of 3.5 days. The ship’s anchor coupled with hundreds of 
meters of anchor chain is estimated to destroy an area of 
approximately ¾ hectare of bottom per incident as the 
vessel swings on its anchor. Using conservative estimates 
this indicates that since establishment of the Statia oil  
 

terminal over 200 hectares of the Saba Bank have been 
completely destroyed by anchoring, much of the damage 
being concentrated on small areas of the Bank. 

This threat to the Saba Bank was finally ended when it 
was declared a Nature Park in December 2010 and in 
2012 it became the world’s 13th Particularly Sensitive 
Sea Area (PSSA), giving it an International Maritime 
Organisation (IMO) designation as a no-anchoring area 
as well as an Area To Be Avoided  (ATBA) by shipping. 
That same year it was designated as a National Park 
and recognized as an area of regional importance by 
the Specially Protected Areas and Wildlife (SPAW) 
Protocol and in 2013 it was recognised as an Ecologically/
Biologically Significant Marine Area (EBSA) by the 
Convention on Biological Diversity. In September 
2015, thanks in major part to the efforts of Saba’s 
Commissioner Chris Johnson, the Saba Bank became 
part of the Yarari Marine Mammal and Shark Sanctuary 
covering all waters of Saba and Bonaire.

In 2007 a Saba Bank Management Plan was developed, 
but it took until 2012 before the Saba Bank Management 
Unit (SBMU) was established by the Dutch Ministry 
of Economic Affairs, in close co-operation with the 
Saba Conservation Foundation and the Saba Island 
Government. The SBMU is responsible for day-to-day 
management of the Saba Bank. It is staffed by two 
fulltime staff and its tasks consist of just surveillance and 
reporting shipping or fishing violations, facilitating and 
conducting scientific research, monitoring of fish  
landings and liaising with local resource users.

A
nchor dam

age on Saba Bank by oil tanker

“The Saba Bank, the most  
pristine and largest coral reef 
area of the Dutch Caribbean.”  
Erik Meesters (Wageningen Marine Research)This article was published in BioNews 1.
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Climate change effects 
The impacts of global climate change are undeni-
ably taking their toll on the biodiversity of the 
Saba Bank. In 2005 for example an estimated 70% 
coral cover on the Bank was lost during an inten-
sive bleaching event. Accurate data are not avail-
able but similar loss of coral cover was recorded on 
neighboring islands of Saba and St. Eustatius and 
many other islands in the northeastern Caribbean. 
Anecdotal data such as comparison of before and 
after photographs of an identical spot on the Saba 
Bank from 2003 and 2007 show an almost com-
plete loss of coral cover. 

What will it take to  
manage the Saba Bank?
The Saba Bank is a very important biological 
resource for Saba as well as for the surrounding 
islands and it supports a valuable and sustainable 
local fishing industry. Threats will continue to exist 
and law enforcement remains difficult, especially 
in a remote and large area like the Saba Bank.

There is also much left to explore and discover of 
the Saba Bank but capacities within the SBMU 
are limited. Support from research institutes and 
universities is essential to many of the scientific 

research projects on the Saba Bank. To ensure a 
sustainable future for the Saba Bank it is important 
the SBMU continues its activities and its capaci-
ties are strengthened. Some wish list items for 
research include:

• Identification, description and a mapping   
 of main ecological habitats

• Continued monitoring of reefs, fisheries,   
 marine mammals and sharks

• Habitat restoration experiments (anchor   
 damaged areas)

• Methods to reduce shark bycatch, and   
 parrotfish bycatch in fisheries

• Development of methods for a targeted   
 lionfish fishery 

• Identify and protect other spawning  
 aggregation areas

Saba Bank Management

What have we learned from the past 5 years: 

Conservation activities: 
The Saba Bank Management Unit or SBMU was established by the Ministry of 
Economic Affairs in close cooperation with the Saba Conservation Foundation and 
the island government. From 2012-2014 a Shark Protection Plan was drafted for 
the Ministry of Economic Affairs. In 2015 the Yarari Marine Mammal and Shark 
Sanctuary was established. The “Save our Sharks” DCNA awareness project is being 
implemented from 2015-2017 (grant from National Postcode Lottery). As part of 
a multi-year program funded by EZ, the collaborating parties are working out the 
steps needed towards implementing marine mammal management and policy 
measures for the Yarari Sanctuary. 

Wageningen University & Research
(Becking & Meesters, 2017)

Photo by: ©
 H

ans Leijnse
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Institutional responsibilities for policy and manage-
ment activities need to be clearly defined: who needs 
to take leadership in what activity? What is the ulti-
mate goal of the Dutch cabinet for the Saba Bank?  

Saba Bank Management Unit needs more capacity; 
currently only 2 people are employed in the unit; The 
current vessel is too small for unencumbered opera-
tions on the bank.  

Studies are needed to explore the impacts of climate 
change on the bank and what mitigation measures 
might be possible.  

A habitat map of Saba Bank is required that includes 
habitat identification, descriptions, and location, as 
well as the ecological significance for fisheries and/
or coral reef resources. This baseline information is 
crucial to support management and monitoring.  

Ecosystem functioning and connectivity on the bank 
needs to be identified and assessed: how are coral 
reef areas, marine calcareous algal fields, marine 
algal fields, and other areas ecologically connected?  

Monitoring program (WOT). Continued monitoring of 
reefs, fisheries, marine mammals and sharks is nec-
essary for sustainable use of the Bank’s resources.  

The feasibility of zonation (of fisheries) needs to  
be determined including possibilities of closing a 
large portion of the bank (e.g. the part furthest  
away from Saba).  

Fisheries regulations need to be reviewed   
and amended.  

Quantitative fisheries management goals and  
objectives need to be  formulated.  

Gear type and allowed quantity, needs to be linked 
to the fishing licenses.  

Research on methods to reduce shark bycatch  
is needed.  

Spawning aggregation areas for target species need 
to be identified for  protection by seasonal closure.  

Escape hatches for undersized and bycatch species 
should become  obligatory.  

The role of the Saba Bank for specific life stages  
of marine mammals, mating  and calving and con-
nectivity to adjacent reef systems still remains to 
be  unravelled.

Ship disturbance of whales needs to be studied 
by comparing noise logger  data with vessel 
movements.  

Better data management is needed: data is getting 
lost (e.g. from navy) or  not well preserved. Data 
coordination and sharing arrangements are needed 
to prevent further loss. 

•	

•	

•	

•

•	

•	

•	

•	

•

The Saba Bank photo collection is available through the Image 
Collections of Wageningen University & Research:

http://images.wur.nl/cdm/search/collection/coll18/searchterm/
saba%20bank/order/nosort

We would like to thank all researchers for sharing their pictures!

Wageningen University & Research
(Becking & Meesters, 2017)

This article was published in BioNews 1.
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Photo by: © Hans Leijnse

Saba Bank Management
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In March 2017 it was officially decided to protect 
eight shark species under the international Specially 
Protected Areas and Wildlife (SPAW) Protocol fol-
lowing a proposal by the Dutch Ministry of Economic 
Affairs in cooperation with a team of shark experts. 
The SPAW protocol is the only cross-border legisla-
tive instrument for nature conservation in the Wider 
Caribbean Region. 

Through the SPAW protocol, which is a United Nations 
initiative, the signatory countries set agreements to 
protect vulnerable animals and their unique habitats. 
The agreements concern trade and fisheries, as well as 
tourism and coastal development. Until now, no sharks 
or rays were included in the protocol, despite being an 
especially threatened animal group, both on a global 
scale and in the Caribbean region. The main threats to 
shark populations are overfishing and destruction of 
vital habitats such as coral reefs and mangroves.

The Ministry of Economic Affairs proposed a shortlist 
of eight shark species for listing on the protocol. This 
included three species of hammerhead shark, the whale 
shark, the oceanic whitetip shark, the smalltooth saw-
fish, and two manta ray species.  In November 2016, the 
proposals of all eight species were accepted during a 
technical meeting in Miami. 

For the proposals, the Dutch Ministry of Economic 
Affairs was working closely with the Dutch Caribbean 
Nature Alliance and with scientific and policy support 

from the Dutch Elasmobranch Association (NEV). 
These fact sheets with information about the proposed 
action were produced by the NEV to support the final 
decision making process. 
 
Irene Kingma, director of the Dutch Elasmobranch 
Society (NEV)  and one of the shark experts that helped 
with the shortlist: “Sharks do not respect borders and 
cover enormous distances, which is why it is important 
to protect them on a region-wide scale. The proposals 
from the Dutch Ministry have helped providing these 
fragile species with the protection they deserve, which we 
consider a great success.”

The Annex II contains the list of species that are agreed 
to receive the highest level of protection in the wider 
Caribbean region. Any form of destruction, distur-
bance, possession and trade is prohibited and their 
habitats are strictly regulated. 

The species listed in the Annex III are the ones that 
should receive special attention and sustainable man-
agement to ensure and maintain healthy populations. 
All protected species listed under the SPAW Protocol 
can be found on the CAR SPAW RAC website. 
(http://www.car-spaw-rac.org/IMG/pdf/annexes_of_spaw_
protocol_revised_22-02-2017.pdf)

Great News for Sharks 

The first cross-border protective management in a Wider Caribbean context for elasmobranch species

ANNEX III Hammerhead sharks (Sphyrna lewini, Sphyrna mokarran, Sphyrna zygaena)

Manta rays (Manta birostris, Manta alfredi, Manta sp. cf. birostris)

Oceanic whitetip shark (Carcharhinus longimanus)

Whale shark (Rhincodon typus)

ANNEX II Smalltooth sawfish (Pristis pectinata)

The 8 new SPAW Protocol listed shark and ray species

Photo by: ©
 Peter V

erhoog

This article was published in BioNews 2.
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Great News for Sharks 

“We are delighted that our proposal got such broad  
support from the present countries,” says Guus  
Schutjes of the Dutch Ministry of Economic Affairs.  
“The Netherlands has strived for the structural protection 
of nature and biodiversity in the Caribbean for some time 
now and cross-border protection is an essential part 
of this.”

Tadzio Bervoets, chair of the Dutch Caribbean Nature 
Alliance and leader of the Save Our Sharks project:  
“The Dutch Caribbean Nature Alliance and its partners 
have been working hard in the Dutch Caribbean region 
and in the Caribbean in general to increase protection 
for sharks. Through the funding provided to us by the 
National Postcode Lottery we have been doing scientific 
research, education and outreach and in this case sig-
nificant lobbying work, and we are encouraged by this 
excellent development coming out of French Guiana. 
Sharks are critical to the Caribbean region and their 
conservation is essential to the health of our Caribbean 
Sea. With this historic vote, shark conservation efforts 
have been significantly increased in the region and we are 
elated to have been a part of the process. We hope that 
more species will soon be added to the annexes of the 
SPAW Protocol giving them the conservation status that 
they need in the Caribbean Sea.”

Learn more about the eight species:

http://saveoursharks.nl/en/
spaw-proposals-fact-sheets/

Text from Save Our Sharks website:

http://www.saveoursharks.nl

Photo by: © Jim Abernethy
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Tiger Shark Migration

A tiger shark (Galeocerdo cuvier) tagged with a 
satellite transmitter by scientists and research-
ers from Saba, Sint Maarten and the United 
States has migrated across thirteen maritime 
boundaries, making its way from the Saba 
Bank to Trinidad. This 3.43m female tiger shark 
named ‘Quinty’ was tagged as part of the region 
wide Dutch Caribbean Nature Alliance “Save 
our Sharks” project with funding from the Dutch 
National Postcode Lottery. Little is currently 
known about the status of shark populations 
in Dutch Caribbean waters (Garla et al., 2006; 
Chapman et al., 2007) and tagging studies are 
a pivotal first step in determining which sharks 
are present, where they can be found and most 
importantly how best to improve management 
and protection of these important apex preda-
tors (Hammerschlag et al., 2008).  

On board the “Caribbean Explorer II”, which set 
sail from St Maarten last October, scientists and 
conservationists from the Saba Conservation 
Foundation (SCF), Nature Foundation St. Maarten 
(NFSXM), Florida International University (FIU) 
and Sharks4Kids, set out to gather information on 
shark abundance and diversity on the Saba Bank. 
Over the course of the 6-day expedition the team 
caught 22 sharks. 

A lot of shark species are known to migrate vast 
distances in search for food, a mate or breeding 
grounds (Wilson et al., 2001; Bonfil et al., 2005; 
Papastamatiou et al., 2013). This recent study 
performed by local researchers from the “Save 

our Sharks” project shows that their ‘local’ tiger 
sharks are no exception, as Quinty travelled over 
1200 kilometers within a month’s time, crossing 
thirteen maritime boundaries. This reveals that na-
tional protection of these animals in the Caribbean 
is not sufficient and that more regional-wide 
protection is needed now more than ever.

The journey
Quinty was tagged on the Saba bank in October 
2016 and was immediately labeled as the most 
active research animal of this study, sending out 
location data from the first day she was tagged. 
Equipped with a custom fitted satellite tag she 
has traveled over 1200 kilometers south within 
one month, reaching Trinidad and Tobago at the 
beginning of December 2016. In these waters she 
stayed for 3 months, before recently heading back 
up north towards Barbados. This journey turns 
out to be quite dangerous for a shark, as only 3 of 
these nations provide Quinty with the necessary 
protection by having declared their waters as 
shark sanctuaries: The British Virgin Islands, Saba 
and St Maarten. This means that along her journey 
so far, in ten different territorial waters in the 
Caribbean, Quinty could have been legally caught 
and killed for her fins, meat, oil or cartilage. Over 
100 million sharks worldwide are killed for these 
same reasons each year (Worm et al., 2013).

Tiger sharks
Tiger Sharks are one of the largest sharks, with 
a bulky body, powerful jaws and teeth strong 
enough to open the shell of a sea turtle. They are 

 The track shown in the image is from a 3.43 m tiger shark tagged on October 19, 2016.

You can track tiger shark Quinty here:
http://saveoursharks.nl/en/events/sharktracking/

This article was published in BioNews 1. 
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Tiger Shark Migration

one of the oceans’ most powerful predators.  
Their diet includes everything from jellyfish to 
stingrays and seals (Heithaus, 2000) and their 
habit of snapping up human garbage has earned 
them the unfortunate nickname “wastebaskets” 
of the sea.

Sharks in the Dutch Caribbean
Very little is currently known about the status of 
tiger shark populations in Dutch Caribbean waters. 
They are found all around the world in temperate 
and tropical waters and typically move into the 
Caribbean Sea in the winter. Tiger sharks have 
been sighted so often on the Saba Bank that they 
have been adopted as the Saba Bank ‘mascot’. 
Sadly, they are classified on the IUCN Red List 
as “Nearly Threatened”. Their fins are in high 
demand in Asia for shark fin soup. This satellite 
tagging study is a pivotal first step in determining 
movement patterns of this shark species, and is 
for this reason of major importance in decision 
making on how to manage and protect these im-
portant apex predators within and outside Dutch 
Caribbean waters.

In the Dutch Caribbean sharks are protected within 
the “Yarari Marine Mammal and Shark Sanctuary” 
and conservation groups are working with local 

fishermen to reduce catch and by-catch of sharks 
and to establish a region-wide shark sighting net-
work to learn more about where they live and how 
we can best protect them. However, this research 
shows that tiger sharks spend most of their time 
in non-Dutch Caribbean waters and therefore a 
more Caribbean-wide protected area should be 
established to help preserving this amazing shark 
species.

Shark tracking
A total of five tiger sharks received a custom fitted 
satellite tracking device as a part of the “Save our 
Shark” study. Tiger Sharks spend quite a lot of 
time at the surface (Heithaus et al., 2002), which 
allows satellite tracking devices to be used to 
track their movements with pin point accuracy. 
Hopefully, Quinty and the other sharks will con-
tinue to transmit their location data so that there 
will be a better understanding of tiger shark move-
ment patterns across the Caribbean.

The tagging expedition was organized as part of 
the Dutch Postcode Lottery funded “Save our 
Sharks” project, which aims to change the way we 
think about sharks and to create safe havens for 
them by working with fishermen, local communi-
ties and scientists. 

Q
uinty b

eing w
orked up alongside the 

b
oat during the exp

edition.

You can track tiger shark Quinty here:
http://saveoursharks.nl/en/events/sharktracking/
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Economic Value of Sharks
25 years of shark conservation in the Bahamas

Shark populations around the globe have been 
in rapid decline for the past decades as over-
fishing and habitat loss have severely reduced 
their abundance. The IUCN estimates that fully 
one-quarter of the world’s sharks and rays are 
currently threatened with extinction (Dulvy et 
al., 2014). This is a significant issue from an eco-
logical standpoint, as sharks play a critical role 
in maintaining the health of coral reefs and open 
ocean ecosystems (Baum and Worm, 2009; 
Brierley, 2007; Ferretti et al., 2010; Terborgh, 
2015). “Despite the worldwide decline of sharks 
and their important ecological and economic 
value, conservation and management meas-
ures have yet to have any discernible impact at 
reversing these trends for most at-risk species”, 
due to a lack of basic data on shark populations 
and a lack of political willingness and/or re-
sources to implement and enforce conservation 
measures (Shiffman and Hammerschlag, 2016).

Sharks can boost island economies based on their 
non-consumptive value, as a natural attraction 
for eco-based recreation and tourism (Haas et al., 
2017). Shark diving is now a prominent feature 
of ecotourism activities in 29 countries, involve 
376 dive operations and generate an estimated 
US$314 million in economic expenditures per year. 
This is predicted to more than double, to US$780 
million, in the next 20 years (Haas et al., 2017; 
Cisneros-Montemayor et al., 2013). It appears that 

shark ecotourism is more economically valuable 
than the fisheries which fuel the global shark fin 
trade: “the landed market value of shark fisher-
ies around the globe is $630 million per year, but 
has been in decline over the past 10 to 15 years” 
(Cisneros-Montemayor et al., 2013). Significant 
increases in shark tourism are especially evi-
dent in the Caribbean and Australia (Cisneros-
Montemayor et al., 2013). 

A new study from The Bahamas (Haas et al,  
2017) highlights the importance of the shark  
diving industry to the Bahamian economy.  
The study found that the non-consumptive  
value of elasmobranchs (sharks and rays)  
for The Bahamas in sectors such as tourism, film 
and research totals US$113.8 million per year. 
Elasmobranch tourism generates 98.8% (or $112.6 
million) of this total revenue, with Caribbean reef 
shark (Carcharhinus perezi) dives1  being the most 
popular. This was made possible by conservation 
measures enacted by the Bahamian government 
over the last 25 years, notably the ban on long-
line fishing in 1993 and the establishment of the 
shark sanctuary in 2011 (Haas et al, 2017). These 
measures have helped to establish healthy and 
diverse shark populations around the island. The 
non-consumptive value of sharks is increasingly 
used to support further shark management and 
conservation legislation.

1 Shark diving is defined by Haas et al, 2017 as “any diving where the primary motivation was to see sharks, either through 
provisioning (baiting, chumming or feeding) or by visiting locations where sharks are known to predictably aggregate”.

Activity National expenditures Value added effects Total economic impact

Shark diving $48,820,104 $60,536,929 $109,357,033

Ray tourism $1,429,401 $1,772,457 $3,201,858

Film and television $214,068 $265,444 $479,512

Research $794,141 - $794,141

Total $51,257,714 $62,574,830 %113,832,544

Photo by: © Jim Abernethy, taken in the Bahamas

Total Economic Impact of elasmobranchs on the  
Bahamian Economy, broken down on a sector-by-sector basisThis article was published in BioNews 8. 

86 87 88 89 90 ......BioNews 2017 - Content

http://www.dcnanature.org/wp-content/uploads/2017/11/BioNews-2017-8-Online.pdf
http://www.dcnanature.org


Economic Value of Sharks

Haas et al. (2017) found that the Bahamian shark sanctu-
ary serves to attract divers. Of the 50.3% divers who were 
aware of the shark sanctuary, 34.4% stated that it greatly 
influenced their decision for coming to The Bahamas 
(Haas et al, 2017). For the 49.7% of divers who reported 
not knowing about the sanctuary before their trip, the vast 
majority (75.0%) stated that the sanctuary was either very 
important (31.1%) or extremely important (44.1%) to their 
future decisions to come to The Bahamas.

The Dutch Caribbean has yet to acknowledge the pres-
ence of sharks in its waters as a potentially valuable tour-
ism asset but with strong conservation measures in place 
and 26 shark species present, among which are some of 
the most iconic species such as whale sharks, tiger sharks 
and hammerheads, this may provide an opportunity for 
economic growth in the future. But over the past 5 years, 
significant steps have been made towards the full protec-
tion of sharks in Dutch Caribbean waters. The St. Maarten 
Nature Foundation successfully lobbied for a ban on 
fishing and killing sharks and rays in the territorial waters 
around St. Maarten in 2011. Since 2015 DCNA has been 
running a three year long “Save Our Sharks” project on all 
islands, funded by Dutch Postcode Lottery. The project 
funds work with local fishermen, scientists and aims to 
build popular support for shark conservation amongst 
local communities.

The Save our Sharks project has contributed significantly 
to the body of knowledge about sharks. Stereo Baited 
Remote Underwater Videos (sBRUV) monitoring has 
been run on all islands to establish baseline information 
on the size, diversity, species composition and abundance 
of shark populations throughout the Dutch Caribbean. 

Acoustic tagging of Reef and Nurse Sharks around the 
windward islands has allowed researchers to determine 
for the first time the movement patterns of sharks. And an 
expedition to the Saba Bank in 2016 to tag Tiger Sharks 
has provided the first scientific data on Tiger Shark move-
ments and migration patterns. 

For the Dutch Caribbean the establishment of the Yarari 
Sanctuary in September 2015 to protect marine mammals 
and sharks was a landmark event for shark conservation. 
This Sanctuary protects sharks and rays in the waters 
around Bonaire and Saba and is only the 11th shark 
sanctuary of its kind in the world. With the support of the 
Save our Sharks project, the Dutch Ministry of Economic 
Affairs has developed a Shark Policy document which, 
when it comes into effect, will provide the Kingdom of the 
Netherlands wide support for the conservation of sharks 
and rays. 

Beyond the political support and commitment to shark 
conservation on Dutch Caribbean islands, what is needed 
is a region-wide commitment to protect these highly 
migratory species. As part of the Save our Sharks project 
and in close collaboration with the Dutch Ministry of 
Economic Affairs and the Dutch Elasmobranch Society, 
in March 2017, eight species of sharks were added to the 
list of protected species under the international Specially 
Protected Areas and Wildlife (SPAW) Protocol. The SPAW 
protocol is the only cross-border legislative instrument for 
nature conservation in the Wider Caribbean Region, with 
signatory countries agreeing to protect vulnerable animals 
and their unique habitats from trade, fisheries, tourism 
and coastal development (DCNA, 2017). 

Photo by: © Jim Abernethy, taken in the Bahamas
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Economic Value of Sharks

ANNEX III Hammerhead sharks (Sphyrna lewini, Sphyrna mokarran, Sphyrna zygaena)

Manta rays (Manta birostris, Manta alfredi, Manta sp. cf. birostris)

Oceanic whitetip shark (Carcharhinus longimanus)

Whale shark (Rhincodon typus)

ANNEX II Smalltooth sawfish (Pristis pectinata)

New SPAW Protocol listed shark and ray species

ANNEX III : Species that should receive special attention and  
sustainable management to ensure and maintain healthy populations

ANNEX II : Species that are agreed to receive the  
highest level of protection in the wider Caribbean region. 

Photo by: © Jim Abernethy

Recently the conditions of shark sanctuaries around the world have been evaluated 
(Ward-Paige & Worm, 2017). The results of a global diver survey in 15 countries that have 
a shark sanctuary were compared to 23 non-sanctuary countries. “Specific results varied 
by country, but there were some general trends: 

Shark sanctuaries showed less pronounced shark population declines, fewer 
 observations of sharks being sold on markets, and lower overall fishing threats  
compared to non-shark sanctuaries.

