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Editor’s note Dutch Caribbean, 2020

2020 has been a challenging year due to the current 
global COVID-19 crises, not only for the Dutch 
Caribbean Nature Alliance (DCNA) but for all working 
in the field of nature conservation. Despite this,  
we have all been working hard to ensure critical  
work of safeguarding nature in the Dutch  
Caribbean continues.

Monitoring and researching biodiversity allows 
conservationists to manage natural resources and 
react to changes accordingly in order to maintain 
protection for our nature. Thanks to funding support 
from amongst others the Ministry of Agriculture, 
Nature and Food Quality (LNV) and the dedicated 
work of our members, partners, conservationists and 
scientists a plethora research and monitoring projects 
are underway within the Dutch Caribbean. 

The impacts of COVID-19 has been significant  
for the nature conservation organizations in the 
Dutch Caribbean who, despite this, continued to  
their best ability with conservation activities including 
monitoring and research. Many researchers had to 
postpone their field trips to the Dutch Caribbean. 
However, many (scientific) publications and 
reports were produced describing the results 
from previous years. 

DCNA seeks to support this work and to 
communicate (research and monitoring) project 
results to a broad range of audiences. Also in 2020, 
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 programs and 
recent publications.

In this issue we present a collection of the
BioNews articles published throughout 2020. 
These cover a wide range of topics including coral 
reefs, sea turtles, sharks,  invasive species, birds, 
and reptiles. Also produced this year were special 
editions about Sustainable Tourism, Flagship 
species and Climate Change.

We would like to take this opportunity to thank our 
funders, partners, conservationists, 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 2021. 

Cover photos by: 
Hans Smulders (Iguana) 

& Josh Miller (Turtle)
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From 5 to 20 December 2019, the Royal Netherlands 
Institute for Sea Research (NIOZ) and Wageningen 
Marine Research organized an expedition to the Saba 
Bank, close to the Dutch island of Saba in the Caribbean 
region. Experts on board the research vessel Pelagia 
gathered data to acquire more knowledge about the 
sinkholes and the hundreds of recently discovered 
strange calcareous algae turrets.

Saba Bank has the deepest and  
largest marine sinkholes in the world
In 2018, during the NICO research expedition at the 
Luymes Bank and part of the Saba Bank, the current 
expedition leaders Fleur van Duyl (NIOZ) and Erik Meesters 
(Wageningen Marine Research) discovered more than 
20 enormous holes ranging from 10 to 375 metres in 
depth and with diameters varying between 70 to 1100 
metres. The floor of the Saba Bank consists of a limestone 
deposition one to two kilometres thick. When the bank 
lay above water during the ice ages and the sea level was 
120 m lower than it is now, flowing freshwater dissolved 
the limestone and created large holes. This first led to the 
formation of caves, which subsequently collapsed. These 
sinkholes that developed on land were subsequently 
submerged after the last ice age (20,000 years ago), when 
the sea level rose again.

A well-known marine sinkhole is the “Great Blue Hole” off 
the coast of Belize in the Caribbean Sea. This hole is vis-
ible from space because it lies close to the surface and it 
looks like a sort of dark eye in a light blue sea. China claims 

the deepest described sinkhole, the “Dragon Hole” in the 
South China Sea, with a depth of 308 metres. However, the 
floor of the deepest sinkhole on the Saba Bank is certainly 
375 metres deep and is therefore deeper and larger than 
the “Dragon Hole”. So far, no other area has been found 
with so many sinkholes - more than 20 - at such a short 
distance from each other.

Knowledge about the Saba Bank still far  
from complete
From a scientific perspective, little is known about the eco-
logical functioning of the Saba Bank. And there are even 
many blanks on the map. “During the NICO expedition in 
2018, we discovered a unique and spectacular biological 
community in one of the sinkholes on the Saba Bank at a 
depth of about 110 metres”, says expedition leader Fleur 
van Duyl from NIOZ. “On the seafloor we found hundreds 
of calciferous algae turrets with diameters of 40 to 60 cm. 
These pink-purple turrets consist of layers of crustose calcar-
eous algae and reminded us of the Chinese terracotta army.” 

According to Erik Meesters, expedition leader of 
Wageningen Marine Research, these calcareous algae 
probably grow very slowly at that depth because there is 
very little light. “They might be able to tell us more about the 
history of the Saba Bank and the conditions under which the 
sinkholes were formed.” What made this year’s expedition 
so special for Meesters is that they did not know what they 
would find; “Most of the sinkholes on the Saba Bank have 
not yet been visited by anybody and that makes it particu-
larly exciting.”

Researchers explored deepest and
largest underwater sinkholes in the world

3D image of the Saba Bank with the Luymes Bank in the 
North East. Source: Erik Meesters

One of the sinkholes in detail.
Source: Erik Meesters

Article by the Royal Netherlands Institute for Sea Research (NIOZ) and published in BioNews 31
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Researchers explored deepest and largest underwater sinkholes in the world

First findings
The researchers extensively explored all 21 
sinkholes on the Saba Bank. The aim was to find 
out more about the nature of the calcareous 
algae turrets and the environmental factors that 
influence their growth. How does the exchange 
of water between the sinkholes and the flowing 
water above work, and which biological communi-
ties and nutrients such as bacteria are present? 
The collected data is taken back to the Universities 
where it will be analyzed. This will provide insights 
into why these turrets occur at some sinkholes but 
not others.

The research vessel dropped a wide range of 
measurement equipment and cameras to a depth 
of many tens of metres. These were used to collect 
various data about the water column, and took 
samples of water and seafloor life, including an 
effort to bring several turrets to the surface. The 
researchers also placed anchors with measure-
ment equipment in the sinkholes which allowed 
seven days of monitoring during the expedition. 
All collected data is now being analyzed ad the 
researchers are eager to find out more about the 
secrets of the sinkholes. 

Sinkhole seems to seep gas
The Saba Bank revealed a surprise. Via the Saba 
Conservation Foundation the researchers got 
coordinates of a purported hotspring (found by 
fishermen) in one of the sinkholes.  At ca 280m 
depth a plume was detected with the multibeam, 
maybe a methane seep? The CTD profiles showed 
an amazing steep gradient in among others oxy-
gen in the sinkhole. 

Saba Bank 
The Saba Bank, several kilometres to the south 
of the island of Saba, covers more than 2400 km2 
and is therefore the largest protected nature area 
in the Netherlands. The bank,lies completely 
underwater and is important from both a biologi-
cal and economic perspective. The submarine 
mountain rises from the seafloor at a depth of 
1000 metres to on average 30 to 40 metres below 
the sea surface. Large parts of the edges of the 
bank consist of extensive, healthy coral reefs. This 
region in the Caribbean Netherlands is also part of 
the shark and sea mammal nature reserve Yarari 
designated by the Dutch state. The importance 
of the biodiversity of the Caribbean Netherlands 
is internationally recognised by a designation of 
the Saba Bank as an Ecologically or Biologically 
Significant Marine Area (EBSA) under the 
Biodiversity Treaty. 

 Close-up photo of the Luymes Bank and the 
 various sinkholes. Source: Erik Meesters

Researchers watching live footage from the bottom of the  
first Saba Bank sinkholes. Credit: Matthew Humphreys (NIOZ)

Close up of one of the calcium carbonate pillars 
researchers managed to get on board during the 

expedition. Credit: NIOZ/WUR, Erik Meesters

A CCA pillar from a sinkhole. 
Credit: Fleur van Duyl, NIOZ

http://www.dcnanature.org
http://www.dcnanature.org


... 6 7 8 9 10 ...BioNews 2020 - Content

This article was published in BioNews 32

Innovative Artificial Reef Structures 
“IntelliReefs” to Improve Denuded Coral Reefs

Beginning of February 2020, the Ocean Science 
Team of Reef Life Foundation was on Sint 
Maarten to assess and research the 14 month 
performance of the ‘IntelliReefs’ artificial reef 
substrates which were developed to enhance 
coral and fish growth; deployed as a premier in 
St Maarten waters in the end of 2018. The team 
which collaborates with the Nature Foundation 
St Maarten was funded by the Waitt Institute, 
conducted several research and monitoring 
dives on the ‘coral enhancing’ structures in the 
Marine Protected Area and on sites around the 
island. The researchers discovered coral settle-
ment varieties, important coral contributors and 
highly diverse marine species on the Oceanite 
substrates. In the coming weeks, samples and 
monitoring films will be analysed in detail to 
determine species composition and abundance 
on these substrates.

The Ocean Science Team consisted of marine 
biologists, coral scientists, photographers and 
videographers, storytellers and staff of the Sint 
Maarten Nature Foundation. They were also locally 
supported by Pelican Peak, the Scuba Shop, and 
Dianne Smith, whose catamaran Random Wind, 
brought all the expedition teams to the dive sites 
on 29th of January. The scuba shop provided dive 
equipment and assistance for the team and they 
experienced the beautiful views and adrenaline 

rushing zipline of Pelican Peak. “We are grateful 
for our local support in order to improve the resil-
ience of our coral reefs” stated Melanie Meijer zu 
Schlochtern, Manager of the Nature Foundation. 
“I was very excited to see the amount of life on the 
IntelliReefs in such a short time, including young 
coral colonies. Working with an incredible, dedicated 
team from the Nature Foundation and Reef Life 
Foundation inspires hope and sparks my imagination 
as an Art Reef designer” stated Colleen Flanigan 
part of the Ocean Science Team for the Reef Life 
Foundation.

In the last couple of years, the coral reefs on Sint 
Maarten have been deteriorating quickly due 
to diseases and storms, the reefs were already 
extremely threatened as pollution, large amounts 
of waste water input into the ocean, overfishing 
and rising ocean temperatures are destroying 
coral reefs. “If we do not have corals, many tourists 
will choose to enjoy their vacation somewhere else, 
causing large losses in income for St Maarten, loss of 
jobs and an average decrease in wealth and access to 
medical care, increasing poverty. Besides the impor-
tance to tourism, coral reefs are critical to protect us 
from storms and swells and are the home to many 
different fishes and marine life species, including the 
species we love to have on our menu, such as snapper 
and lobster. Therefore we are honored to have these 
structures and their performance being tested on St. 

Maarten,” explained Melanie Meijer zu Schlochtern.
The Reef Life Restoration (RLR) nano-engineered 
reef habitats, called ‘IntelliReefs’, are using envi-
ronmentally sustainable minerals as a specific coral 
species growth substrates, mimicking the complex 
composition of natural coral reefs. Biocompatible 
and highly diverse surface textures and formula-
tions on and within these substrates are designed 
to function like established coral, including small 
holes where fertilized coral larvae can attach, be 
protected and grow to reproductive stage adult-
hood. These smart coral substrates are being 
designed to survive extreme weather, increased 
sedimentation levels, and changes to the broader 
ecosystem.

“After diving on the Sint Maarten IntelliReefs and 
conducting surveys of the structures, our initial 
observations and results indicate that they support 
an incredible diversity of life. Their porous design 
provides more surface area per square meter of reef 
material for settlement and protects early life stages 
of important reef-building organisms like corals. 
We were amazed to see wild coral recruits settling 
on one of our structures after only 14 months. Our 
preliminary results suggest that IntelliReefs can 
increase biodiversity of reef organisms even in very 
small areas and provide refuges to important fish and 
invertebrate species on degraded reefs,” specified 
Emily Harris Reef Life Marine Biology Lead. 
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The vision of the ´IntelliReefs´ project is to deploy 
these smart substrates on reefs worldwide and use 
these technologies to protect and recover coral 
and biodiverse marine creature populations around 
the world, as many of the world’s scientists feel 
that entire reef populations will have to be moved 
to cooler waters, Reef Life structures can serve 
as “Living Shorelines” wave protection as well 
as individual boat mooring surrounds to prevent 
further damage to the reefs from anchoring. The 
mooring habitat technology comes at a time when 
certain European Union countries are outlawing 
boat anchors except in proper mooring stations, 
so this system could globally contribute millions 
of sustainable boat mooring coral, fish, oyster and 
marine plant eco-habitats. 

“What have I learned from Coral Reef systems? 
Healthy reefs are interdependent and take time to 
develop. I love the way the IntelliReefs initiative 
represents a win win for tourism, government and 
conservation. It is a long term collaboration with 
wins for the environment, marine protected areas 
and the local economy. After 7 years of development, 
14 month pilot test, and a week of diving repeat-
edly on the three sites in St Maarten, it’s clear to me 
that diverse marine life appreciates this Oceanite 
substrate. Every inch is covered in life. Most exciting 
are the recruits of mustard hill coral that are growing 
from the spawning event. Personally, I was honored 
to be tentacled by an octopus living in the heart of 
the IntelliReefs substrate, superior at attracting 
diverse biological growth to every nook and cranny. 
There are many more experiments we need to do to 
optimize the architecture and substrate, but for now, 

I’m thrilled to have a tested material that supports 
diverse biological growth,” said Ian Kellet Reef Life 
Global Project Lead.

“Reef Life Foundation supports global efforts being 
made to further marine protected areas: MPA expan-
sion and effectiveness, as well as saving coral reef 
creatures great and small; and we hope to reinforce 
this by continued scientific development of coastal 
and oceanic solutions to the ravages of climate 
change” concluded Melody Brenna, Reef Life 
Foundation Director.

To learn more about IntelliReefs:  
Substrates for Super Corals, check out:
www.reeflifefoundation.org/intellireefs. 

In order to assist to save St Maarten ‘s reefs,  
support by donating to www.naturefoundation
sxm.org/donate and the “Gift A Reef” project:  
www.reeflifefoundation.org/donate.

Local Support provided by: 
THE SCUBA SHOP:
www.thescubashop.net, 

Pikes Peak Zipline Tours:
 https://pelicanpeaksxm.com/

Random Wind Charters, St. Maarten: 
https://randomwind.com/

Initial Reef Deployment with Nature Foundation:  
https://vimeo.com/325568580

Innovative Artificial Reef Structures “IntelliReefs” to Improve Denuded Coral Reefs
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New research links two known coral diseases, 
skeletal eroding band and Caribbean ciliate infec-
tion, to a single originating pathogen. Studying 
the physical symptoms along with their genetic 
makeup, researchers were able to compare the 
disease-causing pathogens. Understanding these 
pathogens will prove instrumental in designing 
mitigation strategies to protect the remaining 
corals worldwide.

Over the past 30 years, there has been a significant 
loss of coral coverage worldwide. Reports indicate 
that the Indo-Pacific region has experienced an 
estimated 50% loss whereas the Caribbean has ex-
perienced a shocking loss of nearly 80% (Gardener 
et al. 2003; Bruno and Selig 2007; Pollock et al. 
2011). These remaining corals are under immense 
pressure from climate change, declining water 
quality, pollution and coral disease. Within the last 
10 years, coral disease incidents have increased 
significantly, further stressing the remaining corals 
(NOAA). Coral disease can be caused as either a 
biological response to bacteria, fungi or virus, or 
through a physical response to changes in water 
quality or pollution (NMFS, 2001). Unfortunately, 

there is a lack of information concerning most of 
these diseases and, in some cases, isolated research 
has led to the same disease being classified under 
different names around the world.

SEB versus CCI
A new study, led by the University of Milan and 
the Marine Research and High Education Center 
of the Maldives, worked to link two known coral 
diseases, skeletal eroding band (SEB) within the 
Indo-Pacific and Caribbean ciliate infection (CCI) 
in the Caribbean. Through studying the physical 
manifestation of the disease and genetic diversity 
of the infecting agents, single celled organisms 
known as Halofolliculina ciliates, researchers were 
able to compare these two diseases to determine if 
they were actually the same. 

The Debate
Both SEB and CCI attack healthy coral tissue, leav-
ing a thick dark-gray band between healthy and 
infected areas. SEB, one of the first documented 
and described coral diseases within the Indo-Pacific 
(Antonius 1999), is known to affect over 82 dif-
ferent types of coral species (Page et al., 2015). 

Originally it was thought that this disease was 
introduced to the Caribbean (Croquer et al., 2006) 
to eventually become what is now known as CCI. 
This point is quite contentious within the scientific 
community as researchers have not yet been able 
to fully investigate the diseases to determine if the 
two diseases are in fact related.

The Study
This research worked to fill in these knowledge 
gaps and settle this debate once and for all. By 
investigating each disease, researchers could 
determine if the disease pathogens were geneti-
cally related or if they represented different species 
of Halofolliculina.

Corals were sampled between June 2017 and 
October 2019 within the Caribbean (Curaçao and 
Bonaire), the Red Sea (Saudi Arabia) and the Indian 
Ocean (Republic of the Maldives). In each location, 
small coral fragments were collected from diseased 
coral. The idea was to identify any differences in 
color or shape of the disease ciliates. 
 

Genetic Analysis Finds Link in Coral Diseases

A reef coral (Diploria labyrinthiformis) infested by the 
Caribbean Ciliate Infection. Photo by Simone Montano

This article was published in BioNews 33

http://www.dcnanature.org
https://www.dcnanature.org/bionews-33
http://www.dcnanature.org


... 6 7 8 9 10 ...BioNews 2020 - Content

The Results
Scientists were able to show strong correlations 
between the pathogens known to cause SEB and 
CCI and documented similarities within lesion 
and settlement patterns of the disease in all three 
locations. Overall, there was no significant differ-
ence within the distribution, settlement patterns 
or general size of the disease agent within the 
infected corals.

Furthermore, in all samples, the disease caused 
tissue loss and bare skeleton, which were covered 
by loricae, the hard casing of the ciliates. These cili-
ates settled within clusters which appeared as dark 
spots on the coral. In high densities, this eventually 
formed a black or dark green band between healthy 
and infected tissues. From visual inspection, the 
disease-causing agent appears to be identical 
between the Caribbean, Indo-Pacific and Red Sea. 

The DNA sequencing conducted in this experiment 
was the first of its kind for this species and will serve 
as the baseline for future genetic evaluations of 
this and related species in the future. Although the 
visual manifestation of these diseases was very 
similar, they were previously thought to be caused 

by two different pathogens. This DNA sequencing 
was able to prove that the ciliates known to cause 
both diseases are in fact related. Although there 
were a few genetic differences, this could be a 
result of biogeographical separation in their evolu-
tion, since ciliates often have high genetic diversity. 
Therefore, it’s possible that they represent a single 
species.  Researchers concluded that the pathogen 
causing both of these diseases are related. 

Understanding and being able to treat coral disease 
will become increasingly important as the threats 
against corals continues to increase. The more we 
understand about these diseases, the more likely 
a treatment can be prescribed to help restore the 
reefs to a healthy state. Furthermore, finding links 
between known diseases, such as these, will help 
coordinate effort and maximize research efficiency.

For more information see: 
Montano, S., Maggioni, D., Liguori, G., Arrigoni, R., 
Berumen, M.L., Seveso, D., Galli, P., Hoeksema, 
B.W. (2020) Morpho-molecular traits of Indo-
Pacific and Caribbean Halofolliculina ciliate infec-
tions. Coral Reefs 39 (2): 375–386.    

Genetic Analysis Finds Link in Coral Diseases

Sampling localities in the Caribbean Sea (Curaçao and Bonaire), 
Red Sea (Saudi Arabia), and Indo-Pacific (Republic of the Maldives) 
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New discoveries on relationships between 
host corals, crabs and christmas tree worms

A series of recent surveys worked to highlight 
the important relationships between host cor-
als, crabs and christmas tree worms.  Studies 
were conducted off the coasts of Sint Eustatius, 
Curaçao and Bonaire. Understanding the rela-
tionship between reef inhabitants and their host 
corals could be critical in designing conservation 
efforts for reefs into the future.

Many marine species depend on corals for food, 
substrate and shelter. Each coral species may act 
as host for particular species of fish, crabs, shrimps, 
snails, worms, or other kinds of invertebrates. In a 
time when coral species are becoming increasingly 
threatened with extinction, it is even more impor-
tant to take inventory of their associated fauna. 
Many marine species live within crevices of the 
coral skeleton while others hide underneath or in 
between corals. Some species are easy to spot be-
cause of their bright colours or their sudden move-
ments, while others remain quiet and well hidden. 
To understand these associations and the ecologi-
cal role of coral species in coral reef biodiversity, 
scientists need to study each coral in a systematic 
way. It is important that researchers are able to not 
only identify each species of coral, but understand 
any relationships to species they host. 

Recently, a team of researchers from Naturalis 
Biodiversity Center, ANEMOON Foundation, 
and colleagues from various intitutes, performed 
several bodiversity surveys in the Dutch Caribbean 
(Bonaire, Curaçao, Sint Eustatius). These expedi-
tions were organized by professor Bert Hoeksema, 
who is the coral expert at Naturalis and honorary 
professor of tropical marine biodiversity at the 
University of Groningen. The team discovered, 
amongst others, some new associations for 
Christmas tree worms (Spirobranchus spp.) 
as symbionts within different coral species. 
These worms live partly inside the host coral and 
appeared to be able survive when it becomes 
covered by encrusting animals, who then serve as a 
secondary host. Surprisingly, most discoveries were 
made in very shallow water (less than 2 m depth), 
where scuba divers may spend less time when 
compared to greater depths. 

A newly discovered association of two small Christmas tree worms (Spirobranchus 
polycerus) on top of a golf ball coral (Favia fragum) on the reef flat of Bonaire in less than 
2m depth. Both species are common but have previously not been reported in symbiosis. 

Photo by: © Jaaziel E. García-Hernández (University of Puerto Rico - Mayagüez).

This article was published in BioNews 34
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New discoveries on relationships between host corals, crabs and christmas tree worms

Scientists also looked at how associated fauna may 
affect the morphology and the condition of the 
host corals. Some species of coral, again in very 
shallow water, appeared to host crabs that make 
large cavities inside the coral skeleton. The same 
crab species (Domecia acanthophora) appeared to 
make different types of holes within elkhorn coral, 
Acropora palmata, than in the fire coral Millepora 
complanata. These host coral species are not 
closely related, which makes one wonder how  
the host selection of these crabs has evolved. 

Both stories were published as  
separate articles in the online  
(open access) journal Diversity. 

Hoeksema, B.W.; García-Hernández, J.E.; van 
Moorsel, G.W.; Olthof, G.; ten Hove, H.A. Extension 
of the Recorded Host Range of Caribbean 
Christmas Tree Worms (Spirobranchus spp.) with 
Two Scleractinians, a Zoantharian, and an Ascidian. 
Diversity 2020, 12, 115.

Hoeksema, B.W.; García-Hernández, J.E. Host-
related Morphological Variation of Dwellings 
Inhabited by the Crab Domecia acanthophora in 
the Corals Acropora palmata and Millepora compla-
nata (Southern Caribbean). Diversity 2020, 12, 143.

The crab Domecia acanthophora hiding inside a crevice made in the branch of an elkhorn coral, 
Acropora palmata, in shallow water at Curaçao. This association is very common but usually 
overlooked. . 

Photo by: © Bert W. Hoeksema (Naturalis Biodiversity Center and University of Groningen).
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Coral Spawning Predictions for the South Caribbean

Caribbean Research and Management of 
Biodiversity (CARMABI) has released its 
annual coral spawning prediction calendar 
for the south Caribbean.  This calendar plays 
a central role in studying the reproductive 
biology of Caribbean corals and guiding coral 
restoration efforts for the southern Dutch 
Caribbean islands.  Based off these predic-
tions, researchers are able to harvest coral 
gametes that are reared to larvae that can be 
used to cultivate future coral colonies.

Coral spawning is a miraculous event where 
entire coral colonies, prompted by the lunar 
cycle, sunset time and water temperature, 
release gametes (eggs and sperm) simultane-
ously. Gametes of one species fertilize another 
to become fertilized embryos that settle on the 
ocean floor after days to weeks. Being able to 
witness a spawning event is a unique opportu-
nity for scuba divers to enjoy the breathtaking 
scene as the entire reef becomes engulfed in a 
blizzard of future corals.

Each year, Caribbean Research and 
Management of Biodiversity (CARMABI) 
releases a calendar to predict when each spe-
cies of coral is expected to spawn. During these 
events, researchers from CARMABI and Reef 
Restoration Foundation Bonaire (RRFB) also 
collect gametes to be used to grow new corals 
in a laboratory setting.

One such project, which has been very suc-
cessful, has been the restoration efforts 
centred around the elkhorn (Acropora palmata) 
corals. Historically, elkhorn coral could be 
found throughout the shallow waters of the 
Caribbean, however, this species is now listed 
on the International Union for Conservation of 
Nature (IUCN) Red List as critically endangered.  
Starting in 2010, CARMABI together with 
SECORE International initiated a project to 
study the reproduction of these corals lead-
ing to the first outplant of lab raised Acropora 
corals in 2011 that grew rapidly and spawned 
themselves “in the wild” in 2015.  

The benefit of this approach using gametes 
rather than fragments harvested from existing 
colonies, is that colonies reared from larvae 
represent a large variety of new genetic com-
binations, including some that allow corals to 
survive despite changing (worsening) environ-
mental conditions on reefs. Fragmented corals 
represent existing genetic varieties that have 
not experienced the selective pressures operat-
ing on reefs at present. 

The approaches developed by CARMABI 
have been extended to other coral species 
and at present 12 coral species that release 
gametes (i.e., in contrast to brooding species 
that release larvae) are successfully grown at 
CARMABI. Similar projects have started by Reef 
Renewal Foundation Bonaire.

There are a variety of other species which are 
also of great importance but have been a bit 
more challenging to cultivate within the lab.  
These species include important reef-building 
corals, which have separate male and female 
colonies, and thus require different techniques 
for harvesting their gametes.  Examples of 
these types of corals include the great star 
coral, Montastraea cavernosa and the round 
starlet coral, Siderastraea sidereal but in re-
cent years CARMABI has also developed the 
methods to harvest and rear gametes of these 
species and all of them are currently grown in 
the CARMABI labs on Curaçao.

There are a variety of other species which are 
also of great importance but have been a bit 
more challenging to cultivate within the lab.  
These species include important reef-building 
corals, which have separate male and female 
colonies, and thus require different techniques 
for harvesting their gametes.  Examples of 
these types of corals include the great star 
coral, Montastraea cavernosa and the round 
starlet coral, Siderastraea sidereal but in  
recent years CARMABI has also developed the 
methods to harvest and rear gametes of these 
species and all of them are currently grown in 
the CARMABI labs on Curaçao.

Would you like to share a news item?
Please e-mail us: research@DCNAnature.org

The calendar for the coral spawning predictions for the southern 
Caribbean can be found here: http://www.researchstationcarmabi.org/
predictions-for-coral-spawning-events-in-the-southern-caribbean-
for-2020/

Release of gamete bundles by C, natans.  
Photo by: © M. Vermeij
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Please e-mail us: research@DCNAnature.org

In recent years, there has been an increase in the 
detection of UV filters from sunscreens in coastal 
waters. A new study by Wageningen University 
and Research found that these UV filters seem to 
weaken corals, allowing warmed seawater as a 
result of global warming to further damage  
the reefs. 

