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An exciting and ambitious scientific cruise organized by 
the Royal Netherlands Institute of Sea Research (NIOZ Sea 
Research) and NWO-Science (ENW) investigated changing 
seas and oceans. During the trip over 100 geologists, marine 
biologists, ecologists and oceanographers from 20 organi-
sations  (spread out over 7 months) sailed along who have 
picked up research questions from the Ocean note approved 
by the Council of Ministers last year. 

The NICO expedition aimed to provide the Netherlands 
with a better understanding of changing seas and oceans, 
and data collected will help answer fundamental questions 
in marine science and help develop new technical solutions 
which are essential for planning and making decisions about 
our future livelihoods.

In December 2017 NIOZ Sea Research’s research vessel RV 
Pelagia set sail from Texel, the Netherlands and visited in 
seven months five ocean provinces (North Sea, Atlantic 
Ocean, Caribbean Sea, Gulf of Mexico and Bay of Biscay). 
The research teams collected data on such diverse subjects 
as coral reefs, migratory birds, eddies and deep oceans.

The research vessel was in the Dutch Caribbean waters from 
the beginning of 2018 till mid March. There were twelve legs 
to the expedition, some lasting a few days whilst others took 
several weeks. Four of these legs (legs 3 to 6) took place in 
Dutch Caribbean waters and collected invaluable data for the 
management of our islands’ marine resources. In this special 
BioNews edition we present an overview of the research 
projects in the Dutch Caribbean and their first findings.
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December 13th 2017 marked the beginning of an 
incredibly exciting and ambitious research expedi-
tion organized by the Royal Netherlands Institute 
of Sea Research (NIOZ Sea Research) and NWO-
Science (ENW). On that day, NIOZ Sea Research’s 
research vessel RV Pelagia set sail from Texel, the 
Netherlands, and was at sea for seven months 
conducting a multidisciplinary scientific expedition 
entitled “Netherlands Initiative Changing Oceans 
(NICO)”. Aboard the vessel were 100 scientists 
(spread out over seven months) from a wide range of 
disciplines and representing 20 national and inter-
national scientific organizations. The ship visited 
five ocean provinces (North Sea, Atlantic Ocean, 
Caribbean Sea, Gulf of Mexico and Bay of Biscay) and 
collected research data on such diverse subjects as 
foraminifers, viruses, coral reefs and migratory birds.

The NICO expedition aimed to provide the Netherlands 
with a better understanding of changing seas and 
oceans, and data collected “will help answer fundamen-
tal questions in marine science and help develop new 
technical solutions which are essential for planning and 
making decisions about our future livelihoods” (NIOZ, 
2017).  An extra motivation for the expedition was the 
policy document ‘Oceanennotitie’ which was published 
by the Dutch Government last spring. This document 
emphasizes the importance of healthy and resilient 
oceans to the Netherlands and outlines 30 policy ambi-
tions with regard to the sustainable use of oceans. 
There were twelve stages to the expedition, some last-
ing a few days whilst others took several weeks. Four 
of these legs (legs 3 to 6) took place in Dutch Caribbean 
waters and collected invaluable data for the manage-
ment of our islands’ marine resources. 

Leg 3: Chief Scientist: Petra Visser – UvA; 
Co-Chief Scientist: Fleur van Duyl-NIOZ Sea 
Research

During the Southern Caribbean leg of the expedition, 
the mesophotic reefs (i.e. reefs below 30 m depth) 
of Bonaire, Curaçao and Aruba were the focus of the 
expedition’s first research project within the Dutch 
Caribbean. The goal of this project was to explore the 
deep reefs along the coast of the ABC-islands, sample 
and investigate the fields of cyanobacteria that have 
been observed in front of Kralendijk and detect where 
onshore ground waters enter the offshore environ-
ment. This project will provide vital data to ensure 
efficient waste water management on the islands and 
consequently improved health of the coral reefs. 