Bycatch, ghost gear, marine debris and habitat destruction are significant threats that are 
often not addressed by sanctuary regulations and need to be resolved in other ways.

Participants in sanctuaries were more optimistic about the survival of shark populations in 
local waters, but also highlighted the need for further conservation efforts. 

These results suggest that shark sanctuaries, as seen through the lens of local experts 
(>200 dives and >3 years living in the country), may be a helpful conservation tool but likely 
not sufficient in isolation. There is an urgent need for higher-resolution data on shark abun-
dance, incidental catch, and markets to direct priority conservation needs and optimize the 
conservation benefits of existing and future shark sanctuaries “  

1. 

2. 

3. 

(Ward-Paige & Worm, 2017)
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BRUV Work In The Dutch Caribbean 

Data collection with stereo Baited Remote 
Underwater Videos (sBRUV) deployed throughout 
the islands of the Dutch Caribbean over the past 
few years is almost completed, with only parts 
of Bonaire left as final sampling locations. The 
collected data already gives great insight into the 
status of shark populations in the waters around 
Saba, St. Eustatius, St. Maarten, Bonaire, 
Curaçao and on the Saba Bank. Since 2012 
researchers from Wageningen Marine Research 
with project leader Dr. Martin de Graaf, in part-
nership with local partners, have used simple, 
non-invasive stereo Baited Remote Underwater 
Videos (sBRUV) to gather important information 
on the size, diversity, species composition and 
abundance and of shark populations across differ-
ent management zones in the Dutch Caribbean. 
To this date, over 800 sBRUV videos have been 
deployed across the Dutch Caribbean, including 
103 around Bonaire (and continuing), 164 around 
Curacao, 108 around Saba, 164 on the Saba 
Bank, 104 around St. Eustatius and 214 around 
St. Maarten.

A first look to the data, shows that the Saba 
Bank has the highest abundance of sharks. The 

two most common species are the nurse shark 
(Ginglymostoma cirratum) and the Caribbean  
reef shark (Carcharhinus perezi). Researchers  
on early expeditions to the Saba Bank recorded 
seeing sharks on every dive and on average,  
BRUV deployments recorded 0.23 reef shark 
sightings per hour, which is higher than sightings 
at study sites on Belize and the Bahamas and 
50% higher than around the adjacent island of 
Saba (BioNews 1-2017). The other northern Dutch 
Caribbean islands (Saba, St. Eustatius and St. 
Maarten) also appear to have relatively healthy 
shark populations, with the two most common 
shark species also the Caribbean reef shark and 
nurse shark. This aligns with early findings that 
suggested that that northern Dutch Caribbean 
islands provide ample suitable habitat for sharks 
(BioNews 30). While data is so far only available for 
Bonaire and Curaçao - sBRUVs were also deployed 
around Aruba, however the data has not yet been 
processed yet but will be soonest – it appears 
that the Bonaire and Curacao are home to fewer 
shark species than the Windward islands, with the 
Caribbean shark by far the most common.

Percentage of seeing a shark on a BRUV deployment.
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This article was published in BioNews 5.
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BRUV Work In The Dutch Caribbean 

Another interesting finding from this study is 
that the Dutch Caribbean is home to several 
threatened shark species, and while these may be 
incidental it suggests that our islands could play 
an important role in the conservation of sharks. 
The silky shark (Carcharhinus falciformis) which 
is listed as Near Threatened in the IUCN Red List, 
and the great hammerhead (Sphyrna mokarran), 
which is listed as Endangered, were both observed 
around Saba and Bonaire. The Near Threatened 
tiger shark (Galeocerdo cuvier) was frequently 
observed around St. Maarten and the Saba Bank.

The information on sharks gathered by the BRUV 
is incredibly important as prior to this study no 
data on shark populations in the Dutch Caribbean 
was available and studies that have taken place 
worldwide point to a drastic decline in  
elasmobranch populations over the last few  
decades (Ruijs & Hogeschool, 2017). While this 
study is the first of its kind, and therefore no  
trends can be found, initial results can be  
compared to others in the Caribbean and the rest 
of the world. Repeating the study in a few years 
will enable comparison and will highlight whether 
the many conservation measures taken in the 
Dutch Caribbean to protect sharks - such as the 
declaration of the Yarari marine mammal and 
shark sanctuary - are being successful.
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Stereo-BRUV surveys 

Sint Maarten:
https://vimeo.com/131461221
https://vimeo.com/125898375
https://www.youtube.com/watch?v=G0zFScMDyQE

Bonaire
https://vimeo.com/190565371
https://www.youtube.com/watch?v=U0rQUYFvuoU
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Climate Change Impacts on Sea Turtles

To say that sea turtles are resilient is an un-
derstatement. They have swum in our oceans 
for close to 150 million years and survived the 
extinction of dinosaurs as well as five major 
ice ages. However, since the 1950s, a sharp 
increase in human population growth, con-
sumption and technological advance has pro-
foundly harmed nature. Our oceans have been 
used as dumping grounds and have suffered 
from overfishing and coastal development, 
amongst many other pressures. As a result of 
this unprecedented anthropogenic impact, 
many changes in ecosystem function, species 
distribution, and species abundance have taken 
place (Bjorndal et al., 2017). The impact on sea 
turtles has been so severe that six of the known 
seven species of sea turtle are at risk of extinc-
tion, with three categorized as critically en-
dangered by the IUCN Red List of Threatened 
Species. Coastal development has destroyed 
vital foraging and nesting grounds, pollution 
from land-based and marine sources has 
directly impacted 
the health of 
turtles, 
and 

incidental capture as well as targeted capture 
has drastically reduced the number of sea 
turtles in our oceans. 

Ocean warming is now emerging as a substantial 
threat to the survival of sea turtles. While sea 
turtles have survived many fluctuations in cli-
mate throughout their evolution, climate is now 
changing so rapidly that we cannot predict how 
they will adapt to these new conditions. This past 
September, Category 5 Hurricane Irma came at 
St. Maarten with so much strength that it devas-
tated the island. According to Tadzio Bervoets, 
manager of Nature Foundation St. Maarten, 
about half of the island’s sea turtle population 
might have survived this storm (König, 2017). 
With hurricanes gaining strength more rapidly 
than ever before in the Caribbean Region due to 
warming oceans, this is of great concern.

A number of studies have investigated the 
effect of climate change on sea turtles, 
such as the loss of nesting beaches 
from sea level rise (Fish et al, 2008), 
the negative impact of warmer ocean 
temperatures on coral reefs (Hoegh-

Guldberg, et al., 2007; Carpenter et 
al, 2008) and the feminization of turtle 
populations due to elevated nest tem-
peratures (Laloë et al, 2017). Sea turtles 

are ectotherms, meaning that the regulation of 
their body temperature is dependent on exter-
nal sources. This makes them very sensitive to 
fluctuating environmental conditions. A recent 
study by Bjorndal et al. (2017) has looked into 
the long-term effects of a changing climate on 
the physiology of individual green sea turtles, 
specifically their growth rate. Green turtles are 
“long-lived, highly migratory, primarily herbivorous 
mega-consumers that may migrate over hundreds 
to thousands of kilometers” among neritic habitats 
and foraging grounds during their immature 
period (Bjorndal et al., 2017; Musick & Limpus, 
1997). Large, highly migratory ectotherms are 
particularly useful as bio-indicators of environ-
mental change at regional scales as their growth 
is strongly influenced by environmental condi-
tions (Bjorndal et al., 2017).

Bjorndal et al. (2017) gathered growth rate data 
of green turtles throughout the Western Atlantic. 
The data set collected is the longest (1973 to 
2015), most widespread (30 sites from Bermuda 
to Uruguay, including Bonaire with data collected 
by Sea Turtle Conservation Bonaire (STCB)) 
and largest (9690 growth increments from 3958 
individual turtles) dataset ever compiled for sea 
turtles in the Western Atlantic. Turtles were 
captured through a variety of methods in mixed 
stock foraging aggregations and tagged. Capture 

date, location, carapace length and primary diet 
at each site were recorded. The Multivariate 
El Niño Southern Oscillation Index (MEI) was 
selected to represent the intensity of an El Niño/
Southern Oscillation (ENSO) event, which is the 
most important coupled ocean-atmosphere phe-
nomenon to cause global climate variability over 
time (NOAA, 2017). MEI is currently considered 
the most representative index for monitoring 
ENSO as it combines the study of six meteorologi-
cal and oceanographic components: sea surface 
temperature (SST), surface air temperature, sea-
level pressure, two components of surface winds, 
and total cloudiness of the sky (Mazzarella et al., 
2013). Two strong thermal processes are believed 
to be the drivers behind the significant ecological 
regime shift (ERS) that took place in 1997/1998: 
the abrupt warming from the strongest El Niño 
Southern Oscillation (ENSO) event on record 
and the unprecedented warming rate over the 
last two to three decades (Martinson et al., 2008; 
Reid & Beaugrand, 2012; IPCC, 2014; Beaugrand 
et al., 2015; Wijffels et al., 2016). This resulted in 
sudden ecological changes such as the extreme 
global bleaching of reefs and changes in migra-
tion and reproduction timing of echinoderms, fish 
and seabirds, amongst others (Hoegh-Guldberg, 
2007; Martinson et al., 2008; Luczak et al., 2011; 
Beaugrand et al., 2013, 2015; Ortega et al., 2013).

Photo by: © Wexor Tmg

This article was published in BioNews 9.
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Climate Change Impacts on Sea Turtles

The study found a strong correlation between MEI 
and green turtle growth rates. Green turtle growth 
rates decreased when SST were above a threshold 
between 25.9 and 26.0 °C (Bjorndal et al., 2017). Below 
this threshold, growth rates increased with increasing 
SST. The decline in growth rates also coincides with 
the ecological regime shift (ERS) that took place in 
the Atlantic in 1997/1998: rates increased from 1974 to 
1999 but then declined by 26% to 2015 (Bjorndal et al., 
2017). Results were compared with earlier studies of 
somatic growth dynamics in two carnivorous sea turtle 
species, the West Atlantic hawksbill (Eretmochelys 
imbricata) (Bjorndal et al., 2016) and the North Atlantic 
loggerhead (Caretta caretta) (Bjorndal et al., 2013). 
Both studies used similar capture-mark-recapture 
data and modeling approach. The growth pattern of 
hawksbills and loggerheads follows the same pattern 
as green turtles, with high growth rates up to 1997 
followed by a significant decline. The parallel decline 
in growth of all three species “provides strong evidence 
that an ecological regime shift (ERS) in the Atlantic is 
driving growth dynamics” (Bjorndal et al., 2017) and 
that growth rates of all three species are strongly 
related to climate drivers.

Diet was also identified as a significant factor in the 
growth rate of green sea turtles. Green turtles with 
a seagrass diet (typically Thalassia testudinum) grew 
more rapidly (63% growth increments) that green 
turtles on mixed seagrass/algae, algae, and omnivo-
rous diets (22% growth increments) (Bjorndal et al., 
2017). This is of great concern in light of the global 
destruction of seagrass beds. When seagrasses are 
no longer available, green sea turtles will switch to a 
diet of algae and invertebrates which supports slower 
growth rates (Bjorndal et al., 2017). The majority of 
seagrass loss has been attributed to anthropogenic 
activities such as coastal development, boat dam-
age as well as agricultural and industrial run-off. The 
CARICOMP monitoring network gathered standard-
ized data from 52 seagrass sampling sites across the 
Wider Caribbean from 1993 to 2014, and 43% of sites 
had clear trends indicating environmental deteriora-
tion caused by increased terrestrial run-off of fertiliz-
ers, sewage and sediments (van Tussenbroek et al., 
2014; Linton & Fisher, 2004). The substantial increase 
in inhabitants of coastal areas in the Caribbean Region 
since the 1990s coincides with the decline in sea turtle 
growth rates and substantial loss of seagrass beds (van 
Tussenbroek et al., 2014, Waycott et al., 2009; Mcleod 
et al., 2011). Hawksbills and loggerheads have also 
seen their foraging grounds decline, with coral reefs as 
well as soft and hard bottom habitats suffering much 
degradation since the 1990s. 

Photo by: ©  Kai Wulf
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The findings of this study, which correlates warmer 
ocean temperatures with lower sea turtle produc-
tion, “is not good news in an age of warming seas” 
(Bjorndal et al., 2017). Whether sea turtles can 
adapt to climate change will depend a lot on their 
ability to adapt to changing conditions. Increasing 
their resilience by diminishing local threats is ab-
solutely critical. The study by Bjorndal et al. (2017) 
found that the decline in sea turtle growth is being 
exacerbated by the many additional anthropogen-
ic pressures on sea turtle habitats (Bjorndal et al., 
2017). Sea turtle conservation has long been a pri-
ority for the islands of the Dutch Caribbean. At its 
inception DCNA invested substantially in support-
ing turtle tracking work on the islands both to gain 
scientific knowledge about turtle range states as 
well as a basis for public outreach and education. 
Sea Turtle Conservation Bonaire (STCB), whose 
mission is to ensure that Bonaire’s sea turtles have 
a secure future, and to connect people to sea turtle 
conservation in ways that inspire caring for nature, 
has been a key partner in these efforts. STCB uses 
best practices in science and conservation to build 
knowledge and protection of Bonaire’s sea turtles. 
They share their knowledge to raise awareness, 
affect policy and build support for biodiversity 
protection. Also TurtugAruba, CARMABI (Sea 
turtle Conservation Curaçao) STENAPA, SCF and 
NFSXM are working hard in the Dutch Caribbean 

to protect sea turtles and their environment. They 
are all proud members of the Wider Caribbean 
Sea Turtle Conservation Network (WIDECAST). 
Region-wide collaboration is an absolute neces-
sity in helping these incredible ancient creatures 
remain in our oceans for many millions of years  
to come. 

A solid ecological understanding is needed upon 
which to base a management strategy for green 
and hawksbill turtles in the Dutch Caribbean. 
Therefore Dr. Marjolijn Christianen, Dr. Lisa 
Becking, Dr. Per Palsbøll and Msc. Jurjan van der 
Zee (PhD student) working closely together with 
local partners on our islands on the NWO funded 
project “Ecology and conservation of green and 
hawksbill turtles in the Dutch Caribbean” that 
started in 2015. During this project they aim to 
provide knowledge on the migration routes, 
population demographics and habitat use by sea 
turtles and habitat changes by an invasive seagrass 
species. In the beginning of 2018 Dr. Marjolijn 
Christianen will continue this valuable work with 
an additional grant from NWO to investigate how 
green sea turtles, as large grazers, and invasive 
seagrass interactively affect seagrass ecosystem 
services. A tool to use green turtle foraging pat-
terns for global monitoring of (invasive) seagrass 
biomass will be developed. 

Photo by: ©  Marion Haarsma

Climate Change Impacts on Sea Turtles
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Emerging Risk for Coral Reefs: sun care products

Beach goers and bathers in the Caribbean often 
apply sunscreen to protect themselves against 
skin cancer and skin aging. Of course this is 
of great importance. However, this could be 
affecting reefs and marine life due to the  
emission of UV-filters, which are part of  
sun care products.  

Researchers from the Wageningen Marine 
Research, under the leadership of water quality 
specialist and ecologist Dr. Diana Slijkerman, 
have been working on the question whether sun 
care products are an emerging risk for marine life 
in the Caribbean. More specifically, UV-filters in 
sunscreen, such as Oxybenzone, were subject of 
study since these were recently reported to be of 
serious concern for corals. 

Marine nature areas on Bonaire support various 
touristic and recreational activities, including div-
ing, kayaking, surfing, swimming and snorkeling, 
whereby the majority of these activities depend 
on the quality of the ecosystems. Amongst oth-
ers, Lac Bay consists of unique and environmental 
important habitats, including mangroves and 
seagrass beds which function as nursery hot 
spots, inhabiting a variety of life. The last years, 
the number of tourists at Sorobon in Lac Bay has 
been increasing especially due to growth of cruise 

ship visits. The growing numbers of tourists may 
lead locally to significant sunscreen emissions. 
Alarmed by the study of Downs et al., in 2015, in 
which was demonstrated that field concentra-
tions of UV filters might affect corals, STINAPA 
and Directie Ruimtelijke Ontwikkeling Bonaire 
(DROB) asked IMARES, now Wageningen Marine 
Research, what the risk of UV-filters for Bonairean 
ecosystems could be.

Restricted in funding, a limited study was set up 
with volunteers (Sabine Engel and co-workers) 
and the effort of student Iris Schaap, aimed to 
construct an environmental risk analysis. The 
study consisted of literature research, calculations 
on the predicted environmental concentrations 
at Lac Bay and measured samples at different 
locations at Lac Bay.  More specifically, the study 
aimed at organic UV filters. By reviewing the 
physico chemico- specifications of UV-filters, 
for example the lipophilicity of the chemical, an 
insight is provided in which ecosystem compart-
ment the compounds most likely end up. 
The application of type of products per country 
was assessed to estimate which emissions are 
likely to occur in Bonaire. Studies describing the 
various types of effects of UV filters on different 
organisms were evaluated and used to prepare an 
environmental risk assessment. 

Two field-sampling moments at Sorobon, near 
the mangroves, and Cai (see figure on next page) 
were selected to measure the concentrations in 
the water. Sorobon is assumed to be the busi-
est beach at Bonaire occasionally, and served 
in this study as a worst-case scenario situation 
since it is more or less a secluded area by i.a. reef. 
The sampling moments correspond with cruise 
ship visits in August (1 ship, 23rd of August) and 
in November (3 ships in few days, sampled at 
November 18th) 2016. With these two visits we 
anticipated on sampling during coral spawning 
(and thus a possible ecological worst case situa-
tion) and differences in UV filter levels between 
these moments. The latter is assumed because 
UV filters are considered to be stable and not  
easily break down. A built up in concentration  
was thus expected in November.

The findings of the literature study revealed  
that UV filters are distributed widely, and can  
sorb to organic matter and accumulate into 
organisms tissues- depending on the type of filter 
and organism. UV filters can consequently have 
a diversity of effects on the marine ecosystem in 
various ways. The marine environment can be 
affected directly and indirectly by UV filter  
toxicity. Besides reported developmental  
toxicity on coral planulae, various other effects 

are described to result from exposure to UV filters 
such as narcosis, genotoxicty, endocrine disrup-
tion, reproductive and developmental toxicity to 
marine life. The range of effect concentrations 
varies per studied organism and ecosystem (e.g. 
fresh water or marine) by which the marine spe-
cies tend to be more sensitive towards UV-filter 
exposure than fresh water species. Furthermore, 
sunscreen (products) releases additionally nitro-
gen and phosphorus components, which could 
potentially contribute to the risk of (local) eu-
trophication, and indirectly by algae blooms and 
food abundance. 

Based on previous questionnaire studies found in 
literature, the majority of the visitors at Lac Bay 
are assumed to originate from the USA, UK and 
the Netherlands. Therefore, the study focussed 
on a specific selection of organic UV filters, which 
are predominantly applied in sunscreen products 
originated from these countries. The UV-filters of 
interest in Lac Bay are: octocrylene (OC), 

By Dr. Diana Slijkerman- Iris Schaap (BSc) - Drs. Sabine Engel. This article was published in BioNews 2. 
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Emerging Risk for Coral Reefs: sun care products

4-Methylbenzylidene camphor (4-MBC), Benzophenone-3, also 
known as oxybenzone (BP3), and Benzophenone-4 (BP4). 

The basic field study showed that two out of the four selected UV 
filters were detected in both the surface micro layer (SML) and 30 
cm below water level. In August, measured concentrations at Cai 
were too low for a quantitive detection. However, this does not 
imply that there is not a reason for concern, since several toxic 
effect concentrations for Caribbean corals are below the limit 
of detection. BP3 concentrations in the SML near the mangrove 
rim were detected at levels indicating some risk. However, at 
Sorobon Beach, BP3 was found in much higher concentrations 
within the surface layer (0.72 μg/L) and the water layer  
(1.23 μg/L). Additionally, significant concentrations of OC were  
detected with a highest concentration in the surface layer  
(1.23 μg/L) and a lower concentration in the water layer  
(0.51 μg/L). These concentrations seem low, but are of significant 
large amplitude considering sunscreen biomonitoring studies 
worldwide. Furthermore, the toxic effect concentrations are in 
the same order of magnitude. The risk estimation is performed 
on a limited set of reported effect data, and thus an uncertainty 
factor (or assessment factor) was applied to correct for this. The 
combination of low environmental concentrations in relation to 
equivalent effect concentrations resulted in a high estimated risk 
for this location. Estimated environmental risk factors are véry 
high for both OC and BP3 and confirm the concerns for environ-
mental effects at the local level at Sorobon. 

The expected built up of concentrations in November was not 
seen.  Surprisingly, lower concentrations were found than in 
August, however the heavy showers around the time of sampling 
could explain this. Rainfall largely reduced the number of  
expected visitors to Sorobon, and it is known that rain also affects 
the concentrations of UV filters by dilution and water distribution.
Since tourism is a major industry at Bonaire, healthy ecosystems 
are of great importance for the Bonairean society in terms of 

financial as well as human wellbeing. A precautionary approach 
is advised because of the fringing coral reef of Lac Bay and the 
nursery function of its mangroves and seagrassbeds. Emissions 
can be reduced easily: e.g. wearing long sleeved shirts instead of 
using sunscreen while bathing will reduce the amount of UV fil-
ters largely up to an estimated of roughly 50% per person (shower 
or wipe off applied lotion first). Distribution and local supply of 
environmental friendly brands lacking these types of filters would 
be beneficial too. 

Currently, the results are further processed and submitted to 
a peer-reviewed journal in order to share the results to a larger 
audience. 

Additional monitoring would strengthen the proposed precau-
tionary approach to take measures for example in the field of 
coral restoration programs. As world tourism is expected to 
grow, the prognosis of the emission and exposure of UV filters 
in the Caribbean is unfortunately predicted to increase too. An 
annual tourism growth of roughly 2% leads to approximately an 
estimated additional load of 747-5,979 mg EHMC, 498-3,986 mg 
OC, 467-3,737 mg 4-MBC, and 249-1,993 mg BP3 and BP4 around 
noon per day in Lac Bay (based on extrapolations on numbers 
of bathers at Sorobon beach, sun screen products applied and 
fractions washed off).

We aim to study the actual presence of these compounds in 
more detail along a larger spatial-temporal scale, and to define 
environmental effects of sun care products in order to contribute 
to the protection of the marine life of the Caribbean and more 
specifically Bonaire. 

We invite interested partners to contribute to this effort with 
additional ideas or funds. Please contact: Diana Slijkerman at 
Diana.Slijkerman@wur.nl

Photo by: © Sabine Engel

Field-sampling locations 
at Sorobon, near the man-

groves, and Cai to measure 
the concentrations of UV- 

filters in sun care products 
in the water. The sampling 
moments correspond with 

cruise ship visits and  
coral spawning. 

96 97 98 99 100 ......BioNews 2017 - Content

mailto:Diana.Slijkerman@wur.nl
http://www.dcnanature.org


Saba: Hurricane Impacts
Assessment of  Reefs and Trails after Hurricanes underway on Saba

Since the passage of hurricanes Irma and Maria 
through the windward islands, the staff of the 
dive operators on Saba, comprising Saba Divers, 
Sea Saba and Explorer Ventures, interns and 
volunteers have been actively assisting the Saba 
Conservation Foundation (SCF) with the assess-
ment and first restoration of Saba’s coral reefs, 
the reefs on the Saba Bank National Marine 
Park as well as essential trail maintenance and 
clearance. These efforts are being supported by 
the Dutch Caribbean Nature Alliance (DCNA), 
the Wereld Natuur Fonds (WNF) and the Dutch 
Ministry of Economic Affairs.