Scientists from Wageningen University & Research 
conducted an experiment where water tempera-
ture was raised from 26 to 33 degrees Celsius in 
tanks containing two types of stony corals to mimic 
the effects of climate change. In addition, the 
artificial UV filter oxybenzone from sunscreen was 
added to the water to recreate conditions based 
on levels reported from coastal waters  
around Bonaire.

Prolonged stress
Corals were examined for more than six weeks. 
“That is really unique,” says Diana Slijkerman of 
Wageningen Marine Research. “These stress experi-
ments are usually short-term, but this chronic expo-
sure to a low concentration of a harmful substance 
has allowed us to simulate the field situation as 
closely as possible.”

It turns out that temperature elevation can greatly 
affect the health of corals.  In addition, these results 
suggest that sunscreen intensifies this damage. 
Slijkerman stated “The warm seawater is the  
largest threat, but it seems that oxybenzone adds 
insult to injury by weakening corals in the face of 
global warming “.

Coral Reefs Under Pressure
Coral reefs are under pressure worldwide due to an 
increase in seawater temperatures, deterioration of 
water quality, increased diseases and acidification. 
Recently scientists have discovered a new pressure, 
the high amounts of artificial UV filters present in 
coastal waters due to the use of sunscreens  
by people.

This study emphasizes the importance of imple-
menting local measures. “The biggest problem is 
climate change and you have little influence on that 
locally,” explains Slijkerman. “But you do have local 
control over water quality.” This not only concerns 
pollution from sunscreens, but also, for example, 
discharge of waste water and erosion.

Receive nature-news
Stay updated about nature research and monitor-
ing projects in the Dutch Caribbean through the 
Dutch Caribbean Nature Alliance’s (DCNA) free 
digital newsletter “BioNews”. Sign-up here, it’s 
free: https://www.dcnanature.org/subscribe/

More information:
Wijgerde, T., Ballegooijen, M. van. Nijland, R., 
van der Loos, L., Kwadijk, C., Osinga, R., Murk, 
A., Slijkerman, S. (2020). Adding insult to injury: 
Effects of chronic oxybenzone exposure and el-
evated temperature on two reef-building corals. 
Science of the Total Environment 733 

Sunscreen increases the damaging
effects of climate change on coral reefs
Article by Diana Slijkerman, Mark van der Meijs en Cecile Leuverink (WUR) and published in BioNews 36
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A new study will examine the genetic 
connectivity of corals located around the ABC 
islands. The goal is to find a link between the 
spatial arrangement of hard coral species to 
connectivity and population structure between 
the islands. Understanding these relationships 
will help expand our knowledge of coral 
reproduction and island interconnectivity to 
guide coastal zone management in the future.

Coral reefs are among the most diverse 
and productive communities in the marine 
environment. Particularly in the tropics, they 
are an iconic ecosystem since they are hotspots 
for biodiversity, attract major tourism, provide 
employment for many locals and represent the 
complex nature of the marine environment. 
Hermatypic corals, also known as reef-building 
corals, are the basic building blocks of tropical coral 
reefs. The growth of these reef-building corals 
and the distribution of coral reefs are strongly 
influenced by the physical environment. 

Coral Reef Reproduction
Hermatypic corals can reproduce asexually, 
where they produce genetically identical clones of 
themselves, leading to the production of massive 
skeletons that collectively form the limestone 
framework of tropical reefs. 

Corals also reproduce sexually, whereby they 
create genetically new individuals from the 
combination of male and female gametes (eggs 
and sperm) produced by different parental 
colonies. New genotypes and slight variations over 
many generations can lead to adaptations to resist 
the susceptibility of corals to stressors such as 
disease, increased temperatures and pollution. 

There are two ways corals can sexual reproduce: 
“broadcast spawners” and “brooders”. Broadcast 
spawners release eggs and sperm into the water 
column and the fertilization and larval development 
occur in the water column. Other species of corals 
are brooders, which undergo internal fertilization 
and release their offspring as larvae. 

Factors such as mode of sexual reproduction 
of coral species (whether they are “brooders” ( 
or “broadcast spawners”), currents and coastal 
zone habitat influence the distance, direction 
and extent of coral larvae (planulae) dispersal 
as well as their eventual success of coral larvae 
to settle to the ocean floor and grow into adult 
corals (recruitment). The successful reproduction, 
connectivity (or the exchange of planulae between 
reefs) and recruitment of planulae is fundamental 
to coral reef health and development and this is 
directly linked to the abundance and fitness of 

other marine organisms that depend on them for 
their survival. The magnitude of environmental 
change that is occurring within the Caribbean 
region as well as globally is considerable, and 
solutions will require investigating how populations 
of corals are connected as well as understanding 
how the interaction between genotype (organism’s 
set of heritable genes) and environment (seascape) 
and external stressors impact coral larvae dispersal.

Scientific Investigation
Therefore, the goal of this research project is 
to link the spatial arrangement of hermatypic 
coral species to connectivity and population 
structure between the islands that make up the 
southern Dutch Caribbean (Aruba, Bonaire and 
Curacao). This study will also compare the extent 
of planular dispersal between reproductive modes 
of corals using the brooding mustard hill coral (P. 
astreoides) and the symmetrical and broadcast 
spawning grooved brain corals (P. strigosa and D. 
labyrinthiformis) as the study species. 

Population Structure and Connectivity of 
Reef-building Corals in the Southern Dutch Caribbean

Photo by: © Eric Mijts
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To trace the movement and connectivity of 
these microscopic coral planulae across the 
vast southern Caribbean Sea the researchers 
will primarily use genetic approaches and 
analyses. Molecular tools such as microsatellite 
markers will be used to identify and examine 
the genotypes of the corals of study and allow 
us to thereby establish distinct relationships 
among coral individuals and the distance that 
separates them. 

This study is part of Sustainable Island Solutions 
through Science, Technology, Engineering 
and Mathematics (SISSTEM) project at the 
Universiteit van Aruba. Diana Melville, PhD 
Candidate of the KU Leuven and University of 
Aruba, is the lead scientist supervised by
drs. Eric Mijts, University of Aruba and Prof. 
Filip Volckaert, Laboratory of Biodiversity and 
Evolutionary Genomics, KU Leuven, Leuven, 
Belgium.

Looking for Answers
Questions that arise are: Are corals on the ABC 
islands genetically related to each other? Which 
populations are the main source of progeny? 
What is the role of environmental factors 
and biological traits in shaping connectivity? 
Are coral populations adapted to the shifting 
environment? 

The ABC Islands
The three islands, relatively close together, 
offer an excellent research setting to compare 
and contrast factors related to dispersal 
through shared hydrodynamic, ecological and 
anthropogenic influences. Each island has 
taken a specific conservation approach with 
different impacts on the coastal ecosystem. 
All share a thriving coast-associated tourism, 
rely on fishing and the other biological services 
that coral reefs may offer. However, the quality 
of these services depends on the health of the 
coral reefs. To date, there hasn’t been any 
study on the genetic connectivity of coral reefs 
in the region. The findings of this study will 
provide a sound scientific basis for coastal zone 
management of the region which is considered 
ecologically and economic important. 
Therefore, in this PhD project there will be 
unique opportunities to explore and disclose 
the limits of connectivity in the ABC region.

Population Structure and Connectivity of Reef-building Corals in the Southern Dutch Caribbean

Photo by: © Eric Mijts
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A new study compared the effectiveness of three 
popular artificial reefs to increase fish densities 
around Saba and St Eustatius. The researchers 
found that a complex internal structure, 
providing more shelter availability, resulted in 
increased fish abundance, biomass and species 
richness. The results of this study were used to 
design an even better working artificial reef, the 
Moreef, which is now being tested on Saba.

Coral reefs within the Caribbean have been slowly 
degrading since the 1970s. Initially this degradation 
was due to diseases that wiped out most of the 
Diadema antillarum (black sea urchin), the most 
important herbivores, and Acropora, the most 
important reef building corals. Combined with 
additional threats such as hurricanes, increased 
seawater temperatures and human-led pollution, 
coral cover around the islands of Saba and St 
Eustatius has decreased to less than 10%.

An artificial reef is a human-made underwater 
structure, typically built to locally increase 
biodiversity and productivity. Artificial reefs are 
gaining popularity as a way to provide increased 
substrate for coral recruitment and shelter, foraging 
areas and nursery grounds for fish and other reef 
creatures. Although there are many artificial reef 
designs, little research has been done to compare 
the effectiveness of different designs. 

Researchers from University of applied sciences 
Van Hall Larenstein, Wageningen Marine Research, 
Wageningen University, the Caribbean Netherlands 
Science Institute, STENAPA, the Saba Conservation 
Foundation and Golden Rock Dive Centre worked 
together in the AROSSTA (Artificial Reefs on Saba 
and Statia) project, in which the fish abundance, 
biomass (weight) and species richness of three 
different artificial reefs was compared. 

The Study
The three designs were selected based on their 
popularity and availability within the Caribbean. 
The Reef Ball® artificial reef has become 
increasingly popular, with over 600,000 units 
deployed worldwide. This reef is made of concrete 
and has a domed shape with many holes, allowing 
fish to enter and exit the reef easily. The second 
design is the layered cake artificial reef, this reef 
has the same outer shape as the reef ball, but 
includes multiple layers on the inside, providing a 
more complex habitat for fish. The final design was 
constructed with local basaltic rock, which was used 
to create a pile with the same dimensions as three 
reef balls or layered cakes.

Beginning in May 2017, four locations were selected 
around Saba and Sint Eustatius. At each location, 
four different treatments were tested (reef balls, 
layered cakes, a rock pile and a control consisting

of bare sand). On each plot, 10 fish surveys were 
performed 11 months post deployments and 4 
months after restoration from damage caused by 
Hurricanes Maria and Irma. After the hurricanes, all 
of the artificial reefs were at least partially buried 
in the sand and required human intervention to be 
cleared out. 

The Results
This project provides important insight into the 
effectiveness of artificial reefs. In general, all three 
reef designs demonstrated an increase in fish 
abundance compared to areas with bare sand. In 
total, 2102 fish from 48 different species were seen 
in and around the artificial reefs. Interestingly, the 
popular reefs ball design was not the most effective 
way to increase the fish abundance. Instead, this 
study showed that  layered cakes, which provide 
higher complexity and shelter availability, are much 
more effective and harbored 4 times more fish 
(both in numbers and in biomass). This study also 
demonstrated that more economical solutions, 
such as rock piles, can be effective and up to 10 
times cheaper to construct. However, it should be 
noted that this style of artificial reef is less stable 
and could be more easily destroyed in high energy 
waves or hurricanes.

Designing the optimal artificial reef 

Deploying Moreef modules. Photo by: © Kevin Elies
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Lessons Learned
The devastating impacts of hurricanes Irma and 
Maria which hit Saba and St. Eustatius over the 
course of this study really highlighted the need 
for artificial reefs which are weather-proof and 
resilient in high energy situations. Placing artificial 
reefs in sandy areas leaves them vulnerable to 
being smothered or sinking, therefore, careful site 
selection and monitoring is required if these reefs 
are to be a long-term solution. Artificial reefs with 
complex internal structures and a high shelter avail-
ability should be selected over simpler designs to 
optimize fish assemblages.

Using the lessons learned from this study, the 
researchers worked together with Wortel Product 
Design and developed a new type of artificial 
reef, the Moreef (Modular Restoration Reef). The 
Moreef has all the advantages of the three different 
artificial reef designs tested in AROSSTA, while all 
disadvantages were removed. The Moreef design 
is now being produced and tested in Saba and will 
hopefully set a new standard in artificial  
reef design.

Caribbean coral reefs are under unprecedented 
pressures and will require various levels of hu-
man intervention to reverse current trends of reef 
degradation. Artificial reefs can provide a variety of 
benefits beyond improving local fish populations, 
such as coastal protection and creating new dive 
sites, taking some of the pressure off natural reefs. 
Studies such as these provide crucial insights into 
artificial reef functioning and will help to guide the 
development of artificial reef designs in the future. 

For more information, you can find the full ar-
ticle here:  A. Hylkema, A.O. Debrot, R. Osinga, 
et al., (2020) Fish assemblages of three common 
artificial reef designs during early colonization, 
Ecological Engineering  https/::doi.org:10.1016:j.
ecoena.2020.100021 - 

Or follow the project here:  
http://www.hvhl.nl/arossta 

For more information, contact project leader 
Alwin Hylkema at: alwin.hylkema@hvhl.nl

Would you like to share a news item?
Please e-mail us: research@DCNAnature.orgDesigning the optimal artificial reef 

Researchers counting coral recruits on a reef ball. Photo by: ©  Alwin Hylkema
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Assisted natural recovery of sea urchin
populations around Saba and St. Eustatius

Diadema sea-urchins play a vital role in maintaining a 
balanced coral reef ecosystem by grazing away algae and 
creating bare substrate for coral recruitment. The RAAK 
PRO Diadema project aims to develop interventions 
to improve larval recruitment and juvenile survival to 
increase local Diadema populations. To do this, research-
ers are investigating the larval and settlement stage of 
Diadema populations around the islands of Saba and St. 
Eustatius. First results show that some locations have a 
high suitability for “assisted natural recovery”.

The year was 1983, and unbeknownst to everyone, the 
Caribbean seascape was about to drastically change.  
Starting off the coast of Panama, a new disease began to 
spread, following water currents, decimating Caribbean 
sea urchin populations. Within a few years, 98% of the 
long spined sea urchin (Diadema antillarum) populations 
had been completely wiped out. Now, 37 years later, these 
populations have only recovered at an average of 12% 
Caribbean wide.  Why have these populations been so slow 
to recover? Is there anything scientists can do to help this 
recovery along?

RAAK PRO Diadema Project
The RAAK PRO Diadema project hopes to answer these 
questions and provide innovative solutions to give the 
urchin populations around Saba and St. Eustatius a boost. 
The project is a collaborative effort between University 

of Applied Sciences Van Hall Larenstein, STENAPA, Saba 
Conservation Foundation, Wageningen Marine Research, 
Wageningen University, Caribbean Netherlands Science 
Institute, University of Applied Sciences HZ, ISER Caribe, 
Wortel Product Design and Golden Rock Dive Center.  The 
project is partially funded by the Dutch Organization for 
Scientific Research (NWO) and will run through 2023.

Importance of Diadema sea urchins
Diadema are important herbivores on Caribbean coral 
reefs.  Without them, macro algae can quickly flourish, 
smothering corals and preventing future coral recruitment.  
Globally, corals are already under immense pressures due 
to changing water conditions, so anything that can be done 
to improve their overall health is bound to make a signifi-
cant difference.  

It is still unclear why Diadema populations have struggled to 
recover, although evidence suggests that it is likely due to a 
combination of low settlement and high predation rates of 
juveniles.  Diadema go through a larval phase, where they 
free float in the water for around 30 days.  As tiny larvae, 
they float along ocean currents before they eventually set-
tle on the reef where they will go through metamorphosis, 
becoming the sea urchins we recognize. The RAAK PRO 
Diadema project aims to develop interventions with the 
purpose to maximizing settlement of larvae and survival  
of juveniles.

Close-up of settler. Photo by: © Tom Wijers
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Lab and field approach 
In the VHL marine lab in Leeuwarden, adult Diadema are 
induced to spawn and fertilized eggs are collected by the 
researchers.  During the first two rounds of egg collection 
(from May 6th and 27th), researchers were able to collect 
10,000 and 40,000 eggs respectively.  Researchers continue 
to improve collection methods and an impressive 6 million 
eggs were collected on June 16th.  Excitingly, the eggs from 
the first two rounds have already begun to settle and go 
through metamorphosis, growing to very tiny sea urchins, 
about 1 millimeter in size. Diadema are famous for being 
difficult to culture, so this is the first big accomplishment 
of the project. As adult Diadema can spawn every 2 weeks, 
the larvae will now be used to identify the biochemical cues 
responsible for settlement and metamorphosis.

The Caribbean part of this project also includes measuring 
and collecting settlers with the use of settlement collectors, 
which are small 10 x 10 cm plates suspended in the water 
column around both islands. These collectors have already 
demonstrated a significant difference in recruit density 
between locations, with recruitment ranging from very 
high to almost nothing. In addition, they also found that 
the highest settlement rates were between the months 
of May through September.  Both of these facts will help 
researchers decide when and where to deploy “assisted 
natural recovery” efforts to help boost the settlement and 
survival rates for Diadema larvae and juveniles.

In addition, field surveys are being conducted to identify 
the most significant predators.  This will aid in the design 
of shelters which will be built and deployed to protect the 
juveniles on the reef. A combined settlement collector 
and juvenile shelter will result in the “Diadema Booster,” 

hopefully encouraging a more successful recovery of these 
urchins around Saba and Sint Eustatius.  If successful, 
this project will facilitate an increase in adult sea urchin 
populations, along with an overall decrease in macro-algae, 
leading to improved coral cover and healthier reefs. 

After year 1 of the project, researchers concluded that some 
reefs have very high natural settlement rates and therefore 
have a high potential for assisted natural recovery with help 
of the Diadema booster. However, on some reefs natural 
settlement is low or absent. To restore Diadema populations 
on these reefs, the project partners intent to start a new 
project with the focus on other methods to restore Diadema 
populations, for example the large scale production and 
out planting of juveniles. Interested organizations are 
encouraged to get in touch with the researchers!

International Collaboration
In July, researchers Alwin Hylkema and Tom Wijers from 
Van Hall Larenstein shared their findings in an international 
Diadema restoration seminar hosted by Healthyreefs to 
encourage knowledge sharing within the region.  In the 
seminar experts from around the Caribbean were able to 
showcase their research, highlighting efforts which they 
have found to be successful.  The key to healthy reefs 
is maintaining a balance between all of its inhabitants, 
therefore the recovery of key species, such as the Diadema, 
is critical for reestablishing this balance.  It will be exciting to 
see what projects such as these will discover next. 

For more information on the RAAK PRO Diadema  
project you can follow along website or on Facebook or  
get in touch with project leader Alwin Hylkema: 
alwin.hylkema@hvhl.nl.

Settled juveniles. Photo by: © Tom Wijers

Assisted natural recovery of sea urchin populations around Saba and St. Eustatius
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Scientists from the University of Puerto Rico-Mayagüez, 
Naturalis Biodiversity Center and the ANEMOON 
Foundation discovered a new host coral for a Caribbean 
parasitic crab species. 

During one of the scientific expeditions to Bonaire in the 
Caribbean Netherlands, the scientists found a parasitic  
gall-crab, Opecarcinus hypostegus, on the previously 
unknown host coral Agaricia undata (a member of the 
lettuce corals). With help of DNA-barcoding and pictures 
taken in the field as well as in the labs, the identity of the 
coral-inhabiting crab was confirmed. With this record, all 
species within Agaricia are now listed as hosts of gall-crabs. 

“New information on coral-associated fauna leads to a better 
insight on the diversity, evolution, and ecology of coral reef 
creatures, particularly in the Caribbean, where gall-crabs 
have rarely been studied.” – stated the scientists.

Report your sightings
Please report any sightings or photos you have of marine 
species on https://dutchcaribbean.observation.org. This is 
a free website and app which allows not only researchers 
but also local citizens and tourists to report sightings of all 
marine and terrestrial plants and animals. Species reports 
by local communities are invaluable for nature conservation 
efforts to help increase public awareness and overall species 
protection. Besides, Observation.org is working together 
with Naturalis Biodiversity Center on automated species 
identification software. Your uploaded photos are of great 
value to make this possible. For questions, please contact 
research@DCNAnature.org

More information 
García-Hernández, J.E., de Gier, W., van Moorsel, 
G.W.N.M., Hoeksema, B.W. (2020). The scleractinian 
Agaricia undata as a new host for the coral-gall crab 
Opecarcinus hypostegus at Bonaire, southern Caribbean. 
Symbiosis: https://doi.org/10.1007/s13199-020-00706-8

Article by Werner de Gier (Naturalis Biodiversity Center) and published in  BioNews 38

Discovery of a new host coral
for a Caribbean parasitic crab species

Agaricia undata with associated gall-crabs (yellow arrows and ellipses) and gall-like structures (white arrows)
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Orbicella annularis is an important reef-building coral and an 
endangered species. Previous studies suggest it is also one of the 
most intensely grazed corals by parrotfishes in the Caribbean. 
Yet, the healing capacity of Caribbean corals from parrotfish 
predation scars remains poorly understood. In a recent study 
published in Coral Reefs, researchers from California Polytechnic 
State University monitored the healing of over 400 recent 
parrotfish predation scars on O. annularis colonies on the islands 
of St. Croix and Bonaire for up to two months in 2018 and 2019, 
respectively. 

Parrotfishes: herbivores & corallivores
Parrotfishes are abundant herbivores that primarily graze upon 
algae, thereby mitigating coral-algae competition and indirectly 
benefiting the recruitment and growth of coral colonies. At 
a local scale, management efforts to increase populations of 
parrotfishes are believed to be critically important to maintaining 
resilient, coral-dominated reefs. Yet, some parrotfish species 
also occasionally graze coral – a behavior known as corallivory. 
Corallivory can cause the localized mortality of coral tissue and may 
have long-term impacts such as reduced coral growth and fecundity 
and increased susceptibility to disease. While evidence suggests 
that parrotfishes likely have an overall net positive impact on coral 
communities, some researchers have expressed concern that they 
may have detrimental impacts on heavily predated coral species, 
such as O. annularis. 

To better understand the consequences of corallivory for  
O. annularis, they evaluated (1) coral healing rates, (2) total coral 

healing, and (3) developed a model to predict tissue loss from a 
standing stock of parrotfish predation scars. This is the first study 
to monitor coral tissue healing rates and recovery thresholds from 
naturally occuring parrotfish bite scars in the Caribbean.

Coral healing rates
The team evaluated how coral healing rates were influenced by 
factors such as the initial scar size, number of scars per coral colony, 
colony size, colony water depth, and island. They found temporal 
thresholds in O. annularis healing rates, where the majority of scar 
healing occurs within t

he first few weeks and scars have minimal healing after 
approximately 45 days. Additionally, they found that smaller scars 
have higher initial healing rates than larger scars. However, the 
number of scars per coral colony, colony size, colony water depth, 
and island had no observable effect on coral healing rates.

Total coral healing
They compared how these same factors influenced the total 
amount of coral healing over two months, which their research 
suggests encompasses the full timespan during which healing 
occurs. They found that the initial scar size alone was an important 
predictor of total coral healing and that there were distinct size-
based thresholds in coral tissue regeneration. They observed that 
small scars (≤1.25 cm2) often fully heal, while larger scars (≥8.2 
cm2) – presumably resulting from repetitive, localized predation 
by parrotfishes – had minimal tissue regeneration. They used these 
findings to develop a predictive model of total O. annularis tissue 

A large, recent parrotfish predation scar on Orbicella annularis inflicted by a 
Stoplight parrotfish (Sparisoma viride). Photo by: © Hannah Rempel

Recovery of Orbicella annularis corals from parrotfish predation
This article was published in BioNews 39
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Recovery of Orbicella annularis corals from parrotfish predation

Predicted coral tissue loss
They surveyed the size and abundance of recent 
parrotfish predation scars present on O. annularis 
colonies at a point in time and used their model 
to predict coral tissue loss from these scars. They 
observed that 87% of scars were small (≤1.25 cm2) and 
their model predicted that these small scars would 
fully heal or result in minimal tissue loss. In contrast, 
while only 6% of observed scars were large (≥8.2 
cm2), their model predicted that these large scars had 
minimal healing and would result in 96% of the total 
tissue loss for predated colonies.

Conclusions & future directions
This study suggests that the immediate negative 
consequences of parrotfish corallivory for O. annularis 
appear to be driven primarily by a few exceptionally 
large bite scars. Interestingly, there was no observable 
difference in healing rates or total coral healing 
between islands despite stark contrasts in parrotfish 
and coral community composition on St. Croix and 

Bonaire. This suggests that these findings and this 
predictive model may be broadly applicable to other 
regions of the Caribbean. This study presents an 
important advance in understanding the recovery 
of a heavily predated, ecologically important, 
and endangered Caribbean coral from parrotfish 
corallivory. The group’s ongoing work seeks to address 
how the intensity of parrotfish corallivory is influenced 
by the community composition of corals and 
parrotfishes across multiple spatial scales and regions 
of the Greater Caribbean. Areas for future research 
include quantifying the indirect consequences of 
corallivory for coral growth and fecundity and the 
factors driving selective parrotfish corallivory. 

For more information: 
Rempel, H.S., Bodwin, K.N., Ruttenberg, B.I. 
2020. Impacts of parrotfish predation on a major 
reef-building coral: quantifying healing rates and 
thresholds of coral recovery. Coral Reefs 39:1441–
1452. https://doi.org/10.1007/s00338-020-01977-9

Small scars healed rapidly, as seen in this image series – (Day 0) a recent parrotfish predation 
scar, (Day 2) soft tissue had begun regenerating inwards from the scar perimeter, (Day 10) the 

soft tissue layer fully regenerated over the entire scar area.  Photo by: © Hannah Rempel

http://www.dcnanature.org
https://doi.org/10.1007/s00338-020-01977-9
https://doi.org/10.1007/s00338-020-01977-9
https://doi.org/10.1007/s00338-020-01977-9
https://doi.org/10.1007/s00338-020-01977-9
https://doi.org/10.1007/s00338-020-01977-9
http://www.dcnanature.org


... 21 22 23 24 25 ...BioNews 2020 - Content

Get to Know Bonaire’s Seaweeds

The 2019 Naturalis Biodiversity Center and 
ANEMOON Foundation expeditions worked, 
among other things, to catalog the wide variety 
of seaweeds off the coast of Bonaire.  From this 
and previous reports, nearly 250 species were 
identified and the most common were highlighted 
in the “Common Seaweeds of Bonaire” ID cards, 
now available for free download from the Dutch 
Caribbean Biodiversity Database.

Seaweeds – important organisms
Seaweeds (also called marcoalgae) are mostly 
notorious as aggressive competitors for space 
that can overgrow reef corals. Seaweeds plays 
an important role in many coastal environments. 
Often overlooked, this underwater macroalgae is 
crucial for sustaining a healthy reef and fish popula-
tion.  Seaweed is important as it is a food source for 
a variety of animals, such as sea turtles, manatees 
and small crustaceans.  Through photosynthesis, 
seaweed is also an important supplier of oxygen 
along with serving as a natural water filter, remov-
ing heavy metals (Neori et al., 1996).  Due to their 
ability to filter water, they can also serve as a bioin-
dicator for the health of an environment (Munda, 
2003).  In addition, seaweeds can provide important 
habitats and nursery grounds for many different 
species of fish and invertebrates (Okuda, 2008). 