Leg 4: Chief Scientist: Femke de Jong – NIOZ 
Sea Research; Co-Chief Scientist: Meike 
Scheidat-Wageningen Marine Research (WMR)

The second research project of the expedition in the 
Dutch Caribbean took place between Aruba and St. 
Maarten and investigated how eddies in the Caribbean  
influence the occurrence of pelagic megafauna, more 
specifically marine mammals, turtles, large fish species 
(sharks, sunfish) and sea birds. This research project 
not only gathered important information on the hy-
drography and cetaceans and other megafauna in the 
Greater Caribbean, but will help provide insight as to 
how global warming will impact these species. Eddies 
in the Caribbean have surface waters that are roughly 4 
C̊ warmer than the ambient ocean, and different nutrient 
availability inside these eddies and altered biological activ-
ity may provide insight in what to expect in the future.

Leg 5: Chief Scientist: Gerard Duineveld – NIOZ 
Sea Research; Co-Chief Scientist: Furu Mienis-
NIOZ Sea Research 

The third research project of the NICO expedition in the 
Dutch Caribbean focused on Saba Bank’s deep-water 
environments (100m and beyond). The main goals of 
this project were to describe the biodiversity of the 
Saba Bank’s deep slopes, including the benthic habitats 
of engineering species, macro- and micro fauna and the 
composition of the fish community, as well as identify 
environmental conditions that influence these habitats 
and fauna. This data can be used to develop a sustain-
able management plan for the Saba Bank.

Leg 6: Chief Scientist Fleur van Duyl – NIOZ 
Sea Research; Co-Chief Scientist: Erik 
Meesters-WMR

The last research project of the NICO expedition in the 
Dutch Caribbean focused on how the net capability of 
physiognomic and hydrodynamic characteristics of the 
Saba Bank (e.g. bathymetry) affect benthic habitat dis-
tribution patterns and the biogeochemical functioning 
of different reef ecosystem habitats (e.g. coral-, mac-
roalgae-, CCA-, gorgonian, rubble-, sponge and sand 
dominated habitats). Additionally benthic surveys were 
conducted to expand the mapping of different habitats, 
bathymetry, and bottom roughness on the Saba Bank. 
Furthermore, the research team mapped the largely 
inaccessible and therefore unknown windward sides of 
both Saba and St. Eustatius.
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www.nico-expeditie.nl 

You can track the journey of RV Pelagia here:  
https://www.marinefacilitiesplanning.com/programme/map

https://www.facebook.com/NICO-expedition-370772906669783/

https://twitter.com/nicoexpedition

https://www.instagram.com/nicoexpedition/

https://www.youtube.com/channel/UCBWZgT2OKVX5k2VromJ4EDg/videos

https://www.flickr.com/photos/154353019@N02/albums
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Mesophotic reefs, Cyanobacteria mats and 
Submarine Groundwater Discharge around the ABC-islands

After setting sail from Texel, the Netherlands the research 
vessel Pelagia travelled to Aruba, Bonaire and Curaçao 
where a multi-disciplinary team of researchers explored the 
island’s mesophotic reefs during the third leg of the expedi-
tion. Researchers from the Royal Netherlands Institute for 
Sea Research (NIOZ Sea Research), Wageningen University 
& Research, the University of Amsterdam, Federal Institute 
for Geosciences and Natural Resources and the Delft 
University of Technology set out to map the islands’ cyano-
bacterial mats and uncover the cause of their proliferation, 
specifically whether anthropogenic nutrients stimulate 
their growth. A secondary aim was to investigate where 
and at what rate onshore groundwaters enter the offshore 
environment, and how this groundwater discharge is 
affecting the islands’ mesophotic reefs (> 30m deep). With 
this knowledge, seepage areas of nutrient rich water/pollu-
tion sources can be mapped and managed. 

Mesophotic reefs (> 30m deep)
Mesophotic reefs are still largely unexplored because of 
their remoteness or inaccessibility but are believed to be of 
great ecological value, providing offspring to shallow reef 
communities that are more prone to climate change and 
pollution. After searching for a week, the research team was 
able to find a real mesophotic reef (40 to 100m depth) on the 
eastern tip of Curaçao, at Awa Blancu. Sadly this area has 
been nominated to be sold and developed into a large tourist 
area. No mesophotic reefs were found around Bonaire. Many 
of the researchers on the team were saddened that the deep 
reefs they remember diving in their youth appear to have 
disappeared.