Marine Park

Staff members of SCF were relieved to see that 
initial results indicated that Saba’s deep reefs 
coped surprisingly well with the storm surges. 
Even shallow inshore dive areas suffered only 
limited damage. Photos taken at key sites, in 
depths between 6 and 20 meters (20 to 65 feet) 

showed healthy intact reefs. More exposed reefs, 
like Diamond Rock, had some sections which were 
wave impacted, while minimal effects could be 
observed around Green Island to the north.

After initial assessments, coral restoration work 
involved reattachment of broken coral fragments 
to the substrate and transfer of smaller fragments 
to the undamaged coral nursery. This will be fol-
lowed by extensive surveying of 50 representative 
sites in the Saba National Marine Park and 25 sites 
on the Saba Bank, according to standards as set 
forth by the Global Coral Reef Monitoring Network 
(GCRMN), which will allow comparative assess-
ments to be made with data collected in previous 
years. To further improve the resilience of the 
reefs around Saba a final phase is planned which 
will include intensified removal of invasive lionfish, 
utilizing innovative traps in depths scuba divers 
cannot reach, as well as dive and yacht mooring 
maintenance or replacement.

Rescued massive Elkhorn coral branch 
at the Hole in the Corner dive site
Photo by: © SCF

Reef Rescue: Divers are moving a 
massive Elkhorn coral branch with 
a lift bag to an adequate location, 
where it will have a good chance of 
survival (see next image).
Photo by: © SCF

This article was published in BioNews 6.
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Saba: Hurricane Impacts

Island and hiking trails

Not surprisingly a high percentage of the vegeta-
tion on Saba was impacted by the hurricanes with 
the majority of trees having lost their foliage.  On a 
positive note, nearly all of the magnificent moun-
tain mahogany trees on Mount Scenery are still 
standing and doing well after the storms.

SCF staff, trail rangers, interns, volunteers and 
other community services assignees have made 
tremendous progress towards clearing Saba’s 
historic trail network. The path to the top of Mount 
Scenery has almost been restored, as well as large 
parts of other prominent tracks and scenic views. 
It is envisioned to have all major trails reopened 
before the start of the upcoming tourism season in 
mid November. 

Initial restoration has included attempting to 
preserve monumental trees in the nature reserves, 
by properly pruning broken branches and sealing  
off cuts, to speed up their healing and regrowth 
process. In a later phase it is hoped to establish 
tree nurseries to aid rejuvenation of Saba’s unique 
cloud forest.
 
 
 
 

The future

“There is certainly no way to deny that we are in a 
climate change. We have to prepare ourselves for 
more severe storms in the next decades,” Kai Wulf 
(manager of SCF) warned.

Wulf said what the outside world can do to support 
Saba is, “not cancel their plans. They should come 
to the island if they love the island that much. Even 
though everything will not be perfectly back up, but 
to keep our economy going this helps everybody. We 
rely on fees from tourists. If there are no dive fees or 
nature fees we would not be able to operate either. 
So everything is totally interlinked.” (Durand, 2017)

Restoration of Dancing Place trail. 
Photo by: © SCF

Restoration of the popular Ladder trail. 
Photo by: © SCF

We have to prepare  
ourselves for more  
severe storms in  

the next decades.
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Nature On St. Eustatius Hit Hard By Hurricanes 

Nature on St. Eustatius has been heavily affected  
by hurricane Irma and Maria that struck the island  
in the early morning of Wednesday 6 September and 
19 September. Most visible are the effects on land. 
During a preliminary nature damage assessment  
St. Eustatius National Parks Foundation (STENAPA) 
counted hundreds of uprooted trees and  
snapped trunks.

The quick scan of the island revealed that in The Quill 
National Park 80 to 90% of the trees on the outer north-
western slope and the inner south-eastern slope lost 
their leaves. As a result the Quill looks brown-greyish, 
instead of vibrant green. At least 20 trees were uproot-
ed and fell blocking the main Quill trail and hundreds 
of limbs and branches littered the ground. This means 
that hundreds of trees overall on the Quill are down 
and many more limbs and branches. The south-eastern 
part of the crater and the crater trail are also affected, 
and STENAPA has advised hikers not to enter the crater 
until the trails have been cleared.

Outside the National Park STENAPA counted 250 trees 
over a diameter of 1 meter either down or snapped. Of 
all the districts Oranjestad showed the most damage. 
Trees provide shade, stabilize the soil, provide food, 
provide shelter for wildlife, absorb carbon dioxide and 
release oxygen. Around 95% of the trees along the 
Caribbean cliff side in Lower Town, many of them old 
trees, lost their leaves. 

In the National Marine Park seven of the most  
important dive sites have weathered the storm  
relatively well. There has been minor damage to the 

reef and corals, hard and soft corals such as sea fans 
were in tact and coral cover is unaffected although 
there has been some damage to medium sized Giant 
Barrel Sponges. 

STENAPA has been working on coral restoration pro-
jects and unfortunately the coral gardens in Jenkins Bay 
(6m under water, 10 coral ladders) and Crooks Castle 
are gone. The coral gardens are part of an EU funded 
project to grow Elkhorn and Staghorn coral fragments 
on tree like structures. Mother colonies of Staghorn 
have been negatively impacted too. 

The sand on the beaches on the Caribbean Sea coast 
(Orange Bay) has been washed away. Due to this sea 
turtles won’t be able to lay their nest on the short 
term. Conversely 1 to 2 meters sand was deposited 
on Zeelandia Beach on the Atlantic side. All sea turtle 
nests laid pre-Maria appear to have been inundated by 
the sea. Survival rate of these nests are expected to be 
zero to extremely low. There were roughly 25 nests on 
Zeelandia beach.

Also in the Botanical Garden trees are down, includ-
ing numerous branches and limbs. The shade house is 
destroyed and 2 of the 4 solar panels were blown off the 
roof of the visitors center. Due to this the drip system 
doesn’t function any more.  STENAPA has submitted a 
report about the results of the preliminary nature dam-
age assessment to the Public Entity of St. Eustatius and 
other stakeholders.

Hurricane Irma destroyed the Shade 
House at the Botanical Garden. 

Photo by: © STENAPA

The Dutch Marines and other  
volunteers helping to clear the  

upper slopes of the Quill.  

Photo by: © STENAPA

This article was published in BioNews 5. 
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Photos by: © Hannah Madden

Hurricane Impacts on Bridled Quail-doves in St. Eustatius
By Hannah Madden. This article was published in BioNews 9.

On September 6, 2017, Hurricane Irma, a 
category 5 hurricane, pummeled the northern 
Lesser Antilles. While St. Eustatius was spared 
extensive dame to infrastructure and power was 
restored to most homes within just a few days, 
forest cover in the Quill National Park did not 
fare quite so well. Immediately after the storm, 
defoliation of the vegetation was clearly visible 
across the dormant volcano, which rises to a 
maximum height of 600 meters and suffered the 
brunt of hurricane force winds of up to 150 mph. 

Initial exploration of the Quill on September 9 
revealed a shocking sight from the crater rim 
viewpoint at 400 meters. Areas that were once 
covered in lush evergreen vegetation were barely 
recognizable. Gone were the majestic Silk Cotton 
trees that once dominated the canopy; instead we 
were confronted with an almost bare crater wall 
covered in once-towering trees that looked like 
they had been snapped by an invisible giant. 
Two weeks later, Hurricane Maria passed to the 
south of St. Eustatius and brought over 100mm 
of rain but less severe winds. This rainfall helped 
stimulate vegetation regrowth in 
the Quill. However much of the 

original canopy was severely damaged, and any 
fruits, seeds or flowers that normally provided 
food for wildlife were lost. 

There was immediate concern for the plight of 
the Bridled Quail-dove, a species that forages 
for fruits and seeds on the forest floor. The Quill 
is the only habitat on Statia that supports quail-
doves. Population assessments were conducted 
in May 2017 in conjunction with a rodent control 
project that is being facilitated through the 
Caribbean Netherlands Science Institute (CNSI). 
Initial results indicated an estimated number of 
1,030 quail-doves (standard error [SE] = 275, 95% 
confidence interval [CI] = 5611,621) which were 
found across its local habitat of 440 hectares. This 
is possibly the highest known density of quail-
doves in the region. Thanks to funds provided by 
BirdsCaribbean’s fundraising appeal, surveys were 
completed in November 2017 to assess quail-dove 
populations post-hurricane. 

Work was lead by Dr. Frank Rivera-Milan (US 
Fish & Wildlife Service), Hannah Madden (CNSI) 
and Kevin Verdel (student from the University of 
Utrecht). A total of 56 x 100m transect surveys 

were conducted, and repeated them 2-4 times. 
This was less than the original 70 x 100m tran-
sects conducted in May 2017 due to decreased 
accessibility of trails. Playback of the Key West 
Quail Dove’s call was used in an attempt to elicit 
a response from any Bridled Quail-Doves in the 
survey area. Unfortunately the quail-doves did not 
respond to the playback, and therefore all detec-
tions during November 2017 surveys were by sight 
only. The perpendicular distance of the quail-dove 
from the transect was measured, and the data 
collected were analyzed to estimate the total 
population size. 

The November 2017 surveys indicated that there 
had been a decrease in the Bridled Quail-Dove 
mean population size estimate of around 230 indi-
viduals (May 2017 = 1,030; November 2017 = 803; 
SE = 208, 95% CI = 451-1,229). This corresponds 
to a population drop of around 22% (SE = 8.2%). 
Statistical tests indicate that this decrease in the 
population is not statistically significant (Z score 
= 0.66, P value = 0.51). Which is good news. The 
bad news is that there is little food available due to 
the hurricane damage to vegetation. 
Since the dry season (Dec-Apr) is 

about to commence, already scarce food resources 
can be expected to be further depleted. These fac-
tors will no doubt effect both quail-dove survival 
and reproductive rates in 2017-2018. The quail-
doves, which were observed during the November 
2017 surveys looked lethargic and did not flush 
far or fast during surveys. There is therefore a real 
risk that the population will decline further due to 
lack of food. Surveys will be repeated in May 2018, 
during peak breeding season. 

Dry forest vegetation on the outer slopes of 
the Quill has recovered quickly, however inside 
the crater approximately 50% of the evergreen 
seasonal forest that once covered this area has 
severely impacted and it is estimated that this may 
take decades before it fully recovers. We expect 
this will also have a negative effect on the quail-
dove and other bird species which rely on this 
unique habitat for their survival and reproduction. 
Instead of the usual flocks of Scaly-naped Pigeons 
(which are now foraging for food in coastal areas), 
we are now seeing smaller species like Bananaquit, 
Lesser Antillean Bullfinch, and the migratory 
Black-whiskered Vireo.
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Hurricane Impacts on Bridled Quail-doves

Recommendations to help recovery of the bridled 
quail-dove include removing predators and do-
mestic animals above 250m to help the species 
recover and enhance its prospects for long-term 
survival. Rat control is important as rats, together 
with other invasive predator species, can be 
expected to increase in density and become more 
clumped following hurricane-induced changes in 
foraging resources. Columbid life-history is typi-
cally characterized by low annual survival rate and 
high annual reproductive rate, and Quail-doves are 
ground-dwellers that nest near ground level (e.g., 
on top of bromeliads and other similar substrates 
providing nest support, relying on their camou-
flage). Any increase in rat density would threaten 
Quail-dove survival and reproduction. CNSI’s rat 
control project has great relevance for the Bridled 
Quail-dove and could produce important conser-
vation results. Baiting will begin in the Quill from 
January 2018 and the results will be made available 
later in the year. 

Irma provided us with a unique opportunity to 
study the impacts of hurricanes on avian fauna on 
St. Eustatius (and elsewhere in the region). It is a 
bittersweet privilege to be able to contribute our 
results to the scientific community. Unfortunately, 
the frequency and intensity of Caribbean hur-
ricanes are predicted to increase under human-
induced global warming. It is therefore imperative 
to protect and enhance the integrity of our natural 
areas to help our birds and other wildlife survive 
the next hurricane strike. 

Grateful thanks to BirdsCaribbean for funding 
Dr. Frank Rivera-Milan (US Fish & Wildlife Service),  
travel expenses, to St. Eustatius National Parks 
enabling surveys of the Quill National Park, and to 
CNSI for facilitating this project. 

Reprinted with permission from BirdsCaribbean
http://www.birdscaribbean.org/2017/11/hurricane-
impacts-on-bridled-quail-doves-in-st-eustatius/

Canopy loss in crater.

Photos by: © Hannah Madden

Broken vegetation in crater.

Photos by: © Hannah Madden
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St. Maarten: Impact Hurricane Irma on Nature

What started out a week prior as a low pressure system off 
the Cape Verde Islands ended up as the first ever category 5+ 
hurricane to hit the Caribbean’s Leeward Islands mostly due 
to warming ocean temperatures. Hurricane Irma was so pow-
erful that it devastated several islands in the north-eastern 
Caribbean. The Dutch Caribbean Island of St. Maarten was not 
spared and sustained catastrophic damage. On the morning 
of September 6th, Irma struck the island with so much power 
that more than 90% of the buildings are damaged, many 
houses lost their roof and infrastructure is significantly dam-
aged, resulting in much of the population becoming homeless 
and without basic needs. Nature Foundation St. Maarten 
(NFSXM) has assisted with water and food distributions, clean-
ing up beaches and water bodies, and has focused on assessing 
the extent of damage the 185 MPH winds, large waves and 
strong surge caused to the island’s nature. The first terrestrial 
and marine assessments took place from September 12th to 
16th, and from September 22nd to the 25th. They were carried 
out quickly to get a first overview of the damage – further, 
more in-depth assessments are continuously going on. 

On land, the island looked nothing like itself post-hurricane. 
The usually green island was now brown, with most vegetation 
defoliated and many large trees knocked down by strong winds 
(NFSXM, 2017a). The rains bought by the Caribbean’s second 
hurricane 5 of the season, hurricane Maria, helped most trees and 
shrubs - including tamarind, acacia, flamboyant and kapok trees - 
sprout new leaves, and some areas have already returned to their 
typical shade of green (NFSXM, 2017b; König, 2017). However the 
height of vegetation have decreased significantly everywhere on 
the island. The many broken palm trees will however take much 
longer to recover due to their slow growth. 

St. Maarten’s avifauna did not fare well, with some species such 
as the barn swallows (Hirundo rustica) displaced from their usual 
habitat (BirdsCaribbean, 2017). Hummingbirds are of specific 
concern due to the lack of food. NFSXM has asked local residents 
to place bird feeders in schools and gardens, and BirdsCaribbean 

has sent 300 hummingbird feeders to be distributed to schools 
and homes across the island (BirdsCaribbean, 2017). The bird 
species that was greatly affected by the hurricane’s heavy winds 
appears to be the brown pelican (Pelecanus occidentalis), the 
island’s national bird (NFSXMb, 2017). Initial assessments found 
that thirty of the island’s two hundred pelicans died during or fol-
lowing hurricane, although conservationist Binkie van Es recently 
stated “I am afraid we lost half of our Brown Pelican population” 
(König, 2017; BirdsCaribbean, 2017). Most of the pelicans’ rookery 
sites have been destroyed. Shortly after the passing of the hur-
ricanes NFSXM found that the complete breeding site at Divi 
Little Bay had been decimated and about two-dozen nests at the 
sites were lost. Recently NFSXM was delighted to report that the 
majority of the breeding pairs have returned (NFSXM, 2017c). 

St. Maarten’s wetlands and coastal areas suffered significant 
damage. Simpson Bay Lagoon, a dominant feature of the  
island and one of the largest lagoons in the Lesser Antilles,  
has been labelled an “environmental disaster zone” by NFSXM.  
The Foundation estimates that Irma caused over 300 vessels  
to sink in the lagoon and Oyster Pond on the eastern coast.  
As a result, more than 750,000 liters of fuel is being discharged 
into these waters, and Tadzio Bervoets, manager of NFSXM, 
estimates that cleaning up all the vessels in the waters will  
take about 10 years (König, 2017). Bervoets carried out a diving 
survey of Simpson Bay Lagoon post-hurricane and reported  
seeing a sunken boat every five meters, with the water being 
more diesel than salt (Bervoets, 2017).  While this is a huge  
concern for the environment and public health, NFSXM  
has had little support for clean-up activities and urges the  
fast-tracking of permits so that critical large scale work can  
begin in Simpson Bay. “Our request for assistance has largely been 
unanswered and we now are dependent on commercial salvage  
operators to clean up the wrecks” explains Bervoets (NFSXM, 
2017d). The Foundation has been able to monitor the removal 
of sunken vessels in Oyster Pond and is helping ensure that oil 
spill containment equipment is being properly used to minimize 
further stress on the ecosystem.

I am afraid we lost  
half of our Brown  

Pelican population

Some Brown Pelicans (Pelecanus occidentalis) have returned to the breeding 
site Divi Little Bay after St. Maarten was hit by Hurricanes Irma and Maria.
Photo by: © NFSXM

Brown Pelican, Photo by: © Miro Zumrik

By Hannah Madden. This article was published in BioNews 7.
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Water quality is of specific concern and is being 
monitored by NSFXM. Wetlands and coastal areas 
have been polluted not just by sunken vessels 
but also by the significant run-off from land that 
resulted from Irma’s torrential rains. Several areas 
have been reported to have raw sewage entering 
them, and there has been an important fish die-off 
at both Great Salt Pond and Fresh Pond (NFSXM, 
2017a). Nature Foundation has advised against the 
consumption of any seafood as it may be con-
taminated. Large amounts of debris are also being 
found in the island’s wetlands and coastal areas. 
The removal of this debris is a source of concern in 
itself, as the Philipsburg landfill was already over 
capacity before the storm.

Mangroves and seagrasses in Simpson Bay  
Lagoon and in Oyster Pond, which have already 
suffered significant losses as a result of pollution, 
anchoring and eutrophication, were uprooted and 
torn down by hurricane Irma’s strong surge.  
While St. Maarten’s invasive seagrass species 
(Halophila stipulacea) was the most affected, prob-
ably due to its weaker roots and smaller growth, 
native species (Thalassia testudinum, Syringodium 
filiforme) did not fare well, with two hectares of  
native seagrass beds gone. Most mature man-
grove trees have been destroyed, with estimates 
as high as 90% (NFSXM, 2017a). The biggest loss 
has been recorded at Mullet Pond, a RAMSAR 
site and therefore wetland of significant 
international importance. Many boats tried to 
secure themselves to mangrove roots, which led to 

the uprooting of many mangrove strands (NFSXM, 
2017a). This is a significant issue for the island as 
many species, such as sea turtles and juvenile reef 
fish, depend on seagrass beds and/or mangroves 
for food and shelter. 

While the impacts of hurricane Irma are much 
more evident on land, NFSXM has surveyed the 
island’s reefs and found that the damage under 
water is just as catastrophic. The Foundation 
conducted an initial Marine Park and Dive Site 
assessment from sept 28th to Oct 6th, which  
will soon be followed by more in depth reef  
monitoring. The assessment revealed that the 
powerful hurricane caused much direct and 
indirect damage to St. Maarten’s coral reefs. 
According to NFSXM’s estimates, Irma caused 
30% of the reef to die off - mostly corals and 
sponges in shallow reefs – and 50% of the reef 
to suffer some kind of damage such as broken 
branching coral fragments (NFSXM, 2017e). 
Siltation bought by Irma’s strong surge has  
resulted in many corals covered in sediment and 
sludge. Many reef species are believed to be 
unharmed, including reef fish, octopus, morays, 
sharks and stingrays. Sea turtles did not fare so 
well. According to Bervoets, about half of the 80 
to 100 sea turtles in St. Maarten probably survived 
(König, 2017). Much of the turtles’ seagrass habitat 
has been damaged, and nesting beaches are now 
severely eroded and full of debris. In fact, the 2017 
Sea Turtle Nesting Season Monitoring Programme 
has been cancelled.

St. Maarten: Impact Hurricane Irma on Nature

A sunken Houseboat in the 
Mullet Pond Ramsar Site. 
Photo by: © NFSXM

Oil Spills Simpson Bay Lagoon
Photo by: © NFSXM
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NFSXM has been working hard on a number of 
marine conservation projects over the past couple 
of years, all of which have been devastated by hur-
ricane Irma. The foundation’s coral nursery project 
– funded by the European Union Best 2.0 Program 
and aimed at restoring elkhorn and staghorn reef 
zones – was totally wiped out. While NFSXM staff 
secured the 9 coral ladder structures located at 
the dive site ‘The Bridge’ and pulled them deeper 
to minimize damage, Irma tore down the ladders 
and took away all fragments growing on them. Of 
the 355 fragments, only two small ones have been 
recovered (NFSXM, 2017f). A GoFundMe page has 
been set up to raise the funds needed to rebuild 
the coral nursery (www.gofundme.com/rebuild-st-
maartens-coral-nursery). Acoustic receivers placed 
to monitor shark populations have also been 
lost. Not a single one of the 8 receivers or their 
structures has been retrieved. The juvenile conch 
growth research experiment, which is determin-
ing whether native and invasive seagrass affected 
conch growth differently, also suffered significant 
setbacks. Not only were many seagrass beds  
and juvenile conch destroyed by Irma, but  
all of the research project’s infrastructure and 
equipment is gone.

Hurricane Irma has been a strong reminder of  
the urgency to preserve the natural buffers that 
protect our islands from storm damage, such as 
coral reefs. The resiliency of the St. Maarten’s 
nature remains to be determined – it is right now 
impossible to know how long recovery will take. 

Bervoets remains optimistic: “the nature of our 
Island, just like her people, are resilient and will 
recover in due time” (NFSXM, 2017a). 
 
 
 
 
 
 
 
 
 
 
 
 
 He also stresses the importance of keeping dive 
tourism going as St. Maarten’s economy is heav-
ily dependent on tourism. Coral reefs contribute 
more than USD 50 million annually in ecosystem 
goods and services. The Foundation is encourag-
ing divers to visit the island as dive sites are still 
spectacular thanks to their marine life and sur-
roundings.surroundings.

Macroalgae overgrowing St. Maarten’s reefs.
Photo by: © Melanie Meijer zu Schlochtern

The nature of our Island, just 
like her people, are resilient 
and will recover in due time.

You can donate and help the nature foundations of Saba,  
St. Eustatius & St. Maarten to restore nature from the  
devastating impacts of Hurricanes Irma & Maria. 

http://www.dcnanature.org/donate/
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Overgrazing Impact of Goats  
and Donkeys (Bonaire: case study)

Project Islands Lead scientist(s) Goal Activities

Goat buy-back program SAB
Government of Saba:  
Randall Johnson

Protecting nature and agriculture by 
significantly decreasing the amount 
of roaming goats.

Shooting/ slaughtering, storing, selling 
and/or exporting the meat.

Feral Pig Control BON
Echo: Julianka Clarenda
DRO: Frank van Slobbe

Recovery of habitats so they are bet-
ter able to provide services for people 
and nature, improved conditions 
for agriculture and increased com-
munity support for invasive species 
management.

Feral pig density assessment, pig  
eradication, raising awareness and 
support, monitoring program for  
evaluation of interventions.

Goat eradication and control 
in Washington Slagbaai 
National Park

BON
STINAPA
DRO: Frank van Slobbe

Draw the goat population down to a 
manageable level within 3 years so 
that the vegetation can recover

Bringing the number of goats down in 
Slagbaai and Washington, practice and 
train locals and park staff to effective 
goat control, monitoring program for  
evaluation of interventions, developing 
long-term control programme, out-
reach and communication.

Nature Funding projects on terrestrial invasive grazing species control.

Nature Funding projects
As part of the 2013-2017 Nature Policy Plan for the Caribbean Netherlands, 23 projects that promote coral 
reef conservation, sustainable use of nature or the synergy of sustainable use of nature in combination with 
agriculture and tourism were approved to receive funding through the Nature Fund allocated by the Ministry of 
Economic Affairs for the BES islands. Ten projects received funding on Bonaire, 7 on Saba and 6 on St. Eustatius.