Expedition
A collaborative effort was recently taken to docu-
ment the various types of seaweed off the coast of 
Bonaire.  During the Naturalis Biodiversity Center 
and ANEMOON Foundation expeditions hosted 
on Bonaire last October and November, seaweed 
species were identified and ID cards were created 
to serve as an educational tool for the island. This 

effort was funded by World Wildlife Fund (WWF-
NL), the Treub Maatschappij and the Nature of 
the Netherlands program of Naturalis Biodiversity 
Center.  STINAPA Bonaire, Dutch Caribbean Nature 
Alliance (DCNA) and Dive Friends dive shop pro-
vided crucial logistic support and Luna van der Loos 
and Godfried van Moorsel (Ecosub) provided the 
photographs.

Seaweeds on Bonaire
Bonaire is home to over 250 different species of 
seaweed.  These macroalgae can be found in a 
wide range of areas, from shallow reefs to deep 
within the mangrove forests. Nearly 60 of the most 
common species are featured on the “Common 
Seaweeds of Bonaire” ID Cards. These cards high-
light the importance of each species and help users 
with their visual identification.

ID cards seaweeds
These macroalgae play a critical role in the marine 
ecosystem.  Hopefully by making them easier to 
identify, ocean goers will gain a new appreciation 
and awareness for seaweed.  The ID cards are 
available for download on the Dutch Caribbean 
Biodiversity Database (www.dcbd.nl).  

Download your ID cards today and try to  
see how many you can find next time you  
are out in the water:
https://www.dcbd.nl/sites/www.dcbd.nl/files/
documents/LoosAndMoorsel%282020%29_
IdCardsMacroalgaeBonaire.pdf

Be sure to place your sighting (and photographs) 
on: https://dutchcaribbean.observation.org/.

Caulerpa macrophysa, a common green algal species of Bonaire. This algae forms mats tightly attached to rocks 
and corals, often in the intertidal or shallow areas. Photo by: ©  Luna van der Loos (Ecosub)

This brown algae (Padina spp. ) forms rounded, thin, undulating blades that curve upward near the edges. 
The surfaces of the fans are calcified and whitened. Attaches to rocky substrates on shallow reef flats. 
Photo by: ©  Luna van der Loos (Ecosub)

This article was published in BioNews 34
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Recently the World Seagrass Association with 
the help of GRID-Arendal, United Nations 
Environmental Programme (UNEP) and UNEP 
World Conservation and Monitoring Center 
(UNEP WCMC) released a report on the im-
portance of conserving seagrass. All six Dutch 
Caribbean islands host this vital habitat and this 
report emphasizes the need for local govern-
ments to invest in protecting these areas.

Seagrass can be found on all six of the Dutch 
Caribbean islands, especially Aruba, Bonaire and St. 
Eustatius which have large seagrass fields. Curaçao, 
St. Maarten and Saba also have seagrass, but on 
a much smaller scale. Recently researchers have 
been able to estimate the distribution of seagrass 
around Bonaire, Saba and St. Eustatius, as well as 
Curaçao, however the estimations around Curaçao 
vary wildly from nearly 800ha in a 2003 study to 
no extensive seagrass habitats in a 2015 study. 
Nature Foundation St. Maarten has been monitor-
ing their local seagrass fields, noting their recovery 
especially after significant hurricane events which 
can devastate these environments.  Aruba is also 
working to improve their knowledge on local 
seagrass through research conducted within the 
newly formed Parke Marino Aruba. As we continue 
to learn about the importance of these habitats, it 
really highlights the need for the Dutch Caribbean 
to invest in understanding these environments so 
we can ensure conservation plans are designed  
and implemented to meet the specific needs of 
each island.

Importance of Seagrass
Seagrass fields are some of the most biologically 
rich and productive environments in the world. 
They can be found on six continents and in waters 
ranging from the warm tropics to the freezing artic. 
These underwater fields play critical roles in the en-
vironment, serving as natural water filters, nursery 
beds and habitat for a variety of marine creatures, 
and acting as critical carbon sinks (storing up to 
18% of the world’s oceanic carbon). In addition, 
seagrass fields offer protection to coral reefs by 
providing a buffer for ocean acidification and pol-
lution along with acting as the first line of defense 
along coasts through anchoring sand and reducing 
wave energy thus minimizing beach erosion and 
storm damage. On top of all of this, these habitats 
provide important cultural benefits through the 
tourism and recreational opportunities they create.

Current State
The current state of seagrasses is quite alarming. 
Recent research estimates that globally, nearly 7% 
of seagrass is being lost each year; or around one 
football field every 30 minutes. The biggest threats 
to these habitats are human led, with agricultural 
and industrial run-off, coastal development and the 
effects of climate change being the most signifi-
cant issues. Paired with physical damage caused 
by unregulated fishing, anchoring, trampling and 
dredging, the remaining beds are in drastic need of 
intervention. In fact, the 2017 State of Nature re-
port, published by Wageningen University assessed 
the conservation status of seagrass fields within 

the Caribbean Netherlands as “very unfavorable”. 
The report specifically called out issues related to 
physical damage caused by tourist activities such 
as wading, surfing and sailing. In addition, this 
report sited issues associated with climate change 
such as sea level rise, increased sea temperature 
and intensifying of storms and algal blooms further 
threatens these areas.

Global Synthesis Report
The World Seagrass Association’s global synthesis 
report hopes to bring attention to these issues by 
stressing the importance of these habitats to policy 
makers while providing advice on ways to mitigate 
future losses. Their goal was to show how through 
a combination of conservation projects, sustainable 
management and restoration efforts these critical 
habitats can be preserved for future generations.
This report boasts seven key findings; most cen-
tered around the importance of these habitats 
and the fact that human led actions are the big-
gest threats. This report stressed the need for the 
development and implementation of policies and 
management to protect the remaining seagrass 
beds, most of which can be leveraged off proven 
strategies which have already been implemented. 

Recommendations
13 key recommendations were present to better 
understand the current state of seagrass, design 
and implement conservation strategies and help 
guide policy makers to create new legislation to 
support these efforts. 

Current State
Recommendations 1-4 are focused on understand-
ing the current state of seagrass beds on a global 
level. This includes creating a policy expert group 
to analyze the effectiveness of current policies and 
recommend improvements for the future. They 
also state that it is important to develop compre-
hensive seagrass maps to fully appreciate their cur-
rent state and global distribution along with invest-
ing in research to better understand and quantify 
the value of ecosystem services these habitats 
provide. Lastly, they recommend a campaign to 
raise awareness and communicate the importance 
of seagrass to educate the public on the value and 
importance of protecting these habitats.

Policy Changes
Recommendations 5-9 focus on integrating 
seagrass conservation strategies into local and 
international action plans. This includes strategies 
for hitting targets at the national and international 
level such as those set by the UN’s 17 Sustainable 
Development Goals, Paris Agreement, Convention 
on Biological Diversity and Sendai Frameworks.

Increasing Conservation Efforts
Lastly, recommendations 10-13 focus on ways to 
improve conservation efforts through increasing 
stakeholder involvement and increased support 
through funding and legislative actions. These rec-
ommendations highlight the importance of action 
across all levels. Increasing stakeholder involve-
ment from the individual through the 

Seagrass: Vital for a Healthy Environment and Economy
This article was published in BioNews 36
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governmental level is the only way to ensure 
enduring long-term success of these conservation 
efforts. Currently, only 26% of all known seagrass 
fields are protected, so increasing Marine Protected 
Areas (MPAs) or Locally Managed Marine Areas 
(LMMAs) is a vital step towards protecting these 
environments. 

Future of Seagrass
Although these habitats have been in slow decline 
since the 1930s, thanks to human led conservation 
efforts, there are many areas where these trends 
are slowing down or even reversing. The future 
of these important habitats is dependent on the 
continuation and expansion of these conservation 
efforts across all levels. Immediate conserva-
tion efforts are needed to restore and conserve 
remaining seagrass habitats. Larger infrastructure 
changes will be required to minimize human impact 
of nearshore environments, including limiting 
pollution, minimizing the impact of coastal devel-
opment and improvements to waste water treat-
ment. Together we all can play an important role 
in improving the water quality that is necessary for 
these habitats to thrive.

Seagrass: Vital for a Healthy Environment and Economy

Photo by: © Kai Wulf
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A recent study worked to quantify seagrass’s 
ability to minimize erosion in shallow water 
of Lac Bay, Bonaire. In addition, this study 
examined how intensive grazing can drastically 
effect seagrass’ ability to stabilize sediment. 
This research highlights the benefits of native 
seagrass over invasive species and the need to 
match conservation efforts of grazers (i.e. turtles) 
with the habitats on which they depend. 

Seagrass fields play an important role in shallow 
water environments. These fields are important 
feeding and nursery grounds for a variety of 
species, provide natural water filters and serve as 
a buffer between the land and nearby coral reefs 
and open ocean. In addition, seagrass fields are 
also an important factor in protecting coastlines by 
dissipating wave energy, reducing tidal currents, 
and trapping sediments thus minimizing erosion. 
Seagrass leaves reduce overall energy in the water 
by waving back and forth creating drag while also 
bending over, covering sand and protecting it from 
erosion. This is particularly true for Bonaire’s native 
seagrass, Thalassia testudinum, a thick leaved plant, 
and a favorite food item for grazing turtles. 

Seagrass beds are under immense pressure due 
to a decrease in water quality and increase in 
negative human interactions (such as trampling, 
anchoring and dredging). In addition, opportunistic 
invasive species, such as Halophila stipulacea, have 
started encroaching on native fields. This species 
of seagrass has smaller leaves, thus reducing its 
energy reduction capabilities, along with having 
smaller, more shallow roots and rhizomes, limiting 
its ability to stabilize sediment. This invasive species 
is less capable of withstanding large storms, such as 
2017’s Hurricane Irma. After this hurricane, entire 

fields of invasive H. stipulacea were uprooted, even 
in deeper waters, such as those found in Oranjestad 
Bay, St. Eustatius, where as neighboring native 
fields of T. Testudinum near St. Maarten survived. 
Scientists believe this is due to the deep roots of 
native seagrass and their ability to anchor even 
during strong storm surges and waves.

Furthermore, a combination of declining seagrass 
coverage and a reduction of apex predators (such 
as sharks), has led to more intense grazing zones by 
megaherbivores (such as the green turtle). Current 
research shows a preference for native seagrass 
over invasive species by these megagrazers, which 
means that as native seagrass beds continue to 
shrink, they are also experiencing greater grazing 
pressures.

The Study
A collaborative effort between the NIOZ Royal 
Netherlands Institute for Sea Research, Utrecht 
University, University of Groningen, Wageningen 
University and Research, Radboud University 
Nijmegen and Delft University of Technology 
conducted a study to understand the ecosystem 
services provided by native and invasive species 
of seagrass. Researchers set up an experiment to 
directly measure the sediment stabilization capacity 
of various seagrass patches. This experiment 
explored the impact of both invasive species and 
increasing grazing by megaherbivores. The study 
took place in Lac Bay, a shallow bay located on the 
east coast of Bonaire. Historically this bay had been 
dominated by the native seagrass (T. Testudinum), 
however, a recent census shows an increase in the 
presence of the invasive species (H. stipulacea) since 
it was first report in 2010. This bay is an important 
foraging area for the local turtle population. 

Map of study area with examples of native (T. testudinum)  
and invasive (H. stipulacea) seagrass patches at various grazing levels.

Importance of Native Seagrass in the Fight Against Erosion
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The Results
Through this experiment, researchers were able to 
demonstrate native and invasive species’ ability to stabilize 
sediment. It was shown that seagrass meadows with 
dense, tall, ungrazed native seagrass (T. testudinum) were 
able to effectively anchor sandy sediment in a variety of 
different wave conditions. As canopy density and coverage 
decreased, there was an overall decrease in seagrass’ ability 
to stabilize sediment, allowing for increased erosion. It was 
also demonstrated that seagrass patches of invasive H. 
stipulacea that are in deeper waters accumulate fine sediment 
during calm periods. This fine sediment, however, is easily 
resuspended when there are strong waves, which increases the 
vulnerability of the seafloor to erosion over the long-term. 

This study demonstrated the effectiveness of the long-leafed 
native grass’s ability to minimize erosion through its strong 
root system and ability to bend and protect the underlaying 
sand layer. In areas of highly grazed shorter grass, the blades 
of grass were not able to offer as much protection and similar 
erosion patterns were seen as in areas without vegetation. 

The Future
Sea turtle conservation has had great success within the 
Caribbean, the results of which can be seen locally with the 
increase of the green sea turtle populations within Lac Bay. 
Parallel conservation efforts of these important habitats 
are required, especially with the increasing pressure on 
already degraded native seagrass fields. When designing and 
implementing conservation projects, it is important to consider 
all levels within the environment.  This study demonstrates the 
importance of supporting the conservation of habitats along 
with it’s more charismatic residents.

Report your sightings: 
Have you observed sea turtles? Help us better understand the 
grazing pressures of our native seagrass by reporting your 
sighting on the website DutchCaribbean.Observation.org or 
download the free apps. 

This free website and free apps can be used not only by 
biologists but by all citizens to report any animals and plants 
and is available in more than 40 languages. It is now also 
being translated to Papiamentu. The species reports by local 
communities are very valuable for the nature conservation 
organization to learn and protect the species on our islands. 
For more information contact research@dcnanature.org

Importance of Native Seagrass in the Fight Against Erosion

For more information, please see the full report here: 
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Herman, P.M.J., Bouma, T.J. (2020). Seagrass coastal protection services reduced 
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Researchers from the Netherlands and Mexico 
studied three bays on Saint Martin to illustrate 
the ability of seagrass and algae fields to with-
stand hurricane level storms while continuing 
to dissipate energy and anchor sediments. 
Through field surveys, biomechanical measure-
ments and computer simulations this project 
demonstrated the importance of coastal ecosys-
tems in the protection of coastlines.

Coastlines around the world are experiencing 
a wide range of issues, as the effects of global 
warming are leading to an increase in coastal 
erosion and intensifying of storms. Fortunately, 
nature has provided a line of protection which is 
likely the most sustainable and effective solution. 
The Caribbean coastal ecosystem often includes 
fringing coral reefs, which act as a surf break to 
shelter the sandy lagoons and bays behind them. 
These protected areas provide the perfect envi-
ronment for seagrass and macroalgae meadows, 
linking these two distinct environments together. 
Seagrass and calcifying algae work to stabilize 
sediment with their roots and lessen wave energy 
through their leaves and the complex bottom 
topography they create. 

Hurricane Protection
Native seagrass, Thalassia testudinum, has been 
seen to be very resilient in the face of storms. The 
long, flexible leaves of seagrass work to capture 
and stabilize sediment, which overtime creates a 
complex bottom bathymetry. This in turn leads to 
waves been refracted within the shallow waters, 
causing a lessening of wave energy as they propa-
gate into shallower areas. It is in this way that 
these seagrass and algae meadows work to fortify 
the sandy bottoms and minimize wave energy 
reaching the beach face, allowing these areas to 
withstand the brutal forces of hurricanes.

2017 marked the most active and destructive 
storm season for the Caribbean since 1970. Saint 
Martin was hit by 3 hurricanes, two of which 
were category 5; Hurricane Irma, Jose and Maria. 
Researchers worked to compare the seagrass 
beds before and after this hurricane season to 
understand the influences of these areas on 
protecting coastline during hurricanes. This study 
used a combination of field surveys, biomechani-
cal measurements and wave modeling simulations 
to understand how Caribbean seagrass meadows 
respond to storm events.

The Study
Between October 2015 and March 2016, research-
ers conducted monitoring along three sites along 
the east coast of Saint Martin. These areas were 
selected because of the different types of hydro-
dynamic characteristics they represented, wave-
sheltered (Baie de L’Embouchure), wave-exposed 
(Orient Bay) and unidirectional flow (Islets de 
L’Embouchure). All three sites have large seagrass 
and calcifying macroalgae meadows and are next 
to a coral reef, which protects them from the 
largest waves. Six months after the destructive 
hurricane season of 2017, researchers returned to 
these three sites to reexamine these meadows to 
determine the long-term effects of the storms. 

In addition, researchers were able to use computer 
modelling simulation to run a variety of scenarios 
to see how the different bottom topography of 
the Baie de L’Embouchure altered the level of 
coastal protection. Researchers focused on three 
main scenarios: (1) waves entering the bay with 
flat, smooth bottom and no vegetation, (2) waves 
entering with a biogeomorphic bottom (uneven 
sand) but no vegetation and (3) a healthy seagrass 
meadow with biogeomorphic bottom and lush 
seagrass.

The Results
Researchers found that even after the extreme 
conditions of the 2017 hurricane season, there was 
very little change in the bathymetry and make up 
of the Thalassia testudinum dominated seagrass 
fields. This example shows how critical these 
seagrass meadows really are, both in being a re-
silient habitat and environment in the face of high 
energy waves, while also continuing to provide 
coastal protection during storms.

Only the exposed area of Orient Bay experienced a 
small loss of seagrass whereas the other two sites 
actually experienced an expansion of seagrass 
cover into previously bare areas. These results 
are similar to other studies within the Caribbean, 
which highlights Thalassia testudinum’s strength 
and resilience to wave forces, experiencing very 
little, if any long-term damage even after strong 
hurricanes. 

It is likely these seagrass and algae have evolved 
to meet the demanding needs of their environ-
ment. This area of the Caribbean often has strong, 
reoccurring storms, so any species which has flour-
ished here will have needed to evolve to withstand 
these conditions. These species of seagrass and 

Importance of Seagrass and
Macroalgae in the Protection of Coastlines
This article was published in BioNews 39
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algae are known to have long, strong, flexible leaves and 
thalli which allows them to bend, both withstanding the 
strong hydrodynamics forces of these storms while also 
protecting the sandy sediment their roots depend on.

Through computer modeling, researchers were also able to 
highlight the importance of having both a biogeomorphic 
bottom and lush seagrass cover. Simulations with neither 
resulted in waves traveling up the smooth bathymetry 
allowing the brunt of wave forces to reach the beach. 
However, once a more natural environment was simulated, 
including an uneven bottom and lush vegetation, research-
ers demonstrated an exponential rate of decay over the first 
150m of seagrass meadow. Smaller, more patchy meadows 
also worked to dissipate energy, but were less effective. 

Investing in Our Future
This study highlighted the benefits of healthy seagrass and 
algae meadows by demonstrating how even after an ex-
treme storm event, the bathymetry of these bays remained 
unchanged. In fact, in some cases, they even measured a 
bed-level rise, showing sediment was being trapped by the 
seagrass within the bay. These seagrass and algae fields 
provide important coastal protection services proportional 
to their size, so the larger and wider these meadows, the 
more drastically they will reduce wave energy. Therefore, it 

is important that if islands wish to continue to protect their 
coastlines, these seagrass meadows must be protected and 
enhanced. In addition, this study showed how the fring-
ing coral reefs worked to help dissipate large wave energy 
before they reach the seagrass meadows. Without these 
reefs, the seagrass and algal meadows would need to with-
stand the entire force of these waves, so maintaining large, 
healthy reefs is also critical to protecting these coastlines. 

From the other side, coastal erosion from rain runoff can 
smoother and kill seagrass beds. Healthy mangrove forests 
and vegetation along the coastline can minimize this ter-
restrial erosion and provide a line of defense between the 
land and sea. Together we can work to continue to push for 
conservation and restoration efforts for these environments, 
using what nature has provide to continue to protect these 
coastlines into the future.

For more information, see the full report 
James, R.K., Lynch, A., Herman, P.M.J., van Katwijk, M.M., 
van Tussenbroek, B.I., Dijkstra, H.A., van Westen, M., van 
der Boog, C.G., Klees, R, Pietrzak, J.D., Slobbe, C., Bouma, 
T.J. 2020. Tropical Biogeomorphic Seagrass Landscapes 
for Coastal Protection: Persistence and Wave Attenuation 
During Major Storms Events. Ecosystems ttps://doi.
org/10.1007/s10021-020-00519-2

Photo by: © Rebecca James
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Genetic Testing to Measure Sea Turtle Conservation Success

Researchers from University of Groningen recently 
used genetic testing to identify the geographical 
birthplaces of green sea turtles foraging within Lac 
Bay, Bonaire.  This study compared population 
composition between 2006-2007 and 2015-2016. 
There was an overall increase in juvenile green 
turtles from the north-western Caribbean and a 
general decrease in population recruitments from 
both eastern Caribbean and southern Atlantic.
 
These results give researchers insight into the 
success rates of conservation efforts throughout 
the entire Caribbean and south Atlantic areas. 
Understanding how sea turtles move within the 
Caribbean is crucial for developing holistic con-
servation plans.  Although sea turtles may have 
hatched from different breeding grounds, known as 
rookeries, throughout the Caribbean, their migra-
tory journeys lead them to congregate within just 
a few key foraging areas (Bowen et al., 2005).  A 
recent study investigated shifts in juvenile popula-
tion compositions between the years 2006-2007 
and 2015-2016 within Lac Bay, Bonaire (van der Zee 
et al., 2019). By combining this information with 
rookery recovery rates, researchers can estimate 
how population shifts are affected by adult female 
abundance and variation in nesting sizes. 

Threats
Sea turtle migration patterns can be affected by 
a variety of different factors. Ocean currents and 
temperature changes can influence the early life 
stages of turtles, leading to changes in the popu-
lation’s composition (Bjorndal & Bolton, 2008). 
Humans can also directly affect local populations, 
whether through detrimental acts such as contrib-
uting to habitat loss and decreased water quality or 
through conservation efforts, leading to an increase 
in juvenile recruitment (Kubis et al, 2009). 

The Caribbean green sea turtle (Chelonia mydas) is 
a particularly good example of how populations can 
change drastically over time. Present populations 
of this species are just one percent of their historical 
values, prior to human exploitation and deteriorat-
ing environmental conditions (McClenachan et al., 
2006). Fortunately, recent conservation efforts are 
leading to a slow recovery in the number of these 
turtles (Weber et al, 2014; Troëng & Rankin, 2005; 
Garcia-Cruz, 2014; Mazaris et al., 2017).

Overall Trends
Recent data shows green sea turtle populations 
seem to be on the rise. Scientists have reported in-
creases in nesting trends as high as 14% for Florida 

and around 5% within the eastern Caribbean, on 
Aves Island, Venezuela (Chaloupka et al., 2008; 
Mazaris et al., 2017; García-Cruz et al., 2014). 
Although green sea turtles hatch throughout the 
Caribbean, there are a few key habitats where juve-
niles forage. One of these popular foraging grounds 
is located in Lac Bay, Bonaire.

Genetic Markers
Researchers were hoping to gain insight in how 
these variations in recovery rates of sea turtle 
populations affected the overall genetic diversity 
within Lac Bay. Using mitochondrial DNA (mtDNA) 
from juveniles, researchers can identify the  
geographical regions where each turtle hatched 
(Bowen et al., 2005).   

Between 2006 and 2016, tissue samples from  
332 juvenile green sea turtles were collected,from 
which a fragment of the mitochondrial DNA was 
sequenced. Researchers were able to divide the sea 
turtles as coming from rookeries in four geographi-
cal areas: north-western Caribbean, south-western 
Caribbean, eastern Caribbean and southern 
Atlantic. Overall, there was a significant shift in the 
genetic makeup over the length of the study, with 
an overall increase in juvenile recruitment from  

the north-western Caribbean (from 12% to 38%), 
and a general decrease in population recruitments 
from both eastern Caribbean (from 46% - 20%) 
and southern Atlantic (5% - 2%; van  der Zee et al., 
2019).

The Results
Overall, researchers were able to show that the 
genetic makeup of green sea turtles within Lac 
Bay demonstrated an increase in populations 
originating from the north-western Caribbean. 
Interestingly, overall juvenile green turtle popula-
tions did not significantly increase within Lac Bay 
throughout this study period. The stability of the 
Lac Bay turtle population could mean that this 
foraging area is nearing or at carrying capacity. If 
at carrying capacity, the competition for resources 
may lead some sea turtles to find other foraging 
areas. On the other hand, another research group 
found a positive trend for green turtles within Lac 
Bay between 2003-2018, fluctuating between the 
lower and upper limits of carrying capacity with a 
mean abundance of 350 individuals (Rivera-Milán  
et al., 2019).
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It is also important to note that generalizing the 
differences in nesting trends and recruitment 
within feeding grounds can be extremely difficult. 
There are many factors which can contribute to 
population shifts since hatchling mortality and nest 
productions can vary significantly from year to year 
(Bjorndal & Bolten, 2008; Broderick et al, 2001). 
Furthermore, the average age of foraging turtles 
within Lac Bay is between 6 and 10 years (Kubis et 
al., 2009; Bjorndal et al., 2000). Therefore, there is 
an expected time lag of nearly a decade between 
changes in nesting successes and population shifts 
within the bay. 

Recent conservation efforts have helped Suriname 
increase green sea turtle nesting, which could result 
in an increase in the eastern Caribbean sea turtle 
population within Lac Bay in the upcoming years. 
In addition, scientists believe turtles may shift 
foraging grounds as they develop due to their natal 
homing capabilities (Naro-Maciel et al., 2016). This 
could explain why, in Lac Bay, recruitment from 
south-western Caribbean was high when studying 
the entire population, however, if only smaller 
juveniles were analyzed, recruitment  
from north-western and eastern Caribbean were 
proportionately higher. This shift could represent 

larger juveniles leaving Lac Bay to return to  
their birth rookeries.

The Future of Sea Turtles
This study highlights the success of current efforts 
to protect sea turtle nesting beaches by demon-
strating the increase in juveniles originating in areas 
with successful conservation efforts. This study also 
demonstrates how genetic testing can be an effec-
tive way to monitor trends within populations. 

Conservation efforts that protect hatch sites is 
critical but only effective for a small portion of a 
sea turtle’s life cycle and therefore a more holistic 
approach needs to be taken to conserve this critical 
species. Many environmental changes, such as sand 
temperature, water quality and habitat loss could 
have a significant impact on these populations as 
well (Laloë et al., 2016).  Understanding the rela-
tionship between environmental factors, sea turtle 
life cycles and rehabilitation of sea turtle popula-
tions will be critical in designing effective manage-
ment strategies for this species in the future.  
The researchers are very thankful for the support 
with collecting data and to conduct conservation 
activities by Sea Turtle Conservation Bonaire.

Green Sea Turtle. Photo by: © Marion Haarsma

http://www.dcnanature.org
http://www.dcnanature.org


... 31 32 33 34 35 ...BioNews 2020 - Content

Sea Turtle Conservation Bonaire: A Year in Review

Sea Turtle Conservation Bonaire (STCB) recently 
published their 2019 annual report. Last year 
marked an important year as new research 
provided insight into local green and hawksbill 
turtle populations. Understanding annual shifts 
and long-term trends for these turtles will pro-
vide key information to designing conservation 
strategies for the future.