The rise of slimy cyanobacterial mats
Cyanobacterial mats which “grow like dark filamentous mats 
on the sand” were located with underwater camera’s off the 

coast of Kralendijk, Bonaire and Curaçao, at a depth of 55-75 
meters. Unfortunately due to the lack of time and problems 
with equipment no data on mesophotic reefs and deep water 
cyanobacteria mats was collected around Aruba. “I have been 
doing research here for a long time, but blue-green algae 
bloom is really something of the last years” notes Dr. Erik 
Meesters, coral researcher at Wageningen Marine Research 
and one of the principal scientists of this research expedition 
(Buiter, 2018). Cyanobacteria are important primary produc-
ers and suppliers of nitrogen within coral reefs (Charpy et al., 
2012). In healthy reefs, almost all dissolved nutrients are ab-
sorbed by coral polyps and macroalgae. However, disruption 
of the reef’s delicate system by an abnormally large inflow of 
nutrients can lead to the proliferation of cyanobacteria mats, 
which has “serious direct and indirect effects on numerous 
reef organisms and ecological processes. Some mats over-
grow and smother benthic organisms, including scleractinian 
corals and fleshy algae” (Ford et al., 2018). Cyanobacteria 
have certain physiological properties that are potentially 
harmful to coral reefs.  They can fix atmospheric nitrogen, 
bringing additional nutrients into the system, and can produce 
toxins that are harmful to the animals that consume them. 

De Bakker et al. (2017) carried out a study of the reefs at 
Karpata, Bonaire, and reefs in Curaçao and found that the 
benthic coral reef community had shifted from a dominance 
of hard coral and crustose coralline to a dominance of algae 
and subsequently cyanobac terial mats  (de Bakker et al 
2017). This new trend was observed all the way down to 40m, 
although it was less pronounced at depth. De Bakker et al. 
(2017) suggest that local (eutrophication) and regional (el-
evated temperatures) stress likely initiated this shift, and that 
the sudden and sharp rise of benthic cyanobacterial mats is 
worrisome as the mats reduce the ability of corals to recover 
from disturbances such as storms and bleaching events.

1  Cyanobacterial mats at Karpata increased from 
7.1% in 2002 to 22.2% in 2013 (De Bakker et al 2017)
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Erik Meesters, however, does not believe that the deep mats they 
found are currently a threat to Bonaire’s and Curaçao’s reefs as 
“they only occur at depth where coral does not catch enough light 
anymore. Above that, the coral polyps win the competition for the 
nutrients”. He does however believe that the mats could become a 
significant issue if nutrient levels in the water increase further, caus-
ing the mats to spread over a reef that is already under a lot of pres-
sure from tourism and warming ocean temperatures. This highlights 
the importance of setting up adequate waste water treatment on 
both islands. 

To investigate the composition and functioning of cyanobacterial 
mats, Dr. Petra Visser from the University of Amsterdam, with the 
help of divers, collected samples from the deep mats and took meas-
urements on their photosynthesis and nitrogen fixation. The deep 
profiles showed that there is a halocline and thermocline between 35 
and 60 meters, which may support the favorable conditions for the 
growth of the deep mats (>40m depth). Due to density differences 
over the halocline, organic matter sinking from above may settle 
on the halocline and subsequently settles on the bottom where the 
halocline intersects with the bottom. This supply of organic matter to 
the deep cyanobacterial mats probably supports the growth of deep 
cyanobacterial mats on sandy slopes in front of Kralendijk and else-
where along urbanized coasts.

Onshore ground waters
The coastline of both Bonaire and Curaçao is primarily made up of 
limestone formations, and both islands have no rivers. This means 
that rainwater from land primarily flows into the sea directly during 
and after rain showers and indirectly via the subsurface as groundwa-
ter flow and not via river discharge. Groundwater on both islands is 
known to be contaminated by inadequate treated waste water which 
results in elevated nutrient concentrations. While there is no long-
term data on nutrient concentrations of reefs on both islands, some 
indication of eutrophication was found on Bonaire’s reefs in 2014 

(Slijkerman et al., 2014); elevated nutrient concentrations were found 
at Karpata in 2012 and 2013 (De Bakker et al 2017). The hypothesis 
here is that submarine groundwater discharge (SGD) contributes the 
eutrophication of waters and to the proliferation of cyanobacterial 
mats. “These harmful algal blooms are stimulated by environmental 
factors like light, salinity and nutrient levels such as nitrogen and 
phosphorus. Nitrogen and phosphorus are found in high concentra-
tions in human waste and wastewater” (Florida Atlantic University, 
2018). Based on the distribution of shallow and deep cyanobacterial 
mats along Curaçao and Bonaire, there is a strong indication that 
urbanization (assumed to coincide with eutrophication among oth-
ers) and wave energy (wave height) along the leeward coast plays 
an important role in the distribution of mats (Brocke et al. 2015). 
Although correlation between urbanization and occurrence of mats is 
obvious, the causal agent has not been exactly identified yet. 