The following projects focus on terrestrial invasive grazing species control:

The Nature Funding Projects 
on Bonaire can be followed 

on Facebook: @NTBDN 

By Michaela Roberts  
 (PhD student from the University of St Andrews, UK in partnership with Echo). 

Long periods of isolation and small island size make island ecosystems 
highly vulnerable to degradation and invasive species are one of the 
most significant threats (Cronk, 1997). Due to their role as livestock, in-
troduced species such as sheep, goats, pigs, cows and donkeys are some 
of the most common invasive species worldwide (Island conservation, 
2015). Introduced grazing species consume island vegetation at a rate 
faster than it is able to regenerate, and islands with invasive grazers are 
characterised by few, small trees of limited species, and low grass, herb, 
and shrub cover (Dahlin et al., 2014). 

Terrestrial degradation caused by invasive grazing species can impact 
coastal ecosystems. Degraded vegetation has fewer roots, which would 
otherwise anchor soils, and has reduced surface complexity, leading to 
increased sediment run-off. For coral reef ecosystems sediment run-
off is associated with coral mortality, reduced coral growth rates, and 
changes in reef fish populations (Fabricius, 2005). High sediment loads 
reduce visibility for SCUBA divers. With many islands, including the Dutch 
Caribbean islands, drawing much of their revenue from marine based 
tourism, it is therefore in economic interest of the islands as well as the 
interests of conservation managers to recognise the threat posed by 
invasive grazing species. 

Although the ecological impacts of invasive grazing species are well 
documented, funding and lack of social acceptability for the most cost 
effective solutions are key factors limiting effective conservation ac-
tion (Roberts et al., manuscript in preparation). On Bonaire the local 
Government backed projects, which are now being funded by the Dutch 
Ministry of Economic Affairs under their Nature Fund initiative, seek to 
address this funding gap and tackle the issue of feral pigs (page 107) and 
to eradicate goats from the Washington Slagbaai National Park. 

This article was published in BioNews 5.
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Bonaire’s vegetation is severely under threat 
due to grazing pressure from introduced species. 
Vegetation surveys of Bonaire have shown that 
across the island trees are in low abundance,  
with limited species richness, and small size 
(Roberts 2017a). 

The densities of free roaming goats, pigs and 
donkeys vary spatially and seasonally across the 
island. Hotspots of goat density have been identi-
fied in the north and east of Bonaire. During the 
wet season (from November to March) donkey 
populations are concentrated in the east and 
around the town of Rincon, with no hotspots iden-
tified in the dry season. Pig density is low across 
the island. 

This variation in grazer density is  
associated with changes in vegetation  
ground cover. Not surprisingly, the  
presence of grass has a negative  

relationship to pig presence and goat density. 
Combined grass and herb percentage cover is 
negatively related to donkey density during the 
dry season (Roberts et al., 2017a). Tree character-
istics do not vary with grazing pressure, indicating 
that grazing pressure already exceeds that of tree 
recovery island-wide. (Roberts et al., 2017a).

The degradation caused to terrestrial ecosystems 
by invasive grazing species is associated with 
changes in coral reef characteristics on Bonaire. 
Coral cover below depths of 10m has a positive 
relationship to ground cover and tree biomass of 
the associated watershed (Roberts et al., 2017a). In 
light of the negative relationship of ground cover 
to donkey density, conservation efforts aimed at 
controlling donkey grazing can be expected to 
lead to improvements in coral cover.

Map of grazer densities across Bonaire. 
Top left – goat density;  
Bottom left – dry season donkey density,  
Bottom right– wet season donkey density.

Donkeys on Bonaire 
Photo by: © Michaela Roberts)

Overgrazing Impact of Goats and Donkeys (Bonaire: case study)
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On Bonaire the effects of donkey grazing could be 
reduced either through creation of fenced areas, 
or by controlling or eradicating donkey popula-
tions. Using the relationships described above it is 
predicted that both measures would have a posi-
tive impact on both ground cover and coral cover, 
with larger impacts seen for eradication 
(Roberts et al., manuscript in preparation). 

Studies on the control of invasive grazing species 
on Bonaire indicate that eradications are likely 
to have the greatest positive impact on both the 
terrestrial and marine ecosystems (Roberts et al., 
2017a). However, low social acceptability may  
preclude this option in the short term. Although 
the cost of fencing is initially lower than eradica-
tion, the lifespan of only 10 years means that 
total costs exceed that of eradication within 30 
years (Roberts et al., manuscript in preparation). 

For long-term improvements in environmental 
conservation on Bonaire it would therefore be in 
the interests of managers and policy makers to 
develop a program to increase social acceptability 
of donkey eradication (Roberts et al., manuscript 
in preparation). 

The connection between grazer caused degrada-
tion within the terrestrial ecosystem and degrada-
tion on the coral reef through sediment run-off 
may present the opportunity to secure additional 
funding for conservation through increasing the 
existing SCUBA diver fee. Surveys conducted with 
SCUBA divers estimate a willingness to pay of  
$83/diver/year for reef improvements expected to 
arise through fencing, and $93/diver/year for  
eradication (Roberts et al., 2017b). This would 
exceed the estimated costs of control programs 
(Roberts et al., 2017b).

Overgrazing Impact of Goats and Donkeys (Bonaire: case study)

Fencing Eradication

Median ground cover  
(current 4%) 14% 18%

Median coral cover  
(current 46%) 85% 90%

Economic costs $2.5 million $8.8 - $12.9 million

Length of control 10 years Permanent

Social acceptability (0 to 2) 1.48 0.8

Trade-offs between fencing and eradicating donkey popula-
tions for recovery of the dry-forest and coral reef.

An overgrazed hillside on Bonaire  
Photo by: © Michaela Roberts

106 107 108 109 110 ......BioNews 2017 - Content

http://www.dcnanature.org


Feral Pig Control Programme (Bonaire)

The aim of this project is to control feral pig populations 
on Bonaire, thereby improving conditions for reforesta-
tion, reducing impacts on native dry-forest habitat and 
minimizing damage to fences and property. Activities will 
focus on raising awareness about the impact of feral pigs, 
reducing feral pig populations and monitoring project ef-
fectiveness. It is hoped that early intervention will ensure 
the feral pig population and the associated problems 
do not escalate beyond their current state and become 
unmanageable.

A team from Echo Foundation, a local non-profit which 
focuses on parrot protection and reforestation, has been 
evaluating the impact of feral pigs on local flora since 
2016, monitoring pig activity and removing pigs from  
the wild. With funding from the Netherlands’ Ministry  
of Economic Affairs through the Nature Fund, staff at 
Echo Foundation are launching a public campaign and 
calling for assistance to locate and control feral pig 
numbers. They have set up a Pig Hotline to report pig 
sightings and are collecting data on pig numbers, size  
and colouration. Pigs removed from the wild will be 
slaughtered and the meat offered for sale and given as 
prizes in pig meat raffles.

Pigs, along with goats and donkeys, were first brought to 
Bonaire by the Spanish in the 1500s. Whilst pigs are not 
exactly new comers to the island, feral pig populations 
have only become established on Bonaire in the last 
decade. Escaped domestic pigs become feral in just two 
generations. Unlike goats and donkeys, where measures 
to control populations have little public support, feral 

pigs are not highly valued by the local community and 
can cause considerable damage to property by burrowing 
through fences to access food sources such as gardens 
and fields.

Pigs have a high reproductive rate, producing up to 8  
piglets a year and reach sexual maturity early, which 
coupled with a lack of natural predators, means that  
feral populations can increase extremely rapidly.   
Under optimal conditions populations can grow by 500% 
in just 12 to 15 months. Systematic surveys have yet to be 
carried out, but sightings indicate that there are currently 
between 500 and 1000 feral pigs on Bonaire. Adult boars 
on Bonaire are known to reach 60kg and can have 8cm 
long tusks.

Feral pigs have a high negative impact on native vegeta-
tion, damaging roots and preventing the regeneration of 
trees (Campbell & Long, 2009). They are generalists and 
can be found throughout a range of habitats. Signs of 
feral pig activity include ground that is heavily disturbed 
and trampled, plants which have been dug up and/or 
have had their roots exposed (Friebel & Jodice, 2009). 
Feral pigs are susceptible to high temperatures and 
highly dependent on water. They are found in high  
densities around shady areas with water.

Although this is not the case in Rincon, pigs in the wild 
tend to be cautious and avoid human contact, which can 
make them difficult to track and catch. Efforts to trap 
feral pigs, need to be immediately successful as the pigs 
quickly learn to avoid the traps.  

Pigs in Rincon, Bonaire. Photo by: ©  Echo

Echo is a non-profit organisation focused on the conservation of  
the Yellow-shouldered Amazon parrot (Amazona barbadensis) and  
the dry-forest ecosystems of Bonaire.  

One of their objectives is to restore ecosystems on Bonaire through creative  
conservation and inspire an appreciation of nature through stimulating sustainable 
use. Echo aims to fulfil this mission through research and monitoring,  
conservation management and outreach education. 

Website: http://www.echobonaire.org

This article was published in BioNews 5.
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Goat Buy Back Project (Saba)

Photo by: © Violetta

The 2013-2017 Nature Policy for the Caribbean Netherlands 
flagged the threat of invasive species as a high priority, with 
recent inventories documenting no less than 211 exotic 
alien species in the Dutch Caribbean (MinEZ 2013; Smith et 
al, 2014). Invasive species are regarded as one of the most 
significant ecological threats to islands worldwide as they can 
decimate the islands’ native flora and fauna (Smith et al, 2014; 
Debrot, 2016). Roaming livestock introduced to the region in 
the 1700s has become one of the most significant ecological 
challenges for the islands of the Caribbean Netherlands (Buurt 
& Debrot, 2012; Debrot, 2016). Saba is home to a wide range 
of forest habitats such as cloud forest and succulent evergreen 
shrubland that are rich in rare and endangered plant and ani-
mal species and these habitats are threatened by overgrazing 
caused by free-roaming goats. Thanks to generous funding 
from The Netherlands Ministry of Economic Affairs through 
the Nature Fund, the government of Saba has led a 3-year 
project to cull most of Saba’s goat population and offer goat-
owners a viable economic alternative in return.

Goats (Capra hircus) were introduced onto Saba by the Dutch 
in the 1700s, and have since become the island’s main livestock 
(Buurt & Debrot, 2012). Nowadays, the number of goats on Saba 
is very high, with many roaming freely. The impact of these 
goats on Saba’s vegetation has been significant. Goats cause 
extensive damage to the vegetation because of their preference 
for young seedlings, twigs and germinating plants, preventing 
the natural regeneration of plant species. On Curaçao, Debrot 
and de Freitas (1993) found that goats also alter plant communi-
ties. Vegetation that was inaccessible to livestock had a com-
pletely different species composition and diversity (high densi-
ties of bromeliads and orchids) than those grazed by livestock 

(principally cacti and Acacia) (Debrot and de Freitas, 1993). A 
loss in vegetation cover also means a loss of habitat and food 
for many terrestrial species. Saba’s endemic and endangered 
red-bellied racer snake has less than 10% of its original habitat 
remaining, due in part to goat overgrazing. Free-roaming goats 
also threaten breeding seabird populations because overgrazing 
degrades breeding habitat (Lowrie et al, 2009).

The goats’ insatiable appetite for Saba’s vegetation has resulted 
in an increase in erosion and run-off, which threatens the health 
of the island’s coral reefs. The bare soil left behind by goats has 
less water retention and is therefore more susceptible to wind 
and water erosion. Goats tend to prefer steep terrain and cliffs, 
which are more prone to erosion, exacerbating the problem. 
Goats have also become a nuisance to local residents because 
they consume agricultural produce and cause rolling rocks on  
the roads.

Goat control measures have taken place in other Dutch 
Caribbean islands with various degrees of success. On Curaçao, 
goats have been caught and removed from Christoffelpark 
since 1993 using various forms of trapping and systematic 
shooting. This removal of goats has been very successful: 
goat densities average 0.1 goat per hectare and there has 
been a large-scale improvement in vegetation densities 
as well as recovery of rare plants (Buurt et Debrot, 2012). On 
Bonaire, a goat-catching project was started in the Washington 
Slagbaai National Park in 2015, but an assessment of the meth-
odology showed it had little success. The number of caught 
goats averaged to about 25% of the population caught yearly 
and this was found to be insufficient to reduce goat density in the 
long-term (Geurts, 2015).

Photo by: © Randall Johnson

This article was published in BioNews 9.
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Goat Buy Back Project (Saba)

The eradication of goats from Saba is difficult 
because when threatened, goats are able to hide 
in inaccessible gullies and cliffs. The goal of the 
Government of Saba is therefore to decrease 
free roaming populations of goats by 70 to 80% 
by shooting or otherwise slaughtering the goats 
and selling or exporting the meat. Goat own-
ers are offered a compensation of $5 per pound 
when they deliver the meat of their slaughtered 
goat(s) to the Department of Agriculture. The 
meat is then frozen and stored, inspected and sold 
on to the local and export (St Maarten) market. 
Between November 2014 and March 2016, a total 
of 21391,10 pounds of goat meat was delivered to 
the Department of Agriculture, which represents 
approximately 1426 goats. As a result, the number 
of free-roaming goats in the villages of St. Johns, 
Windwardside and Zion’s Hill has been drastically 
reduced and goat owners will continue to hunt 
goats on their own and sell the meat to buyers on 
St. Maarten. The island government had to desig-
nate goat hunters to cull goats in the village The 
Bottom as too few goats had been killed by 

goat owners during the allocated time period 
and the population of roaming goats was still too 
high. The goat population in The Bottom has since 
decreased. The selected hunters can now hunt in 
any village on the island with permission from the 
Governor or Island Secretary.

The remaining goat population on Saba is be-
ing controlled through better enforcement of 
legislation, particularly the “Identification and 
Registration of Livestock and Domestic Animals 
Ordinance (AB2004)”. This ordinance sets regula-
tions controlling the keeping and importing of live-
stock and domestic animals and the registration 
of free roaming animals. Goat owners must ensure 
their goats are tagged and kept in fenced areas. 
The island Government and Police Department are 
cooperating to ensure continued enforcement of 
the ordinance beyond the project end-date. This 
is essential to control number of roaming goats, 
which will otherwise rapidly increase again to 
unsustainable levels. 

Photos by: © Randall Johnson
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Rat Control Programme (St. Eustatius)

Introduced predators such as cats, dogs, and 
rats can be found all over St. Eustatius and are 
a primary threat to the island’s biodiversity. 
Rats, which are not limited to urban areas, can 
be found all the way up to The Quill and have 
become an especially challenging issue as they 
not only threaten the survival of native plant 
and animal species but also potentially pose 
a serious health risk to the island’s inhabit-
ants. Thanks to funding from the Netherlands 
Ministry of Economic Affairs under their Nature 
Fund initiative, a two-year rodent control 
project facilitated through the Caribbean 
Netherlands Science Institute (CNSI), was 
launched in early 2016 on St. Eustatius. 

The goal is to establish a rat control program in 
key biodiversity and residential areas that will 
lead to a decrease in density of rats in those 
areas. The two project leaders are CNSI’s Hannah 
Madden and Dr. Teresa Leslie from the Eastern 
Caribbean Public Health Foundation (ECPHF), 
in close cooperation with St. Eustatius National 
Parks (STENAPA) and the St. Eustatius Public 
Health Department. From February 2019, the 
Public Health Department will continue imple-
menting the program to ensure its long-term 
success.

St. Eustatius’ Black Rat (Rattus rattus) popula-
tion, which most likely arrived in the Americas 
in the mid-1500s on the ships of early European 

explorers (Leslie & Madden, 2015), has firmly 
established itself on the island and poses a threat 
to its biodiversity. Rats consume everything from 
native plants, flowers and fruits to agricultural 
products, which according to Madden “could very 
well result in a reduction of the number of different 
plants and animals found on St. Eustatius, which 
has been documented on other rat-infested islands” 
(Saint Martin News Network). Rats eat eggs, 
and for this reason are one of the most serious 
threats to island seabird populations worldwide 
(Sarmento et al., 2014; Jones et al., 2008). On St. 
Eustatius camera traps have documented egg 
predation by rats at Red-billed Tropicbird nesting 
cavities (Madden & Ellis, 2013; Madden, 2014; 
Madden, 2015). This is significant as St. Eustatius, 
along with Saba, is an important breeding area 
for Red-billed Tropicbirds, with estimates of 100 
to 200 tropicbirds breeding and nesting each year 
in St. Eustatius’s coastal areas. Not only are the 
nests easily accessible to rats, but Tropicbirds are 
especially vulnerable to egg predation due to its 
single egg clutch size. 

Beyond the impact of rats on biodiversity, there is 
a real fear that they could carry “potential diseases 
which pose a direct risk to human and animal 
health” explains Dr. Leslie. “The bacterial disease 
leptospirosis 1 , which is often associated with rats, 
poses a serious threat in the Caribbean and is  
not adequately documented” (Saint Martin 
News Network).

Red-billed Tropicbird chick at Pilot Hill. On St. Eustatius 
camera traps have documented egg predation by rats 
at Red-billed Tropicbird nesting cavities. 
Photo by: © Hannah Madden

Ross School of Veterinary Medicine students  
dissecting rat specimens collected on  

St. Eustatius. Photo by: © Hannah Madden

1. Leptospirosis is an infection caused by bacteria called Leptospira, a genus of spirochaete bacteria.  Symptoms of infec-
tion with Leptospira may range from none to mild such as headaches and fevers, but can also be severe such as kidney 
failure and bleeding into the lungs (World Health Organisation, 2003).

This article was published in BioNews 6. 

111 112 113 114 115 ......BioNews 2017 - Content

http://www.dcnanature.org/wp-content/uploads/2017/11/BioNews_2017_6_Online-3.pdf
http://www.dcnanature.org


Rat Control Programme (St. Eustatius)

Data on rat ecology is being collected to ensure that the 
rat-control program will target the correct areas. Such 
data includes density and distribution of rats as well 
as their specific biodiversity impact. Hannah Madden, 
who is spearheading the project’s efforts to protect St. 
Eustatius’s biodiversity from rats, spent time this July 2017 
with Elizabeth Bell, senior ecologist from New Zealand’s 
Wildlife Management International Ltd. and a leading 
expert on invasive species control, to learn more about rat 
control. Together they installed tracking tunnels in one 
area of the Quill National Park to assess rodent presence 
and density, whereby 60% of the tunnels documented rat 
prints. Dr. Teresa Leslie, who is spearheading the project’s 
investigation into the public health threat of rats, is col-
laborating with the Ross University School of Veterinary 
Medicine in St. Kitts to gather data on what pathogens 
the rats may be carrying. A team of nine scientists, led by 
Dr. Sree Rajeev, visited St. Eustatius earlier this year and 
carried out necropsies on caught rats. The collected kidney 
samples were tested for the presence of the spirochaete 
bacteria that cause leptospirosis and which can be spread 
by rat urine. The results provided possible evidence of 
leptospirosis circulating among the rodent population, but 
more data is needed to have conclusive results.

While St. Eustatius’s inhabitants are aware of the rat 
infestation issue, there currently is no systematic control 
system beyond the personal use of rat poison (Leslie & 
Madden, 2015). On many other Caribbean islands the 
mongoose (Herpestes auropunctatus) was introduced to 
control the island’s rat population. These efforts have been 
unsuccessful as mongoose are a diurnal species, whereas 
rats are nocturnal. In many cases this has lead to the 

decimation of birds and small animal populations. Baited 
programs have had great success at controlling and eradi-
cating rat populations, and rodenticide baits have been 
used to eradicate rats on more than 20 other Caribbean 
islands without harming native wildlife (Dasgupta, 
2016). The baiting program on St. Eustatius began this 
September 2017 in the Pilot Hill area, a known nesting site 
for red-billed tropicbirds. The public is being warned not 
to consume land crabs collected from the treatment areas 
for up to one year due to possible second-hand poisoning. 
Whilst crabs are not affected by the bait, it can accumulate 
it in their flesh. Monitoring will then take place to meas-
ure the effectiveness of control. Bell Laboratories, Inc, a 
manufacturer of rodent control products, which supports 
a number of rat extermination projects on other islands, 
generously donated supplies of rodenticide and bait sta-
tions to the project. The residential baiting program will 
begin in November 2017 and will be a joint effort between 
the Eastern Caribbean Public Health Foundation and the 
St. Eustatius Public Health Department.

An essential component of the rat control program is 
to consistently involve and cooperate with government 
departments, community members and local stakeholders 
(Leslie & Madden 2015). Their involvement will not only 
help ensure the programs success but also its sustain-
ability. Community members must be involved and feel 
empowered and clearly understand that they are a key 
component of solving the island’s rat problem. Ongoing 
outreach activities include lectures and seminars for the 
public. The key message: rats are a culprit for decreasing 
biodiversity, and biodiversity is vital for island and popula-
tion (human) health (Leslie & Madden, 2015).

Rat prints visible on tracking 
tunnel card from the Quill. 
Photo by: © Hannah Madden

Camera trap image showing 
mouse at tracking tunnel. 
Photo by: © Hannah Madden

Photo by: © Shashank Kumawat
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Video Message from St. Eustatius’s Local Iguana 

St. Eustatius National Parks Foundation (STENAPA) has released a  
video message from the endangered Lesser Antillean Iguana. 
Developed by Veldkijker, wildlife film and photography studio, this 
video gives St Eustatius’s local iguana a voice. It details the many 
threats that the Lesser Antillean Iguana faces which are pushing it 
closer to extinction. The voice in the video is calling on residents of St 
Eustatius and the international community to eliminate these threats.

You will find the video on our Youtube channel here:  
https://www.youtube.com/watch?v=N-QDxUle5jc

 

Photo by: © Stichting Natuurbeelden/Veldkijker

STENAPA and RAVON are working together to ensure the 
long-term survival of the Lesser Antillean Iguana as a flagship 
for the unique biodiversity of St. Eustatius, and perpetuating it 
as a symbol of pride for the people of the island. 

Want to know more about this conservation program?  
Please visit: http://www.SOSiguana.org

This article was published in BioNews 6. 
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In 2012, as part of the so-called spring agreement, 
the new Dutch government coalition reserved 
10 million Euro for nature projects on the BES 
islands as part of a 200 million Euro package for 
nature in the Netherlands. In the end however, 
the coalition decided to cut this extra funding for 
nature, including the BES part. The new Minister 
of Agriculture (=”State Secretary” of Economic 
Affairs) subsequently managed to get back some 
of that funding intended for the provinces and the 
provinces agreed that a small part should also go 
to the BES islands. In April 2013 the Minister pre-
sented the “Nature Policy Plan for the Caribbean 
Netherlands 2013-2017” to the Dutch Parliament. 
This plan included the intent to provide a one-time 
allotment of 7.5 million Euro, at that time US$ 9.8 
million, for a period of 4 years (the duration of the 
Nature Policy Plan). In September 2013 this was 
implemented in a Ministerial Decree setting the 
amount (in US$) and the objectives of this funding, 
the criteria for eligibility and the mechanism for 
proposing projects. The funding was made avail-
able as a special allotment for the public entities, 
a three-person advisory committee was appointed 
to evaluate project proposals and advise on their 
eligibility and effectiveness towards 
the objectives. 

The objectives of the funding were to promote:
•	 coral reef conservation;
•	 sustainable use of nature, or
•	 the synergy of sustainable use of nature in  
 combination with agriculture and tourism.

Because of the way the funding was set up, only 
Public Entities (island governments) could propose 
projects for funding and a set amount was allo-
cated for each island. The idea was for the islands 
to consult with the local stakeholders (NGOs) to 
identify specific projects to be proposed. In 2015 
a mid-term evaluation was commissioned by the 
Minister and this led to an extension of the end 
date of projects (originally October 2017) with two 
years, taking into account the long road from pro-
ject formulation, submission by the islands, review 
by the advisory commission and final approval 
and contracting and disbursement to the island. 
The submission deadline for projects, October 
2016, was not changed however, due to budgetary 
constraints.