STCB works to collect vital information concerning 
turtle population trends. Using in-water survey 
methods, STCB volunteers and staff were able 
to identify and count sea turtles to help estimate 
annual abundance. Using data collected from the 
west coast and Klein Bonaire, from 2003-2018, 
STCB documented stable green and hawksbill 
turtle populations, fluctuating around 500 and 70 
individuals respectively. Unfortunately, there has 
not been enough data from the east coast to draw 
similar conclusions, however, STCB is hoping to 
begin surveying the east coast this year.

Foraging
Lac Bay is an important foraging area for green 
turtles. Through net-capture surveys conducted 
between 2003 and 2018, STCB was able to show an 
increase in green turtle populations within the bay. 
They documented a total population of around 500 
individuals in 2018.  Unfortunately, due to the influx 
of sargassum in the bay and the resulting health 

concern over water quality, STCB was not able to 
conduct all surveys in 2019.

Bonaire is an important developmental habitat for 
green and hawksbill sea turtles.  Through capture-
mark-recapture research, STCB learned that green 
turtles in Lac Bay grow almost twice as much as 
green turtles on the west coast. Understanding 
differences in populations and the relationship 
between these environments and the health of sea 
turtles can be used to convey the importance of 
conserving crucial foraging habitats.

Nesting
Bonaire is also an important nesting site for sea 
turtles. STCB volunteers and staff walk the beaches 
commonly used by sea turtles to identify possible 
nests.  These areas are then monitored and after 
a successful hatching event, nests are excavated 
and inventoried.  This data has been used to show 
stable long-term nesting trends for both hawksbill 
and loggerhead turtles on Bonaire.
Successful breakthroughs were made in research-
ing turtle migratory practices through the use 
of satellite transmitters. Since 2003, STCB has 
deployed 26 satellite transmitters on adult sea 
turtles.  Understanding the migratory patterns of 
sea turtles, along with their foraging and breeding 
habits, is essential in designing conservation plans 
to protect these species. 

Photo by: © Bonsai
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Public Outreach
In addition to sea turtle monitoring and research, 
STCB has an extensive public outreach program 
which they use to teach both locals and visitors 
about these important endangered animals.   
STCB also provides hands on opportunities to 
get involved through fishing line and beach clean 
ups throughout the year.  Increasing community 
involvement and overall understanding of these 
creatures is key in enacting positive change.
To find more ways you can get involved, check out 
STCB’s website for public speaking events,  
volunteer opportunities or ways to donate: 
http://www.bonaireturtles.org/wp/

Report your sightings
Please report any sightings or photos you have of 
sea turtles and other species on https://dutchcarib-
bean.observation.org. This is a free website and 
app which allows local citizens to report sightings 
of important plants and animals. These tools are 
available in over 40 languages and can be used by 
biologists and citizens and tourists alike. Species 
reports by local communities are invaluable for 
nature conservation efforts to help increase public 
awareness and overall species protection. Besides, 
Observation.org is working together with Naturalis 
Biodiversity Center on automated species identifi-
cation software. Your uploaded photos are of great 
value to make this possible. For questions, please 
contact research@DCNAnature.org

More information
The full STCB annual report can be found here:
http://www.bonaireturtles.org/wp/wp-content/
uploads/2020/05/STCB-2019-year-report.pdf

Infographic by: © Bonsai
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Using Sound to Track Marine Mammals in Saba Bank

Since 2011, the Saba Bank noise logger research 
project has been collecting acoustic data of 
marine mammals, fish and man-made noises 
within the Saba Bank This project, a collaborate 
effort between Wageningen Marine Research 
and the Saba Conservation Foundation, is 
providing critical data to identify how and 
when important marine species are using these 
waters. This information is key for creating and 
implementing effective conservation plans. 

Saba Bank is home to a diverse population of 
marine mammals. For many of these species, 
this area serves as a primary habitat for critical 
activities that include feeding, mating and calving. 
This is particularly true for a variety of dolphin 
and whale species. Historically, these species 
have been hard to track, as researchers are often 
dependent on visual sightings from fishermen 
or tourists to detect their presence. However, 
technological developments are now allowing re-
searchers to listen and record underwater sounds, 
giving an unprecedented look into the lives of 
these animals.

Yarari Sanctuary
Since 2015, Saba Bank has been a part of the 
Yarari Marine Mammal and Shark Sanctuary. The 
sanctuary includes all the waters of Bonaire and 
Saba, and since September 2018, St. Eustatius. 
This sanctuary was established to help protect the 
marine mammals and sharks around the Dutch 
Caribbean. The first step in protecting these

waters is to support and promote projects  
which work to identify the species which can  
be found here.

Many marine mammals rely on acoustics for 
spatial orientation, communication, mate attrac-
tion and foraging. Each species has the ability to 
create unique vocalizations and can often adapt 
these sounds based on conditions of background 
noise or distance to their targeted audience. Man-
made noise can have a variety of negative impacts 
on marine mammals which can cause confusion, 
stress or changes in behavior. 

Saba Bank Noise Logger Project
Starting in 2011, the Saba Bank noise logger pro-
ject has provided valuable information in support 
of conservation efforts by identifying the specific 
whale species which can be found in the Saba 
Bank.. These hydrophones (underwater micro-
phones) can record continuously for six months 
at a time, and give researchers the ability to listen 
to a variety of marine species, from whales (and 
dolphins) to schools of fish. Noise loggers detect 
all ambient noise, including natural background 
noise produced by tidal current and waves, noise 
from marine animals such as fish or crustaceans 
(snapping shrimp) and anthropogenic noise from 
shipping, seismic operations and naval sonar. 
Then using the different sounds and frequencies, 
researchers are able to distinguish species, and 
their relative occurrence over time. 
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This project, commissioned by the Dutch Ministry of 
Agriculture, Nature and Food Quality, is a collaborative 
effort between Wageningen Marine Research, the Saba 
Conservation Foundation and is supported by interna-
tional partners such as the Scottish Association for Marine 
Science (SAMS), the National Oceanic and Atmospheric 
Administration (NOAA) and CARI’MAM. The goal is to 
identify the  temporal occurrence of cetaceans and where 
possible their acoustic behaviour (e.g. “singing”) and and 
identify any other sounds of marine animals which can 
be detected within the Saba Bank. This information will 
help conservationists and policy makers to draft effective 
management plans for endangered species in this region.

The Results
The project was successful at detecting marine mammals 
such as dolphins, humpback whales and minke whales. 
It helped to better understand the migratory patterns of 
minke whales by comparing recordings in the Caribbean 
with other areas in the North-west Atlantic. However, 
this information is only a small piece of the puzzle. The 
songs produced by humpback whale males can be further 
investigated to identify individual and local differences.   
Migratory patterns of humpback whales, both from their 
feeding grounds to the Caribbean as well as within the 
Wider Caribbean can be further investigated by linking 
data collected from other hydrophone stations. In the 
future detection rates of cetaceans could also be used in 
combination with visual surveys to improve our under-
standing of local densities and in the long run possibly 
population sizes. 

Overall, this project has provided important insight to 
cetaceans using the Saba Bank. Along with providing 
critical research and data to help support conservation 
efforts, this information could also help to develop a new 
economic source for the island. If the presence of whales 
and dolphins is better understood and can be predicted,  
sustainable marine mammal watching tours could be a 
new and popular tourist attraction for Saba. It is important 
that all stakeholders on the island work together to ensure 
these important species are protected and respected, while 
also working to enhance the lives of the local population. 

Report your sightings
Please report any sightings or photos you have of marine 
mammals or other species on https://dutchcaribbean.
observation.org. This is a free website and app which 
allows not only scientists but also citizens and tourist to 
report sightings of important plants and animals. These 
tools are available in over 40 languages and can be used by 
biologists and citizens and tourists alike. Species reports 
by local communities are invaluable for nature conserva-
tion efforts to help increase public awareness and overall 
species protection. Besides, Observation.org is working 
together with Naturalis Biodiversity Center on automated 
species identification software. Your uploaded photos are 
of great value to make this possible. For questions, please 
contact research@DCNAnature.org

For more information:
de Haan, D. 2016. Underwater Sound around Saba Bank. 
Presentation at Saba Symposium. 

DCNA. Special Edition Yarari Marine Mammal and Shark 
Sanctuary. 2019 https://www.dcnanature.org/wp-content/
uploads/2019/02/BioNews-Yarari.pdf
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The St. Maarten Nature Foundation recently retrieved 
acoustic receivers (loggers) to learn about the movement 
patterns and home ranges of Caribbean reef and Nurse 
sharks around St. Maarten. The majority of the sharks 
fitted with acoustic devices showed remarkably high site 
fidelity. The small home ranges of the sharks show that 
reserves and marine parks offer good opportunities to 
protect these shark species.

Acoustic telemetry study
Nurse shark and Caribbean reef shark behavioral studies 
are carried out using VEMCO acoustic telemetry. Acoustic 
telemetry is a technique which enables researchers to track 
animals underwater such as sharks, using transmitters 
attached to the animals internally in combination with 
acoustic receiver stations setup throughout the study area. 
Acoustic transmitters were implanted in the abdominal 
cavities of the sharks to allow for each shark to be tracked 
over a long period of time. The acoustic receivers register 
the unique code of a shark, along with the time and date 
when the tagged shark swims within the detection range  
of the receiver (max 800m from the receiver in  
optimal conditions).

In total, a network of 32 acoustic receivers have been set 
up, eight of them on the Saba Bank and the remainder on 
Saba, St. Eustatius and St. Maarten (8 each). These stud-
ies were set-up by Wageningen Marine Research in close 
cooperation with the local Protected Area Management 
Organizations, and funded by the Dutch Ministry of 
Agriculture, Nature and Food Quality (LNV) and DCNA 
(Postcode Lottery project Save Our Sharks). In addition, 
tagging sharks on St Maarten is kindly funded by private 
funders through their “Adopt a Shark Program”. Pilot stud-
ies on Saba started in 2014 and expanded to the Saba Bank 
and the other islands in 2015. 

Results
With this study, individual movements and scale of home 
ranges can be assessed. The first intriguing finding is that 
the majority of the sharks fitted with acoustic devices 
showed remarkably high site fidelity. This is not too surpris-
ing for nurse sharks, which spend much of their time lying 
on the bottom in and around coral reefs, but is much more 
surprising for Caribbean reef sharks which are consider-
ably more mobile.  The small home ranges of the Reef and 
Nurse sharks show that reserves and marine parks offer 
good opportunities to protect these shark species.

Fig. 1. Concept of acoustic telemetry. Underwater setup includes a receiver array (top right) and  
an acoustic transmitter implanted in the abdominal cavity of a shark (top left). Credit: Guido Leurs

Tracking Sharks around Sint Maarten
This article was published in BioNews 39
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Tracking Sharks around Sint Maarten

Darwin, is a very adventurous male Caribbean Reef Shark. His home 
base is the Man of War Shoal Marine park where his tag is picked up 
by the receivers at Mike’s Maze, Tiegland, and Fishbowl very often. 
But Darwin did spend some time traveling all around the island, going 
as far east as Pelican Rock and as far west as The Gregory (near the 
French boarder). 

These solo trips are dangerous for sharks this size (1.65 meters at the 
time of tagging) as predators can be found in the deeper waters they 
must pass through.

Image credit: Melanie Meijer zu Schlochtern (NFSXM)

Shark, Noon, is a female Caribbean Reef Shark and is very active. 
When she was tagged Noon was 1.86 meters long (just over 6 feet). 
She spends the majority of her time within the Marine Park bouncing 
between the Tiegland, Fish Bowl, and Mike’s Maze Receivers. Noon 
did also take a couple of trips around the island visiting Carib Cargo, 
traveling all the way to Pelican Rock, and even going as far west as 
The Bridge Dive Site. 

Taking these trips, in particular the one to Pelican Rock, is a danger-
ous feat for a shark this size as large predators can be found in the 
deep waters she needs to cross to reach these sites.

Image credit: Melanie Meijer zu Schlochtern (NFSXM)

This shark, Griffin, who was adopted by Learning Unlimited, is a 
female Caribbean Reef Shark. Griffin was originally tagged near 
the dive site Carib Cargo, which seems to be her ‘home base’ as she 
spends the majority of her time there.

While she spends most of her time near this beautiful wreck she has 
traveled through the Man of War Shoal Marine Park, with her tag be-
ing picked up at Mike’s Maze, Tiegland, Fish Bowl, and even Pelican 
Rock.

Image credit: Melanie Meijer zu Schlochtern (NFSXM)

More information
Follow Nature Foundation St. Maarten and DCNA on Facebook to 
keep learning about sharks

Update on three of the adopted sharks on St. Maarten:
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The Red-billed Tropicbird, a unique seabird that 
largely nests on Saba, direly needs more protec-
tion from predators such as feral cats and rats. 
Scientists Mardik Leopold and Michiel Boeken 
from the Netherlands were on Saba for four 
weeks to study and ring the tropicbirds.

Many people may not be aware of this, but Saba is 
very important to this particular seabird. More than 
35 per cent of the Caribbean population of this trop-
icbird species nests on Saba and St. Eustatius. The 
birds that nests on Saba and St. Eustatius represent 
about 17 per cent of the world-wide population of 
Red-billed Tropicbirds.

Sea bird specialist and marine biologist Leopold of 
Wageningen University and independent ecologist 
Boeken came to Saba in December to carry out 
further research on the tropicbird colonies, where 
the birds have their nest in the crevices between 
the rocks at Great Level, Tent Bay, Old Booby Hill 
and Pirate Cliffs. There are also some nests in Cove 
Bay and Kelbey’s Ridge, and a few more scattered 
around the island.

The vast majority of the nests are at Old Booby 
Hill, probably the largest colony in the world. The 
scientists found several hundred nests of which 
about 150 were being occupied by adult tropicbirds, 
ready to lay or guarding their single egg or chick. 
Leopold and Boeken have counted the numbers of 
adult birds, chicks and eggs at the different colo-
nies. They weighed and measured the adults, the 
eggs and the chicks.

Adults and chicks were ringed, the latter only if 
they were large enough. The scientists ringed 200 

birds with a stainless-steel band, which lasts much 
longer than the aluminum bands used in the past. 
Leopold and Boeken also analyzed the types of 
fish that the tropicbirds eat. The birds’ diet mostly 
consists of flying fish, but several other species 
were found as well.

Comparing the data of past four weeks with those 
of previous research carried out by Boeken in 
2011/2012, they found a dramatic decrease in num-
ber of breeding pairs in the colonies at the southern 
coastline. By comparing egg size and chick growth 
of both study periods, they showed that food at sea 
is not the limiting factor.

The good news is that the remaining birds are 
reproducing again, whereas in 2012 no chick grew 
older than four days, due to predation by feral cats. 
It is clear that the culling of cats has had a positive 
effect. At Old Booby Hill, the number of breeding 
pairs seemed at least to be stable, but predation  
of chicks (feral cats) and eggs (rats) had  
increased clearly.

Leopold and Boeken will write a scientific article 
about their findings on Saba. They carried out the 
research on their own initiative. “We still know so 
little about these birds. That is why more research 
is needed. We hope to give more body to this 
through Wageningen University,” said Leopold.

The chicks remain on the nest for three months 
until they are big enough to fly. Remaining in the 
nest for this period, along with the fact that the 
nest is located on the ground makes the chicks vul-
nerable for both rats and feral cats. These cats are a 
huge problem for the tropicbirds and eradication is 

necessary in order to preserve the tropicbird  
colonies on Saba.

Adult tropic birds return to the location where they 
were born to lay their eggs and raise their chicks. 
Exchange between colonies is extremely rare, and 
has never been observed to occur between islands, 
despite extensive ringing on both Saba and Statia.

This isolation makes this species vulnerable for 
local extinction, as has happened with the White-
tailed Tropicbird on Saba during the first decade of 
this century. Continued monitoring is important to 
signalize further changes in the population.

Leopold and Boeken shared their findings dur-
ing a well-attended presentation at Long Haul 
Restaurant in the Windwardside on Thursday even-
ing. The scientists thanked the Saba Conservation 
Foundation (SCF) and the Public Entity Saba for 
their cooperation. They thanked the Saba people 
for their support.

Report your sightings:
Have you observed tropicbirds or other species? 
Please report your sighting on the website: 
DutchCaribbean.Observation.org 

Or download the free apps
This free website and free apps can be used not 
only by biologists but by all citizens to report any 
animals and plants and is available in more than 40 
languages. The species reports by local communi-
ties are very valuable for the nature conservation 
organization to learn and protect the species on our 
islands. For more information contact  
research@dcnanature.org

Scientists study Saba tropicbirds By Suzanne Koelega (Daily Herald), Michiel Boeken (Boeken Interim & Onderzoek)  
en Mardik Leopold (Wageningen Marine Research)
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Three New Species of Birds Identified on Bonaire
Article by Peter Paul Schets and published in BioNews 31

2019 proved to be an exciting year for birders 
on Bonaire, as three new species have been 
identified.  The Brown-chested martin, White-
collared swift and Ringed kingfisher were added 
to Bonaire’s increasing index of local birds.  
Documenting and understanding local bird popu-
lations is crucial in developing management and 
protection plans for Bonaire’s natural resources.

The number of bird species recorded on Bonaire 
is growing each year. In 2016, three new species 
were identified, the Lesser black-backed gull, Pied 
water-tyrant and Dickcissel. Additionally, six new 
species were identified in 2017, Oilbird, Greater ani, 
Smooth-billed ani, Prairie warbler, Black vulture 
and Cory’s shearwater. In 2018, an unexpected 
Crowned-slaty flycatcher from South America 
was the only new bird identified. The first record 
for each of these birds were described in BioNews 
issues 11-2017 and 19-2018.

This article shortly details the three new species 
identified in 2019. The addition of these birds 
brings the total number of bird species recorded on 
Bonaire to 235.

Brown-chested martin (Progne tapera)
On June 7th 2019 Peter-Paul Schets noticed two 
large martins which flew in very fast, wide circles 
in Lac Cai. These birds flew for hundreds of meters 
very low, near the ground, a behavior which he had 
not seen before in Caribbean martins (a species 
not uncommon on Sint Eustatius and Saba). Due 
to the brown coloration of the bird’s backs Schets 
believed he had found Brown-chested martins. As 
the light was already poor, Schets was not able to 
take any decent photos. He sent resident birder and 
photographer Steve Schnoll a message and asked 
him if could visit the location during the following 
day to photograph the birds. The next morning, 
Schnoll quickly found the two birds and was able to 
take several great photos. These proved the birds 
were in fact the Brown-chested martins, a new 
bird for Bonaire. This species was recorded first on 
Aruba in 1993 and in June 2016 on Curaçao.

Two subspecies of Brown-chested martins occur in 
South America. Birds which belong to the migrat-
ing population fusca can be identified by a brown 
vertical line down from the broad brown band on 
their breast. The birds spotted on Bonaire belong 
to this subspecies, as can be seen in the photos of 
these birds. Southern winter birds of this migrating 
population travel as far north as northern parts of 
South America and Panama. 
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Three New Species of Birds Identified on Bonaire

White-collared swift  (Streptoprocne zonaris)  
On July 21 2019, Bonaire resident Martijn Hickmann was 
taking pictures of brown pelicans and terns at White Slaves on 
the southwest coast of Bonaire. These birds were attracted 
to the area by the activities of fishermen at sea. Just before 
sunset Hickmann noticed a very different bird which had 
joined the terns. This bird seemed to be foraging by flying up 
and down, low over the surface of the water. Hickmann was 
able to take a few pictures of the bird. He thought a second 
one was foraging in the same way, further away, but was not 
certain. As Hickmann was not familiar with this bird, he put 
his pictures on Facebook. It did not take long before it was 
identified as the first White-collared swift for Bonaire.

Interestingly enough, the first record for the ABC islands 
was only six weeks earlier, when Michiel Oversteegen, from 
Aruba, recorded (and photographed) a similar bird which 
flew over Bubali Bird Sanctuary. So far, this bird has not been 
recorded on Curaçao. White-collared swifts breed between 
southern Mexico and northern Argentina, in large parts of 
northern and central South America as well as within the 
Greater and some of the Lesser Antilles.  

Ringed kingfisher (Megaceryle torquata)
In July 2019, another new bird for the island was identified. 
On July 30th, local birder and photographer, Steve Schnoll, 
shortly saw a large kingfisher near the old saltpans of Lac Cai. 
At first, he nearly identified it as a Belted kingfishers, a com-
mon species for this location during migration and northern 
winter. However, the bird was much larger, had a huge bill 
and showed much more red on its belly. Fortunately, Schnoll 
was able to take some pictures within the few seconds he saw 

the bird. These pictures clearly show a female Ringed king-
fisher. Schnoll was thrilled to have record a new bird  
for Bonaire.

Ringed kingfisher occurs between southern Texas, USA, 
through Central and South America, as far south as Argentina 
and Chile. They also breed on some of the Lesser Antilles and 
on Trinidad. There are very few records of this species from 
Aruba and only one from Curaçao. Both islands had their first 
sightings in 1991. 

Apart from these three new birds, 2019 proved to be an 
excellent year for rare and uncommon bird species on each of 
the ABC islands. Unusual bird sightings for Bonaire included 
several Striated herons, one female Ring-necked duck, two 
Hudsonian godwits and some Upland sandpipers, several 
Black skimmers, at least one Eastern kingbird, two Scarlet 
and one Summer tanager, at least four Indigo buntings, one 
male Common yellowthroat, a Connecticut and a Black-and-
white warbler and two Rose-breasted grossbeaks.

Report your sightings: 
Have you observed birds or other species? 
Please report your sighting on the website DutchCaribbean.
Observation.org or download the free apps. This free website 
and free apps can be used not only by biologists but by all 
citizens to report any animals and plants and is available in 
more than 40 languages. It is now also being translated to 
Papiaments. The species reports by local communities are 
very valuable for the nature conservation organization to 
learn and protect the species on our islands. 
For more information contact research@dcnanature.org.
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Bonaire’s First Brown Booby
Population Count in Over 50 Years

Photo by: © Kai Wulf

Between 2008 and 2010, STINAPA Bonaire and 
volunteers took to counting Brown Booby sea-
birds along the northwestern coast of Bonaire. 
These numbers represent the first study of its 
kind in over 50 years and showed a slow increase 
in numbers since the establishment of the 
Washington Slagbaai National Park in 1969.

Brown Boobies (Sula leucogaster) are large 
seabirds, known to roost along cliff edges in the 
Caribbean. These birds typically nest in large colo-
nies and plunge-dive to catch small fish and squid. 
Each season, these birds usually lay two eggs, but 
its common for only one to survive the first few 
months after hatching.

Brown Boobies on Bonaire
Although these birds can be seen on each of the 
ABC islands, they are not known to breed here. 
The northwest coast of Bonaire is a known roost-
ing area, with reports dating as far back as the 
1950s. Originally, around 200 Brown Boobies were 
known to use these cliffs as roosting areas, howev-
er, accounts of raids by fishermen could wipe out 
half of this population within a single hunt. These 
birds were often caught for food and for their liver, 
which was an important ingredient to be used in 
‘bruha’ (black magic).

Luckily, since 1969, the areas around these 
roosting areas were designated a nature reserve, 
which would eventually become the Washington 
Slagbaai National Park managed by Stichting 
Nationale Parken Bonaire (STINAPA Bonaire). 
This designation meant that hunting these birds 
here was now illegal. Although hunting has offi-
cially been banned for nearly 50 years, no updated 
populations counts had been conducted since.

Population Counts
Between 2008 and 2010, a population count study 
was conducted in this area by STINAPA Bonaire 
and a group of 17 citizen scientists (trained volun-
teers) to provide an estimated number of Brown 
Boobies roosting along the northwestern coast 
of Bonaire as well as to note any other roosting 
seabirds or banded birds in the area. In addition, 
this study worked to increase awareness of these 
seabirds among reserve staff, local residents and 
visitors involved in the monitoring program. 

The numbers provided were the first update in 
over 50 years. During the study, 7 cliffside sites 
were selected between Malmok and Playa Funchi, 
areas known to be regularly visited by roosting 
seabirds. Seabirds in these areas could only enter 
and exit the roosts by flying in from the sea, so 

monitoring consisted of taking an initial count, 
then adding or subtracting birds as they flew in or 
out over the course of an hour. 

The Results
During the study, the largest number of Brown 
Boobies counted was in July 2009, with 240. 
Throughout the study they saw no evidence of 
breeding nor any banded birds, however a few 
other roosting birds such as Masked Boobies (Sula 
dactylatra) and Brown Noddies (Anous stolidus) 
were documented.

Another interesting trend was that the highest 
number of Brown Boobies were counted in July 
of each year, and a minimum number occurring 
in January. Although the numbers for the Brown 
Boobies were lower in 2009 than in 2010, this data 
suggests that the overall numbers may be on the 
rise. This is most likely attributed to establishing 
and managing the protected area around these 
roosting sites.

This article was published in BioNews 39
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Overall, there is still a lack of information 
concerning these important seabirds. Further 
information on the breeding grounds for these 
species could help researchers understand 
changes in population dynamics. Additionally, a 
color banded tagging technique would be useful 
for tracking particular birds without requiring the 
birds to be physically captured to read the tag.
This study provided the first official update in 
nearly half a century concerning these iconic 
seabirds. Understanding changes in local seabird 
populations can allow conservationists and policy 
makers to create effectively manage plans for 
these species into the future.

Report your sightings
Please report any sightings or photos you have of 
Brown Boobies, or any other seabird species on 
https://dutchcaribbean.observation.org. This is 
a free website and app (iPhone (iObs) & Android 
(ObsMapp) which allows local citizens to report 
sightings of important plants and animals. These 
tools are available in over 40 languages and can 
be used by biologists and citizens and tourists 
alike. Species reports by local communities are 
invaluable for nature conservation efforts to help 
increase public awareness and overall species 
protection. Besides, Observation.org is working 
together with Naturalis Biodiversity Center on 
automated species identification software. Your 
uploaded photos are of great value to make this 
possible. For questions, please contact  
research@DCNAnature.org

For the full research note please read:
Simal, F., A. Vallarino, E. Beukenboom, R. Paula, 
H. Beaumont, G. Zaragoza, E. Wolfs, P. Holian, 
and E. Albers. (2020). Brown Boobies (Sula 
leucogaster) roosting at Washington-Slagbaai 
National Park, Bonaire, Caribbean Netherlands. 
Journal of Caribbean Ornithology 33:78–81.

A map showing the seven selected sites between Malmok and Playa Funchi 
along the northwestern coast of Bonaire. Map credit:  Alison Ollivierre

Bonaire’s First Brown Booby Population Count in Over 50 Years
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New Butterfly Census for the Dutch Caribbean Windward Islands

The results of a four-year study were just  
published, cataloging the butterfly species of  
St. Eustatius over the winter months of 2009-
2012.  This project also provided an update to 
species lists for the Dutch Caribbean islands of  
St. Eustatius, Saba and St. Maarten. The butter-
fly faunas of the three islands totals 44 species, 
including seven new species records for  
St. Eustatius. By comparing butterfly  
populations between different habitat types,  
the researchers determined which factors  
are important for increasing local diversity. 