In order to determine where and at what rate onshore groundwater 
enters the offshore environment, the research team used photo-
graphic and acoustic mapping to map out the bottom topography 
on both the leeward and windward side of the islands. A small boat 
was used to get close to shore and find the areas where groundwater 
flows into ocean. Finding “the relatively small amount of ground-
water exiting in the vast ocean was a big challenge”. To detect the 
seepage of nutrients from groundwater, water samples of the seawa-
ter near the seabed were collected, and the salinity, temperature and 
radon content measured. Water samples were also taken at various 
depths with the help of an underwater robot (small lander of NIOZ 
Sea Research), which collects water close to the bottom for inorganic 
nutrients and organic matter analyses. In addition CTD profiles (tem-
perature, conductivity and depth measurements) were taken, while 
sampling contemporaneously water from the bottom to the surface. 
The team from Delft University of Technology and Wageningen 
University used the same robot to collect water samples to map the 
possible groundwater flows around the islands. 

http://www.dcnanature.org
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Mapping the Sea Bottom

Researchers aboard the Pelagia research vessel 
have been collecting invaluable data on marine 
biomes in the Caribbean as part of the NICO-
expedition. The research vessel has visited the 
Southern Caribbean where work focused on the 
mesophotic reefs (> 30m deep) of Bonaire and 
Curaçao. Bathymetric maps from the 1970s did 
not offer enough detail for the research team 
to locate the reefs and cyanobacterial mats, 
which were the focus of their studies. Detailed 
bathymetric data was absent for other Dutch 
Caribbean islands, including Saba, the Saba 
Bank and St. Eustatius and bathymetric maps 
will therefore be created. Dr. Henk de Haas, an 
acoustic researcher and data scientist of NIOZ 
Sea Research who is onboard the Pelagia, has 
provided insight about how he goes about 
creating these maps that are so crucial to the 
success of among others ocean research. 

Topography of the sea floor
Bathymetry is the measurement of depth of 
water in oceans, seas, or lakes. Bathymetric maps 
provide a visual representation of the topography 
of the sea floor including the shape and eleva-
tion of underwater features like seamounts or 
ocean trenches. These maps are crucial to ocean 
research as they enable scientists to locate the 
specific ecosystems which are being investigated. 
For example, coral reefs are not found in areas 
with strong water currents and would therefore 
not be located in underwater valleys where water 
flow is powerful.

Normal echo sounder
In the past, sea depth was measured using a type 
of sonar called an echo sounder. A sound pulse 
would be sent out by a transmitter located on the 
hull of the ship. The longer it took for sound to 
travel to the sea floor and back to the receiver on 
the ship, the deeper the ocean floor. The problem 
with this technique is that just one measurement 
can be taken at a time, making the mapping of 
the sea floor very labor intensive and not very 
accurate. “We would very often have to sail lines 
back and forth to make a map of a piece of sea-
bed”, explains Dr. de Haas.

Modern multi-beam echo sounder
Nowadays, acoustic scientists use a modern mul-
ti-beam version of the echo sounder. The model 
installed underneath the Pelagia transmits 288 
sound beams per pulse simultaneously in a fan 
shape instead of just one vertical pulse. The multi-
beam echo sounder generates fast and accurate 
bathymetric measurements and allows the crea-
tion of detailed topography maps. In fact, because 
many of the bundles take two measurements 
simultaneously, Dr. de Haas notes that the system 
on board the Pelagia allows for at maximum 432 
depth measurements to be produced per sound 
pulse. The size of the area mapped is dependent 
on water depth - the width of the bundle is about 
five times the water depth, meaning that the 
bundle will be narrower in shallow waters. The 
multibeam echo sounder can also help determine 
the nature of the seabed and whether there is soft 

or hard sediment. If the sediment is hard, such as 
sand, the sonar signal will come back stronger. As 
explained by Dr. de Haas, “a map of the strength 
of the reflected sound signal is actually a map of 
the sediment on the seabed”.