From the start in October 2013 till the end date in 
October 2016, a total of 23 projects were  
approved, 10 from Bonaire, 7 from Saba and 6 
from St. Eustatius (see table) . The final date 
for implementation of the projects is the 1st of 
October 2019.

Photo by: © Hans Leijnse

The Nature Funding Projects
By Paul Hoetjes (RCN)

This article was published in BioNews 2. 

Would you like to stay up-to-date?

You can follow all the Nature funding projects  
on Bonaire on Facebook @NTBDN and website  
https://bibadinaturalesa.com

Check also NTBDN TV: https://bibadinaturalesa.com/
nos-ta-biba-di-naturalesa-tv/

111 112 113 114 115 ......BioNews 2017 - Content

http://www.dcnanature.org/wp-content/uploads/2017/10/BioNews_2017_2_Online.pdf
https://www.facebook.com/NTBDN/
http://www.bibadinaturalesa.com/
https://bibadinaturalesa.com/nos-ta-biba-di-naturalesa-tv/
https://bibadinaturalesa.com/nos-ta-biba-di-naturalesa-tv/
http://www.dcnanature.org


Nature Funding (natuurgelden) Projects: Introduction

SuBJect iSLAnd orGAniZAtion(S): Lead scientist(s) GoAL ActivitieS

Ecological restoration Lac Bay and South coast, 
Bonaire BON

STINAPA: Sabine Engel 
WUR: Dolfi Debrot, Klaas Metselaar 
STCB: Mabel Nava 
DRO: Frank van Slobbe

Improve biodiversity and accessibility of Lac 
Bay and South coastline of Bonaire by restoring 
hydrological conditions, protecting biodiversity 
and promoting sustainable tourism.

Create culverts, sediments traps, opening and clean-
ing of channels in mangroves, build toilet facilities,  
clean-ups,  education and outreach, natural barriers  
for cars to protect breeding grounds of turtles,  
flamingos and sterns, research restoration Pink 
Beach, monitoring program for evaluation of 
interventions. 

The sustainable agriculture and rural development 
program (POP Bonaire) 

BON

Bonaire Agri & Aqua Business BV: 
Sherwin Pourier 
Wayaká Advies BV: Jan Jaap van 
Almenkerk 
DRO: Frank van Slobbe

Strengthen entrepreneurship and self-reliance 
in rural areas and  agriculture (Rincon and Playa 
Oost).

Improve entrepreneurship by creating studygroups 
for the themes agriculture, live-stock farming and 
tourism, stimulate sustainable tourism development, 
promote sustainable agriculture to locals and young 
people, decrease erosion by restoring dams and   
making water accessible for irrigation.

Feral Pig Control BON
Echo: Julianka Clarenda 
DRO: Frank van Slobbe

Recovery of habitats so they are better able to 
provide services for people and nature,  
improved conditions for agriculture and  
increased community support for invasive  
species management.

Feral pig density assessment, pig eradication, raising 
awareness and support, monitoring program for  
evaluation of interventions .

Reforestation Project BON
Echo: Julianka Clarenda 
DRO: Frank van Slobbe

A restored dry-forest habitat across Bonaire that 
is better able to provide services for people and 
nature in the present and; in the future through 
increased resilience to climate change.

Establish a strategic network of herbivore exclusion 
areas within which the abundance and diversity of 
native plants is increased. 
Increase capacity for habitat restoration through 
creating a team of habitat restoration wardens and  
the expansion of the native plant nursery. 
Build a foundation of community support and  
sustainable financing, upon which island wide  
dry-forest habitat restoration can be achieved.

Goat eradication and control in Washington 
Slagbaai National Park

BON
STINAPA 
DRO: Frank van Slobbe

Draw the goat population down to a manageable 
level within 3 years so that the vegatation can 
recover

Bringing the number of goats down in Slagbaai and 
Washington, practice and train locals and park staff  
to effective goat control, monitoring program for 
evaluation of interventions, developing long-term 
control program, outreach and communication.
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Nature Funding (natuurgelden) Projects: Introduction

SuBJect iSLAnd orGAniZAtion(S): Lead scientist(s) GoAL ActivitieS

Coral Restoration BON
CRF Bonaire: Augusto Montbrun 
DRO: Frank van Slobbe

Restore the shallow populations of elkhorn and 
staghorn corals along the coasts of Bonaire and 
Klein Bonaire.

Replant degraded reefs with nursery grown corals, 
support efforts to improve water quality, developing 
multi-clonal thickets of each species of coral that will 
be able to successfully reproduce, outreach and com-
munication, involve local dive community in project.

World Heritage Nomination Bonaire Marine Park 
and/or other interconnected sites

BON
Wolfs Company: Esther Wolfs,  
Viviana Lujan & Tim Polaszek 
DRO: Frank van Slobbe

Ensure that the quality of the second inter-
mediary nomination file for the nomination of 
the Dutch Caribbean marine ecosystem as an 
UNESCO World Heritage Site meets the criteria 
set by the Kingdom of the Netherlands and the 
requirements of the World Heritage committee.

Describe the: (1)  fulfilment of the critera for the 
Outstanding Universal Value,  (2) conditions of 
integrity, (3) fulfilment of requirements for protection 
and management of the site, (4) carrying capacity 
to safeguard this Outstanding Universal Value. Also 
demontrate the active support and commitments 
of relevant stakeholders and active engagement of 
the steering committee. Include interactions marine 
and terrestrial ecosystems and marine ecosystems in 
Curacao and Venezuela. 

Erosion control and nature restoration BON

Bonaire Agri & Aqua Business BV: 
Sherwin Pourier 
Wayaká Advies BV:  
Jan Jaap van Almenkerk  
DRO: Frank van Slobbe

Less erosion towards coral reefs, less flooding  
in residental area, increased biodiversity and 
nature development, more attractive nature  
for tourists, more water for agriculture.

Improve water strorage capacity dams, restoration 
Saliña di Vlijt and Saliña Onima, Nature conservation 
in abandoned ‘diabaasgroeves’, restoration water 
wells and mills and research into catchment area  
of Bonaire 

Bonaire Caves and Karst Nature Reserve BON
DRO: Frank van Slobbe 
WILDCONSCIENCE: Fernando Simal

Creation of the “Bonaire Caves and Karst Nature 
Reserve” to improve the situation for the cave 
users, while ensuring that the cave values and 
resources are preserved and used for the benefit 
of the Bonaire community and visitors to the 
island in a sustainable way.

• As a pilot project, a 30-hectare cave park is being    
created in Barkadera;
• Create footpaths and hiking trails, provide  
signage and fence the perimeter of the park;
• Education of visitors, from safety to the many 
different values of the caves and surrounding habitat;
• Cave guide certification course;
• Select and classify the most popular and visited 
caves on Bonaire, provide limited and controlled ac-
cess and signage; protect bat maternity chambers and 
monitor the bats;
• Research on temporal patterns of use of the 
maternity roost by insectivore bats
• Apply for SICOM (Site of Importance for Bat 
Conservation) status for the maternity caves of Myotis 
nesopolus and Natalus tumidirostris.
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Nature Funding (natuurgelden) Projects: Introduction

SuBJect iSLAnd orGAniZAtion(S): Lead scientist(s) GoAL ActivitieS

Campaign environment en nature on  Bonaire BON DRO: Frank van Slobbe, Peter Montanus

Implement a communication plan to improve 
support for nature and enviroment and provide 
improved and more strucutural information 
about al the nature funding projects ongoing 
on Bonaire as well as other nature/environment 
projects

• Organize press conferences, briefings and excursion; 
• Issue press releases; newsletter, TV and radio  
programs, thematic videos, and jingle; 
• Produce website and facebook page

Horticultural Project SAB Government of Saba: Randall Johnson

Improve horticultural extension to locals and 
inspire them to produce horticultural products 
(mainly fruits, vegetables) on their own proper-
ties in an organic matter, multiplicate indegeous 
trees and contribute to the environmentally 
conscious image of Saba.

Land lease agreement, establish a horicultural  
project, establish a indigenous tree nursery  
communication and outreach

Hiking trails SAB Government of Saba:  Robert Zagers
Financial support to SCF to upgrade and  
maintain hiking trails.

Mount Scenery Trail: repair slippery and damaged 
steps, (re)construct steps, construct and install hand 
railing along slippery parts, reconstruct and repair 
stone walls

Tent Reef Protection SAB Government of Saba:  Robert Zagers

Eliminate the eminent threat that the dumped 
rubble and dirt from the harbor project poses for 
Tent reef as part of the protected area; forming 
one of Saba’s main tourist attractions

Relocation of the rubble and dirt from the current area 
to a safe site in the vicinity, which is privately owned. 
Stabilization of the reallocated sediment.

Goat buy-back program SAB Government of Saba: Randall Johnson
Protecting nature and agriculture by significantly 
decreasing the amount of roaming goats.

Shooting/ slaughtering, storing, selling and/or  
exporting the meat

Yacht mooring project SAB
Government of Saba 
SCF: Kai Wulf

lncreasing sustainable tourism by providing safe
access (both for yachts and corals) to 12 extra
mooring sites for visiting yachts, including 2
mega yacht moorings 
 

Under the supervision of the Saba Conservation
Foundation construction of the mooring blocks and
buying of the necessary mooring materials.
For the deployment of the concrete blocks the help
of the HNLMS Pelikaan of the royal Dutch navy
will be sought.
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Nature Funding (natuurgelden) Projects: Introduction

SuBJect iSLAnd orGAniZAtion(S): Lead scientist(s) GoAL ActivitieS

Saba national park SAB
Government of Saba 
SCF: Kai Wulf 
SABARC: Ryan Espersen

Conserve Saba’s richest and most undisturbed 
biodiversity in the central and northern part of 
the island including the top of Mt Scenery (total 
area 350 hectares) and to promote sustainable 
use with an emphasis on combined nature, 
cultural and historical tourism.

Upgraded Trail to Mary’s Point and conservation of
historical structures at Mary’s Point;
Draft legislation for establishing the National Park and
for species protection; Drafting of a management plan 
for the National Park; Designing and printing tourist in-
formation; Trail on top of mountaln to Hells Gate look-
out; Trail on top of mountain to The Bottom lookout; 
Creatlng support among landowners and general public 
concernlng the National Park; Two trainees educated 
to become park ranger; Archaeologlcal excavations 
Amerindian fire pit at Mary’s Point village site;
Website with trail information and trail map updated
and printed.

Crispeen trail project SAB
Government of Saba: Robert Zagers 
SCF: Kai Wulf

Repairing/renovating the  damaged Crispeen 
 trail  to improve tourism access to nature 
through the walking trails

Build or restore walls of varying heights (1 to 4 feet) 
height., reconstruct certain steps and parts of the  
walking floor and reconstruct the path at Midway

Nature Awareness project 
EUX

Government of St Eustatius  
STENAPA: Clarisse Buma 
CNSI: Johan Stapel, Hannah Madden 

Create a mind shift in the community towards  
a sustainable relationship with nature.

Workshops as f.e. on invasive species and economic 
value of nature, communication materials such as 
booklets and posters, highlight island’s key species.
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Nature Funding (natuurgelden) Projects: Introduction

SuBJect iSLAnd orGAniZAtion(S): Lead scientist(s) GoAL ActivitieS

Strengthening management of nature EUX
Government of St Eustatius  
STENAPA: Clarisse Buma 

Capacity-building and improvement of  
nature conservation management  
foundation, STENAPA

Trucks and equipment, additional staff capacity and 
materials at the Miriam C. Schmidt Botanical Garden, 
and additional equipment, training and capacity in the 
terrestrial and marine parks.

Rodent assessment and control EUX

Government of St Eustatius  
CNSI: Hannah Madden 
ECPHF: Teresa Leslie 

Decrease the number of rats on the island and 
implement a sustainable rat control program on 
the island

Determining the rat density, distribution and ecology 
on St. Eustatius. 
Implementing a baited poison program. 
Reaching out to and empowering the community 
through public awareness.

Coral restoration EUX

Government of St Eustatius  
STENAPA: Jessica Berkel 
CNSI: Johan Stapel 

Re-establish a healthy branching coral 
community 

Creating a coral nursery which would supply second 
and third generation planting out sized coral colonies.

Erosion control EUX
Government of St Eustatius  
CNSI: Johan Stapel

Reduce the amount of erosion that occurs on the 
island. 

Implementation and time planning to be discussed  
and negotiated

Roaming animals EUX
Government of St. Eustatius
LVV: Roberto Hensen

Reduction of roaming animals to a sustainable 
level and facilitating farmers in the change to 
sustainable animal farms.

Collection of roaming animals,  create impound areas, 
enhance enforcement, tagging and registration of 
remaining animals,  an information campaign on this 
project,  research on the export market of meat and 
livestock and implement recommendations, safely 
store meat and sold on local and export market, realize 
a sustainable animal husbandry . 

Photo by: ©
 H

ans Leijnse
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Bonaire World Heritage Nomination 

The Bonaire National Marine Park (BNMP) has 
received a number of international recogni-
tions due to the outstanding biodiversity that 
it protects and its innovative management 
of resources. The marine park includes all the 
waters surrounding Bonaire and Klein Bonaire, 
from the high-tide mark to 60 meters of depth, 
and encompasses Lac Bay and Lagun and the 
uninhabited island of Klein Bonaire. Both Lac 
Bay and Klein Bonaire have been designated as 
RAMSAR sites (Ramsar sites no. 199 and 201) 
and are therefore internationally recognized as 
uniquely valuable wetlands and benefit from 
special protection. The BNMP was selected as a 
UNEP/ICRAN Demonstration site by the United 
Nations Environment Programme and the 
International Coral Reef Action Network due 
to its pioneering work on sustainable financing 
and private sector participation by hoteliers 
and dive operators. Additionally, the coral reefs 
of the marine park are included in the United 
Nations Environment Programme’s list of coral 
reefs of international significance. And now, the 
Island Territory of Bonaire, with the assistance 
of the consulting firm Wolfs Company, is invest-
ing whether a submission of the BNMP as a 
UNESCO World Heritage Site is feasible.

There are currently 1,073 UNESCO World 
Heritage Sites in the world, of which 203 are 

natural areas (UNESCO World Heritage Center, 
2017). A World Heritage Site is a landmark or area 
(natural or man-made site, area, or structure) 
which has been officially recognized by the United 
Nations Educational, Scientific and Cultural 
Organization (UNESCO) as being of outstanding 
international importance. There are many ben-
efits to an area being selected as a World Heritage 
Site. The state parties of the World Heritage Site 
Convention share a commitment to the protec-
tion of the sites, and the designation often makes 
them a magnet for financial assistance from a 
variety of sources, including the World Heritage 
Fund itself (UNESCO World Heritage Center, 
2017). Not only that, but the local management 
team of a chosen site is offered expert manage-
ment and technical training. World Heritage Sites 
also typically attract large numbers of visitors due 
to the increase awareness of their presence and 
outstanding value, meaning that local economies 
typically benefit greatly (UNESCO World Heritage 
Center, 2017). The Netherlands currently has 
one natural UNESCO World Heritage Site, the 
Wadden Sea which was designated in 2009. The 
Wadden Sea is “one of the largest unbroken sys-
tem of intertidal sand and mud flats in the world, 
and one of last remaining large-scale, intertidal 
ecosystems where natural processes continue to 
function largely undisturbed” (UNESCO World 
Heritage Center, 2017). 

World Heritage in Numbers 

First Healthy Marine Site on World Heritage List 

Of the 203 natural sites there are 49 marine parks and only one marine 
site on the list is located in the Caribbean; the Belize Barrier Reef Reserve 
System, although in danger. The Bonaire National Marine Park would be 
the first healthy Marine Site in the Caribbean on the World Heritage List.

1052

814

203

49

35

Total sites

Cultural sites

Natural sites

Marine Parks

Mixed cultural/natural

This article was published in BioNews 7. 

Photo by: ©
 M

arjolijn Lopes Cardozo

121 122 123 124 125 ......BioNews 2017 - Content

http://www.dcnanature.org/wp-content/uploads/2017/11/BioNews-2017-Issue7-Online2.pdf
http://www.dcnanature.org


Bonaire World Heritage Nomination 

World Heritage Sites are nominated and designat-
ed by the World Heritage Convention (an organi-
zation of UNESCO). Only countries which have 
signed the World Heritage Convention (UNESCO, 
1972) and have therefore pledged to protect their 
natural and cultural heritage can submit nomina-
tion proposals for inclusion in UNESCO’s World 
Heritage List (UNESCO World Heritage Center, 
2017). The Kingdom of the Netherlands ratified 
the World Heritage convention in 1992. In 2010, 
the Netherlands selected 10 sites to be considered 
for World Heritage nomination, one of which 
was the BNMP (Wolfs Company, 2016), the only 
natural site within the list. The BNMP’s outstand-
ing universal value stems from its well-conserved 
ecosystems, notably its reefs and mangroves, 
that are exceptionally high in biodiversity. The 
park’s reefs are considered to be some of the least 
degraded in the entire Caribbean Sea with high 
coral cover and over 50 varieties of stony coral, 
low macro algae cover and high coral recruitment. 
 
The Directorate of Spatial Planning and 
Development started planning for a BNMP nomi-
nation in 2002. In 2009 the BNMP has been placed 
on the tentative nomination list for the Dutch 
Kingdom. Preparations for the actual submis-
sion of the BNMP for consideration as a World 
Heritage Site has however not been possible until 
2014 due to a lack of funding (Van der Mortel, 

2012). Thanks to the Nature Fund, the park’s 
application process is currently being brought up 
to date and ready for assessment of the feasibil-
ity for submission in December 2017- ensuring 
that the documentation for the nomination file 
is of the best quality possible and meets all the 
World Heritage Committee’s criteria and require-
ments. The park is submitting its nomination 
based on criterion (vii), (ix) and (x). The BNMP’s 
flora and fauna are extremely varied and well 
conserved, with more reef fish than anywhere 
else in the Caribbean, and its ecosystems have 
a major significance for the entire region, sup-
porting endangered species such as sea turtles 
as well as being a source of coral larvae to other 
islands. Potentially other marine ecosystems that 
interact with the BNMP could be included for 
consideration as a transboundary World Heritage 
Site, notably the marine ecosystems  East of 
Curacao, Klein Curacao, Los Roques and Las Aves 
Archipelago, but this is still in an early discus-
sion phase (Wolfs Company, 2016). The BNMP 
nomination process is being led  by a steering 
group represented by the Island governor, the 
director of the Department of Spatial Planning 
and Development of the Public Entity Bonaire, 
the executive director of STINAPA, the executive 
director of Tourism Corporation Bonaire and the 
senior policy advisor of Ministry of Economic 
Affairs Caribbean Netherlands.

(i) to represent a masterpiece of human creative genius

(ii)
to exhibit an important interchange of human values, over a span of time or within a cultural area of the world, on 
developments in architecture or technology, monumental arts, town-planning or landscape design

(iii)
to bear a unique or at least exceptional testimony to a cultural tradition or to a  
civilization which is living or which has disappeared

(iv)
to be an outstanding example of a type of building, architectural or technological ensemble or landscape which illus-
trates (a) significant stage(s) in human history

(v)
to be an outstanding example of a traditional human settlement, land-use, or sea-use which is representative of a 
culture (or cultures), or human interaction with the environment especially when it has become vulnerable under the 
impact of irreversible change

(vi)
to be directly or tangibly associated with events or living traditions, with ideas, or with beliefs, with artistic and literary 
works of outstanding universal significance. (The Committee considers that this criterion should preferably be used in 
conjunction with other criteria)

(vii) to contain superlative natural phenomena or areas of exceptional natural beauty and aesthetic importance

(viii)
to be outstanding examples representing major stages of earth's history, including the record of life, significant on-going 
geological processes in the development of landforms, or significant geomorphic or physiographic features

(ix)
to be outstanding examples representing significant on-going ecological and biological processes in the evolution and 
development of terrestrial, fresh water, coastal and marine ecosystems and communities of plants and animals

(x)
to contain the most important and significant natural habitats for in-situ conservation of biological diversity, including 
those containing threatened species of outstanding universal value from the point of view of science or conservation

Selection criteria for World Heritage Sites (UNESCO World Heritage Center, 2017). 
To be included on the World Heritage List, sites must be of outstanding universal value and 
meet at least one out of ten selection criteria . 
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Nature Awareness (St. Eustatius)
By Hannah Madden. This article was published in BioNews 10.

In October 2016, a two-year project to increase 
awareness and understanding of nature on St. 
Eustatius commenced, funded by the Ministry 
of Economic Affairs (MinEZ) and facilitated 
through the Caribbean Netherlands Science 
Institute (CNSI). Public awareness and commu-
nity outreach is of critical importance in order 
to gain the support of the local community, 
and to promote efficiency among the various 
stakeholders pertaining to new nature and 
environmental plans. Public support for nature 
can be enhanced enormously, when people see 
the link between nature and their own interests 
like economic prosperity.  
 
The project facilitates and develops information 
and awareness-raising campaigns on various 
topics like invasive species, key species, roaming 
animals, erosion, biodiversity, the economic value 
of nature, sustainability and the importance of 
nature in general as well as the opportunity to 
interact with the public. The campaigns and plans 
are aimed at the entire island community, and 
more specifically civil servants, managers, cus-
toms officers, students and teachers. Awareness 
of the importance of nature for mankind and the 
island itself should be island-wide. The overall 
objective of this project plan is the successful 
and efficient implementation of any nature plan/

policy. The project purpose is to create a mind 
shift in the community towards a sustainable 
relationship with nature.

1. Workshops
Economic value of nature 

To date, a number of activities have taken place, 
including an economic value of nature workshop 
in April 2017. The workshop was developed by 
Wolfs Company and Wageningen University, and 
consisted of a one-day workshop for private busi-
nesses and a three-day workshop for civil servants 
and relevant NGOs. Participants of the business 
sector workshop were presented an evaluation 
tool to assess their impact on ecosystem services, 
which exemplifies which risks are associated with 
the loss of ecosystem services for their business, 
and vice versa. Opportunities could be identified 
for their businesses, based on The Economics of 
Ecosystems and Biodiversity (TEEB) study. The 
objective of the three-day workshop was to build 
capacity through training by establishing an un-
derstanding of economic valuation of ecosystems 
services based on the TEEB study. The partici-
pants learned to identify different ecosystems 
on St. Eustatius and were trained in ecosystem 
valuation methods and techniques using specific 
local case studies. 

The valuation of ecosystem goods and services 
studies was presented, as well as its influence on 
nature conservation, management, investments 
and policies in the Caribbean. Factors that en-
able the effectiveness of a valuation study were 
also discussed, and examples of socio-economic 
benefits resulting from influencing nature con-
servation, management investments and policies 
were presented. The effects of natural resource 
conflicts and their relation to ecosystem services 
were demonstrated. 

Following the workshop, Wolfs Company de-
signed a toolbox that contained a repository with 
relevant documentation regarding ecosystem 
services on St. Eustatius, a tool for the private 
sector based on the ecology scan tool used in the 
workshop, and a tool for the public sector to map 
out ecosystem services effects of a government 
intervention (e.g. goat management, erosion 
control). 

Invasive species 

Twenty-five participants attended an informa-
tive workshop on invasive species from 28 to 
29 November. The workshop was hosted by 
the CNSI under the Nature Awareness project, 
funded by the MinEZ, and was facilitated by three 

marine and terrestrial biologists from Naturalis 
Biodiversity Center in the Netherlands (Dr. Bert 
Hoeksema, Dr. André van Proosdij and Mr. Niels 
Schrieken). 

Beginning with an overview of terminology, 
the differences between indigenous and exotic, 
introduced and invasive species were explained, 
with examples of vectors for introduction such 
as boats, planes, and the pet & ornamental plant 
trade. Islands are particularly vulnerable to inva-
sive species because many of them are relatively 
small and isolated, together covering just five 
percent of the Earth’s land mass. Yet, islands 
represent the greatest concentration of biodiver-
sity and species extinctions (40% of fauna at risk 
of extinction; 80% known extinctions since 1500).
 