Aside from being a colorful addition to any garden, 
butterflies are of great importance to local eco-
systems.  Butterflies are often used as an indicator 
for the health of a particular environment.  For 
example, dense and diverse butterfly populations 
typically correspond to areas of equally dense and 
diverse plant life and other invertebrates, which 
often include important pollinators and natural pest 
control (butterfly-conservation.org). Furthermore, 
because butterflies are so sensitive to changes 
in their environment, ecologists can use them to 
study the overarching impacts of climate change, 
urbanization and habitat loss within a specific area.  

Although these species have great ecological 
importance, very little is known about the species-
specific distribution throughout most of the 
Caribbean.  Previous studies attempted to docu-
ment resident populations; however, these studies 
have often resulted in conflicting data, with species 
counts varying widely. For example, species counts 
for St. Eustatius varied between 21-27 different 
species, and for Saba between 13-27 (Davies and 
Smith, 1997; L.D. Miller and J. Y. Miller, personal 
communication).

For those interested, similar work is already avail-
able for the leeward Dutch islands. The guide book 
Butterflies and moths of Curacao, Aruba and 
Bonaire, by Debrot and Miller provides full-color 
pictures and information on 78 species found in the 
ABC-islands. The book can be obtained through 
Carmabi and in bookstores. 

Bridging the Knowledge Gap
To narrow this knowledge gap, researchers from 
Wageningen Marine Research, St. Eustatius 
National Parks Foundation (STENAPA), Caribbean 
Netherlands Science Institute (CNSI), Wageningen 
University, Carmabi Foundation Curaçao and the 
University of Florida monitored butterflies on St. 
Eustatius.  Studying various natural habitats, the 
butterfly populations within the three windward 
Dutch islands were compared to those of neighbor-
ing islands.  Along with visual surveys, literature 
records for nine nearby islands were also collected 
to compile a more complete list of known butterfly 
species. These islands can be seen in Figure 1a.  

This study monitored butterflies on St. Eustatius 
over the winter months (January-April) for four 
years (2009-2012) along transects of four different 
habitats. These habitats were the Quill crater, Quill 
flanks (wind sheltered, southwestern side), lower 
Quill flanks (of the outskirts of Oranjestad) and the 
northern hills. A map of these transects can be seen 
in Figure 1b.  This project also provided updated 
species lists for the neighboring islands of Saba and 
St. Maarten.  In total, 44 species of butterflies were 
identified between the three islands, including 
seven new species on St. Eustatius.

Local Fauna
During this study, 8,696 individual butterflies 
were documented, of which, only 177 could not be 
properly identified.  A total of 32, 29 and 36 species 
were found on St. Eustatius, Saba and St. Maarten 
respectively. Species richness and diversity were 
highest in areas with more diverse vegetation, such 
as on the lower Quill flanks.

Papilio demoleus or the “Lime Butterfly” was docu-
mented on the island.  This species has become 
quite common in Jamaica and is spreading to 
neighboring islands (Eastwood et al., 2006).  This 
is a recently introduced invasive species known to 
lay its larvae on the limeberry (Triphasia trifolia), a 
plant from southeast Asia which was introduced to 
the Caribbean for its edible berries.  Unfortunately, 
the Lime Butterfly is known to be a pest for impor-
tant Caribbean citrus crops.

There were also several butterflies found in very 
small microhabitats, such as the crimson-banded 
black, zebra longwing and the tiger swallowtail 
butterfly.  These three species were only found 
in and around the Quill crater.  As this is an area 
where vegetation has historically been dramatically 
impacted during hurricane seasons, the Quill, and 
especially its crater may function as a refuge for na-
tive species as it offers partial protection from the 
elements. The more complex the topography the 
more likely species will find shelter during extreme 
weather. 

Figure 1:
Map of St. Eustatius (a) in the Lesser Antilles and (b)  
showing the four habitat transects Quill Crater (QC), Quill 
Flanks (QF), Lower Quill Flanks (LQF) and Northern Hill (NH)
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Of the 44 documented species, nearly half were 
from the Pieridae family, a butterfly group known 
for being large, strong and fast flying.  These 
butterflies were noted in each of the four different 
habitat types.  The second most common but-
terfly was from the Lycaenidae family, a physically 
smaller group of butterflies known to inhabit dry, 
resource-limited areas.  These species were found 
in all but one habitat, the Quill crater.

Local Flora
Butterflies are sensitive to changes within their 
environment and are highly reliant on local plant 
diversity.  In 2017, the total number of plants on St. 
Eustatius amounts to 626 species (Axelrod, 2017).  
In the 1950s, large portions of land were cleared 
for agriculture, however, this has been abandoned 
in recent years and these areas have been left 
to regenerate back into native thorny woodland 
(Freitas et al., 2012). Unfortunately, areas heavily 
grazed by feral goats and cattle have seen a near 
complete loss of lowland forests, but also along the 
upper crater rim of the Quill where the unique and 
sensitive elfin forest might still persist (Debrot et al. 
2013). The availability of larval host plants deter-
mine if local butterflies are capable of reproducing 
on the island. Larval host plants were documented 
as being present for all but 2 of the butterfly spe-
cies. Therefore it is concluded that breeding is 
possible for the other 42 species.   

Importance of Elevation
Traditionally it was believed that land area was the 
greatest limiting factor for butterflies, however, 
this study along with previous studies show that 
habitat diversity and elevation play a more impor-
tant role (Ricklefs and Lovetter, 1999). Even though 
St. Eustatius and Saba are smaller in size than 
neighboring islands, they host a large number of 
total butterfly species.  Understanding the geology, 
urbanization, agricultural history and other human 
factors on an island can give insight into the strug-
gles facing these species.  Deforestation and the 
use of insecticides can greatly reduce local butterfly 
populations, as seen on Martinique (David and 
Lucas, 2017).

Finally, butterfly species compositions between 
the nine islands could be separated into two 
groups.  The more species-diverse islands were 
those of Saba, St. Eustatius, St. Martin, Antigua, 
Montserrat, Nevis, and St. Kitts, each with higher 
elevations than the second group.  The second 
group of islands, having much lower elevations, 
included Anguilla, St. Bartholomew, and Barbuda, 
which all had less diverse butterfly populations.  For 
these islands, elevation appears to be an important 
factor in the richness and diversity among butterfly 
populations.

Having an updated species list for resident but-
terfly populations will aid in conservation efforts on 
these islands. Since they are an important indicator 
species, they can help sound the alarm for larger 
ecological trends that could be adversely affecting 
these islands. This research will help guide local 
conservation efforts leading into the future.

New Butterfly Census for the Dutch Caribbean Windward Islands

Above: Photos by: © Hannah Madden, Below: Photos by: © Michiel Boeken

http://www.dcnanature.org
http://www.dcnanature.org


... 46 47 48 49 50 ...BioNews 2020 - Content

A 2018 study of mosquito populations on the 
islands of Sint Maarten, Saba and Sint Eustatius 
documented eleven different species, including 
two new species for Sint Maarten, a number 
of which are known to spread mosquito-borne 
diseases. Understanding mosquito populations 
can help local governments prepare themselves 
against the spread of mosquito-borne diseases 
as well as provide insight to the health of local 
ecosystems.

Mosquitoes, often considered a pest, can provide 
important information concerning the presence of 
certain diseases. In addition, mosquitoes provide 
important functions in several ecosystems, as a 
food source, and serving as water filters and plant 
pollinators and when studied can give researchers 
insight to the overall health of the ecosystem. The 
Leeward and Windward islands (excluding Trinidad 
and Tobago) are known to host over 70 different 
mosquito species; although not all are known to 
feed on human blood. 

With an increase in international travel, along with 
a change in land use through urbanization, there 
have been significant changes within mosquito 
populations over the last few decades. This is 
especially true within the Caribbean, where an 
increase in human population has been coupled 
with an increase in major mosquito-borne disease 
outbreaks. Some examples of this were the 2014 
outbreak of chikungunya and the 2016 outbreaks of 
Zika and dengue. 

2018 Survey
A 2018 study surveyed the islands of Sint Eustatius, 
Saba and Sint Maarten, to better understand the 
local mosquito populations. This study was part of 
the Naturalis biodiversity study of 2018 and was 
the first of its kind since the surveys in 1947 by 
Edwin van der Kuyp and 1949 by Pieter Wagenaar 
Hummelinck. In addition to documenting specific 
species present, this study also provided a new key 
to be used for species identification for both adults 
and larvae which will be helpful in future studies.

The surveys were conducted between April and 
October of 2018 and included a one-week survey 
for each of the three islands during the dry season 
and a ten-day survey during the wet season for Sint 
Maarten and Saba. These surveys included setting 
ten trapping sites in a variety of urban, semi-urban 
and natural habitats. At each site, a combination 
of four different methods were used: two different 
mosquito traps, a net to catch free flying adults and 
an aquatic net, turkey baster and electric pipet to 
sample larvae. 

Results
In all, a total of 871 adults were captured and adult 
and larvae specimens from eleven species were 
identified between the three islands; eight on Sint 
Maarten, six on Saba and two on Sint Eustatius. 
The two most common adults captured were the 
southern house mosquito, Culex quinquefasciatus 
(56 % of adults) and yellow fever mosquito, 

Eleven Species of Mosquitos found 
on Leeward Dutch Caribbean Islands

The yield of one mosquito trap in 24 hours. The mosquito trap was on the porch of an apartment 
and the researchers used dirty socks to attract extra mosquitoes Photo by: © Sam Boerlijst. 
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Aedes aegypti (35 % of adults). Of the eight species 
found on Sint Maarten two had never before been 
documented and are known to be potential disease 
carriers, the Florida SLE (Saint Louis encephalitis) 
mosquito, Culex nigripalpus, and black salt marsh 
mosquito, Aedes taeniorhynchus. 

Shifting Mosquito Populations
Overall, this most recent study documented fewer 
retrieved species than previous studies, suggesting 
an overall loss of mosquito biodiversity within the 
mosquito populations. One species (Cx. habilitator), 
previously found on Sint Maarten was not retrieved 
from any of the islands during the 2018 survey. This 
species can be difficult to identify as the adult look 
very similar to Cx. bahamensis and the larvae ap-
pear similar to Cx. nigripalpus, so it is possible these 
were originally misidentified in the 1947. In addi-
tion, species typically found in areas with high hu-
man populations were found in abundance on Sint 

Maarten and Sint Eustatius, but were rare on Saba, 
highlighting the impact of habitat degradation 
and the positive results of intensive vector control 
strategy on Saba, where on the other islands this is 
more complicated.. 

There were also a series of interesting differences 
between the historical surveys and the survey 
conducted in 2018 between the islands of Saba 
and Sint Eustatius. Although these two islands are 
historically and geographically very similar, their 
mosquito populations had a few distinct differenc-
es.  For example, ‘natural forest indicator’ species 
(Cx. bisulcatus and Ae. busckii) had been previously 
noted on both islands, but were only found on Saba 
in the 2018 survey. The differences between these 
islands could be the result of sampling limitations, 
loss of suitable habitat or variations in mosquito 
control approaches, but due to a lack of data no 
definite conclusions could be made. 

Eleven Species of Mosquitos found on Leeward Dutch Caribbean Islands
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Unlocking the Evolutionary
Secrets of Local Amphibians and Lizards

Two new research projects were set out to map the 
evolution and historical geographical migration 
of key amphibian and reptile species within the 
Lesser Antilles. Understanding critical differences 
between similar species and how their particular 
evolutionary paths deviated from neighboring 
populations could prove crucial in the protection 
of these species moving forward. In January 2020 
researchers from University of California and 
Smithsonian Institution visited St Maarten to  
collect data.

The islands of the Lesser Antilles serve as biodiversity 
hotspots within the Caribbean, known to host a great 
number of endemic species (Myers et al., 2000).  Two 
new research projects led by scientists Michael L. 
Yuan and Jeffery H. Frederick of the University of 
California and Smithsonian Institution were set out 
to better understand the evolutionary history of a 
few reptiles and amphibians native to these islands.  
This research is not only critical for understanding the 
history of these species, but in designing effective 
conservation strategies for the future.  Specimens 
collected during these projects will be donated to 
the Museum of Vertebrate Zoology and/or Nature 
Foundation Sint Maarten where they will serve to 
further scientific research and provide material for 
educational outreach.  As climate change continues 
to threaten global biodiversity, learning to properly 
protect endemic species will become increasingly 
important, especially for small islands such as those of 
the Lesser Antilles.

Evolution of Anole Lizards
The first research project is taking a closer look 
at how Anolis, a genus of lizards, are evolving to 
match conditions within their specific habitats, 
specifically dry scrublands versus more temperate 
climates. Often populations will evolve in similar 
ways in response to similar environments, due to 
either natural selection or shared evolutionary 
constraints (Losos, 2011). Although there have 
been many documented cases of this, scientists do 
not fully understand to what degree these observ-
able evolutionary changes (phenotypic) relate to 
a genetic or cellular evolution. New technology 
grants researchers the ability to study specimens at 
both the genetic and cellular level. Researchers will 
work to compare Lesser Antillean anoles to bet-
ter understand any overlap between phenotypic, 
genetic and cellular evolution.

Each island in the Lesser Antilles has been uniquely 
colonized by various species of Anolis lizards. 
Sint Maarten in particular is home to two species 
of Anolis lizards, A. gingivinus and A. pogus, the 
Anguilla and Bearded anole respectively. With its 
diverse habitat range, paired with the fact that the 
Anolis populations of the island are known to have 
a wide variety of colors and patterns which may 
be adaptive to their environment (Lazell, 1972), 
St. Maarten provides the perfect research site to 
understand the link between genetic, cellular, and 
phenotypic characteristics with the environment.  

The St. Maarten Study
Fifty individuals were collected from each of the 
two species (Anguilla and Bearded Anole). Each liz-
ard specimen had a small genetic sample removed 
from their tail, then measured, photographed and 
released alive. In addition, six Anguilla anoles from 
one wet site and one dry site were collected. These 
individuals will be used for RNA analysis to fully 
capture their genetic makeup along with providing 
additional information through x-ray and CT-
scanning analyses. Upon completion, these speci-
mens will be given to the Museum of Vertebrate 
Zoology to serve as a resource for the broader 
scientific community.  Since the Bearded anole has 
been ranked as vulnerable, only non-lethal sam-
pling techniques were used.
 
Preliminary Data  
Previously, researchers completed a similar 
study on the island of Montserrat concerning 
A. lividus (Plymouth anole), as well the islands of 
Sint Eustatius, Saint Kitts, and Nevis inhabited by 
A. bimaculatus (Panther anole) and A. schwartzi 
(Schwartz’s anole). Here they were able to show a 
clear relationship between physical characteristics 
of the lizard and the habitat and climate. It was also 
demonstrated that individuals in colder climates 
were typically smaller overall, and had smaller ap-
pendages compared to body size. This is in line with 
broader patterns observed across lizards (Ashton 
& Feldman, 2007; Jaffe et al., 2016). Furthermore, 
they showed that montane rainforest populations 

had fewer and larger scales than their coastal 
counterparts and were darker and/or greener. 

Evolutionary History of Lesser Antillean 
Amphibians and Reptiles
The second study focuses on how the geographi-
cal history of the Leeward islands impacted the 
genetic evolution of local reptile and amphibian 
populations. Previous studies highlighted the 
impact of colonization from South America and 
the Greater Antilles, yet little is known how the 
unique geographical characteristics of these 
islands shaped local populations. To compare the 
evolutionary history of the Lesser Antilles, three 
different groups were selected: Eleutherodactylus 
johnstonei (Antilles whistling frog), Thecadactylus 
geckos (turnip-tailed geckos), and two species of 
Sphaerodactylus geckos (least geckos).  Each of 
these is widely distributed throughout the islands 
yet exhibit distinct historical lineages which should 
provide an interesting base for comparison.
In addition, invasive species were sampled to 
study their impacts on native populations as they 
are known to introduce diseases.  Samples col-
lected will provide insight into how these diseases 
impacted the evolution and spread of reptiles and 
amphibians throughout these islands. Researchers 
sampled the following two invasive species: the 
Cuban tree frog (Osteopilus septentrionalis) and the 
house gecko (Hemidactylus mabouia).

This article was published in BioNews 32
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The Study
Samples were collected across Sint Maarten 
in January 2020.  Antilles whistling frogs were 
photographed to collect data on their colorations 
and dorsal patterns. In addition, each frog was 
swabbed to test for the amphibian-killing fungus, 
Batrachochytrium dendrobatidis, known to origi-
nate from invasive species and a small tissue sample 
was taken for testing. Turnip-tailed geckos and both 
species of Least geckos were photographed and 
a small tissue sample was collected.  Similarly, for 
invasive species each was photographed and a small 
tissue sample was collected, in addition, each frog 
was swabbed for fungus and blood samples were 
collected from lizards to test for malaria. 

Genetic sequencing will give researchers insight 
into the relationship between various populations. 
Scientists can use this information to better under-
stand the evolution of each species as they spread 
between the islands of the Lesser Antilles. Following 
this, demographic modeling can be conducted to 
illustrate each population’s history. Lastly, unique 
characteristics of each species will be identified per 
location to highlight how the geographical history 
of each island played a role in the evolution of its 
native populations. 

Greater Impact
Understanding the differences between endemic 
populations could prove instrumental in designing 
conservation plans to protect these species in the 
future. For example, understanding the genetic 
structure of island populations can identify geneti-
cally unique lineages that may be of conservation 
interest. Additionally, for several species including 
Thecadactylus and Sphaerodactylus geckos which 
may represent complexes of undescribed species, 
their diversity has not been adequately assessed. 
Finally, through understanding their evolution-
ary history and adaptation to local environments, 
researchers can predict how further changes in the 
environment may impact these populations.

Would you like to share a news item?
Please e-mail us: research@DCNAnature.org

A. gingivinus being measured and photographed (Nature Foundation St. Maarten, 2020)

Photo left and above by: © Michael Yuan.
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Protecting Saba’s Painted Black Iguanas

New research describes a unique species of 
iguana for the islands of Saba and Monserrat.  
The painted black iguana, with its distinct black 
coloration, is an endemic species to these islands 
and must be recognized as such to help improve 
conservation efforts. Threats due to unsustain-
able harvesting (including pet trade) and habitat 
loss threaten the small remaining populations of 
these iguanas.

Iguanas are a unique reptile that can be found 
throughout the Caribbean and surrounding areas 
of Central and South America. Previously, three 
species of iguanas were known to inhabit the 
Lesser Antilles.  These included the Lesser Antillean 
iguana (Iguana delicatissima, found in only very 
few islands including St. Eustatius), the common 
iguana (Iguana iguana iguana, introduced from 
South America represented also by the two newly 
described endemic subspecies I. iguana sanctalu-
ciae from Saint Lucia and I. iguana insularis from 
Saint Vincent and the Grenadines, and Grenada) 
and the introduced Iguana rhinolopha from Central 
America.  New research points to a fourth species, 
the painted black iguana (Iguana melanoderma) 
found on the islands of Saba and Montserrat, 
along with St. Croix, St. Thomas (US Virgin Islands) 
and the islands of Margarita, Los Roques and La 
Banquilla (Venezuela) (Lazell, 1973; van Buurt, 
2005).  Using physical characteristics and genetic 
testing, Dr. Michel Breuil and his colleagues are 
working to fully describe this new species and 
hope to encourage conservation efforts to protect 
this unique iguana. This was recently published in 
ZooKeys journal.

Painted Black Iguana
The painted black iguana, locally known as the 
Saba Black Iguana, is considered an important 
flagship species on Saba. However, its uniqueness 
also makes it a target, as it is a high valued species 
within the pet trade.  Iguanas are also often hunted 
for food, killed by other predators and suffer from 
habitat loss by overgrazing of livestock and natural 
events such as hurricanes and volcanic eruptions.  
Furthermore, this species faces threats through 
competition and hybridization with other invasive 
iguana species.  It is expected that even more 
invasive iguanas could reach these islands as trade 
and shipping increases throughout the Caribbean, 
particularly through post-hurricane restoration 
activities.

In Saba, this iguana can often be found living within 
a wide variety of habitats, including cliffs, trees, 
bushes and shrubland.  Interestingly, these iguanas 
can also be found within the foggy, cool environ-
ment of the higher elevated forests. It is suggested 
that the darker coloration of these lizards may aid 
in a more rapid increase of their body temperatures 
while sunbathing in these cooler environments 
(Breuil, 2013, 2016).  Although there has not been 
a complete population count, rough estimates 
suspect populations of between 100-300 individuals 
on each island (Breuil et al., 2020).

The painted black iguana (Iguana melanoderma) is darker colored than the green iguana, with 
coloration darkening with aging. It has a distinctive black spot between the eye and ear cavity. 

A: Young adult male of Iguana melanoderma   |   B: Old male of Iguana melanoderma 

Photos by: ©  Michel Breuil

This article was published in BioNews 34
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Conservation
Separating the painted black iguana from other 
species of iguanas, allows researchers, conserva-
tionists and maritime and airport authorities the 
ability to differentiate between endemic and inva-
sive iguana species.  As tourism, trade and travel 
increases between the islands, there is an increase 
in the likelihood of additional invasive species being 
introduced (Yokoyama, 2012). Iguanas are listed as 
CITES Appendix II species, for which trade is con-
trolled and an export permit required. Islands need 
to be very careful with introducing or exporting 
iguanas or iguana derived products to protect their 
endemic iguana. 

Besides biosecurity, increasing public awareness 
of this endemic species is also a critical first step.  
Understanding the importance and uniqueness of 
this species will help drive interest in their conser-
vation. In addition, minimizing road kill incidents, 
hunting and habitat conservation are essential for 
safeguarding the painted black iguana. Although 
more research is needed to fully describe the 
painted black iguana, this study sheds light on the 
importance of protecting this flagship species for 
the islands of Saba and Monserrat.

Fortunately, there is something you can do to help! 
Please report any sightings or photos you have of 
the painted black iguana on https://dutchcarib-
bean.observation.org.  This is a free website and 
app which allows local citizens to report sightings 
of important plants and animals.  These tools are 
available in over 40 languages and can be used by 
biologist and citizens alike. Species reports by local 
communities are invaluable for nature conserva-
tion efforts to help increase public awareness and 
overall species protection.

For more information see: 
“Breuil, M., Schikorski, D., Vuillaume, B., Krauss, 
U., Morton, M.N., Corry, E., Bech, N., Jelić, M., 
Grandjean, F. (2020). Painted black: Iguana 
melanoderma (Reptilia, Squamata, Iguanidae) a 
new melanistic endemic species from Saba and 
Montserrat islands (Lesser Antilles). ZooKeys 926: 
95–131. https://doi.org/10.3897/zookeys.926.48679

Protecting Saba’s Painted Black Iguanas

Above: A basking Iguana melanoderma on the Windward coast of Saba
Below: Old Iguana melanoderma from Saba.

Photos by: ©  Michel Breuil
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Using DNA-and morphological analysis, a team 
from Reptile, Amphibian and Fish Conservation 
Netherlands (RAVON) and Naturalis have discov-
ered that the Leeward Blindsnake is a native spe-
cies to the island of St. Eustatius.  Understanding 
the island’s native reptile population will help 
design and implement conservation measures to 
protect this near threatened species in  
the future.

The Caribbean is considered a biodiversity hot 
spot, with a relatively largenumber of endemic 
reptiles and amphibians.  One particular example 
of this is the Leeward Blindsnake (Antillotyphlops 
geotomus).  According to the IUCN Red List this 
species is near threatened and was previously only 
known to inhabit Antigua, Barbuda, St. Kitts and 
Nevis.  However, a recent scientific publication by 
Tim Wagensveld, Sander van Staa and Rolan Butôt 
in Caribbean herpetology reported sightings of the 
Leeward Blindsnake on St. Eustatius as well.

The Study
To better understand this population on St. 
Eustatius, researchers from Reptile, Amphibian & 
Fish Conservation Netherlands (RAVON) studied 
the DNA sequence of a specimen captured on the 
island in 2018.  From this, they found a 100% and 
99.8% match to similar specimens from Nevis 
and Antigua respectively. Visual comparisons also 
matched, as specimens from all three islands lacked 
pigment on the underside of the tail.

St. Eustatius and Nevis are located geographi-
cally near each other, in fact, they are both on the 
same shallow submarine bank which has only been 
separated by water since the last ice age.  Due to 
this fact, it is believed that the Leeward Blindsnake 
is native to St. Eustatius, as opposed to being an 
introduced species.  

Over the course of the study, three snakes were 
observed.  The first two were documented in March 
of 2017 and the third in November of 2018.  Each 
of the three snakes were found under rocks at the 
foot of the Quill, a notably dry environment, with 
large trees and very little ground vegetation. The 
Blindsnake preys on insects associated with these 
dry forest.  Overgrazing by free roaming animals on 
the island minimizes ground vegetation, limiting 
the habitat range for these snakes.  

Snakes of St. Eustatius
St. Eustatius is home to a few other snakes as well, 
including the native Red-bellied Racer (Alsophis 
rufiventris) and introduced Brahminy Blindsnake 
(Indotyphlops braminus) native to Asia (Hedges et 
al. 2014).  The Brahminy Blindsnake is often spot-
ted by local residents, especially after periods of 
heavy rain.  This introduced species could pose a 
threat to the native Blindsnake as they may inhabit 
similar areas, however, the interactions between 
these two species of snakes is not fully understood.

Understanding these unique native and introduced 
species will prove key in designing conservation 
efforts to protect them into the future.  More 
research is required to understand the population 
dynamics of these snakes and how they interact 
with each other.  Protecting endemic species is 
important in maintaining the ecological balance 
and value within these islands. This study brought 
us one step closer to understanding the island and 
all of its inhabitants.

Report your sightings
Please report any sightings or photos you have 
of reptiles or other species on https://dutchcarib-
bean.observation.org. This is a free website and 
app which allows local citizens to report sightings 
of important plants and animals. These tools are 
available in over 40 languages and can be used by 
biologists and citizens and tourists alike. Species 
reports by local communities are invaluable for 
nature conservation efforts to help increase public 
awareness and overall species protection. Besides, 
Observation.org is working together with Naturalis 
Biodiversity Center on automated species identifi-
cation software. Your uploaded photos are of great 
value to make this possible. For questions, please 
contact research@DCNAnature.org

Leeward Blindsnake: Native to St. Eustatius

For more information see:
Wagensveld, T. van, Staa, S. van & R. Butôt 2020. Discovery of the Leeward 
Blindsnake, Antillotyphlops geotomus (Thomas, 1966), on St. Eustatius, Caribbean 
Netherlands. Caribbean Herpetology 69: 1-3.