So every night, in cooperation with the crew 
member at the bridge Dr. de Haas stays up col-
lecting data from the Pelagia’s multibeam echo 
sounder while everyone else is sound asleep. 
The next morning, after checking the data, he 
is able to create the bathymetric maps that the 
research team needs to locate mesophotic reefs 
and cyanobacterial mats around Bonaire and 
Curaçao. So far, the maps have resulted in some 
exciting discoveries, notably the presence of deep 
channels around Curaçao. This was a real surprise 
as such deep channels are not always common for 
small islands. As Dr. de Haas concludes, “there is 
still much to explore here”. 

Example of backscatter data: strength of the reflected sound signal of a sea bottom area. 

Curaçao is located just above this image. So in this image from top to bottom it becomes deeper. The lighter the 
gray, the stronger the signal. The light gray, slightly curved tracks from the right corner above towards the left 
corner below are small channels on the sea bottom. Here the speed of the current is higher than in the surround-
ing areas (somewhat darker gray). The light color gray indicates that the sediment in the channels is somewhat 
more sandy (bounces the sound better back) than the more fine-grained sediment in the surrounding area. The 
round light gray points in the left corner are possibly blocks that have tumbled down from the steep slopes. The 
black in the right corner above indicates that here no measurements are taken.

Image credit: NIOZ/ WUR/UvA

http://www.dcnanature.org
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Difference between a normal eco sounder and the modern version of the echo sounder, the multibeam echo 
sounder.

Normal echo sounder:
Transmitting one sound pulse at once in a relative large area. One measurement per “ping”.

Multibeam Echo sounder:
Transmitting several sounds pulses at once in a fan shape in relative small areas. The model installed underneath 
the Pelagia allows for 432 measurements per “ping”.

Image credit: Henk de Haas, NIOZ

3D image of a sea bottom area around Bonaire. 
The colour bar presents the water depth in meters. Horizontal scale: the bottom of the deep  
channel in the front is about 250 meters wide. It is clear that the sea bottom is not flat and has  
many deep channel.

Image credit: NIOZ/ WUR/UvA
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Eddies: influence on marine mammals and seabirds

Rising ocean temperatures associated with 
global warming are changing our oceans and are 
projected to have a considerable impact on sea 
level, ocean acidification, hurricanes and bleach-
ing of coral reefs over the next decades. While 
sailing from Aruba north to Hispaniola and then 
east to St. Maarten, the fourth leg of the expedi-
tion focused on eddies and their influence on the 
distribution and occurrence of pelagic megafauna 
in the Caribbean, more specifically marine mam-
mals and seabirds. Anti-cyclonic eddies typically 
have surface waters that are 4 ̊C warmer than the 
surrounding ocean and “form partially isolated 
environments with distinct physical and chemical 
conditions” (NIOZ, 2017). Changes in biological 
activity within them may provide insight as to 
how global warming will impact these species 
(NIOZ, 2017).

Eddies –rotating water bodies
Eddies are rotating bodies of water that spawn 
from meandering, unstable currents, creating 
a swirling motions in the ocean waters (NOAA, 
2017). Mesoscale eddies, which are common in the 
Caribbean Sea, are large eddies with a horizontal 
scale of approximately 100 kms and last for several 
months (van der Boog, 2018; Adcroft et al., 2017; 

SFSU, 2018). Their impact on the ocean environ-
ment is substantial. As the center of eddies contain 
water with properties that differ from their envi-
ronment, they are important for the heat and salt 
transport in the ocean. Depending on their direc-
tion of rotation, mesoscale eddies can transport 
water up or down. In the case of upward transport, 
this will favor upwelling of nutrients from deeper 
levels to the surface (SFSU, 2018). Such mesoscale 
eddies have been described as hot spots of intense 
biological and physical activity (Michaels, 2007) that 
can support and transport whole plankton communi-
ties (NIOZ, 2017; SFSU, 2018) and help supply nu-
trients to the surface of the ocean as well as coastal 
zones (Adcroft et al., 2017). The reverse may be true 
for eddies that favor downwelling, which is why NICO 
4 also sampled for nutrients and biological param-
eters. Overall, the eddies also have an important role 
in regulating the weather in the region by transport-
ing heat from the tropics to the poles (Adcroft et al., 
2017), and may contribute to the intensification of 
hurricanes in the Caribbean (van der Boog, 2018). 
Satellites (SFSU, 2018) can be used to track and study 
eddies at the ocean surface, but for the eddies in the 
Caribbean there is very little data about their vertical 
structure and what underlying processes govern their 
development (van der Boog, 2018). 