Once an invasive species arrives on an island, 
early detection is crucial in order to avoid exces-
sive eradication costs and negative side-effects 
once it becomes established. Actions that can be 
implemented include: species alert lists, action 
plans, effective border controls, public awareness, 
invasive species management teams, govern-
ment policy (and enforcement), and quarantine 
import documents. 
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Nature Awareness (St. Eustatius)

Two field sessions were organized, whereby the groups 
visited areas affected by non-native/invasive flora and 
compared differences between the sites, led by botanist 
Dr. André van Proosdij. They used skills developed in the 
workshop to determine to what extent an area is impacted 
by invasive flora at present, and predict how it could look 
in the future if no effort is made to control these. The field 
session on marine species focused on a settlement plate 
(SETL) project, whereby PVC plates are hung at a depth 
of one meter below the surface and checked quarterly 
to inspect the marine species that attach to them. In this 
globally applied method, introduced marine species can 
easily be detected, especially in the proximity of harbours. 

Participants of the workshop included staff and students 
from STENAPA and CNSI, as well as relevant government 
sectors such as Public Health, Agriculture & Fisheries, and 
Harbor. The workshop contained interactive sessions and 
discussions, which resulted in extensive knowledge shar-
ing and development at all levels. A follow-up session will 
be organized by CNSI to encourage further discussion and 
the formalization of specific action points between key 
island stakeholders. 

Education

An inquiry-based workshop will be organized in 2018 for 
educational staff whereby training will be provided on 
using the educational materials produced by Naturalis. In 
addition, a multifunctional exhibition and learning space 
and a biodiversity exhibition is currently in the planning 
phase and will be constructed at CNSI next year. Both 
activities are a follow up to the outreach and education 
that Naturalis contributed to in September 2015 – 2016, 
as well as a visit by two museum experts who submitted a 
preliminary design for the exhibition space. 

Photo by: © Hannah Madden
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2. Increasing knowledge of the 
importance of nature by the local 
community

In order to build positive emotions and feelings 
about nature and its (economic) value by the local 
community, STENAPA contracted Winkelman & 
Van Hessen communications bureau to develop 
an outreach campaign, strategy and key mes-
sages for the organization. The key objectives 
for nature conservation and biodiversity were 
highlighted and selected through meetings with 
STENAPA staff and islanders. The question of 
how ‘nature awareness’ contributes to these 
objectives, and the definition of nature awareness 
among the local community was discussed. 

Given that this project’s aim is to increase aware-
ness of nature among Statians, it is important to 
understand what social, historical and/or cultural 
subjects appeal emotionally to the community. 
Following interviews with focus groups and opin-
ion leaders, two very different creative concepts 
were developed: 1) Big Events in Nature, and 2) 
Very Personal Places. Big Events in Nature aims to 
highlight and dramatize a wide variety of smaller 
and bigger ‘events’ in St. Eustatius’s nature that 
are worth a closer look by the general public. Very 
Personal Places focuses the emotional value of 
places in nature to individual Statians; places that 
are dear to individuals you can relate to and that 
make you think. Each creative option aims to raise 

awareness for St. Eustatius’s nature, thus laying 
the foundation for stronger community support 
for conservation and preservation. 

The two concepts will be tested to determine 
how groups of people from the local community 
respond to the campaign designs, and how 
potential local endorsers and sponsors/entrepre-
neurs react. Their feedback will be used to select 
a winning concept, improve the final concept and 
explore possible opportunities for participation. 

3. Importance of nature by youth  
and educators

Hannah Fairley of STENAPA is fulfilling the role of 
Nature Education Officer, whereby she visits the 
various elementary schools and after-school clubs 
at least once a month. STENAPA’s environmental 
education program has been redesigned. All les-
sons are now taught outside to allow for experi-
ential learning in nature. The goal of the program 
is to develop a connection and understanding of 
nature within the next generation with the hope 
that they will become ecologically responsible 
citizens in the future. 

STENAPA continues to carry out its Junior 
Ranger club in collaboration with Mega D Youth 
Foundation and Daughters of the King afterschool 
clubs. Every month the Junior Rangers are taken 
on a field trip into the national parks. Alongside 

this, STENAPA has increased its relationship with 
the Gwendoline van Putten School by taking 
science classes up the Quill once a month in the 
academic year.

Many community outreach events have been 
organized by STENAPA throughout the year 
to raise awareness of different topics in nature. 
In July STENAPA takes part in the Caribbean 
Netherlands Kingdom-wide Shark Week, that 
is part of the Save Our Sharks project. This is a 
week-long event promoting the importance of 
sharks for our oceans. Recently, STENAPA cele-
brated twenty years of managing the St. Eustatius 
National Marine Park with an informational event. 
Several topics were highlighted, such as marine 
debris and coral reefs. 

STENAPA is also actively working on recruiting 
interns and volunteers from the local com-
munity. The Nature Awareness project has al-
lowed STENAPA to offer a stipend to encourage 
students to join the organization. Students join 
from the Gwendoline van Putten School, the 
only high school on St. Eustatius, and participate 
in activities within the national parks.  This has 
allowed STENAPA to increase capacity whilst also 
engaging young people in national park activi-
ties and learning about the importance of nature 
conservation.

Photo by: © Hannah Madden

Nature Awareness (St. Eustatius)

121 122 123 124 125 ......BioNews 2017 - Content

http://www.dcnanature.org


Youth ambassadors

To date, two youth ambassadors have visited St. 
Eustatius in order to engage with and inspire the 
island’s students. In April 2017, Mr. Gavin Palmer, 
an MSc student from Jamaica and member of the 
Caribbean Youth Environment Network (CYEN), 
visited St. Eustatius whose focus was renewable 
energy and agritourism. He developed interactive 
lessons and activities that encouraged all students 
to participate in a fun, engaging and educational 
way. In addition, a field trip to the solar park was 
facilitated by local energy provider, STUCO NV, 
who gave students of the Gwendoline van Putten 
(GVP) high school a tour of the facility. Gavin fea-
tured on local radio, met with local relevant stake-
holders, participated in a local cycle-thon, took 
students on a hike into the Quill National Park, 
and met with CNSI’s Youth Advisory Council. An 
advocate for sustainable development and inspi-
rational motivational speaker, Gavin’s enthusiasm 
throughout his stay was evident. 

In October 2017, Ms. Sade Deane, national coor-
dinator of the CYEN in Barbados, spent a week 
on St. Eustatius engaging with the youth about 
marine debris and recycling. She developed an 
interactive lesson about Finn the Fish that allowed 
elementary school students to understand how 
marine debris and microplastics enter marine 
environments and threaten wildlife. A field trip to 
the recycling facility allowed students of the GVP 

school to understand how items are recycled on 
St. Eustatius and why it is important to do so. The 
week of activities culminated in an International 
Coastal Cleanup on Zeelandia beach, where 
volunteers collected man-made items and listed 
the type/amount of garbage found on the beach. 
Twenty-two local volunteers participated and 
over 190 pounds of trash was collected in under 
two hours. Deane also featured on local radio and 
met with various island stakeholders. Response 
from the schools was very positive, and CNSI 
looks forward to bringing more 

4. Highlight key species

A number of key species were selected to be 
highlighted in this project due to their relevance 
on St. Eustatius. The endangered Lesser Antillean 
Iguana was an obvious choice due to its dwindling 
population size and ongoing threats such as road 
mortality, entrapment in fences, and the invasive 
Green Iguana. The construction of a headstarting 
sanctuary was to serve as a refuge for the en-
dangered local iguanas as well as an educational 
center for the general public. Unfortunately, 
however, at the time the proposal was written 
it could not be predicted that there would be an 
invasion by the Green Iguana on St. Eustatius. 
Given the current situation and ongoing threat of 
hybrid iguanas, the headstarting sanctuary has 
been put on hold until all invasive iguanas have 
been removed from the island. 

The endemic vine, St. Eustatius Morning Glory, 
is one of the rarest plants in the Dutch Kingdom 
and blooms spectacular pink, bell-shaped flowers 
from December to April. It grows naturally in the 
northern hills in a semi-arid, rocky substrate with 
plenty of sunlight. For many years Mr. Ishmael 
Berkel had successfully cultivated St. Eustatius 
Morning Glory at his property, Lynch Plantation. 
Sadly, however, the vine became engulfed 
in lice and was unable to overcome this and 
other challenges, including extensive drought. 
Information signs highlighting this unique spe-
cies will be installed in accessible areas where the 
plant grows in order for residents and visitors to 
be able to spot the plant and learn more about its 
phenology.

Photos by: © Hannah Madden
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The Red-billed Tropicbird is a migratory seabird that 
nests on St. Eustatius from October to June, and is an 
iconic sight in the sky with its long, white tail feathers 
and red bill. Due to the importance of St. Eustatius for 
the species in terms of suitable nesting habitat, the 
species was selected for a live stream webcam project 
that is currently in progress. A camera will be placed 
inside a nesting cavity which contains an adult with an 
egg or chick, and viewers will be able to monitor the 
nest as it progresses. The concept is similar to that of 
BirdLife Netherlands’ Beleef de Lente project (https://
www.vogelbescherming.nl/beleefdelente). If funding, 
equipment and time permits, a second webcam will be 
installed at an underwater wreck such as Chien Tong in 
order for viewers to be able to appreciate St. Eustatius’s 
marine life. 

When the Nature Awareness project proposal was 
originally written, St. Eustatius’s native Lesser Antillean 
Iguana (Iguana delicatissima) fell under the ‘highlight 
key species’ component. The original plan was to 
establish a small head starting facility with a zookeeper 
in order to boost the island’s declining population. This 
would entail relocating eggs from the wild, placing 
them in an incubator and keeping the hatchlings in 
captivity for a period of 1-2 years until they were less 
vulnerable to predators. Thereafter they would be 
released into the wild; this is a tried and tested method 
of boosting iguana populations on other islands. 
However, some years passed until the Nature 
Awareness project finally commenced, and during 
that time - to the horror of biologists, residents and 

conservation groups - an adult Green Iguana (Iguana 
iguana), two juvenile Greens and seven hybrids were 
discovered on St. Eustatius. Intensive efforts began 
immediately to search for Greens and hybrids, which 
continue to this day. There are fears that additional 
hybrid hatchlings will begin to emerge from nests in 
the future, which will disperse to other parts of the 
island and mate with native iguanas. If this worst-case 
scenario becomes a reality, once established the Green 
Iguana will have a stronghold on St. Eustatius and the 
species will be impossible to eradicate, as has been the 
case on many other islands.

Therefore the decision was reluctantly taken not to 
build a head starting facility until there is absolute cer-
tainty that no more invasive iguanas are present on St. 
Eustatius. This means continued search efforts, effec-
tive border control, and dissemination of information 
to the general public to be on the lookout for iguanas 
with bands on their tails. In the meantime, a temporary 
holding facility has been built at the Botanical Garden 
which could house any invasive iguanas, and regular 
meetings have been held with relevant local stakehold-
ers to discuss the way forward. 

Photo by: © Miro Zumrik
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Coastal Dynamics and  
Ecosystem Change: Conference

The Caribbean is a highly (bio) diverse region that is vulner-
able to coastal zone degradation and coastal erosion. Natural 
drainage systems, mangrove forests, seagrass meadows and 
coral reefs play an important role in coastal protection. High 
population pressure, limited protection of natural resources 
in combination with global climate change has resulted in 
region-wide degradation of coastal ecosystems. 

On this note, TNO Caribbean in collaboration with the Planet 
Earth Foundation organized a scientific working conference 
on coastal zone management and climate change in October 
2016 on Bonaire. Over 50 experts, who are active in the 
Caribbean, were brought together covering the disciplines  
of archeology, geology, oceanography, meteorology, climate 
science and marine biology. The goal of the conference was 
to present the latest research and views on the changing 
Caribbean coastal environments.

In the future, due to climate change, the Caribbean coasts will 
be faced with increased damage as a result of stronger storms 
and sea level rise. In addition, the natural protection of the 
coastal area by healthy ecosystems is also under pressure due 
to a changing climate. However, it must be noted that the cur-
rent coastal degradation is mainly caused by coastal develop-
ment in combination with poor resource management. For 
example, coral reef degradation is highly linked to increased 
nutrient supply coming from the land. Hereby, the resilience 
of ecosystems to fluctuation of the climate is compromised. 
Without the natural defenses, the Caribbean landscapes and 

cultural heritage resources will be lost. Pressure resulting from 
the human footprint combined with climate change demand 
rethinking of the way they live in coastal areas.

During the conference the necessity was emphasized to trans-
fer scientific understanding to local policy makers and the 
community. Local capacity building is essential to promote 
changes in attitudes towards land-use practices and imple-
mentation of effective regulatory frameworks for managing 
and protecting coastal zones. Also, differences in the region’s 
physical, political and cultural heritage causes fragmentation 
and hampers the capacity of individual nations to cope with 
the issues. This calls for a coordinated regional approach 
in research, management strategies and corresponding 
implementation.

In all, effective coastal zone management requires an  
inter- and transdisciplinary approach and regional  
cooperation. Such an approach recognizes not only the  
local physical characteristics but also respects the cultural  
and social circumstances within which the management 
measures have to be implemented in partnership with the  
local population. To consolidate the findings of the  
conference, the “Kralendijk Declaration” was written  
which calls for more attention to coastal zone management 
and the development of climate adaptation plans in the 
Caribbean region in order to protect valuable ecosystems, 
coastal communities and associated cultural heritage. 

By Martijn Henriquez (TNO). This article was published in BioNews 3.

Link to Kralendijk Declaration:
https://www.scribd.com/document/350437331/Kralendijk-Declaration

Overview of the activities, interactions and threats in the coastal zone.
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Horticultural Project (Saba)
Sampling local food is a great way to experience the 
culture of a destination, and tourists will often seek 
out local restaurants to try out new and exciting 
dishes. More than 22,500 tourists visit Saba each year 
to enjoy the island’s tranquility and unspoiled natural 
landscape, but few visitors have the opportunity to 
savor fresh, locally grown food as most of the island’s 
produce is imported from the US. The tourism sec-
tor currently contributes the largest share to Saba’s 
economy, with total expenditures by tourists averag-
ing USD 31.7 million per year (Cado van der Lely et al, 
2014). However, because the food tourists are eating 
is imported, the net economic impact of tourist  
expenditure on the island is significantly reduced 
(Bélisle, 1984). In the Caribbean region, tourism and 
agriculture have for the most part developed separate-
ly, with agriculture primarily satisfying export markets 
while local demand is met through food imports  
(Mc Bain, 2007). 

Thanks to generous funding from The Netherlands 
Ministry of Economics Affairs through the Nature Fund, 
the Island Government of Saba is implementing a project, 
which aims to stimulate and improve the island’s local 
organic production of fruit and vegetables. Promoting 
organic horticultural production on the island will contrib-
ute to Saba’s pro- environmentally conscious image and 
give the island new tourism opportunities surrounding 
food tourism such as production site tours or taste events. 
Local hotels and restaurants have already expressed their 
eagerness to sell local produce. Additionally, this Nature 
Fund project will enable the establishment of a nursery 
of indigenous trees which will be used to help reforest 
the island once the issue of free-roaming goats is under 

control (see: Nature  Funded Goat Buy Back Project). The 
three-year project  (2015-2018) is carried out in partner-
ship with the Agricultural Station. 

The horticulture production site has been established at 
Zion’s Hill on a leased area of 10,000 m². The land was 
cleared of trees, shrubs and rocks in early 2017 and fenced 
to prevent damage from free-roaming goats, chickens 
and iguanas. A storage room has also been built on the 
property. Fruit and vegetables grown on the farm in 2017 
include sweet peppers, jalapenos, sweet potatoes, cas-
sava, bananas, watermelons, pumpkin, cabbage, lettuce, 
tomatoes, peanuts, chives and thyme. In September 
hurricanes Irma and Maria destroyed most of the crops, 
but the land is now being farmed again with sweet po-
tatoes, carrots, corn, okra, sweet peppers, thyme and 
parsley. Produce is sold to the public and at a local market 
on Wednesdays, with the goal to eventually sell products 
to supermarkets and restaurants. Indigenous trees are 
currently being grown from seed in pots with the support 
of the Saba Conservation Foundation. 

Organic farming practices are being used at both sites, 
such as the use of local cattle manure as fertilizer and 
the installation of drip-irrigation to conserve water. To 
ensure the sustainability of the project and its long-term 
success, the island government has leased the plot of land 
at Zion’s Hill for 10 years and plans to keep the project 
funded after the Nature Fund has expired. Profits from 
the sale of fruits and vegetables will be allocated to a 
special fund that will keep the horticultural production 
going. With hope, this project will inspire Saban people to 
grow food in their own backyard.

Photos by: © Randall Johnson
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This article was published in BioNews 9.

126 127 128 129 130 ......BioNews 2017 - Content

http://www.dcnanature.org/wp-content/uploads/2017/12/BioNews-2017-9-Online.pdf
http://www.dcnanature.org


Photo by: © Coral Restoration Foundation Bonaire
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Nature Restoration (Bonaire)

As a result of extensive deforestation for the 
production of charcoal and then aloe, export of 
wood and overgrazing through the years most 
of Bonaire’s natural areas have a low flora diver-
sity. This xerotrophic vegetation is very suscep-
tible to water erosion (Cornelis, 2006) due to its 
low vegetation cover and the soil’s poor water 
retention. On an island like Bonaire where 
precipitation is low but sometimes intense dur-
ing the rainy season, torrential rainfall loosens 
the soil and quickly transports large volumes 
of sediment run-off to saliñas1  or directly into 
the sea. In the past few decades, anthropogenic 
activities have exacerbated the island’s erosion 
problem. Coastal development to accommo-
date the sharp increase in residents and tourists 
has led to more land clearing and mining for 
residential and infrastructural development 
leaving behind barren landscapes. Invasive 
grazing species such as goats and donkeys also 
significantly contribute to the island’s erosion 
problem. These grazers consume the island’s 
vegetation at such a rate that it does not have 
time to regenerate, leaving the ground bare, 
the soil vulnerable to erosion and a vegetation 
of low diversity. 

Erosion and resulting sediment run-off are big en-
vironmental concerns throughout the Caribbean 
Region and for good reason. Not only does the 
removal of soil and sediment particles reduce soil 
quality for native plants, but it also poses a seri-
ous threat to adjacent corals reefs. Soil carried 

to the ocean as sediment run-off smothers corals 
and hinders their growth and is typically associ-
ated with coral mortality. An ambitious three 
year-project to reduce Bonaire’s erosion problem, 
improve water management and restore some 
of Bonaire’s natural areas is currently in progress 
thanks to funding by The Netherlands Ministry 
of Economics through the Nature Fund. The 
“Combating Erosion and Nature Restoration” 
project started at the end of 2016 and will end in 
October 2019. It is led by Bonaire Agri and Aqua 
Business NV (Sherwin Pourier), Wayaká Advies 
BV (Jan Jaap van Almenkerk) and coordinated 
by the Island Government, Directorate of Spatial 
Planning and Development .

Bonaire has a variety of fresh- and saltwater bod-
ies that support a rich flora and fauna including 
fringing coral reefs, two lagoons, several saliñas 
and a few freshwater wells. Water management 
on a dry, arid island such as Bonaire is vital to 
protect these bodies of water and associated 
biodiversity from pressures such as erosion. It also 
gives residents access to clean water, provides 
farmers with sufficient water to grow crops, and 
can help prevent floods. Through improvements 
in water management, this Nature Funded 
project aims to benefit both the island’s nature 
and residents by reducing erosion and resulting 
sedimentation on reefs, protect neighborhoods 
from flooding, increase fresh water available for 
farming, stimulate groundwater regeneration 
and increase the biodiversity and tourism value 

of nature through the provision of new wetland 
habitats for birds. Over the course of the project 
several Master of Science  students from the 
Vrije Universiteit (VU) and the Universiteit van 
Amsterdam (UvA) will visit the island to study the 
island’s erosion issues and investigate concrete 
measures to reduce them. 

The island has around fifty dams that collect 
rainwater, protect from flooding and slow down 
run-off. Additionally, natural saliñas filter the 
sediment rich water transported by the rain into 
the sea, thereby playing a vital role in maintain-
ing the health of Bonaire’s coral reefs. A study 
by Koster (2013) highlighted the high sediment 
trapping efficiency of the many reservoirs in 
Bonaire’s Playa catchment, helping trap most 
of the upland sediment before it has a chance to 
reach the sea (Koster, 2013). However, many of 
the dams silted-up due to lack of maintenance 
and also some saliñas have silted up resulting in 
more floodings and poor (storm) water storage 
capacity, meaning that they cannot perform their 
important ecological function of trapping new 
washed down sediments and nutrients before it 
is carried to sea.  During the course of the project, 
certain dams in the Kralendijk area and in the 
vicinity of Rincon will be restored and maintained. 
So far, the ten most important dams in Kralendijk 
have been restored, including ‘Mona Passage’ on 
the way to Cai. A maintenance plan for the dams 
should be put in place by the end of the project.

1 Natural salt-water buffers, separated from the sea through a coral rubble barrier (Koster, 2013). Public wells are an indispensible source of water for farmers and are used for  
livestock and to cultivate fodder, vegetables and fruit. Photo by: ©  Wayaká Advies

This article was published in BioNews 8. 
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Two saltwater ponds will also be ecologically 
restored: the eastern part of Saliña di Vlijt (in 
Kralendjik) and possibly a part of Saliña Onima 
(near Rincon). Accumulated sediment will be 
removed and used to create islands around which 
mangroves or other plants will be planted. A bird 
watchtower and public bird watching walking 
path will be made at Onima to create opportuni-
ties for tourism. The Islands act as a natural refuge 
for foraging and nesting birds as many of these 
bird species are preyed upon by cats, rats and 
other introduced species.

In order to improve access to freshwater, 17 of 
the island’s 25 public water wells will be restored. 
The project has already restored ten public wells, 
many of which were in bad shape but very im-
portant to local farmers: Pos di Flor, Pos Bara di 
Karta, Pos Wanapa, Pos Rincon, Pos Fontein, Pos 
Flor di Cuba, Pos Mexico, Pos Angola, Pos Shon 
Pinpina and Pos Bentura. Other wells which hold 

water with too high salinity levels for agricultural 
or livestock watering purposes will not be re-
stored as the water is of little use.

Bonaire has numerous “mining sites”, excavated 
sites which are often filled with solid waste. Part 
of the project is to clean up one or two of these 
mining sites and restore them in such a way that 
they create a wetland holding freshwater. The 
mining area at Bonaire’s LVV wastewater treat-
ment plants is currently being transformed into a 
permanent freshwater wetland with a bird watch-
tower. This area is already popular for birdwatch-
ers as it attracts a high range of different migra-
tory and local bird species. “There are barely any 
permanent freshwater wetland areas on Bonaire. 
Studies have shown that migratory birds are in 
desperate need of these areas, particularly those 
migrating from the northern hemisphere to the 
south” (Frank van Slobbe, personal comments, 
23 November 2017). 

Nature Restoration (Bonaire)

Sediments entering the sea from 
Saliñas di Vlijt after heavy rainfall.
Photo by: © Directie R&O,  
Public Entity Bonaire.

Overflow of Saliñas di Vlijt directly 
to the sea after heavy rainfall.
Photo by: © Directie R&O,  
Public Entity Bonaire.