Photo by: ©
  Tim

 van W
agensveld
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Mainly since the 60’s has the green iguana continuously 
expanded its nonnative range, especially throughout the 
Greater Caribbean region, and despite repeated warning for its 
consequences. Now scientists and conservationists are sounding 
the alarm in a “Letter from the Conservation Frontline”.

Although endemic to several Caribbean islands, iguanas from the 
Iguana iguana complex, or common green iguanas, are mainly 
present within the Greater Caribbean region as invasive alien 
species. Currently established population can be found in >25 
countries, among which six in Asia. Although natural between-
island dispersal has once been described, the continuous spread of 
the iguanas is mainly facilitated by humans.

Associated consequences of these nonnative, uncontrolled iguana 
populations are solely negative and concern threats to biodiversity, 
agriculture and tourism, among others. For example, the main 
reason of classifying the Lesser Antillean Iguana as critically 
endangered has been its region wide decline through displacement 
by green iguanas. It is also feared that nonnative iguanas from  
St. Maarten will make their way to Saba, potential causing a  
similar fate for the recently elevated species. Lastly, these  
animals bring with them diseases that have been shown to  
spread to native reptiles.

So why are nonnative populations so hard to remove? Overall the 
answer lies with the late initiation of managing and removing the 

populations, combined with the fact that iguanas become sexually 
mature at a young age and larger individuals can lay >60 eggs each 
year. Basically, population growth is so rapid that no time can be 
waisted once green iguanas arrive.

In their open-access Letter, the authors indicate the extraordinary 
investment of financial resources as well as time in order to only 
reduce population sizes of unmanaged large populations. Several 
population reduction efforts are ongoing both in the Caribbean as 
well as on Fiji; some already spent over 200,000 US$, with the most 
comprehensive >5 million US$. Reflecting, 5 million US$ is 1% of 
the GBP of the Commonwealth of Dominica, the latest Caribbean 
island where nonnative iguanas have established themselves.

Although humans tend to remain inactive until they are directly 
affected, the need for improved biosecurity and proactive 
prevention of iguana incursions cannot be more evident. 
Acknowledging the many challenges that islands and their 
governments face in dealing with nonnative species, the authors 
state that “time is not an ally, but it is of the essence”. The Letter 
provides on-the-ground insights and a range of recommendations 
that can aid island nations in their effort to remain free of nonnative

More information
Knapp, C.R. et al. (2020) The global need to address threats from 
invasive alien iguanas. Animal Conservation, ACV12660.  
https://doi.org/10.1111/acv.12660.

Iguanas in high population densities on the Cayman Islands. 
Photos by: ©  Jane Haakonsson and Y.J. Rey-Millet

Adopt a proactive attitude towards nonnative Green iguana biosecurity
Article by Matthijs P. van den Burg (Natuurhistorisch museum Madrid) and published in BioNews 40
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Generally, species are described as being diurnal 
or nocturnal active, depending on physiological 
limitations; diurnal species are not able to 
perceive their world in the absence of sunlight. 
Rare are observations reported where diurnal 
species are nocturnally active.

With some exceptions, as always in biology, species 
can be divided in having a diurnal of nocturnal 
day rhythm. But not all species uphold this clear 
distinction. Namely, biologists have published 
rare occasions where diurnal birds, mammals, 
even reptiles were observed to be active at night. 
However, these occurrences are so rare and 
infrequent that little research has focused on this 
topic, but perhaps until now.

Model organism
As you know, scientists use model organisms to 
study numerous biological aspects. These are 
species that tend to have such characteristics that 
make them easy to raise, maintain alive, and keep 
in large numbers to boost statistic power. Some 
well-known examples are fruit flies, mice, and 
yeast. For reptilian species, which are coldblooded 
vertebrates, anole lizards (genus Anolis) are among 
the most well-known.

Anolis lizards
Highly diverse and heavily studied, the Anolis genus 
consists of >400 species of small lizards that occur 

in warm regions of the continental Americas and 
Greater Caribbean region. A well-known feature is 
their, mostly, colorful dewlap which has a function 
in male-male and male-female communication. 
Given the high interest into these species, the 
scientific community has collected a wealth of 
(genetic) information on their ecology, physiology 
and evolution. It is these aspects that make recent 
observations especially interesting. 

New research
During 2019, members of the local NGO 
WildDominque on the Commonwealth of Dominica 
gained novel insights into anole ecology. While 
performing nightly surveys to monitor invasive alien 
frogs, actively hunting anoles were observed on 
two occasions during nights adjacent to full-moon 
nights. The observations concerned another alien 
species, the Puerto Rican Crested Anole or Anolis 
cristatellus which settled on Dominica roughly two 
decades ago. Although anoles are occasionally seen 
active after sunset, such observations have always 
been facilitated by anthropogenic light sources. The 
observations on Dominica are of special interest as 
they present the first instances where it has been 
observed that moon light can facilitate anoles to 
perceive their surroundings.

Report your sightings
Due to the model-organism status of anoles, 
scientists can better study this seemingly 

overlooked part of their biology. Beyond scientists, 
citizen scientist can aid our understanding about 
this little-known aspect of anole biology, and we 
encourage Caribbean residence to venture out 
during warm summer nights around full moon to 
identify whether other species of Anolis also exhibit 
this behavior. To do so, look for an area free of 
anthropogenic light sources and use your everyday 
torch to see what the anoles are up to. On each of 
the Caribbean islands within the Dutch Kingdom 
occurs 1, or multiple, species of Anolis.

You can report any sightings or photos you  
have of anole lizards or other species on  
https://dutchcaribbean.observation.org. This is a 
free website and app app (iPhone (iObs) & Android 
(ObsMapp)) which allows not only scientists but also 
citizens and tourist to report sightings of important 
plants and animals. These tools are available in over 
40 languages and can be used by biologists and 
citizens and tourists alike. For questions, please 
contact research@DCNAnature.org

More information:
Brisbane, J.L.K., van den Burg, M.P. (2020)  
No need for artificial light: nocturnal activity  
by a diurnal reptile under lunar light.  
Neotropical Biodiversity 6(1):193-196. 
https://doi.org/10.1080/23766808.2020.1844993

Diurnal reptile is found to be active during full moon
Article by Matthijs P. van den Burg (Natuurhistorisch museum Madrid) and published in BioNews 40

http://www.dcnanature.org
https://www.yourgenome.org/facts/what-are-model-organisms#:~:text=A%20model%20organism%20is%20a,help%20scientists%20understand%20biological%20processes
https://dutchcaribbean.observation.org
https://doi.org/10.1080/23766808.2020.1844993
https://www.mncn.csic.es/
https://www.dcnanature.org/bionews-40
http://www.dcnanature.org


... 56 57 58 59 60 ...BioNews 2020 - Content

Evaluation of vegetation 
development on the Dutch Caribbean islands

In November 2019, vegetation scientists from 
Wageningen Environmental Research and 
Carmabi visited Bonaire, to study the succes-
sion of the vegetation. Several plots that were 
described 20 years ago were resurveyed. The 
study is part of a project in which quantitative 
historical data on the terrestrial habitats of the 
Dutch Caribbean islands are brought together as 
data for nature inclusive transitions (WUR-KB-
program 36)”

The evaluation of the conservation status of the 
terrestrial habitat types of the Dutch Caribbean 
islands showed clearly the poor status of many ter-
restrial plant communities, as a result of overgraz-
ing and urban development. Repeating vegetation 
maps and vegetation plot descriptions (so-called 
vegetation relevés) provides profound insight in 
the vegetation succession under different environ-
mental conditions. As such, terrestrial monitoring is 
needed for evaluating future changes in the habitat 
conservation status. Vegetation data can be used 
as an indicator of abiotic and structural changes in 
the landscape and provides an important basis for 
mapping the habitat of species.

In November, vegetation scientists from 
Wageningen Environmental Research and Carmabi 
visited Bonaire, to study the succession of the vege-
tation since 1999. Several plots that were described 
twenty years ago were revisited and resurveyed. It 

was demonstrated that most sites are still heavily 
overgrazed by goats and donkeys, especially in 
the Washington-Slagbaai National Park. In a few 
plots with low grazing pressure, the understory 
contained more grasses, sedges and herbs, as well 
as juvenile shrubs and trees. This indicates that 
wooden plant species are able to recover quickly, 
in case grazing is restricted, preceded that mature 
shrubs and trees are present in the vicinity.

A similar study in the Christoffelberg National Park 
on Curaçao showed the quick suppression of unpal-
atable shrubs and the development of evergreen 
wooded plants, once goats have been removed. 
On Bonaire, relict populations of the rare and most 
endangered wooden species were mainly seen on 
the middle and high limestone terraces, in areas 
that are seriously threatened by urban develop-
ment plans. For restoration of degraded habitats 
such populations are essential, and therefore there 
is urgent need to establish protected nature areas 
on these limestone terraces.

In the context of this project, Wageningen 
Environmental Research and Carmabi are 
digitizing historical vegetation descriptions 
and maps, and have started to resurvey plots 
on the Dutch Caribbean islands. Vegetation 
relevés are stored in a digital database that will 
be made available through the Dutch Caribbean 
Biodiversity Database website (www.dcbd.nl).

Article by John Janssen(Wageningen Environmental Research), Joop Schaminée (Wageningen Environmental Research), 
Erik Houtepen, (Carmabi), John de Freitas (Carmabi) and published in BioNews 31

Top: Endemic Sabal palm, growing in a shrubland on 
limestone with Metopium brownii and Haematoxylon 
brasiletto. Photo by: © Joop Schaminée

Left: Research team under a several hundreds year old 
Guaiacum officinale. Photo by: © Johan van den Blerk

Right: Rare stand of epiphytic orchid Myrmecophila 
humboldtii in well developed limestone woodland. 
Photo by: © Joop Schaminée.
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Drastic effects of coralita
on the biodiversity of insects and spiders

A study by researchers from the Vrije Universiteit 
Amsterdam shows that the invasive plant cor-
alita and urban development have led to large, 
distinct changes in insect and spider communi-
ties on Sint Eustatius. Hence, coralita is not just 
a result of urban development but are also a 
driver of change. Recovery of native vegetation is 
needed to maintain biodiversity.

Coralita invasion
It’s a beautiful and colorful plant, but so dominant! 
The colorful plant coralita, also known as Mexican 
creeper plant or coral vine (Antigonon leptopus), 
was introduced as an ornamental plant on Saba, 
Sint Eustatius and many other Caribbean islands. 
Alarmingly, the invasion of coralita has led to a to-
tal change in animal communities on Sint Eustatius. 
This plant originates in Mexico, where it poses no 
threat since its numbers are regulated by droughts. 
However, on humid islands like St. Eustatius, it can 
grow unchecked. It spreads both horizontally on 
fields and vertically against all kinds of objects. In 
addition, goats prefer to eat native grasses and do 
not eat coralita unless they are forced to from an 
early age.

Studying the impact of urban  
development and coralita invasion
PhD scientist Wendy Jesse and Masters stu-
dent Jasper Molleman of the Vrije Universiteit 
Amsterdam, together with a team of researchers 
of the Vrije Universiteit Amsterdam and Temple 
university in Philadelphia, studied the individual 
and combined effects of urban development and 
coralita invasion on the insect and spider communi-
ties on Sint Eustatius. During this study the com-
plete arthropod community was assessed within 36 
paired coralita-invaded and non-invaded sample 
plots in urban and natural ecosystems. These re-
sults were recently published in the scientific paper 
Global Change Biology.

‘There are only a few studies that manage to assess 
both factors separately’, claims Wendy Jesse. ‘That 
was possible in this case because this invasive plant is 
very abundant and occurs everywhere, both in urban 
areas of Oranjestad as well as in and around the long 
abandoned agricultural plots around the dormant 
Quill-volcano. As much as 33% of the island is en-
tirely or partially overgrown with coralita.’ explained 
Wendy Jesse.

The PhD research of Wendy Jesse on Sint Eustatius 
is part of a Netherlands Organization for Scientific 
Research (NWO) project about bioinvasions on the 
Dutch Caribbean Islands and is coordinated by the 
Vrije Universiteit Amsterdam.

Results
A total of 4,690 spiders and insects were cap-
tured. Within 2 months, the team completed the 
enormous task of identifying and assigning each 
specimen to one of six feeding guilds based on their 
dietary habits: herbivores, nectarivores, predators, 
parasitoids, detrivores or omnivores. In total 185 
species were identified and classified. 

‘Our results show that urban development increases 
species richness as well as the diversity of individu-
als divided over species, the so called abundance-
weighted or Shannon diversity. Invasion by coralita 
mostly caused increased occurrence of certain 
feeding guilds, with extraordinary quantities of 
nectarivores, herbivores and detrivores. This causes 
biotic homogenization of insect and spider communi-
ties which simply means that you get more of the 
same’, explained Wendy Jesse. Invasive species, like 
coralita, are thus not just a result of urban develop-
ment but are also a driver of change themselves.

Article by Gert van Maanen (Bionieuws), Jasper Molleman and Wendy Jesse (Vrije Universiteit Amsterdam) and published in BioNews 35

Photo by: © Wendy Jesse

http://www.dcnanature.org
https://www.dcnanature.org/bionews-35
http://www.dcnanature.org


... 56 57 58 59 60 ...BioNews 2020 - Content

Safeguarding biodiversity
Because insects and spiders provide important 
ecosystem services like pollination, decomposition 
and nutrient cycling, and serve as a food source 
for native reptiles and birds, such an invasion has 
big consequences for the environment on Sint 
Eustatius. In earlier research the same group of 
scientists have shown that when coralita appears 
reptiles such as anolis lizards disappear. Without 
the recovery of native vegetation, the loss of biodi-
versity on the Dutch Caribbean Islands is likely.

Report your sightings
Please report any sightings or photos you have of 
plants, insects and spiders on https://dutchcarib-
bean.observation.org. This is a free website and 
app (iPhone (iObs) & Android (ObsMapp)) which 
allows local citizens to report sightings of impor-
tant plants and animals. These tools are available in 
over 40 languages and can be used by biologist and 
citizens and tourists alike. Species reports by local 
communities are invaluable for nature conservation 
efforts to help increase public awareness and over-
all species protection. Besides, Observation.org is 
working together with Naturalis Biodiversity Center 
on automated species identification software. Your 
uploaded photos are of great value to make this 
possible. For questions, please contact  
research@DCNAnature.org

Drastic effects of coralita on the biodiversity of insects and spiders

For more information see:
Jesse, W.A.M., Molleman, J., Franken, O., Lammers, M., Berg, M.P., Behm, J.E., Helmus, 
M.R., Ellers, J. (2020).  Disentangling the effects of plant species invasion and urban de-
velopment on arthropod community composition. Global Change Biology 26:3294–3306. 
DOI: 10.1111/gcb.15091  

Photo by: © Jasper Molleman
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New Plan for Creating Sustainable
Fisheries in the Caribbean Netherlands

A 2019 policy brief was just released outlining the 
requirements for sustainably managing fisheries 
within the Caribbean Netherlands.  Using five 
different studies, a four-phase roadmap was  
created to bring local stakeholders and govern-
ment legislators together to secure the future 
of local fish stocks. Without action, a collapse 
of important fish species could be right around  
the corner.

Maintaining healthy coral reefs and fish populations 
is fundamental in sustaining both the traditional 
way of life and ever-increasing tourism throughout 
the Caribbean. Although fisheries within this region 
are better managed today than they were in previ-
ous decades, the Caribbean is still facing an overall 
decrease in fish stocks. Managing the remaining 
fish populations requires balancing local cultural 
traditions with the reality of today’s environmental 
conditions. Therefore, this must be a collaborative 
effort between local residents, local governments, 
NGOs and buyers. 

To better define the challenges and needs of local 
fisheries five different studies were conducted.  
The goal was to provide insight into how these 
local fisheries can be improved and sustained for 
years to come. Although the final results of two 
of these studies are not yet available, preliminary 
results have been released to support the upcoming 
Sustainable Fisheries Plan from the Dutch Ministry 
of Agriculture, Nature and Food Quality (LNV).  
Mac & Field consultancy, in collaboration with 

WWF-NL, used these results to produce a policy 
brief to help in the creation of the Sustainable 
Fisheries Plan.

Study 1: Historical Fisheries
There is currently insufficient data available to set 
sustainable fish stock targets, leading to goals in 
fisheries policy targeting only processes, methods 
and economics. No targets exist in Caribbean 
Netherlands policy that describe a desired state of 
the fisheries sector, resulting in an inability to verify 
whether measures that are taken are indeed suc-
cessful in making the fisheries sector a more sus-
tainable and healthy one. Therefore a desired and 
measurable fish stock value should be identified, 
which is common practice for commercial species 
in the European part of The Netherlands.

This study aimed to investigate whether docu-
mented (pre-)historical declines in fish popula-
tions within the Caribbean Region (e.g. Curaçao, 
Jamaica) align with (pre-)historical fish stock health 
on the Caribbean Netherlands islands, thereby 
providing evidence of changes in fish stocks far 
beyond what has been documented with modern 
monitoring programmes. 

It was found that prehistoric fish stocks have been 
fluctuating, mostly as a result of large scale natural 
events like tsunamis, hurricanes, etc. that wiped 
out coastal habitat and with it the fish stocks. 
However, over time, fish stocks tended to recover 
after such events. Alarmingly, the decline of local 

reef fish stocks has accelerated in recent years, 
which is likely related to a combination of decline 
in coral reef health and overexploitation. Historical 
evidence for the Caribbean Netherlands islands 
does not indicate that trends in fish stock health 
are significantly different from those found in 
better documented cases within the Caribbean, like 
Jamaica (Hardt, 2009) or Curaçao (Vermeij, 2018). 
This suggests that baselines have shifted and there-
fore modern conservation policy should consider 
historical values when setting fisheries targets. 

Study 2: Market Analysis
This study worked to better understand the entire 
seafood supply chain, starting with the fishermen’s 
daily catch up through the final transaction (res-
taurant, grocery store, private citizen). In total, 361 
interviews were conducted on Bonaire, St Eustatius 
and Saba. It was determined that there is little 
information available concerning import, export or 
specific volumes and species of fish caught.  It was 
also found that a large portion of the fish sold on 
Bonaire as ‘local fish’ is actually imported from the 
Venezuelan archipelago of Las Aves, which is often 
unknown to buyers. This makes it seem like there 
is more local Bonairean fish available than there 
actually is, suggesting that local fish stocks may 
actually be in worse shape than previously thought. 
The study also showed strong support from local 
restaurants and grocery stores for an increase in 
sustainable fishing options, such as an “eco label” 
to promote species caught using sustainable fishing 
practices.  Overall it was determined that there is a 

lack of transparency throughout the entire supply 
chain, leaving customers unaware of the origin, 
catch method or sustainability of fish purchased. 
This process should be improved through better 
regulation and monitoring.  An implementation 
of a sustainability rating similar to the Good Fish 
Guide of European Netherlands could help promote 
more sustainable practices. Overall, educational 
outreach efforts should be made to increase public 
knowledge of issues within the local fish stocks 
and help residents make better, more sustainable 
choices when it comes to local fish. Lastly, the price 
limits for fish on Bonaire as set by local government 
should be reevaluated to reflect demand giving 
fishermen a more reasonable income, balancing 
market demand and avoiding overexploitation of 
local stocks.

Study 3: Communication and Awareness 
The goal of this study was to determine the best way 
to communicate about sustainable fishing practices 
with local fishermen, both commercial and recrea-
tional. It was determined that the most effective 
way to communicate was to create an open channel 
where fishermen participate in the development and 
implementation of new regulations through co-
management. This ensures the needs of all stake-
holders are considered and increases the likelihood 
of individuals incorporating these best practices into 
their daily activities.  Furthermore, communication 
campaigns should include both economical and 
social aspects so that the benefits of sustainable 
fishing practices are fully understood and desired.

This article was published in BioNews 32
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Study 4: Social Mapping
Through in-depth interviews and action research, 
this study worked to determine what would be nec-
essary to successfully implement sustainable fishing 
practices while being considerate of the needs of 
local fishermen. This study found three main issues: 
a skewed perception of urgency, unclear division 
of roles and responsibilities for management and 
insufficient management and government support. 
Although this is a very nuanced issue, it was deter-
mined that a well-guided co-management strategy 
between the fishermen and the government, would 
have the highest success rate when implemented. It 
is recommended that each island establish a fishery 
cooperative to provide fishermen a clear way to 
organize and articulate their needs to the govern-
ment. Furthermore, all relevant stakeholders should 
be included as early as possible in all policy making 
decisions. It is also recommended that there be at 
least one fisheries policy officer and implementation 
officer located on each island to help balance the 
needs of the fishermen, government, marine park 
authorities and other stakeholders and properly 
implement new sustainable measures.

Study 5: Co-management Study
This study worked to determine what would be 
required to successfully develop a co-management 
strategy between local fishermen, government, 
marine park authorities and other stakeholders. 
Four key recommendations were given.  First, 
clear legislation and management goals need to be 
defined. This includes setting boundaries and clear 

roles and responsibilities for all parties involved. 
Second, a fisheries officer should be appointed for 
each island to ensure clear communication between 
stakeholders. Third, a conflict management strat-
egy should be implemented to ensure issues are 
resolved quickly and fairly, without hindering the 
process. Lastly, co-management workshops should 
be offered to ensure all stakeholders have a platform 
where their concerns and needs can be addressed. 

Roadmap Forward
In parallel to the policy brief, a roadmap was also re-
leased aiming to provide a more practical avenue of 
implementing the recommendations laid out in the 
studies described above.  This outlined a four-phase 
process for creating an effective fisheries manage-
ment model tailored to the Caribbean Netherlands 
context as a basis to work towards truly sustainable 
fisheries.  

Phase 1: Strengthen Stakeholders
This phase includes a multi-step process to fully 
engage and include all stakeholders. This phase will 
work to build trust and create a transparent process 
in which all stakeholders contribute to creating a 
sustainable future for local fisheries.
 
Phase 2: A Sustainable Fisheries Management 
Improvement Plan
The government must, and should, regulate and en-
force sustainable fisheries practices to ensure local 
stocks do not deplete.  This process must consider 
the needs of local stakeholders, such as fishermen, 

dive operators, consumers, management authori-
ties and tourists. Working in a vacuum would create 
a hostile, ineffective environment. Therefore, it is 
recommended that a holistic Sustainable Fisheries 
Management Plan be created to take into considera-
tion the variety of needs of all stakeholders. This 
also includes the creation of a fisheries management 
council and funding mechanisms to ensure these 
efforts are fully supported.

Phase 3: Pilot Implementation
Once the Sustainable Fisheries Management Plan 
has been drafted and implemented, a pilot period 
should allow a feedback loop to highlight strengths 
and weaknesses. This feedback should be consid-
ered in future versions and implementation plans to 
guarantee this management plan sufficiently meets 
the needs of all stakeholders. 

Phase 4: Ensure Continuity
The design and implementation of a management 
plan of this magnitude will not happen overnight.  
Proper structure and support must be put into 
place to allow the management of these fish stocks 
to evolve and mature along with the needs of the 
stakeholders. Stakeholders will need to become 
flexible as business as usual will be questioned and 
changed. However, by working together, a modern 
management plan can balance the needs of local 
stakeholders with the physical limitations of the 
environment.

Photo by: © Hans Leijnse
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Overall
A common finding throughout each of these studies was that sustainable fish-
ing practices are mostly lacking throughout the Caribbean Netherlands. This 
has led to an overexploitation or full exploitation of almost all commercial fish 
stocks. Although the Ministry of LNV is responsible for fisheries management, 
implementation and regulation is not possible without the support from all 
stakeholders, in particular the public entities on each island. This requires suffi-
cient resources be dedicated to this process and open communication between 
stakeholders to provide a feedback loop to meet the evolving needs of each 
island. Emphasizing a co-management approach ensures the unique needs and 
desires of local stakeholders are considered in the design and implementation 
of a Sustainable Fisheries Management Plan. Fishermen must be included 
throughout each step of this process to maximize the likelihood that these 
regulations are understood, implemented and complied with. Furthermore, 
new and non-traditional fishing activities (such as foreign fishing operations) 
should be considered within the management plan as well.

If left unmanaged, a complete collapse of local fisheries is unavoidable as local 
and foreign demands continue to increase as fish stocks continue to decrease. 
Through working together, a Sustainable Fisheries Management Plan can be 
created and implemented ensuring fish stocks are available to local fishermen 
for many years to come.  

The full policy brief and road map are available in the Dutch 
Caribbean Biodiversity Database: 

https://www.dcbd.nl/sites/www.dcbd.nl/files/documents/WWF%20
Caribbean%20Netherlands_2019_Policy%20recommendations%20for%20
a%20sustainable%20fishery.pdf

https://www.dcbd.nl/sites/www.dcbd.nl/files/documents/WWF%20
Caribbean%20Netherlands_2019_Roadmap%20to%20a%20sustainable%20
fishery.pdf Photo by: © Hans Leijnse
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Wageningen Marine Research and the Saba Bank 
Management Unit (SMBU) recently published an 
evaluation of the effectiveness of the seasonal fishing 
bans within Moonfish Bank based on the first five years 
of fish catch data. These closures were intended to help 
Red Hind and Queen Triggerfish populations, both of 
which use this area for mating.  Similar closures have 
been credited with improving reef populations and could 
be the key to protecting these species in the future. 

Each year, many species of fish migrate to specific areas to 
spawn. These areas are known as spawning aggregation 
(SPAG) sites. Such sites are often vulnerable to overfishing 
since spawning events occur at predictable times and 
locations each year. In fact, in the Caribbean, there are over 
100 known SPAG sites, most of which are unprotected and 
most of which have been overfished. For most of these 
sites, little is known about them, and scientists must rely on 
knowledge of local fishermen.  

One such site is located within the Moonfish Bank of Saba 
Bank.  This area is a known spawning aggregation area 
for the Red Hind (Epinephelus guttatus) and the Queen 
Triggerfish (Balistes vetula). In 2013, in an effort to protect 
these species, the Saban government issued a 5-year 
moratorium on fishing within Moonfish Bank between the 
months of December and February. This closure was based 
on local fishermen’s general knowledge and research done 
by Nemeth et al. of when Red Hinds tend to aggregate 
within this area. 

Red Hind and Queen Triggerfish
Although fishermen are not often targeting either of these 
fish, they do represent two of the three most commonly 
caught bycatch species in both redfish (deep-water 
snapper) and lobster traps. Red Hinds are reef fish known to 
travel along predictable migration routes and can therefore 
influence a variety of different areas.  Within the Western 
Atlantic, recent studies all indicate an overall decline in  
Red Hind populations which has led to an increase  
in fishing regulations for this species around Bermuda,  
the US Caribbean and Mexico and a complete ban  
within US waters. 

The Queen Triggerfish is also a reef fish which can be 
found throughout the Atlantic from Canada to the 
south-eastern coast of Brazil.  This species exhibits 
a rather unique mating strategy, where the male will 
establish and defend a nesting area and wait for a female 
to approach. This species too has dramatically declined in 
abundance over the last decades in many areas such as on 
the reefs of Curacao and Bonaire. 