Before departure of the RV Pelagia from Aruba, the 
research team used recent satellite data and ocean 
model forecasts to chart the circulation in the 
Caribbean Sea and was able to locate a mesoscale 
eddy that formed off the coast of Venezuela and 
moved east towards Aruba. The research vessel 
then sailed to the eddy and navigated through its 
center while taking measurements (van der Boog, 
2018). Four autonomous floats were deployed 
inside and outside the eddy, which continued 
to measure the temperature and salinity of the 
Caribbean waters. The float data was combined 
with satellite observations to keep track of the 
eddy’s location over a few months and to learn 
more about the differences in water properties be-
tween eddies and the ambient waters (Heinsman, 
2018b). 

Whales and dolphins
To assess the occurrence of pelagic megafauna, the 
research team used visual surveys as well as pas-
sive acoustic monitoring for whales (NIOZ, 2017). 
Previous studies have found that both permanent 
physiographic features (ocean depth, seafloor 
slope) and hydrographic characteristics influence 
the distribution of prey and therefore pelagic 
megafauna, however the specific influence 

http://www.dcnanature.org
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of eddies on the distribution and occurrence of organisms 
at a higher trophic level has never been studied (NIOZ, 
2017). Visual surveys for whales and dolphins on board the 
RV Pelagia were difficult especially during rough seas that 
made it hard to spot anything in the water (Heinsman, 
2018a). Fortunately, the sounds that these deep diving 
marine mammals make can be detected up to 15 kilom-
eters depth with acoustic methods.  During the journey 
from Aruba to St. Maarten the sounds of some sperm 
whales and probably a humpback whale were recorded 
(Vroege Vogels, 2018). Also some dolphins were observed 
that were attracted to the ship and accompanied it for a 
little while (Heinsman, 2018a)

Seabirds
Throughout the journey from Aruba to St. Maarten, a 
team of bird experts surveyed the seabird population 
to assess whether the presence of an eddy affects bird 
density. Steve Geelhoed and Mardik Leopold, both marine 
ecologists at Wageningen University, observed a very 
small number of seabirds and wondered where all the 
birds have gone (Buiter, 2018). Ruud van Halewijn de-
scribed a rich bird life for the area in the seventies (Buiter, 
2018), however the total number of seabirds spotted 
was very small and included some brown boobies, a few 
black-capped petrels and royal terns. What was even 
more confusing was the plentiful presence of flying fish, 

meaning that seabirds have an abundant source of food. 
Geelhoed and Leopold believe that changes on land rather 
than at sea are to blame, notably the drastic reduction of 
seabird breeding habitat on the islands to make way for 
tourism development, as well as an increased presence of 
introduced predators such as rats, cats and mongoose that 
are very fond of bird chicks and bird eggs (Buiter, 2018). 
“In this case”, explains Leopold, “I think we should look not 
so much at the oceans but at the dramatic changes on the 
Caribbean islands. The bigger problems for the seabirds 
seem to play there. “ (Buiter, 2018)

It was not all bad news, though. Geelhoed and Leopold 
were excited to spot not one but twelve of the very rare 
and almost extinct black-capped petrel. Only very few 
remaining colonies for this seabird are known in Haiti and 
the Dominican Republic, where the population is greatly 
endangered and hard to study because the petrels breed 
on steep slopes about 400 to 1200 meters above sea level 
(Heinsman, 2018). The unexpected discovery shows that 
in an age of environmental devastation and loss of species, 
there is still hope.