Follow the natuurgelden projects on 
Facebook @ NTBDN or visit the website: 
https://bibadinaturalesa.com/
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Ecological Restoration of Lac Bay and South Coast (Bonaire)

Lac Bay is the largest semi-enclosed bay in the 
Dutch Caribbean, offering visitors breathtaking 
views, white sandy beaches and shallow turquoise 
waters that seem to go on forever. The Bay’s biodi-
versity value is so high that, in addition to being part 
of the Bonaire National Marine Park, since the early 
1980s the area has also been designated a RAMSAR 
site (wetland of international importance). Lac’s 
mangroves and seagrass beds cover an area of ap-
proximately 770 hectares and provide a vital habitat 
for endangered species of sea turtles, reef fish, 
conch, seabirds and shorebirds (STINAPA Bonaire, 
2014). The Bay plays an important role in maintain-
ing the health of the island’s reefs as its mangroves 
provide nursery and feeding grounds for many 
species of juvenile reef fish. Lac Bay has also been 
designated as an Important Bird Area because of its 
importance to Caribbean flamingos (Phoenicopterus 
ruber) and breeding herons and terns (Wells and 
Debrot, 2008). Shallow water bodies on the borders 
of Lac (Awa Lodo di San José, Awa Lodo di Chico, 
Awa Lodo di Bakuna, Awa Yuwana) are an impor-
tant habitat for birds (terns, flamingos) and fish 
(mojarra and mullet) (Debrot et al. 2014).

The exceptional biodiversity and beauty of Lac has 
meant that the bay receives many visitors and there is 
concern that the bay may have exceeded its carrying 
capacity, causing irreversible damage to the area’s 
fragile natural environment. Trampling of fragile 
seagrass has emerged as a serious issue. Solid waste 
(trash) has been documented in sensitive zones such 
as along mangrove shores at the entrance of the bay, 

and illegal dumping still takes place. Eutrophication of 
the Bay’s waters as a result of badly managed human 
and animal waste has reduced the area’s water quality 
and overall biodiversity. One study found high nitro-
gen levels, which can trigger harmful algae blooms, as 
well as high levels of fecal matter in the groundwater 
and areas close to shore (Slijkerman et al., 2014). UV 
filters in sun care products like Benzophenone-3 that 
are introduced in the Bay directly by water users (BP-3; 
oxybenzone) form an emerging risk to the ecosystem 
(Slijkerman et al., 2017). Large numbers of visitors to 
the area increase the need for functioning toilets and 
adequate waste removal. 

A long-term threat to the seagrass beds and fish 
nursery habitats is the natural sediment in-filling of  
the bay. In part, this sediment is generated through 
sand production by calcareous seaweeds, peat  
production by mangroves as well as sediment input 
by erosion from land.  Mangroves are important 
“biobuilders” and essentially grow themselves out  
by creating land where there is open water. Over the 
last century this has already caused the loss of almost 
a square kilometer of open water in the bay. Each year, 
Lac Bay loses an estimated 2.3 hectares of mangroves 
and sea grass beds due to sedimentation (STINAPA 
Bonaire, 2014). Land clearing for development  
coupled with overgrazing by donkeys and goats has 
led to loss in vegetation cover and as a result, sediment 
is washed into the bay and accumulates in Lac Bay’s 
lagoon, slowing down the water flow, creating shallow 
hypersaline water bodies that the mangroves and fish 
species cannot tolerate. 

Solid waste (trash) has been 
documented in sensitive 

zones and Illegal dumping 
still takes place. 

Photo by: © DRO OLB

This article was published in BioNews 10. 
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Ecological Restoration of Lac Bay and South Coast (Bonaire)

Thanks to funding by The Netherlands Ministry of Economics 
Affairs through the Nature Fund, the Public Entity of Bonaire 
(Openbaar Lichaam Bonaire) is coordinating a 4-year project 
entitled “Ecological restoration Lac and south coast Bonaire”. 
The goal of the project is to improve the biodiversity of Lac Bay 
and the south coastline of Bonaire by restoring hydrological 
conditions, protecting biodiversity and promoting sustainable 
tourism. The project began in December 2015 and will continue 
through October 2019. The project is coordinated through the 
department of Spatial Planning and Development (unit Nature 
and Environment) of the Public Entity of Bonaire (DRO), which 
is working closely with the management body of Lac, STINAPA 
Bonaire. Important partners are Sea Turtle Conservation 
Bonaire (STCB) and Wild Conscience BV. Wageningen Marine 
Research (WMR) is providing scientific support. STINAPA is 
also working closely with stakeholders, notably local fishermen 
who have considerable knowledge of circulation patterns in lac 
as well as the feeder channels (STINAPA Bonaire, 2014).

A key part of this project is the hydrological and ecological res-
toration of Lac Bay. This is being achieved in a number of ways. 
Channels in the mangroves to the north and west of Lac, which 
feed water out into the bay are being reopened and mangrove 
trees are trimmed to improve water circulation. Once water 
circulation has been improved it is hoped that the salinity of 
water in the back mangrove areas will decrease providing good 
conditions for mangroves to regrow. Culverts and spill overs 
with sediment sinks on the road to Lac are being built and/or 
restored to trap sediments before they reach the bay. 

The seagrass beds and fish nursery habitat of the bay can 
only be restored by removing the accumulated sediment to 

recreate water surface where now sediment-fill has created 
land. At present STINAPA and WMR are conducting pilot 
trials to convert such dry barren land back into much needed 
productive fish nursery habitat (Hylkema et al. 2014). This 
initiative follows from restoration action spear points jointly 
developed in 2010 by STINAPA Bonaire, DRO and WMR 
(Debrot et al. 2010). Action on the ground started in November 
of this year to restore fish habitat at Kreek di Koko.  Together 
with STINAPA, WMR students are monitoring fish populations 
in the restored habitat to compare these with baseline data 
collected before the intervention. Students of WMR are also 
investigating the sediment production by calcifying algae 
(esp. Halimeda opuntia and incrassata).

Lac Bay’s mangrove forests have also suffered as a result  
of vehicular traffic, which can lead to soil compaction, 
destruction of seedlings as well as the destruction of dunes. 
To limit vehicular access, Sea Turtle Conservation Bonaire is 
spearheading an initiative to place natural barriers, such as 
boulders and rocks, around Sorobon parking lots. Natural bar-
riers are being placed on certain southern beaches to prevent 
car access to important sea turtle breeding grounds as well as 
to create a natural barrier at Te Amo Beach to further reduce 
light pollution from the airport and the resulting disorientation 
of sea turtle hatchlings (STCB, 2017). Thanks to the sponsor-
ship of Green Label Landscaping N.V., fifty native green 
buttonwood trees have been planted along the inside of the 
existing fence. Education and outreach are key to the success 
of any conservation initiative and information signs about 
flamingo, tern and sea turtle protection around Lac and in the 
southern coastal area have been placed to increase awareness 
of both locals and tourists visiting.

Photo by: © Sabine Engel

“New” fish and seagrass habitat recreated from  dry barren 
land filled by decades of sediment accumulation.  
Photo by: ©  Sabine Engel, November 12, 2017
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Another goal of the project is to reduce pollution 
and waste in the area. Around Lac some trash filled, 
illegally build structures have been removed. Also 
new toilet facilities with working septic tanks will be 
built and existing toilet facilities renovated. The old 
toilets at Cai have already been removed. To reduce 
solid waste, concrete structures to store trash 
containers are being placed in several locations with 
clean-up of Lac Bay’s mangrove forests. “Wowo di 
Sorobon” has been cleaned and a fence has been 
placed around it. Pink Beach in the south-west of 
the island will also be restored to promote tourism 
in this part of the island and reduce pressure on 
other beaches such as Klein Bonaire and Sorobon. 

The “Ecological restoration Lac and south coast 
Bonaire” project is one of several Nature fund 
projects currently working to reduce erosion and 
sedimentation and restore habitats that are critical 
to wildlife. To maximize the success of the project, 
coordination and cooperation has been sought with 
project managers of other Nature fund projects that 
overlap such as the “Combating Erosion and Nature 
Restoration” project. The latter project is restoring 
dams that prevent or slow fresh water surface flow 
to Lac Bay. With all projects working towards a 
common goal of restoring Bonaire’s habitats and 
their biodiversity, there is much hope for success.

Follow the natuurgelden projects on 
Facebook @ NTBDN or visit the website: 
https://bibadinaturalesa.com/

Photo by: © We Share Bonaire

Ecological Restoration of Lac Bay and South Coast (Bonaire)
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Forest degradation is believed to be driving Yellow-shouldered 
Amazon parrots (Amazona barbadensis) to forage feed in 
urban areas, which leads to conflict with local fruit growers 
and reduces survival (Williams 2012). Now, with funding from 
the Dutch Ministry of Economic Affairs “Natuurgelden” and 
commissioned by the Public Entity Bonaire, a local foundation 
Echo, has been able to launch a large-scale reforestation pro-
ject with the goal of creating dry forest environments within 
ten protected ‘exclusion areas’, which have been set up on 
public land. Each area will measure approximately one-hectare 
and all non-native herbivores (goats, donkeys and pigs) will be 
excluded. The exclusion areas will then be reforested with as 
many as 20,000 native trees.  

Dry forest habitats are among the least well researched and 
conserved habitats in the world and yet they account for  
about half of the world’s forested area (Blackie et al., 2014).  
The degradation of dry forest habitats has far reaching  
implications. The loss of large, mature trees means that less 
rainfall will be retained in the soil, which can eventually lead to 
aridification (Brodie, Post, & Laurance, 2012). Similarly, the loss 
of trees and their root systems means that less soil will  
be retained during (heavy) rain. This causes a reduction in  
the nutrient cycling and a decline of soil fertility, which can 
impact local agriculture. The drier, more compacted topsoil will 
cause surface water run-off that leads to erosion and the loss of 
nutrients in the terrestrial ecosystem (Koster, 2013), as well as 
elevated amounts of harmful sediment and increased nutrient 
levels in surrounding coral reefs areas (Vermeij, 2011). All of  
these factors lead to decreased biodiversity and lowered 
ecosystem productivity.  

At present, most of Bonaire’s dry forests are dominated by only 
three to five tree species. This startling lack of diversity coupled 

with the fact that very few mature large trees remain on the 
island means that Bonaire’s native dry forest environments are 
under considerable threat.  Several species of native trees are 
already almost extinct on the island. Bonaire’s dry forests are a 
natural refuge for the island’s flora and fauna and are home to en-
dangered plants, including two Guaiacum species, and birds such 
as the Yellow-shouldered Amazon parrot (Amazona barbaden-
sis), as well as several other island endemics (IUCN Threatened 
Species Database 2013). Therefore in 2010 local laws were passed 
to protect nature on land including the full protection of 25 tree 
species and the requirement of a Tree Cutting Permit.

On Bonaire, the dry forest habitat has undergone dramatic 
changes over the last two and a half centuries (de Freitas, 
Nijhof, Rojer, & Debrot, 2005). The impacts of historic tree fell-
ing coupled with the introduction of invasive herbivores has 
effectively prevented the regeneration of many native plant 
species (Coblentz, 1980; Coolen, 2015). In addition, many areas 
are affected by the introduction of exotic plants that are now 
outcompeting native species (Smith, Van der Burg, Debrot, van 
Buurt, & de Freitas, 2014). 

Forest degradation is believed to be driving Yellow-shouldered 
Amazon parrots to forage for food in urban areas, which in turn 
leads to conflict with local fruit growers and reduces their survival 
(Williams, 2012). Ironically exotic herbivores were recognized 
as a key threat to biodiversity over one hundred years ago, but 
Bonaire has yet to develop a comprehensive control program to 
reduce the impact of overgrazing. 

The first step towards dry forest restoration is to exclude exotic 
herbivores and then to improve the biodiversity through the 
selective planting out of native trees that would originally have 
been found in these areas. 

Dry Forest Restoration (Bonaire)

Photos by: © Quirijn Coolen

Tree Planting Day in the 
first completed exclusion 
area in Washington.  Over 
500 trees planted and over 
20 volunteers participated

Echo Team with the Dutch 
Army who volunteered in 
September to help “break 
ground” at the proposed 
Tolo exclosure which will 

fence in an existing nature 
area with walking trails 

This article was published in BioNews 2. 
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Echo’s first three exclusion areas have been 
completed and nearly 2,000 native trees have 
been planted out, thanks to support from com-
munity volunteers, including DCNA’s own Emeray 
Martha-Neuman and her family!  Cargill and 
Digicel also each participated in tree planting by 
organizing corporate volunteer days with Echo. 
At each of the reforestation sites, the Echo team 
collects baseline data about the trees allowing 
their growth and success to be monitored. After 
planting, trees are watered twice weekly until  
they show new growth and water retention is 
apparent in the soil, at which time watering is 
reduced to once weekly and eventually tapered 
out all together.

Echo is a small non-profit foundation, which  
was set up on Bonaire in 2010. Its mission is to 
safeguard the future of the island’s endemic  
subspecies of the Yellow-shouldered Amazon 
parrot (Amazona barbadensis), locally known 
 as the “lora”. 

Echo is always looking for more volunteers,  
so please contact info@echobonaire.org to  
learn more.

Dry Forest Restoration (Bonaire)
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Students of CIEE who volunteered with Echo in its existing 
fenced area in the Washingon side of the WSNP.  The students 

came out early on a Saturday morning to help dig holes (aka 
future tree homes) with members of the Echo team

Members of STINAPA’s Junior Ranger Aspirant 
group who joined the Echo team for a tree 

planting day at Dos Pos.

Photos by: © Marjolijn Lopes Cardozo (left) and Rudy van Geldere (right)

Nearly 2,000 native trees have 
been planted out, thanks to 

support from community  
volunteers, including DCNA’s 
own Emeray Martha-Neuman 

and her family!
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Roi Sango Habitat Restoration (EU-BEST)
By Roos van Rijen (Echo).  
This article was published in BioNews 10. 

Dry forests are among the most threatened ecosystems on 
the earth today and yet they receive little to no protection 
and remain poorly understood, largely due to a lack of 
research. Yet, they account for about half of the world’s 
forests (CIFOR, 2014). The degradation of dry forest 
habitats has far reaching implications. The loss of large, 
mature trees means less rainfall will be retained in the 
environment. Drier, more compacted topsoil causes sur-
face water run-off, which leads to erosion and the loss of 
nutrients on land and which increases the amount of sedi-
ment and nutrients running off into the sea, stressing and 
killing surrounding coral reefs. All of these factors lead to 
decreased biodiversity and lowered ecosystem productivity 
and value.

On Bonaire, the dry forest habitat has undergone dramatic 
changes over the last two and a half centuries (De Freitas et 
al. 2005). The impact of historic tree felling and introduced 
invasive herbivores (donkeys and goats) have prevented the 
regeneration of many native plant species (Coblentz 1980; 
Coolen 2015). Today, most of Bonaire’s dry forest ecosys-
tem is dominated by just three to five species of tree. These 
forests are home to threatened and endangered plants and 
animals and even endemics like the Yellow-shouldered 
Amazon parrot (Amazona barbadensis). 

Forest degradation is believed to be one of the factors driv-
ing Yellow-shouldered Amazon parrots (IUCN-Vulnerable) 
to forage food in urban areas, which leads to conflict with 
local fruit growers and reduces survival (Williams 2009). 
In order to protect and restore critical dry forest environ-
ments it is necessary to first exclude the herbivores and then 
reintroduce through selective planting of native trees which 
could be expected to be found in those areas. 

Starting in 2016, Echo – a small nonprofit conservation 
organization dedicated to protecting the Yellow-shouldered 
Amazon parrot – has been working to restore parts of 
Bonaire’s dry forest including a site with a unique canyon 
and part of a large watershed called Roi Sango, which 
is an important natural heritage site, recognized for its 
biodiversity value. This work is being funded by the EU 
BEST 2.0 Programme. Roi Sango was first fenced and all 
free-roaming herbivores were removed before Echo began 
planting reintroduced native trees. This project will provide 
an important link within a corridor of reforestation areas 
that Echo is creating with the support and funding of the 
Bonaire government. This site also contains a walking trail 
established through another local government- funded 
rural-development project known as “POP”  (agricultural de-
velopment plan) and it will connect to other walking trails.

Echo is committed to the conservation and restoration of 
dry forests on Bonaire through protection of these fragile 
ecosystems and watersheds and by promoting visitation to 
dry forests as important bird areas and unique landscapes. 
By planting a total of 1.000 rare native tree species and 
extending the walking trails at Roi Sango, Echo hopes to 
restore the dry forest ecosystem and offer the possibility 
for everyone to participated in these reforestation efforts. 
Ultimately reforestation is all about providing an environ-
ment where the island’s growing population of the Yellow-
shouldered Amazon parrot (Amazona barbadensis) can 
thrive on Bonaire.

Photo by: © Rudy van Geldere
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Coral Restoration (Bonaire St. Eustatius) 

Photo by: Rudy van Geldere

This article was published in BioNews 3. 

The large fields of elkhorn (Acropora palmata) 
and staghorn coral (Acropora cervicornis) that 
once dominated our shallow reef communities 
are now mostly dead coral rubble zones with a 
few isolated populations of Acropora. Staghorn 
and elkhorn coral are two of the most impor-
tant reef-building corals in Caribbean reefs, and 
their branches offer an important 3-dimensional 
habitat for many species of reef fish. The once 
abundant and healthy populations of these cor-
als suffered mass mortality (>95%) in the late 
1970s and early 1980s due to the rapid spread 
of white-band disease throughout the Wider 
Caribbean Region. The intensification of local 
stressors such as pollution, coastal develop-
ment and hurricanes in the 1990s and onwards 
has meant that many Acropora populations 
never got a chance to recover. Both species are 
extremely sensitive to high sea temperatures 
(Steneck et al. 2005) and therefore suffer mass 
mortality during severe bleaching events, 
most recently in 2005 and 2010. Elkhorn and 
staghorn coral are currently listed as Critically 
Endangered under the IUCN Red List of 
Threatened Species.

Several projects are running on our islands to 
restore degraded reef flat areas along the coast-
lines. On St. Eustatius, coral reef restoration 
efforts have been ongoing since July 2016. The 
RESQ project, which is funded by the European 
Union Best 2.0 Program and co-funded by the 
Dutch Ministry of Economic Affairs (now the 

Dutch Ministry of Agriculture, Nature & Food 
Quality), made possible the creation of elkhorn 
and staghorn nurseries with the aim of restor-
ing degraded branching reefs zones around the 
island. St. Eustatius National Parks (STENAPA) 
constructed 8 ladders that housed a total of 200 
elk and staghorn fragments, which were then 
deployed in two nurseries (Crooks Castle and 
Jenkins Bay). STENAPA reported seeing and 
measuring extensive coral growth and recovery 
following these initial restoration efforts. 

Thanks to the generous funding from the Dutch 
Ministry of Economic Affairs (now the Dutch 
Ministry of Agriculture, Nature & Food Quality)
through the Nature Fund, coral reef restoration 
on St. Eustatius has accelerated. The Government 
of St. Eustatius, STENAPA and the Caribbean 
Netherlands Science Institute (CNSI) have come 
together to combine the RESCQ and CNSI’s 
Nature funding coral restoration projects and 
re-establish a healthy branching community on 
the island’s reefs. The Jenkins Bay nursery has 
been expanded with an additional 6 bigger lad-
ders, increasing the number of elk and staghorn 
fragments to 450 in total. Outplanting of the first 
coral fragments has already taken place, with so 
far 15 fragments put back to the reef through the 
use of bamboo frames and epoxy glue. However, 
the devastation caused by Hurricane Irma this 
September has been a severe setback. It wiped 
away the Jenkins Bay nursery, including all 10 
ladders and all fragments. The 4 ladders and 100 

fragments in the Crooks Castle nursery have been 
damaged, but STENAPA has already fixed the 
ladders and hopefully the fragments will recover 
from Irma’s impact.

On Bonaire for the past five years, Coral 
Restoration Foundation Bonaire (CRFB) has 
been working to restore degraded reef flat areas 
along the coastlines of Bonaire and Klein Bonaire 
by transplanting nursery-raised elkhorn and 
staghorn coral fragments to these sites. To date, 
the foundation has transplanted corals to seven 
restoration sites, and in May 2017 celebrated the 
transplant of its 10,000th coral! And now, thanks 
to same Nature funding as on St. Eustatius from 
the Dutch Ministry of Economic Affairs (now the 
Dutch Ministry of Agriculture, Nature & Food 
Quality), CRFB will transplant an additional 5000 
nursery-reared staghorn corals to Bonaire’s reefs 
over the next 2 years.  

Coral Restoration Foundation Bonaire was 
established in 2012 with a mission to “develop 
affordable, effective strategies for protecting and 
restoring shallow water population of staghorn 
and elkhorn corals along the coastlines of Bonaire 
and Klein Bonaire”. With support from the gov-
ernment and the Bonaire National Marine Park 
(BNMP), CRFB’s restoration program has been a 
huge success. The funding received through the 
Nature Funding for the BES islands is now helping 
the foundation take a further step in the restora-
tion of Bonaire’s shallow reefs: over the next 2 

years, 1250 nursery-reared coral colonies from 12 
different genotypes will be transplanted at four 
different sites totaling an area of 600 m2, for a 
total project amount of 5000 corals.

The first restoration site was chosen at Playa 
Lechi, close to the recreational swimming area 
and easily accessible by snorkelers. In early 
December 2016, volunteers, interns, and team 
members transplanted the first 150 corals to the 
area. Now 1,250 corals have been transplanted 
there from CRFB’s Klein Bonaire nursery, com-
pleting the restoration work planned for the site. 
CRFB is currently conducting surveys around 
the island and gathering information in order to 
select, with the support of the BNMP, the pro-
ject’s next three restoration sites. CRFB uses the 
following criteria to select coral restoration sites: 
existing wild populations, depth, water quality, 
bottom type, size of the area, space competitors, 
predator abundance, wave exposure, origin of 
parent colonies, current/historical presence of 
Acropora, human activities/impacts and number 
of out planting sites. Restoration activities at the 
next chosen site are set to begin at the end of this 
year’s 2nd quarter.
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Coral Restoration (Bonaire St. Eustatius)

Photo by: Mark Vermeij

The number of corals needed for each of the four 
restoration site has been determined according to 
the abundance restoration criteria listed by NOAA 
in the 2015 Recovery Plan for staghorn corals, 
which requires the establishment of approximately 
25% of live staghorn coral cover in the restored 
areas (National Marine Fisheries Service 2015). 
The restoration technique used by CRFB is known 
as coral gardening, whereby fragments from a 
healthy, robust wild population are fragmented 
and grown in nurseries on Christmas tree-like 
trees. These trees are structures with a PVC trunk 
and fiberglass branches on which coral fragments 
are suspended. When the fragments have reached 
maturity, they are then transplanted to degraded 
reef areas. Transplantation requires the use of 
supporting horizontal bamboo structures elevated 
10-20 cm from the bottom. Corals are tied on the 
structures which allows transplantation on unsta-
ble bottoms (rubble or sandy areas) and keeps  
the corals, initially small, relatively far from 
the bottom and less affected by predators. 
Transplanted corals are expected to reach the 
bottom in few years when they are strong enough 
to withstand predation.

The four restoration sites will be carefully moni-
tored over time to record coral cover and mortality 
rate for the different genotypes transplanted (all 
transplanted corals are carefully tagged so that 
CRFB can easily track their genetic information). 
The foundation is developing an online database 

to help project members keep track of nursery 
and transplanted coral fragments and organize 
fieldwork according to it. CRFB also partners with 
Project Baseline: 
(http://www.projectbaseline.org/),  
a global initiative that enables stakeholders to 
record and monitor changes to their local aquatic 
environment. CRFB’s recent purchase of a boat - 
purchased thanks to the Nature Funding and aptly 
named Coral Lover - will allow the foundation to 
implement a comprehensive and effective coral 
monitoring program over time.  

Partnership with local dive shops has been key to 
the success of CRFB’s programs. The foundation 
was established thanks to the support of Dive 
Buddy Dive Resort and is now also sponsored by 
Eden Beach Resort, Harbour Village Beach Club, 
Gooodive and Tropical Divers. These dive shops 
act as educational centers of the foundation and 
train CRFB volunteers through the PADI Coral 
Restoration Diver Distinctive Specialty Course. 
Thanks to the Nature Funding for the BES islands, 
this partnership is expanding. The funding has 
made possible the installation of a nursery that will 
be maintained by the dive shop Gooodive, which 
became a CRFB diveshop member in October 
2016. The dive shop’s five-tree nursery has been 
set up at the Something Special dive site and can 
hold up to 500 corals. Trained staff members are 
responsible for nursery maintenance and related 
coral transplanting activities in the area.