The Study
Funded by the Ministry of Agriculture, Nature and Food 
Quality, Wageningen Marine Research collaborated with 
the SMBU to conduct a study to provide a preliminary 
evaluation for the effectiveness of these seasonal closures.  
The main data source were catch records and length 
measurements of fish brought back to port by fishermen.  
Between the years of 2012 and 2018, researchers looked 

Protecting Saba Bank’s Red Hind
and Queen Triggerfish Populations

Queen Triggerfish. Photo by: © zsispeo
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Protecting Saba Bank’s Red Hind and Queen Triggerfish Populations

for annual differences in the number of Landings Per Trip (LPT, 
the number of fish brought back after each fishing trip) and the 
number of fish caught as bycatch in both shallow lobster traps 
and deeper snapper traps. 

The Results
In the end, there was no indication that overall LPT or mean 
size caught in either of the two traps improved over the course 
of the study. In fact, results showed a small but significant 
decrease in the size of Red Hinds caught as bycatch in the 
lobster traps. It was thought that by limiting the number of 
fish caught, average size should increase as more fish are able 
to reach maturity.  For fish, fertility increases exponentially 
with size, so this decrease in the average size of fish could 
dramatically impact future fish populations.

No expected improvement in the Red Hind population was 
apparent from the results. However, the study did bring to light 
some questions regarding the current fishing regulations.  It 
is quite possible that the protected area was not large enough 
to fully protect the Moonfish Bank SPAG. It may also be that 
there are additional SPAGs on the Bank that also require 
protection.  Additional research will need to be conducted 
to better characterize the local fish spawning areas to better 
protect them in the future.  One significant issue highlighted 
was the actual lack of good data documenting the exact timing 
and location of the spawning and aggregation season for these 
species on Saba Bank. Although local fishermen were able to 
provide historical insight, being able to quantify these events 
through scientific surveys would help policy makers draft more 
effective management plans and make sure the closed season is 

set for the same period as in which spawning aggregation takes 
place.  It is highly likely that there are additional SPAGs located 
around Saba and Saba Bank which will need to be protected 
as well, but these remain undocumented.  A local story, from 
February 2015, recalls a single fishing boat returning to port 
with 313 Red Hinds caught in a single day using 12 traps and a 
hand line.  It is likely this fisherman stumbled upon an additional 
unprotected SPAG.

Importance of SPAGs
There are a variety of examples of the benefits of protecting 
SPAGs within the Caribbean.  In 1987, the island of St. Thomas 
enacted a 12-year seasonal closure to protect their Red Hind 
fisheries.  Afterwards, a permanent fishing closure was enacted 
and after five years they found that the average male Red Hind 
total length increased by 7cm.  

There is no question that an effective and sustainable fishery 
management plan will require protection for important 
SPAGs.  Even though this study was unable to demonstrate an 
immediate improvement in fish population or size, continuation 
of these seasonal closures is highly recommended.  In the 
future, more intensive and consistent data collection is needed 
be completed to better understand these local fish populations. 
Perhaps a Bank-wide seasonal closure for these fish could be 
a more effective way of protecting this fishery.  This would 
simplify local enforcement and would have limited economic 
effect as these fish are not important targeted species for local 
fishermen.  Other limitations, such as enacting annual quotas, 
size limits or gear restrictions, could further protect these, and 
other commercially important fisheries in the area.

For more information, you can find the full report here:
Debrot, A.O., Brunel, T., Schop, J., Kuramae, A., Bakkers, Y. 2020. Assessing 
effectiveness of the seasonal closure of the Moonfish Bank of the Saba Bank for 
two species of concern, the Red Hind and the Queen Triggerfish: the first five years. 
Wageningen University & Research report C040/20. https://doi.org/10.18174/520362 
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In 2019 a collaborative study of the Simpson Bay 
Lagoon on St. Maarten introduced the “Triple 
Bottom Line” management strategy, which em-
phasized the planet, people and profit. This study 
found the current environmental conditions to 
be unacceptable, and through public polling, 
found strong public sentiment for a management 
strategy to return St. Maarten’s largest wetland 
to its former glory.

Compounding environmental issues such as over-
development, degraded natural resources and 
untreated wastewater are difficult issues for any 
nation to handle. This is especially true for small 
islands with limited resources such as St Maarten. 
Three different studies were carried out between 
March and June of 2019 to better understand the 
environmental state of the Simpson Bay Lagoon, 
an important area both environmentally and eco-
nomically for the island of St Maarten. Conducted 
by the Institute for Environmental Studies at Vrije 
University in Amsterdam and sponsored by the 
Towle Fund of the Community Foundation of the 
Virgin Islands and Environmental Protection in the 
Caribbean (EPIC) Foundation, these studies fo-
cused on the “Triple Bottom Line” a management 
strategy which emphasized three areas: planet, 

people and profit. In addition to these studies, a 
survey of 219 households was conducted to better 
understand the public’s perception of the environ-
mental state and overall value of the Simpson Bay 
Lagoon. Researcher Sem Duijndam was recognized 
during Vrije University’s New Year’s Gala by receiv-
ing “Best Thesis” for his Masters’ thesis on this work 
(Kolkman, 2020).

Planet
This portion of the study focused on the environ-
mental state of the lagoon, namely overall water 
quality.  Simpson Bay Lagoon, the largest wetland 
on the island, faces a number of pressures such 
as untreated sewage water, over development, 
boat and marine activities, illegal dumping of toxic 
waste and additional land-based pollution which 
have led to an unacceptable water quality that is 
further degrading with time (Lips & Slooten, 2009). 
A previous study found bacterial contamination 
originating from untreated sewage in nearly all of 
the sampled sites (Borch, 2002). Nature Foundation 
St. Maarten has estimated that these high levels of 
pollution have already resulted in the loss of nearly 
80% of seagrass within the bay, and coupled with 
overdevelopment, has led to an overall decrease in 
biodiversity and mangrove forest health (Nature 

Foundation St. Maarten, 2013). The destruction of 
mangroves is especially detrimental as they serve 
as a natural water filter and provide protection 
during storm surges, a critical feature for an island 
which often faces destructive storms

People
This area focused on the societal value placed 
on the Simpson Bay Lagoon. Interestingly, the 
household survey found that most of the island’s 
residents were aware of the degrading quality of 
the lagoon and expressed an interest in revers-
ing these trends (Duijndam et al., 2019). Large 
infrastructural changes such as building a water 
treatment plant or restoring the mangrove forests 
could help to improve overall quality of the lagoon. 
In addition, educational outreach to connect the 
island’s residents to the lagoon can help individu-
als become personally invested in protecting this 
wetland. Overall, residents were strongly in favor of 
most solutions for improving water quality, such as 
increasing environmental awareness or enforcing 
environmental regulations but were less supportive 
of solutions such as restricting new development 
around the bay (Molenaar, 2019).

Study Highlights Importance of
Restoring Simpson Bay Lagoon, St Maarten

Photo by: © Tadzio Bervoets
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Study Highlights Importance of Restoring Simpson Bay Lagoon, St Maarten

Profit
The third and final area of these studies focused on the 
economic value of the Simpson Bay Lagoon and provides 
financial rationale for properly managing the environmental 
state of this site. It was determined that the total economic 
value of the lagoon is approximately US$20 million per year 
(Duijndam et al., 2019). This includes both the environmental 
value such as CO2 sequestration, reef biodiversity and natural 
water purification along with the economic value from recrea-
tional and tourism uses. Furthermore, the study stated that 
the annual economic value could be increased through resto-
ration of the mangrove forests or by building a water sewage 
treatment plant to US$28 or US$31 million respectively 
(Duijndam et al., 2019).

Moving Forward
Studies such as these are instrumental in highlighting not 
only the current environmental state of important natural 
areas, but also the social perception of these areas. Elderly 
people surveyed during this study reminisced about going to 
Simpson Bay Lagoon when they were younger to swim and 
fish in the beautiful, clean waters of the lagoon. Returning the 
lagoon to this state cannot be done by the residents alone; 
large infrastructural modernizations need to be made such as 
implementing sewage treatment and managing sustainable 
development. This will require a collaborative effort between 
the residents and government, however, with everyone doing 
their part, this critical wetland can be restored to its prior 
state and can provide a pristine area for both wildlife, resi-
dents and tourists to enjoy into the future.
 

Figure 1: Survey results concerning public opinion on solutions 
for improving the environmental state (Molenaar, 2019) 
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Survey of Free Roaming Livestock on St. Eustatius

The Caribbean Netherlands Science Institute 
(CNSI) recently conducted surveys of free-roam-
ing livestock on St. Eustatius, highlighting popu-
lation booms especially among goats and sheep. 
These animals can decimate local landscapes 
and be carriers of disease for native species and 
humans alike.  Understanding population shifts 
is crucial in the sustainable management of the 
island’s natural resources. 

St. Eustatius’ landscape boosts a beautiful dry 
tropical forest, an important and endangered 
tropical ecosystem within the Caribbean (Janzen, 
1988).  According to the 2018 State of Nature 
report for the Caribbean Netherlands, Debrot et 
al. stated that these dry tropical forests are under 
immense pressure, particularly from free-roaming 
livestock. Since the 1950s, the overall decline in 
agriculture paired with conservation efforts has led 
to a gradual regrowth of the dry forests, however, 
the increasing pressure of free-roaming livestock is 
now reversing these trends (van Andel et al., 2016).

CNSI recently conducted surveys to update a 
previous 2013 study by Debrot et al., on local 
populations of free-roaming livestock.  This update 
supports the island government, Rijksdienst voor 
Ondernemend Nederland (RVO) and the Dutch 
government’s initiative to prioritize the removal 
of these animals.  Between November 2019 and 
February 2020, populations of goats, sheep and 
chickens were counted along a variety of perma-
nent roads and trails, representing six different 
habitats.  Cows, although present on the island,  
had populations too low to be estimated using 
Distance sampling.

Goats 
Of all livestock, goats are considered the most 
harmful to the environment. This is due to their 
ability to flourish in areas with low water availability 
and graze in even the thickest of dry forests, un-
reachable by other animals (Campbell and Donlan, 
2005, Polman et al., 2016). This study found goats 
in all 6 habitat types (Madden, 2020).  The area 
with the highest goat density was the northern 
hills (10.04/ha) and the lowest density was in the 
upper Quill slopes (2.84/ha).  Overall, the total goat 
population has more than tripled in the past 7 years.  
Current populations far exceed what the terrestrial 
ecosystems can support, leading to an overall 
decrease in soil and land quality within these areas.

A variety of studies have sought to determine the 
maximum sustainable number of goats an ecosys-
tem, such as that found on these Dutch islands, 
can support.  In Curaçao, researchers found that 
once goats were removed from Christoffelpark to 
below a density of 0.1/ha, vegetation was able to 
recover very quickly (Debrot and de Freitas, pers. 
comm.).  A similar study on Bonaire found that goat 
densities below 0.45/ha allowed for sustainable 
plant regrowth (Debrot et al., 2018).  On the unin-
habited island of Redonda (Antigua), feral goat and 
black rat removal led to a tenfold increase in land 
bird populations, and an increase in plant diver-
sity from 17 species in 2012 to 88 in 2019 (Island 
Conservation).

In 2013, nine goat exclusion and non-exclusion plots 
were installed in three different areas of the Quill 
National Park to measure the impact of goat exclu-
sion on vegetation growth (Madden, 2014, 

Photo by: © Hannah Madden
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2015).  By comparing data from the 2015 exclusion 
and non-exclusion plots, it was determined that 
there was a significant difference in the number 
of species, plants and overall plant height in plots 
from which goats were excluded, demonstrating 
their positive impact within the park.
 
Sheep 
Sheep have also been known to severely damage 
local landscapes through overgrazing.  This can 
lead to an overall reduction in vegetation cover, 
increase in bare ground and overall erosion (Van 
Vuren and Coblentz, 1987).  Sheep were detected 
in town, lower Quill slopes and even the Quill crater 
(Madden, 2020).  However, the highest sheep 
densities were in grassland habitats, where they 
had a density of 17.60/ha, five times the population 
estimate from 2013. 

Chickens
Chickens were detected in all habitat types but 
their numbers were significantly higher in urban 
areas.  The highest density of chickens was in 
urban areas (9.02/ha) and the lowest in the upper 
Quill slopes (0.72/ha), however this density is still 
higher than the estimate from 2013 (Madden, 
2020).  There was an overall increase in chickens 
island-wide, however populations in urban areas 
have tripled in the last 7 years.  This increase within 
urban areas is most likely due to the availability of 
food scraps and water.

Free-roaming chickens pose a variety of threats, in-
cluding health concerns to both humans and other 
animals, as well as preying on native iguana hatch-
lings, further stressing their populations (Lowney 
et al., 2005, Gottdenker et al., 2005, Arshad et al., 
2000).  Additionally, a parasite which is known to 

infect almost all warm-blooded animals can often 
be found in chickens (Hamilton et al., 2017). A 
study from St. Kitts found nearly 41% of chickens 
tested positive for this parasite.  Furthermore, 
these chickens could spread diseases to native bird 
populations which may have not had any previous 
exposure (Gottdenker et al., 2005).

Large-Scale Efforts
In general, large-scale conservation measures 
appear to have a more significant impact than 
smaller projects.  There is already a project under-
way to reinforce parts of the cliff at Orange Bay, 
which will also include minimizing erosion through 
goat exclusion zones and replanting native flora.  
Additionally, exclusion plots within the Quill and 
Boven National Parks have already demonstrated 
how vegetation within fenced off areas can regen-
erate within just a few years.

This study highlights the importance of monitoring 
and managing free-roaming livestock on the island.  
The study concluded by recommending the re-
moval of all free-roaming livestock from vulnerable 
ecosystems (such as the Quill and Boven National 
Parks).  CNSI also encourage local government to 
support and provide training for livestock owners, 
perhaps by providing subsidized fencing and feed 
material so that farmers can improve management 
of their herds.  Furthermore, it is important that the 
status of these populations continues to be moni-
tored, with recommendations to repeat surveys 
every five years. This will help measure the effec-
tiveness of the planned removal project. Additional 
research concerning the impacts of feral livestock, 
such as chickens on native flora and fauna, could 
also help guide conservation and management 
actions in the future.

Survey of Free Roaming Livestock on St. Eustatius

Top:
Map of St. Eustatius showing 13 
survey transects and known water-
ing points used by free-roaming 
livestock (Debrot et al., 2015) 
 
Below: 
Population density and size 
estimates (mean ± SE) for  
free-roaming goats, sheep and 
chickens in the different habitats of 
St. Eustatius (2019-2020 surveys) 
(Madden, 2020).
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Between December 2017 and June 2018, mem-
bers of the St. John’s community planted five 
lemon trees to bring attention to and work 
towards the eradication of the invasive Coralita 
vine on Saba. Using updated Participatory Action 
Research techniques, researchers were able to 
inspire community involvement which had previ-
ously been hindered due to a lack of interest and 
understanding.

Turning on the news today, there are a wide variety 
of global crises, from health pandemics to envi-
ronmental catastrophes.  These problems come 
in many different forms, some more obvious than 
others. Problems can be defined as one of four 
types: manifest, tangible, conceptual and latent, as 
seen in Figure 1. A manifest problem, for example, 
has a clear cause and effect, such as contaminated 
groundwater, where the impact of the problem is 
well understood and can be easily predicted. On 
the other hand, latent problems are much more 
difficult to tackle, as they have low impact on most 
people’s daily lives and are very difficult to predict.
 
Participatory Action Research
For larger issues, it can be easy to rally people to-
gether to work towards a solution.  One method for 
doing so is known as Participatory Action Research 
(PAR), which is an approach which includes the 
general public in gathering information and 

working towards a solution.  This method is well 
understood and has been utilized to solve many 
issues around the world.

However, what if the problem we want to solve 
doesn’t affect most people’s daily lives? Or what 
if the problem is so complicated most individuals 
within a community have a hard time understand-
ing or feeling a personal connection to it? This is 
a serious problem facing PAR researchers since 
environmental issues tend to be latent problems 
with limited impact on the community making it 
difficult to inspire a communal response.

Solution: Lemon Trees
Researchers from Utrecht University and the 
University of Amsterdam worked to develop a 
PAR-L approach, where the “L” stands for latency.  
Using a seven-step plan, this approach was imple-
mented on Saba to combat the invasive Coralita 
vine (Antigonon leptopus).  This vine poses a 
significant threat to local biodiversity as it grows 
rapidly, quickly covering large areas of land and 
once established is very difficult to remove (Burke 
and diTommaso, 2001).  For most Sabans, this vine 
is merely a garden annoyance but does not signifi-
cantly threaten their livelihood, and therefore there 
is little incentive for locals to work to remove it 
(Vaas et al., 2017, Vaas et al., 2019).  

Using Lemon Trees to Combat Coralita on Saba

Figure 1: The four types of problems as they relate to their threat to livelihoods 
and their predictability (Vaas et al., 2020)
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A significant portion of this research involved 
brainstorming with locals on how to generate an in-
centive for removing this vine.  The PAR-L strategy 
for this study was more than simply including the 
public in the response, it was about integrating the 
public into every step, inspiring a sense of owner-
ship and responsibility in those that will benefit the 
most from the project.

Furthermore, 90% of the land on Saba is pri-
vately owned and there are no spatial planning 
ordinances, so any solution for managing this 
invasive plant is going to require public support 
(Schoenmaeckers, 2010).

This study ran from December 2017 to June 2018.  
It included the creation of a seven-step plan which 
encompass five stages, namely: defining the is-
sue, planning, acting, observing and reflecting (as 
presented by Apgar et al. 2017a, b).  The idea was 
to create an iterative process so at any point a new 
cycle could begin or participants could backstep to 
an earlier phase if needed.  In addition, researchers 
participated in guided tours, local interviews, focus 
groups, conducting a small-scale questionnaire and 
public participatory mapping, where 50 Sabans 
were asked to identify areas where they did not 
want Coralita to be present. From these efforts, it 

was decided to select a community plot of land, 
where the vine would be removed and replaced 
with lemon trees. 

The first step was to work with the community to 
identify any sticking points that could derail the 
project.  Together three issues were identified: 
free-roaming goats, land-use and land titles.  Free-
roaming goats are known to knock down fences 
to reach areas they wish to graze.  Any agricultural 
project will need to protect itself from these threats 
if they ever want to get off the ground.  There are 
also large stretches of privately owned land left 
unused, giving ample area for the vine to grow and 
establish itself.  Since it’s private land, the govern-
ment cannot rightfully enter and eradicate this 
vine. Additionally, land titles are commonly handed 
down through the generations without a formal 
title change, making tracking down the rightful 
owner of land very difficult and political.  

The Results
In the end, a small plot of land in St. John’s was 
selected as the project area. It was decided that 
this land could be cleared and used as a fruit 
orchard, both working to eliminate Coralita and 
provide a source of fresh fruit for the island.  A 
team of 7 core members volunteered to oversee 

and maintain the project.  Students from an after-
school program worked to mow the area, clearing 
the Coralita.  Next, members from the Department 
of Agriculture helped plant and fence off the five 
lemon trees.  The core members took turns water-
ing the trees daily and clearing Coralita as it reap-
peared in the plot. 

Overall, it was determined that by creating a pro-
ject in which the community was invested (planting 
lemon trees) the researchers were able to inspire 
individuals to work on a problem they were not 
affected by  (removing Coralita).  This seven-step 
process can easily be applied to additional prob-
lems facing the community.  Hopefully by increas-
ing community involvement and investment in the 
environment, groups can work together to resolve 
these seemingly impossible issues moving forward.  
This integrated response will be key in tackling 
similar issues in the future. 

Genetic Analysis Finds Link in Coral Diseases

Members from the Department of Agriculture helped plant and fence off lemon trees.  The core 
members took turns watering the trees daily and clearing Coralita as it reappeared in the plot. 
Photo by: © Jetske Vaas
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The Dutch Ministries of Agriculture, Nature 
and Food Quality, Infrastructure and Water 
Management and Interior and Kingdom 
Relations released a Nature and Environment 
Policy Plan for 2020-2030 for the Caribbean 
Netherlands.  This document will serve as the 
framework on which all environmental policy can 
be built upon for the next decade.

The Caribbean Netherlands (Bonaire, St. Eustatius 
and Saba) is a biodiversity hotspot, home to at 
least 200 endemic and 143 endangered species.  
These species are dependent on the unique habi-
tats offered by each island, including coral reefs, 
mangroves, seagrass beds, saliñas, beaches, open 
and deep sea and dry, tropical and cloud forests. 
The vast array of environments found within the 
Caribbean Netherlands can make drafting policies 
to protect natural assets quite difficult.  However, 
now more than ever, it is important to link the 
health and well-being of these islands and their 
inhabitants to the health of these various ecosys-
tems. The Nature and Environment Policy Plan 
(NEPP) draws attention to the most significant 
threats to these environments and sets the frame-
work for crafting innovative solutions to ensuring 
these environments are properly managed and 
preserved. This document defines responsibilities, 
policy targets and the legal obligations related to 
this management, as it relates to natural resources 
for the islands of Bonaire, St. Eustatius and Saba.

The NEPP emphasizes the need for future policies 
to include balance between the economic success 
and cultural identity of the islands with maintain-
ing healthy and resilient natural environments.  
To achieve this, the document established four 
strategic goals, each with three target areas to be 
addressed: 

Strategic Goal 1: Reverse coral reef 
degradation to enhance the well-being 
of the Caribbean Netherlands
Coral reefs are incredibly important to these 
islands, serving as both productive and vibrant 
ecosystems as well as economic drivers through 
tourism. Recent studies have worked to document 
the degraded state of coral reefs around all three is-
lands, and the NEPP highlighted three target areas 
to try to reverse these trends.  Target 1 is to control 
erosion and runoff thru the creation of buffer zones; 
stabilizing coastal areas and minimizing pollut-
ants entering the water.  Free roaming animals, 
uncontrolled coastal development and poor rain-
water management were identified as the biggest 
threats. Target 2 concerns waste and wastewater 
management to improve water quality through 
the reduction of nutrients within the groundwater 
and coastal areas. This includes addressing landfill 
issues and illegal dumping of waste.  The final 
target concerns coral reef restoration. The goal is 
to restore shallow water areas to baseline levels of 
coral cover through coral reef restoration of elk and 

staghorn coral. In April the Cabinet announced to 
allocate 7.2 million euros to halt deterioration and 
to restore coral reefs.

Strategic Goal 2: Restore and conserve 
the unique habitats and species in the 
Caribbean Netherlands
There are a variety of other key habitats which 
must be protected to preserve the unique environ-
ments found on these islands. This includes identi-
fying and protecting keystone and flagship species 
which could be especially vulnerable to environ-
mental changes.  Target 1 identifies the need for 
conservation and restoration of these key habitats. 
Although there have been some significant steps 
forward through the establishment of protected ar-
eas, there is still important work which needs to be 
done to create and implement legislation to protect 
both land and in water environments. This includes 
the need for a plan to address the increasing influx 
of sargassum. Target 2 focuses on the conserva-
tion of keystone and flagship species.  Annex 1 of 
the NEPP provides an overview of these species 
and notes the importance of establishing breeding 
or nursery programs to further improve endemic 
populations. The final target works to control new 
and existing invasive species. These invasive spe-
cies must be controlled through either complete 
removal (ex: lionfish, rats, feral cats and dogs) or 
through ecosystem restoration (ex: coralita and 
seagrass).

Strategic Goal 3: Sustainable use of 
land and water for the development
of the local economy
Tourism is key to the economies on each of these 
islands, most of which are centered around having 
healthy natural environments. Over exploitation 
of these natural resources is leading to worsening 
conditions, which could in turn negatively affect 
residents’ and visitors’ overall experience.  The 
first target set is to establish sustainable fisher-
ies. Culturally, fishing has been an important part 
of island life, however, unsustainable practice 
could lead to the complete collapse of local fish 
stocks. Implementing sustainable practices will 
not only improve biodiversity and richness of fish 
populations, but ensure the future for local fishing 
industries. The second target concerns balancing 
the tourism industry with nature conservation. This 
includes the need for the island governments to set 
carrying capacities for each island and to design 
and implement sustainable long-term tourism 
strategies.  The final target within this goal con-
cerns investing in sustainable local food production. 
All three of the islands rely heavily on imported 
food, however, through investments to support 
local food production, local landscape quality 
could be improved while also stimulating the local 
economy and increasing food security. 

Nature and Environment Policy Plan 2020-2030
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Strategic Goal 4: Create local conditions 
to ensure sustainable results of nature 
policy in the Caribbean Netherlands
The success of these goals will only be possible with 
support at all levels, which will require increased 
public awareness and support of research to fully 
understand the state of nature for each island. The 
three targets set for this goal are centered around 
this idea. Target 1 involves creating awareness 
through education and training.  Target 2 focuses 
on the creation of quality employment through 
investments in nature while building capacity 
and expertise among the local workforce.  Lastly, 
target 3 highlights the importance of having a clear 
scientific agenda to establish a baseline on which 
to design conservation, restoration and sustain-
able practices for the protection of these critical 
habitats.

Implementation
Achieving these goals and targets will only be pos-
sible through effective implementation of strategic 
plans by local governments. This document works 
to provide the framework which the islands can 
use to design these strategies for the next decade. 
It is crucial that local governments prioritize these 
natural resources. This may require changes at all 
levels, from small shifts in daily household practices 
to overarching governmental changes.  Together 
we can all work to build a sustainable future for the 
environments on these islands.

Nature and Environment Policy Plan 2020-2030

To read the full report, please visit: 
https://www.dcbd.nl/sites/www.dcbd.nl/files/documents/NMBP_Caribbean%2BNetherlands_Engels.pdf
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On August 1, 2019 the SISSTEM project kicked 
off at the University of Aruba, an ambitious 
program aimed at the development of critical ca-
pacity for Sustainable Island Solutions. SISSTEM 
advances sustainability policies at an academic 
level, supporting resilience in small island states 
while educating a new generation of academics 
that have the skills and capacity to make these 
policies a reality. SISSTEM offers a 3-year, 180 EC 
bachelor program in STEM with specializations 
in bio-environmental sciences, technology and 
engineering, and informatics and data sciences; 
a 1.5-year, 90 EC multidisciplinary master pro-
gram, PhD projects for sustainable development 
in small island states and a research and develop-
ment center. The SISSTEM project is the result of 
a collaboration between the University of Aruba, 
KU Leuven and the initial phase is funded by the 
EU as part of the EDF-11 fund.

In this article you can read more about two recently 
started SISSTEM PhD projects. Keep an eye on the 
coming BioNews issues to learn more about the 
other SISSTEM projects.