Nature Funding projects

As part of the 2013-2017 Nature Policy Plan for the Caribbean Netherlands, 23 projects that promote coral 
reef conservation, sustainable use of nature or the synergy of sustainable use of nature in combination 
with agriculture and tourism were approved to receive funding through the Nature Fund allocated by the 
Dutch Ministry of Economic Affairs (now the Dutch Ministry of Agriculture, Nature & Food Quality) for 
the BES islands. Ten projects received funding on Bonaire, 7 on Saba and 6 on St. Eustatius including coral 
reef restoration projects on Bonaire and St. Eustatius.

Photo by: Mark Vermeij

Project Lead scientist(s) Goal Activities

Coral Restoration 
Bonaire

CRF Bonaire:  
Francesca Virdis 

DRO: Frank van Slobbe

Restore the  
shallow populations  
of elkhorn and  
staghorn corals  
along the coasts  
of Bonaire and  
Klein Bonaire.

Replant degraded reefs with  
nursery grown corals, support 
efforts to improve water quality, 
developing multi-clonal thickets of 
each species of coral that will  
be able to successfully reproduce, 
 outreach and communication, 
involve local dive community  
in project.

Coral restoration 
St. Eustatius

Government of  
St Eustatius  

STENAPA: Jessica Berkel
CNSI: Johan Stapel

Re-establish a 
healthy branching 
coral community.

Creating a coral nursery which 
would supply second and third 
generation planting out sized coral 
colonies
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Coral Restoration (Bonaire St. Eustatius)

Coral Reef Restoration Initiatives in the rest of 
the Dutch Caribbean

Coral Restoration Foundation initiatives
On Curaçao, the Curaçao Reef Restoration Program was 
launched in 2015 by Ocean Encounter Curaçao and with the 
support of Coral Restoration Foundation International and 
Coral Restoration Foundation Bonaire. The goal of this project 
is to restore Curaçao’s shallow water reefs. Similar to the work 
carried out by CRF Bonaire, elkhorn and staghorn coral frag-
ments are grown in nurseries and transplanted to degraded 
reefs areas. A similar coral reef nursery project -  
but on smaller-scale - was launched on Saba in October 
2015 in partnership with the Coral Restoration Foundation, 
Samford University, Saba Conservation Foundation (SCF), 
Youth Environmental Leadership Program (YELP) and Sea 
Saba Dive Center.

Studying the effectiveness of coral  
reef restoration methods
Researchers of SECORE International, the CARMABI 
Foundation and the University of Amsterdam have been 
investigating since 2010 the effectiveness of another coral 
restoration method, larval seeding, in restoring Curaçao’s 
degraded reefs. To date, thousands of brain coral offsprings 
have been successfully reared and outplanted in reefs under 
a variety of conditions. Chamberland et al (Chamberland et 
al. 2015; 2016) have also looked into the potential of larval 
seeding to rehabilitate threatened elkhorn coral populations 
on Curaçao, and researchers from CARMABI, the University 
of California, the University of Amsterdam and Pennsylvania 
State University are assessing the potential of larval seeding 
for pillar coral (Dendrogyra cylindrus) (Marhaver et al. 2015).

Project RESCQ (Restoration of Ecosystem Services 
and Coral Reef Quality)
The RESCQ project aims to restore degraded elkhorn and 
staghorn coral reef zones on St. Maarten, St. Eustatius, Saba 
and the Turks and Caicos by creating coral nurseries and trans-
planting healthy grown coral fragments to select restoration  
 

 
 

sites. The project, which is running over the next three years, 
is funded by the European Union Best 2.0 Program and co-
funded by the Dutch Ministry of Economic Affairs (now the 
Dutch Ministry of Agriculture, Nature & Food Quality). On St. 
Maarten, and in collaboration with IMARES Wageningen UR, 
SCF and STENEPA, St. Maarten Nature Foundation has in-
stalled the first nursery site at the dive site “the Bridge” (close 
to Simpson Bay) and is populating the nursery with staghorn 
and elkhorn fragments. Nursery sites have also  been installed 
on St. Eustatius and on Saba.

Project AROSSTA
On Saba and St. Eustatius, different types of artificial reefs 
are compared in the AROSSTA (Artificial Reefs On Saba and 
Statia) project (https://www.hvhl.nl/arossta). University of 
Applied Sciences Van Hall Larenstein (VHL), St. Eustatius 
National Parks (STENAPA), Saba Conservation Foundation, 
Caribbean Netherlands Science Institute (CNSI), Wageningen 
Marine Research and dive school Golden Rock have been 
working on this two-year project since March 2017. In 
AROSSTA, three different artificial reefs are deployed: natural 
rock reefs, reef ball reefs and layered cake reefs. Researchers 
and students from VHL will study the functioning of these 
reefs in the years to come. Building with Nature is one of the 
key concepts used in AROSSTA; the artificial reefs increase 
three-dimensional structure and provide shelter for fish and 
other organisms. Coral recruits can settle on the reefs natu-
rally and will further increase three-dimensional structure. 
The aim of AROSSTA is to determine which type of reef 
provides the best habitat for (juvenile) fish, coral and lobster. 
The results of the study can be used by nature management 
organizations when they wish to implement artificial reefs 
on a larger scale. AROSSTA is partly financed by a SIA RAAK 
publiek subsidy. Researchers of VHL recently put together 
 a video that shows the deployment and first inhabitants of  
the different reefs on Saba  
(https://www.youtube.com/watch?v=qOpA11QyEH0).

C
oral nursery on St. Eustatius. Photo credit: R

ESCQ
R

estoration Site Playa Lechi. Photo taken  
on: 29 M

arch 2017. Photo credit: C
R

F B
onaire
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Coral Restoration (Bonaire St. Eustatius)

Subject Island Organisation(s): lead scientists

Environmental factors  
driving recruitment success 
in Caribbean corals

CUR
UvA: Valerie Chamberland (PhD candidate)
CARMABI , SECORE International

Development of restoration 
methods for threatened 
Caribbean coral species

BON CUR

CRF Bonaire:  Augusto Montbrun, Francesca Virdis
SECORE Project, CARMABI: Mark Vermeij
UvA: Valerie Chamberland 
SCF, Sea Saba, Samford University:  Jennifer Rahn

Restoration Ecosystem 
Services and Coral Reef 
Quality (Project RESCQ)

SAB EUX  
SXM

WUR: Erik Meesters, SCF, STENAPA
NFSXM, Turks & Caicos Reef Fund
Students:  Niels Wagenaar, Silvan Allard, Pam Engelberts, 
Roxanne Francisca, Lotte Staat, Carmen Carpendale,  
Daniela Simal, Emma Louise Pratt, Renate Olie, Amber Mulder

Artificial Reefs On Saba and 
Statia (AROSSTA) SAB

VHL: Alwin Hylkema, Marlous Heemstra
WUR: Dolfi Debrot, STENAPA: Jessica Berkel, Erik Houtepen
SCF: Kai Wulf, Jens Odinga, Aymi Izioka
CNSI: Johan Stapel
Students: Callum Reid, Esmee vd Griend, Daniel Heesink 
Golden Rock Dive Center, St. Eustatius

Staghorn transplanting. Photo credit: C
R

F B
onaire

Other Coral Restoration Projects in the Dutch Caribbean

Would you like to stay up-to-date?

You can follow all the Nature funding projects  
on Bonaire on Facebook @NTBDN and website  
https://bibadinaturalesa.com.  
 
Check also NTBDN TV: https://bibadinaturalesa.com/nos-ta-biba-di-naturalesa-tv/
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Earlier this summer, Environmental Protection 
in the Caribbean (EPIC) Foundation began a 
project to plant native trees at three different 
locations around St. Maarten (Cay Bay, Sentry 
Hill and Little Key). Before Hurricane Irma, 
assessments were conducted to better under-
stand what native plants need to be introduced 
at each site to increase biodiversity and steps 
were made to source the plants. The passage of 
Hurricane Irma has delayed restoration efforts. 
However, EPIC is now determined to resume 
the project and plant native trees that are 
needed now more than ever!

Although the main action of the project is to 
introduce native trees, the focus is on increasing 
biodiversity and environmental education. The 
restoration sites vary extensively from each other, 
allowing a significant increase in biodiversity 
after restoration. Habitat types of these areas 
are: coastal mangrove wetland found in Little 
Key, montane dry forest found on Sentry Hill and 
coastal terrestrial scrub found at Cay Bay.

Coastal mangrove wetlands in St. Maarten have 
suffered a drastic reduction in recent decades due 
to commercial development and dredging. This 
has resulted in the loss of important spawning and 
nursery habitat for several reef species such as 
Schoolmasters, Great Barracuda, Gray Snapper 
and Foureye Butterfly and also for pelagic species 
such as parrotfish, silversides, wrasses, anchovies 
and herrings (Naturefoundationsxm.org, 2017). 
EPIC aims to alleviate this by restoring mangrove 
stands in Little Key, increasing mangrove depend-
ent species and subsequently increasing biodiver-
sity in the marine environment. To guarantee high 
plant survival, test mangroves have been planted 
following the encased planting methodology by 
Robert W. Riley Jr. (1995). This method, which 
uses PVC pipes to protect young red mangrove 
propagules, is proven to prevent seedling mortal-
ity due to wave action and other environmental 
hazards. However, EPIC was surprised to find that 
5 of 12 test encasements had not only survived 
Hurricane Irma but had also produced leaves.

Nature Restoration (St. Maarten, EU-BEST)
by Kippy Gilders. This article was published in BioNews 7. 

Before Hurricane Irma - Mangrove encasements  
planted on Little Key (August 19th, 2017)  
Photo by: © Kippy Gilders

After Hurricane Irma - Remaining mangrove  
encasements planted on Little Key (September 21, 2017) 
Photo by: © Kippy Gilders
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Nature Restoration (St. Maarten, EU-BEST)

Terrestrial forest and scrub areas in St. Maarten 
present low diversity. The plant composition in 
these areas is dominated by a few invasive and 
non-native species that rose to dominance after 
cleared agricultural land was abandoned over 50 
years ago. In order to increase biodiversity, EPIC is 
currently working on establishing a secondary for-
est with specific native species in the two terres-
trial sites. The increase of species in these areas 
will provide a more complex and natural habitat 
for species dependent upon shade, leaf litter, tree 
bark and crevices. The diversity of trees will also 
provide more varied food source for birds, bats, 
spiders and other insects. 

EPIC advocates for conservation zoning and 
long-term management plans for the restored 
sites. Another key point of this project is the 

involvement of stakeholders to catalyze legisla-
tive action and create citizen science opportuni-
ties. Towards this goal, the project has a focus 
on environmental education and will work with 
schools and community groups to promote the 
value of environmental protection, foster connec-
tions with nature, and encourage conservation 
actions. EPIC invites other organizations to visit 
restoration sites and share best practices through 
this unique opportunity.

This project, “Restoration of Key Biodiversity 
Areas of St. Maarten”, is supported by the BEST 
2.0 Programme funded by the European Union. 
For more information or to get involved please 
contact EPIC’s Project Coordinator,  
Kippy Gilders, at +1 (721) 524-4420 or  
kippy@epicislands.org.

Top Left:  Damages to the EPIC Office from Hurricane Irma.  

Bottom Left: Dedicated volunteers help clear broken branches  
and hurricane debris from the restoration site at Sentry Hill.  

Right: Technicians working to clear the site at Sentry Hill 
Photo by: © Kippy Gilders, Rishi Hemrajani & Ani Luna 
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Photo by: © Marion Haarsma

RESOURCES
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Dutch Caribbean Nature Alliance (DCNA)
Safeguarding nature in the Dutch Caribbean

DCNA’s mission

Our unique and bountiful tropical islands, with their high 
biodiversity and abundance of globally threatened ecosystems 
and species demands that we stand together to safeguard  
biodiversity. That’s the idea at the heart of the Dutch 
Caribbean Nature Alliance (DCNA).

The DCNA is a non profit foundation and regional network  
created to support and assist nature organizations to safe-
guard biodiversity and promote the sustainable management 
of the natural resources of the islands both on land and in the 
water for the benefit of present and future generations.

DCNA works with dedicated nature conservation organiza-
tions on Aruba, Bonaire, Curaçao, Saba, St. Eustatius and  
St. Maarten. By creating a united voice and sharing resources, 
skills and experience, DCNA is able to strengthen the network 
and support conservation initiatives throughout the  
Dutch Caribbean.

DCNA’s tasks

DCNA provides tailored, flexible support to parks and  
conservation organizations, with an emphasis on:

1.  Fundraising on behalf of the parks as well as providing them  
       with annual revenues from DCNA’s Trust Fund.

2.  Providing on demand, tailored opportunities to build local  
       capacity building, such as through training and workshops.

3.  Assisting conservation organizations with representation  
       and advocacy.

4. Providing online access to information on biodiversity and   
       conservation management.

DCNA Board at their April 2018 meeting on Saba
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Dutch Caribbean Biodiversity Database (DCBD)
An online central knowledge store to exchange information and to enhance nature management and spatial planning for the Dutch Caribbean.
http://www.dcbd.nl/ 

Commissioned by the Dutch Ministry of 
Economic Affairs (now Ministry of Agriculture, 
Nature and Food Quality - LNV), the DCBD is  
an active platform that brings together local 
and national governments, nature organisa-
tions on the islands and the Dutch mainland, 
local businesses, statisticians from the Central 
Bureau of Statistics (Bonaire and The Hague), 
reporters of the Statutory research tasks, and 
scientists and students from across the world.

DCBD’s Content:

• Monitoring

Central storage facility for data on topics as  
diverse as corals, turtles, birds, ecosystem 
health and threats.

The core goal of the DCBD is to safely store long-
term biodiversity monitoring data that facilitates 
international reporting and enhances nature 
management. The Monitoring section of the 
database provides data collectors with safe and 
secure storage. DCBD visitors can browse through 
all monitoring programmes and summarized 
outputs. Where data series are long enough trend 
lines are provided. Visitors can also request raw 
data where available. 

• Maps

State of the art geographic information which 
includes base line maps and overlays for nature, 
conservation and more

The Maps section of the Dutch Caribbean 
Biodiversity Database contains a GIS-based map 
viewer with a selection of the most accurate and 
up-to-date geographic nature data for the Dutch 
Caribbean. The map viewer allows nature manag-
ers, policy makers and researchers to visualize 
their bio-physcial, socio-economical and legisla-
tive data and builds public support for conserva-
tion by allowing the world to interact with Dutch 
Caribbean maps such as vegetation, geology,  
soil, land use, protected areas and zoning plans.

• Resources

Information archive for documentation on sci-
ence, conservation, ecosystems and species with 
special categories for news, education and more.

The ‘resources’ section of the Dutch Caribbean 
Biodiversity Database provides access to a search-
able database of growing size containing pub-
lished and unpublished studies, reports,  
peer-reviewed articles, student or PhD theses,  

 
and other documents, including maps as well as 
news articles, videos, information  
 
sheets and other outreach materials relevant to 
Dutch Caribbean biodiversity.  The objective is to 
save  information that was stored in an office or 
computer somewhere, inaccessible to anyone and 
liable to disappear completely when people move 
on and institutional knowledge is lost., Moreover 
it brings together all information that is available 
online but spread out over a multitude of sites, for 
easier search and accessibility.  
 
• Portals

Links to external databases which include  
relevant information on the Dutch Caribbean.

The islands of the Dutch Caribbean are part of  
the larger Caribbean region. A variety of nature, 
biodiversity and ecosystem based information 
portal initiatives are active for the Caribbean or 
globally and provide access to biodiversity infor-
mation that is relevant to the Dutch Caribbean.  
In this section you’ll find a selection of portals that 
provide you with detailed information on a variety 
of topics (including algae, fish, flora, or GIS data). 
The information on these portals may partly 
overlap with DCBD.
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On December 5, 2017, the launch of the Dutch 
Caribbean Species Register took place: 
www.dutchcaribbeanspecies.org. This website 
is intended to become a useful tool for nature 
conservation, biodiversity research, and  
education in the Dutch Caribbean!

For the first time, an overview of the known 
biodiversity (animals, plants, fungi) of the Dutch 
Caribbean is presented: over 7.500 species. 
This online database is the result of an effort of 
Naturalis Biodiversity Center to gather all relevant 
records and publications on the biodiversity and 
natural history of the six islands of the Dutch 
Caribbean: Aruba, Bonaire, Curaçao, Saba, Sint 
Eustatius and Sint Maarten, together with the 
submerged Saba Bank. Naturalis is the Dutch 
national natural history museum, which has a long 
tradition in biodiversity research all over the world 
(terrestrial and marine), with the Dutch Caribbean 
as one of its focus areas. 

The database contains a wide variety of informa-
tion, which has been gathered from books, scien-
tific articles, expedition reports, museum cata-
logues, web sites, species lists, and photographs. 
The database includes, but is not limited to pres-
ence status per island, photos, literature referenc-
es, and common/local names. The checklist can be 
searched and filtered in several ways and can also 

be navigated through a taxonomic tree. Species 
can also be searched by habitat, such as terrestrial, 
freshwater, brackish water, and marine environ-
ments. The presence status indicates per island 
which species are indigenous and which ones have 
been introduced. For species of the latter category 
also the natural distribution range can be found. 
For each island and for certain regions, such as the 
Leeward Islands and the Lesser Antilles, lists of 
endemic species can be generated and searched 
for additional information. So far, the checklist 
is illustrated by a growing photo archive of over 
2.000 photos of nearly 10% of the species.

The species database is expected to grow over the 
coming years, as Naturalis processes the results of 
recent expeditions to, e.g., Sint Eustatius in 2015 
and Curaçao in 2017. Species discovered on the 
islands as new to science and those representing 
new records are added after their publication as 
soon as possible. Photographic records can also be 
used as basis for new contributions.

We are looking for volunteers who are willing to 
supply documentation, photographs, and specimens 
that represent new species records for the islands. 
People with expert knowledge of the Caribbean 
fauna and flora are welcome to assist as validators. 
Those interested in contributing can contact us via 
speciesregister@naturalis.nl.

Dutch Caribbean Species Register
Hannco Bakker, Sander Pieterse, Bert W. Hoeksema (Naturalis Biodiversity Center, Leiden, The Netherlands)
This article was published in BioNews 10. 
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The Dutch Caribbean has a new way to access 
marine protected area (MPA) information
focused on ease of use for boaters, fishermen, and 
the public. Available online at
ProtectedSeas.net is an interactive online map 
of marine protected and managed areas for our 
islands and the Caribbean as a whole. The map pro-
vides one-click access to detailed MPA information 
such as allowed activities, regulations, manage-
ment resources, and links to official publications. 
In July 2017, with help from DCNA, ProtectedSeas 
largely completed the Dutch Caribbean. 

The team is currently wrapping up the Caribbean 
and moving on to Central and South America. They 
invite comments, feedback, or questions on their 
map and specific MPAs. Available now in English, 
ProtectedSeas plans to make MPA information 
available in each country’s official language soon. 
Volunteer help with translation is always appreciated.

Marine Protected Areas - A New Interactive Map
By Jennifer Sletten and Virgil Zetterlind. This article was published in BioNews 7. 

Map view of Aruba, Bonaire and Curaçao.Source: 
https://mpa.protectedseas.net/caribbean

Map view of Saba, St. Eustatius, and St. Maarten.
Source: https://mpa.protectedseas.net/caribbean

146 147 148 149 150 ......BioNews 2017 - Content

ProtectedSeas.net
Cura�ao.Source
https://mpa.protectedseas.net/caribbean
https://mpa.protectedseas.net/caribbean
http://www.dcnanature.org


The ProtectedSeas Marine Managed Area Mapping 
project began two years ago in an effort to fulfill the 
need for a one-stop resource for ocean users to find 
out not only where MPAs are located, but also which 
activities are restricted. It provides area-specific in-
formation such as where fishing, anchoring, or diving, 
are allowed. ProtectedSeas is currently working to 
expand these categories to include indicators for over 
25 different activities, many of which are specific to 
certain fishing gear. By making this information avail-
able for free online and working with nautical charting 
companies to include MPA information on boating 
navigation maps, ProtectedSeas hopes to improve 
awareness and compliance of these special places so 
critical to ocean health.

In the United States, ProtectedSeas work has been 
recognized via a public-private partnership with the 
National Oceanic and Atmospheric Administration 
(NOAA) Marine Protected Areas Center. While  
 

 
scouring U.S. state and federal regulations, the  
team  discovered marine managed areas such as 
species- and gear-specific regulations, which are not 
MPAs, but contained place-based restrictions with 
conservation benefits. Adding these areas to their 
maps helps show a more comprehensive picture of 
management practices. The team also includes key 
restrictions for each nation’s exclusive economic 
zone, or EEZ and Territorial Sea.
 
ProtectedSeas completed their map of U.S. marine 
managed areas at the end of 2016 and contains a 
dataset of nearly 4,000 sites. Afterwards, the team 
tackled the high seas and created the first ever high-
seas map with all marine managed areas beyond 
national jurisdiction with associated management 
measures. This was released at Oceans Conference 
at the United Nations in New York City in June 
2017 (https://mpa.protectedseas.net/highseas).  
Since then, the team has been working hard on the 
Caribbean which is nearing completion.

Marine Protected Areas

View of details of Klein Bonaire. In the right panel you can find information on the 
management organization, purpose, restrictions and governing regulations. 
Source: https://mpa.protectedseas.net/caribbean

Photo by: © Rudy van Geldere
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Sponsors

DCNA’s activities are generously supported 
by The Dutch Postcode Lottery. 

BioNews is funded by the Ministry of 
Agriculture, Nature and Food Quality (LNV)

DCNA Contact information

Credits

Photography: Courtesy of SHAPE Photography or Brenda S. & R. Kirkby 

unless otherwise Credited. 

Concept and Design: Deviate Design. www.Deviate.Design

Members of the Dutch Caribbean Nature Alliance 

Aruba
Fundacion Parke Nacional 
Arikok
+297 585 1234
www.arubanationalpark.org

Bonaire
STINAPA Bonaire
+599 717 84 44
www.stinapa.org

Curaçao
CARMABI
+599 9 462 4242
www.carmabi.org

Saba
Saba Conservation Foundation
+599 416 32 95
www.sabapark.org

St. Eustasius
STENAPA
+599 318 28 84
www.statiapark.org

St. Maarten
Nature Foundation
+721 544 4267
www.naturefoundationsxm.org

St. Maarten
Environmental Protection 
 in the Caribbean
+ 721 545 3009
www. epicislands.org

Curaçao
Stiching uniek Curaçao
+599 9 462 8989
www.uniekcuracao.org

Ministry of Agriculture, 
Nature and Food Quality

A special thanks to our partners, conservationists and scientists for your dedicated work, sharing your expertise and reviewing the articles
and the funding support from the Ministry of Agriculture, Nature and Food Quality (LNV). Thank you for being by our side — for your  
shared passion, encouragement and support to safeguard our precious nature in the Dutch Caribbean.

DCNA produces “BioNews”, a free monthly digital newsletter featuring recent nature related news-items about the Dutch Caribbean  
as well as overviews of recent publications, current research and monitoring programmes and upcoming events.

Want to know more? Check the BioNews archive (https://www.dcnanature.org/resources/research-monitoring/)
You can sign-up here (https://www.dcnanature.org/subscribe/) or send an email to research@DCNAnature.org

Address:
Dutch Caribbean Nature Alliance
Kaya Finlandia 10A
Kralendijk, Bonaire, Dutch Caribbean

Contact us:
+599 717 5010
research@DCNAnature.org
www.DCNAnature.org

Social Media
facebook.com/DutchCaribbeanNatureAlliance
twitter.com/DCNA  |  instagram.com/dcnanature
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