  Vertical Farming 
  on Aruba: 
  opportunities 
  for Small Island 
  States

By Kryss Facun PhD student of the University of 
Aruba and KU Leuven, Belgium (Sandwich PhD), 
Promotor: Bram Van de Poel

Vertical farming it is a rising trend and is being 
implemented mainly in urban areas to boost lo-
cal and sustainable food production. Small Island 
States, such as Aruba, are lacking land for massive 
agricultural development, so growing vertically 
and indoors is a great opportunity to become more 
self-sufficient, and partly independent on agri-crop 
import. This project is a collaboration between the 
University of Aruba and the University of Leuven. 
They will investigate the possibilities of indoor 
vertical farming on the small island of Aruba. They 
will optimize the ideal conditions with respect 
to climate and light quantity and quality to grow 
plants in a controlled indoor farm. They will grow 
favorable specialty crops (such as strawberries) 
with a short storage life, to reduce the dependency 
of import. They also have the ambition to translate 
knowledge on plant physiology and photobiology, 
to agricultural and innovative vertical farming 
applications for real-life situations. Eventually they 
have the ambition to provide locally produced fruits 
and vegetables making Aruba’s food production 
economy more sustainable.

  Development of 
  an optimized  
  sustainable waste    
  management  
  system for Aruba
   
By Colleen Weekes (PhD student of the University 
of Aruba), Jo Van Caneghem, Wim Dewulf and Karel 
Van Acker (Katholieke Universiteit Leuven)

Rapidly increasing waste generation is posing sig-
nificant challenges to small island developing states 
(SIDS) where geographic isolation, high popula-
tion densities, limited regulatory frameworks and 
competing land uses compound issues related to 
municipal solid waste (MSW) management. This is 
particularly the case in Aruba where the majority of 
waste has been deposited without pre-treatment 
at landfill. The main aim of this PhD research is to 
improve MSW management by maximizing local 
reuse and recycling as well as employing energy 
and resource recovery technologies, taking into 
account the specific socio-economic context of 
Aruba. Investigated technologies may include 
the fermentation of organic fractions, small-scale 
waste incineration with energy recovery or compo-
nent remanufacturing technologies. The develop-
ment of these waste management systems will 
be based on life cycle and material flow analysis. 
Research is incipient with focus being placed on 
data collection and identification of data gaps as 
it relates to waste mass flows and composition as 
well as the waste collection and treatment strate-
gies currently being employed on the island. 
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Sustainable Island Solutions through Science,  
Technology, Engineering and Mathematics (SISSTEM)
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Results from a series of designs sessions, workshops and 
interviews describe a vision for Bonaire in 2050. In this vision, 
measures to combat challenges for any sector, will also 
strengthen nature. We call this a ‘nature inclusive vision’. A 
recently published visual booklet presents views of a future in 
which economic development and a nature inclusive society 
join forces to maintain what is precious, and to improve what is 
damaged or threatened.  

As a small tropical island, Bonaire is rich in biodiversity and hosts 
a wide variety of globally unique natural areas. These areas are a 
basis for Bonairean culture and important for coastal protection 
and tourism. At the same time, there are many different pressures 
that combine to impact both nature and other forms of land- and 
sea use in this small area.

Within the context of the WUR Knowledge Basis project ‘Nature 
inclusive planning on small tropical islands’ (KB-36-005-002), 
researchers from Wageningen Research, experts from Bonaire 
and experts from The Netherlands have developed a vision for 
the island in 2050. It is the result of a series of design sessions, 
interviews and workshops with local experts, decision makers and 
researchers in the field of nature, culture, recreation, agriculture 
and governance. Some of the challenges that were addressed 
in these sessions included managing  population growth and 
tourism, preventing high erosion rates due to free-roaming cattle, 
recharging fresh water in the soil, increasing the use of renewable 
energy, and adaptation to sea level rise. 

Together, the researchers and experts have mapped potential 
nature-inclusive measures and deliberated where, why and how 
these could be adopted. These potential measures include for 
example rooftop water harvesting, reforestation and greening 
gardens using indigenous species, growing local food, creating 
cactus fences, installing solar panels and coral restoration. The 
types of measures that are applied depend on the local and spatial 
context: the biophysical, cultural and aesthetic characteristics. 
This is what makes Bonaire so interesting; the landscape is very 
diverse with dry cacti forests, traditional kunukus, coralline coasts, 
biodiverse reefs, extensive salt flats, vibrant villages and tasty 
traditional cuisine.

“With nature inclusive planning, it’s all about creating positive 
outcomes for both nature and people. With the knowledge of  
island experts and decision makers, and the enthusiasm of the  
local community, we can create a beautiful Bonaire for generations  
to come’” said Peter Verweij-project leader.

In the booklet the challenges facing Bonaire have been listed, 
underpinned by evidence in the form of graphs and maps, and 
landscapes with allocated nature inclusive measures are displayed 
in three-dimensional landscape visualisations. The booklet can 
be downloaded from https://www.dcbd.nl/document/bonaire-
2050-nature-inclusive-vision. The booklet is based on the report 
that can be downloaded from https://www.dcbd.nl/document/
nature-inclusive-vision-bonaire-2050

Bonaire 2050, a nature inclusive vision

Article by Peter Verweij, Anouk Cormont, Lawrence Jones-Walters, Jaclyn Bolt (Wageningen University)
and published in BioNews 40
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Using Digital Footprints to Manage Conservation Efforts

Researchers from Wageningen University and 
Research compiled thousands of photographs 
taken on Bonaire to analyze tourist activities and 
highlight the most common visited locations. 
Understanding the type of visitor and how they 
are using the space will help build targeted 
marketing and educational material to maximize 
conservation efforts for the island.

Thanks to advancements in modern technology, 
every time we upload a photo, a small amount 
of data is included with the image. With the 
popularity of social media, we now leave a trail of 
digital footprints where ever we go. Researchers 
can now compile thousands of photos, then with 
the use of computer algorithms, complete a 
detailed analysis which provides insight to policy 
makers, tourist organisations and park managers 
alike. Understanding how many people visit and 
use a location can help implement crowd control 
measures, estimate tourist behavior and give 
possible insight into the impact this may have on 
the environment.

Digital Footprints on Bonaire
Within the context of the WUR Knowledge 
Basis project ‘Nature inclusive planning on small 
tropical islands’, researchers from Wageningen 
Research studied photos from Bonaire taken 

and uploaded onto the photo application Flickr 
between November 2002 and October 2019. In 
the end, 13,026 photos from 421 photographers 
contributed to this research. Using geo-tagged 
photos, these researchers were able to map 
tourist densities, recreation routes, places visited 
and how long individuals stayed on the island. 
Photos were analyzed and categorized as coastal, 
seascape (i.e. sunsets, watersports), terrestrial, 
underwater, wildlife or other (i.e. cultural, 
historical, people). 

In addition, information concerning the 
photographer’s origin and type (cruise boat, 
stay over tourist or local) were collected. The 
objective was to link the type of tourist with their 
various interests to potentially offer marketing 
suggestions for the future. Using public data 
available on each photographer, they were 
identified as being local (only Bonaire), Latin 
American (including other Caribbean islands), 
North American, European or other (which also 
included individuals who could not be identified). 
Next, based on the length of time between their 
first and last photos, they were categorized as 
cruise boat tourists (less than a day), stay over 
tourists (less than a month) or locals (a month  
or more).

The Photographers
Overall, the distribution of photos taken around 
the island were seen to match expectations, 
with the higher densities being located along 
the west coast and near other tourist areas such 
as Sorobon, Goto Meer, slave huts and Slagbaai 
National Park. Underwater pictures had the 
highest numbers around popular dive sites, such 
as the Hilma Hooker ship wreck, Salt Pier, Buddy 
Dive, Karapata and Andres I/II.

Interestingly, stay over tourists account for 50% 
of the data analyzed with cruise tourists making 
up 40%. In addition, stay-over tourists were more 
likely to visit hard to reach locations (such as 
Slagbaai National Park or Klein Bonaire) where 
as cruise boat tourists were more densely packed 
around Kralendijk. This makes sense as cruise boat 
tourists are often only given a short amount of 
time on the island, so most choose to stay near  
the boat.

This data also showed that most of the 
photographers originated from North America 
(39%), followed by other (mostly unknown) (28%) 
and Europe (26%). Additionally, this information 
could be further broken down to highlight the 
points of interest by demographic, showing 
that Latin Americans seem to take more coastal 

photographs and Europeans and North Americans 
taking more underwater and wildlife photographs. 
Researchers suggested this could be due to the 
fact that the local wildlife on Bonaire may be more 
familiar to people from Latin America so they are 
less likely to take photographs.

Furthermore, stay-over tourists were much more 
likely to take underwater and wildlife photos when 
compared to cruise boat tourists. This is likely due 
to cruise boat tourists not having enough time to 
plan a dive or venture far away from Kralendijk. In 
turn, cruise boat tourists were much more likely to 
take photos of cultural points of interest, buildings 
and people.

This article was published in BioNews 40
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Impacts
Studying spatial patterns and distributions of 
tourists can help highlight vulnerable habitats 
which may be overrun by tourists. Given more 
extensive research, these patterns can be used to 
design marketing and educational information 
to target each photographer type to maximize 
conservation efforts. 

Report your Sightings
In addition to uploading your beautiful 
photographs to social media, you can also report 
any sightings or photos of any wildlife species on 
https://dutchcaribbean.observation.org. This is 
a free website and app (iPhone (iObs) & Android 
(ObsMapp) which allows local citizens to report 
sightings of important plants and animals. These 
tools are available in over 40 languages and can 

be used by biologists and citizens and tourists 
alike. Species reports by local communities are 
invaluable for nature conservation efforts to help 
increase public awareness and overall species 
protection. Besides, Observation.org is working 
together with Naturalis Biodiversity Center on 
automated species identification software. Your 
uploaded photos are of great value to make this 
possible. For questions, please contact  
research@DCNAnature.org

For more information you  
can read the full report here:
Slijkerman, D., van der Wal, J.T., de Vries, P., 
Verweij, P. 2020. Tracking digital footprints in 
Bonaire’s landscapes. Wageningen University & 
Research report C052/20. 

Using Digital Footprints to Manage Conservation Efforts

Map showing densities of Photo User Days (PUD) calculated during the study. A PUD represents all the 
photos taken by a single photographer of a single category (coastal/terrestrial/wildlife/etc) on a single day.  

A photographer with 7 photos of windsurfers, birds and the beach at Sorobon would have a PUD of 3.
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Watershed-to-Reef: New Approach for Coral Reef Management

Results from a 2020 study highlight the 
interconnectivity between watershed areas 
and neighboring coral reefs on the island of 
Bonaire. This study provided evidence that 
coral reefs near areas with high erosion risk 
were more likely to show signs of deteriorating 
health than neighboring reefs. New emphasis 
on watershed-to-reef management will be 
critical for designing future conservation plans.

Coral reefs around the world are facing 
unprecedented stressors that are threatening 
their very existence. Although global stressors, 
such as sea level rise or ocean warming, can’t be 
managed at the local level, there are a variety of 
other stressors which we can control locally, such 
as overfishing and coastal run-off. Minimizing 
these local stressors can help improve overall 
reef health and improve resilience against global 
stressors. 

New research has highlighted the 
interconnectivity between land and sea, with 
pollutants from land-based run-off now being 
identified as one of the most threatening 
local stressors for coral reefs. This influx of 
sediment, nutrients and pollutants creates an 
environment more favorable for fast growing 

algae which out compete and smoother coral. 
Man-made changes to the environment, 
through overgrazing, clear cutting of vegetation, 
increased agriculture and urbanization creates 
situations where these land-based pollutants can 
more easily enter the sea. 

The watershed area is an area on land 
which drains into the nearest waterbody. 
Environmental factors such as rainfall, slope 
conditions, ground vegetation and sediment 
type all play important roles in how much land-
based run-off eventually ends up in neighboring 
waters. Previous studies have found that coral 
reefs in areas with high land-based run-off often 
have a less diverse coral population, less coral 
cover, and are more prone to coral disease and 
algal overgrowth.

The Study
Within the context of the WUR Knowledge 
Basis project ‘Nature inclusive planning on small 
tropical islands’, researchers from Wageningen 
Research studied the existence of a watershed-
to-reef relationship for the island of Bonaire. The 
goal was to assess the link between watershed-
specific erosion hazard with neighboring 
coral reef health. Bonaire’s landscape is 

predominately tropical dry-shrub and receives an 
average of 500 mm of rain each year. Due to the 
fact that most of the island is porous limestone, 
there is not much water retention, leaving most 
of this rain to flow directly into the sea, taking 
land sediment and pollution with it.

Watershed data
The study used digital elevation maps to define 
the various watershed areas of Bonaire, after 
which an erosion hazard was assigned to each 
watershed based on its physical characteristics, 
namely slope and vegetation cover. The idea 
is that areas that are steeper and have less 
vegetation are at higher risk of erosion. In 
general, the study found that watersheds 
containing urban areas, such as Kralendijk, had 
relatively high erosion risk due to low vegetation 
cover.

Coral reef data
Between September and December 2017, 71 
sites were surveyed along the reef at two depths 
(roughly 5m and 10m). During these surveys, 
researchers quantified ground cover as live coral 
cover (indicator of coral health), sand cover 
(indicator of sediment run-off) and algal cover 
(indicator of nutrient run-off).

This article was published in BioNews 40
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The Results
This study found that as erosion hazard increased 
in the nearest upstream watershed, a decrease in 
coral cover was seen at 5m depth. Interestingly, 
this was not the case at 10m. In addition, it was 
shown that as erosion hazard increased in the 
nearest upstream watershed, so did sand cover 
at both depths. These results highlight the direct 
impact watershed-specific erosion has on coral 
health. At 5m depth, nearly half of the reef was 
covered with algae (45%), while sand cover (28%) 
was twice as much compared to live coral cover 
(14%). The reef at 10m depth had higher live coral 
cover (24%), lower sand cover (13%) and about the 
same coverage of algae (50%). 

These results imply that corals living at the shal-
low reef suffer more from land-based run-off 
than those living at the deeper reef. This could be 
attributed towards the shallow reef being closer 
to the point source where the land-based run-off 
enters the sea, but also towards currents generally 
being stronger at the deeper reef, causing stronger 
mixing and dilution of terrestrial run-off.

Watershed-to-Reef Conservation
The results in this study reveal a negative relation-
ship between watershed-specific erosion hazard 
and coral reef health, which demonstrates the 
importance of including erosion control on land 

into coral reef management plans. In addition, by 
identifying watersheds where the effect of erosion 
control will be maximized in terms of improved 
coral reef health, this study contributes to more 
cost-effective coral reef restoration.

Coral reefs serve as a defining attribute for 
Bonaire; providing economic, cultural and environ-
mental benefits for the entire island. Historically, 
coral reef management has mostly focused on 
marine-based activities, however, studies such 
as described here show the importance of a 
more integrated and holistic approach. Using a 
“watershed-to-reef” methodology captures the 
need to mitigate land-based threats in marine 
conservation plans. Efforts to improve vegetation 
cover, water treatment and minimizing pollution 
will contribute greatly to the overall reef health. 
Working towards a healthier reef will not only 
benefit local economies in the short term, but will 
also make these environments more resilient to 
the effects of climate change.

For more information,  
see the full report here: 
van der Geest, M., Meesters, E., Mücher, C.A. 
(2020). Impact of terrestrial erosion on coral reef 
health at Bonaire: a plea for nature-inclusive 
“watershed-to-reef” based coastal management. 
Wageningen University & Research report C055/20

Watershed-to-Reef: New Approach for Coral Reef Management

Erosion around Kralendijk, Bonaire in November 2020. Photo by: ©  Casper Douma
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Global Biodiversity Information Facility (GBIF) 
provides a global platform for citizen scientists 
to upload biological observations from 
anywhere in the world. Through digital uploads 
of observations and photographs, this database 
contains millions of validated observations 
which can be used by researchers, policy 
makers and conservationists to gain insight 
into changes and trends in the environment. 
Recently 42,000 observations from the Dutch 
Caribbean (reported in dutchcaribbean.
observation.org) were added to GBIF. Photo-
supported observations are an important source 
of biodiversity data and enable interested 
citizens to actively contribute to scientific 
knowledge about biodiversity.
 
With the widespread use of smartphones, now 
the everyday citizen is carrying around the key 
to unlocking some of science’s biggest mysteries 
in their back pocket.  Everyday people may 
come across rare or endangered species, and 
by simply taking a photo and uploading it to the 
internet, can give scientists a whole new avenue 
for data.  Recently, over millions of such sightings 
were added from the citizen science platform 
Observation.org to the international Global 
Biodiversity Information Facility (GBIF) database.

Global database
Since 2018, GBIF also included information from 
the Netherlands’ largest citizen science platform 
for nature observations, Waarneming.nl, which 
has contributed more than 26 million validated 
Dutch observations. This year, 2020, has seen 
even more contributions.  With the addition of 
sightings from Observation.org worldwide, nearly 
58 million validated records have been uploaded 
into GBIF. This inlcudes 42,000 observations from 
the Dutch Caribbean sub-site of Observation.org.  
By adding these data, the Observation.org dataset 
has become the 3rd largest dataset on GBIF. All 
of this information is now available to the general 
public, researchers and policy makers worldwide.  
This information has already proved to be quite 
valuable, with over 26,000 downloads and 69 
citations of Observation.org in scientific articles. 

Sightings from Oberservation.org are held in 
high regard, as this platform requires that all 
entries must go through a validation process 
once uploaded. Here image recognition, statistics 
and expert judgment are used to confirm the 
sighting before it can be made publicly available 
on the database.  This resource has already been 
instrumental in detecting trends, such as shifting 
distribution of species due to climate change and 
early detection of harmful invasive species.

Report Your Nature Sightings
If you’ve happened to observe something 
interesting in nature, report your sighting on the 
website DutchCaribbean.Observation.org or 
download the free app (iPhone (iObs) & Android 
(ObsMapp)). 

Observation.org is a free website and provides 
free apps which can be used not only by biologists 
but by all citizens and tourists to report sightings 
of any animals and plants. It is available in more 
than 40 languages. The species reports by 
local communities are very valuable for nature 
conservation organizations and scientists to learn 
and protect the species on our islands. For more 
information contact research@dcnanature.org

Millions of sightings by citizens 
contribute to mapping Biodiversity

This article was published in BioNews 38
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Plans for a cutting edge, underwater research 
station ‘PROTEUS™’ have recently been 
released.  The modular design, inspired by coral 
polyps, will allow scientists to live and conduct 
research directly from the ocean floor off the 
coast of Curaçao. PROTEUS™ is project of the 
Fabien Cousteau Ocean Learning Center (FCOLC) 
and is Fabien Cousteau’s vision, supported 
by Yves Béhar through design. The station is 
slated to be built within 3 years and will provide 
unparalleled access to the deep sea.

For millennia, people have looked to space in 
wonderment, dreaming of far away planets with 
unimaginable life. Little did they know, there were 
areas on our very own planet, unrecognizable and 
booming with its own unique life forms.  Although 
nearly 99% of livable space on the planet is located 
under the surface of the ocean, we’ve only just 
begun exploring these areas within the past 
50 years.  Even with the most advanced ocean 
satellites, buoys, deep sea submarines and sonar 
we’ve only explored about 5% of the ocean floor 
and mapped less than a fifth to a resolution of 5 km 
(meaning we can only “see” features larger than 
5km).  That is to say, we have better maps of the 
moon and mars than we do of our own sea floor. 

Many scientists believe the deep sea holds the 
keys to solutions ranging from battling climate 
change to medical breakthroughs, however harsh 
conditions prohibit access to researchers. Between 
the crushing depths and total darkness, living and 
working in these conditions has previously been 
impossible.

Underwater Research Station
That is all about to change with the new underwater 
research station ‘PROTEUS™’. PROTEUS™ is 
project of the Fabien Cousteau Ocean Learning 
Center (FCOLC) and is Fabien Cousteau’s vision, 
supported by Yves Béhar through design, 
and partners from Northeastern University, 
Rutgers University and the Caribbean Research 
and Management of Biodiversity Foundation 
(CARMABI). PROTEUS ™ will be a 300 m2 
underwater research station and habitat. This 
modular lab will be built off the cost of Curaçao and 
provide unprecedented access to scientists hoping 
to unlock deep sea secrets for creative solutions to a 
wide range of problems.

The research station itself is a two-story circular 
building, which will sit on stilts on the ocean 
floor. Inspired by the shapes of coral polyps, the 
design includes individual pods which will house 
laboratories, medical facilities and sleeping 
apartments. The design also includes a moon pool 
which will give divers direct access to the ocean floor. 

Curacao’s New Underwater Research Station

Fabien Cousteau’s PROTEUS ™ Credit: Courtesy PROTEUS ™/Yves Béhar/Fuseproject

This article was published in BioNews 37
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Creative Solutions
Its pretty incredible to think, since the start of 
space travel, 12 people have been to the moon 
whereas, humans have been exploring the oceans 
for thousands of years and only three people have 
ever descended to the deepest part, the Marianas 
Trench.  Deep ocean travel has its own challenges, 
from crushing pressure to complete and total 
darkness.  After a depth of 200m, sunlight is no 
longer able to penetrate the water, making imaging 
and exploration exceedingly difficult. 

Powered through wind, solar and ocean thermal 
energy, this cutting-edge research station will 
showcase the power of green technology. In 
addition, its deep ocean design could allow for 
new opportunities for research stations in areas of 
extreme weather, keeping it safe from tsunamis 
and hurricanes.  By allowing researchers to 
continuously live at depth, researchers will now be 
able to work throughout the day without needing 
to plan decompression stops.

The Future of Science
PROTEUS™ will serve as the International Space 
Station equivalent for underwater scientists, 
bringing together government agencies, scientists 
and the private sector to promote collaboration and 

scientific research. “Ocean exploration is 1,000 times 
more important than space exploration for -- selfishly 
-- our survival, for our trajectory into the future,” 
stated Cousteau. “It’s our life support system. It is the 
very reason why we exist in the first place.”

The original plan was to build PROTEUS™ within 
three years, however, due to coronavirus, the 
project has already experienced delays.  The goal 
is to offer regular live streams and video content, 
giving the entire world access to the amazing 
research being conducted. “Imagine if you found 
something amazing -- whether it be microcosmic 
like a pharmaceutical, or macrocosmic like the next 
greatest animal -- if you could show it to classrooms 
and universities,” Cousteau imagined. “Our mission 
is to be able to translate complex science into 
something that the average person not only maybe 
will understand, but fall in love with.”

You can follow along or get the latest  
updates from the PROTEUS ™ website: 
https://www.fabiencousteauolc.org/proteus

Curacao’s New Underwater Research Station

Fabien Cousteau’s PROTEUS ™ Credit: Courtesy PROTEUS ™/Yves Béhar/Fuseproject
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IN MEMORIAM
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It is with great and profound sadness that we have to say good-
bye to Paul Hoetjes, a legend in nature conservation in the Dutch 
Caribbean and cofounder of the Dutch Caribbean Nature Alliance 
(DCNA). Paul Hoetjes passed away on the 13th of November 2020.

Paul’s passing was a shock for his loved-ones with many of them 
being part of the Dutch Caribbean nature conservation world. Paul 
was known as a gentle, kindhearted gentleman who provided a 
great contribution to many regional nature conservation initiatives, 
particularly in the field of coral reefs, sea turtles and marine 
mammals. He was a mentor to many, who greatly benefited from his 
insights, advices and support over the years.

Paul moved to Curaçao from Indonesia with his family as a young 
child. He gained a biology degree at University of Amsterdam (UvA) 
and became active in coral reef conservation shortly after returning to 
Curaçao to work in the island’s sea aquarium. 

Paul retired in the beginning of 2020 after a twenty-year career as 
nature policy coordinator in the Dutch Caribbean, working for the 
Central Government of the Netherlands Antilles out of Curaçao 
from 1998 to 2010 and from 2010 to 2020 for the Dutch Ministry of 
Agriculture, Nature and Food Quality (LNV), stationed on Bonaire, 
working for the Caribbean Netherlands. During these years he was 
responsible for the formulation and implementation of national 
nature policy for the islands, embodied in the Nature Policy of the 
Netherlands Antilles 2000-2005, the Nature and Environment Policy 
Plan of the Netherlands Antilles 2004-2007, the Nature Policy Plan 
for the Caribbean Netherlands 2013-2017 and lastly the Nature and 
Environment Policy Plan for the Caribbean Netherlands 2020-2030.

Paul was involved in many conservation initiatives. He was amongst 
others central in creation of the DCNA in 2005, a regional network 
of protected areas set up to help and assist the park management 
organizations on the islands of Aruba, Bonaire, Curaçao, Saba, St. 
Eustatius and St. Maarten. Paul contributed in countless ways to 
environmental policy, education, management and establishment 
of protected areas in the Dutch Caribbean. Some of Paul’s many 
achievements were the formation of the Marine Mammal Protected 
Areas Network and the designation of the Saba Bank as an 
internationally recognized marine protected area, the establishment 
of the Yarari Sanctuary for marine mammals & sharks in the waters of 
the Caribbean Netherlands and the Mount Scenery National Park.

Paul was actively involved in various regional and international 
multilateral environmental agreements, such as a delegate to 
the Specially Protected Areas and Wildlife (SPAW) Protocol, the 
Inter-American Convention for the protection of Sea Turtles (IAC), 
the International Coral Reef Initiative (ICRI) and Global Coral Reef 
Monitoring Network Caribbean Initiative (GCRMNCaribbean). 

Paul’s great expertise, dedication to conservation and continuous 
efforts to promote co-operation for the benefit of nature and society 
made him contributory to the state of nature and conservation in  
the region.

The DCNA expresses their deepest condolences to Paul’s family, 
friends and colleagues. “Paul Hoetjes will be remembered and 
sorely missed. We sincerely thank him for his kindness and valuable 
contribution in safeguarding nature for generations to come within 
the Dutch Caribbean.” Tadzio Bervoets, Director DCNA.

In loving memory of Paul Hoetjes,
a legend in nature conservation

“
Paul Hoetjes will be 

remembered and sorely missed. 
We sincerely thank him for 
his kindness and valuable 

contribution in safeguarding 
nature for generations to come 

within the Dutch Caribbean.

”
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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 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
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DCNA Contact information

Address:
Dutch Caribbean Nature Alliance
Kaya Nikiboko Zuid 56
Kralendijk, Bonaire, Dutch Caribbean

Contact us:
+599 717 5010
research@DCNAnature.org
www.DCNAnature.org

Social Media
facebook.com/DutchCaribbeanNatureAlliance
twitter.com/DCNA

Credits

Photography: Courtesy of SHAPE Photography or Brenda S. & R. Kirkby 

unless otherwise credited. 
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Members of the Dutch Caribbean Nature Alliance 

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)

Aruba
Fundacion Parke 
Nacional Aruba
+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. Eustatius
STENAPA
+599 318 28 84
www.statiapark.org

St. Maarten
Nature Foundation
+721 544 4267
www.naturefoundationsxm.org
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