Photos by: ©  Steve Geelhoed
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During the Northern Caribbean part of the 
expedition, two research projects (leg 5 and 6) 
focused on the Saba Bank. Scientists have a 
special interest in this large submerged carbon-
ate platform because it is still relatively pristine 
thanks to its remoteness and therefore offers the 
chance to monitor the effects of climate change 
in the Caribbean Sea. While a number of research 
projects have explored the shallower parts of 
the bank, very little is currently known about the 
bank’s deep-sea habitats. 

The Saba Bank is a large flat-topped seamount 
rising from a depth of 1.5 km. The upper area of 
the Saba Bank covers an area of +/- 268.000 hec-
tares, an area roughly the size of the Dutch part 
of the Wadden Sea or, more evocatively, about 
the same size as Luxembourg (DCNA, 2017). 

Most of the Bank lies at depths of 20 to 50 
meters, but a considerable area to the east lies 
between 10 and 20 meters and has extensive reef 
development (Meesters et al., 1996). It reaches 
a plateau at a depth of about 15 m (Klomp and 
Kooistra, 2003).  

Research expeditions
Van der Land was the first who explored the 
Bank in 1972. In 2010, after the constitutional 
change, the Saba Bank became the direct re-
sponsibility of the Netherlands. Since that time 
considerable resources have been spent on the 
Saba Bank including several research expeditions 
by Wageningen Marine Research and NIOZ Sea 
Research to assess the state of the fisheries, coral 
reef health and shark populations (Bos et al., 
2016; DCNA, 2017).

Biodiversity Hotspot
Considered to be one of the world’s marine biodi-
versity hotspots (Church and Allison, 2004), the 
Saba Bank is recognized under the Convention 
of Biological Diversity (CBD) as an Ecologically 
and Biologically Significant Area (EBSA). The 
Saba Bank was listed as a protected area of 
regional importance under the SPAW-protocol 
(Protocol Concerning Specially Protected Areas 
and Wildlife of the Wider Caribbean) and desig-
nated as the world’s 13th Particularly Sensitive 
Sea Area (PSSA) by the International Maritime 
Organisation (IMO) in 2012. In the same year it 
was officially declared a National Park, making 
it the largest National Park in the Netherlands 
(DCNA, 2017; DCNA, n.d.).

 

Saba Bank

Map of a large submerged carbon-
ate platform: the Saba Bank. The 
island Saba is the “green dot” on 
the right.  The fifth leg of the NICO 
expedition focused on the deep-
water environments (> 100 meter) 
north and south of the Bank. 

Image credit: Gerard Duineveld 
(NIOZ Sea Research)

More information on the Saba Bank 
and previous expeditions can be found 
in the special edition of BioNews: 

https://www.dcnanature.org/wp-content/
uploads/2018/09/BioNews-SabaBank-2.pdf

https://www.dcnanature.org/wp
BioNews-SabaBank-2.pdf


Exploring the Saba Bank’s Deep Sea

During the fifth leg of the NICO expedition re-
searchers from NIOZ Sea Research, Wageningen 
Marine Research and Naturalis Biodiversity 
Center studied the only deep-sea in the entire 
Dutch Kingdom: the Saba Bank. While a number 
of research expeditions have explored the shal-
low parts of the Bank, very little is known about 
the Bank’s deep-sea habitats. Researchers on 
board investigated the deep-sea environmental 
conditions and took a first look at what crea-
tures can live at these deep dark depths.

After exploring Aruba, Bonaire and Curacao’s 
mesophotic reefs (i.e. reefs below 30 meter 
depth), cyanobacterial mats and the cause of their 
proliferation, mapping the sea bottom and sailing 
from Aruba to St. Maarten investigating eddies 
and their influence on the distribution of marine 
mammals and sea birds, the vessel arrived at the 
Saba Bank for another 13 days of research. 

Exploring the deep waters
Dr. Gerard Duineveld and Dr. Furu Mienis of NIOZ 
Sea Research were the chief-scientists of the fifth 
leg of the NICO expedition. Their project focused 
on the Saba Bank’s deep-water environments (100 
meter and beyond) and their main goal was to 
determine the biodiversity of the deep slopes and 
describe how environmental conditions such as 
turbulence, currents, mixing and food-supply influ-
ence live in the deep-sea (Nagelkerke & Duineveld, 
2017). Their research area included the northern 
and southern side of the Bank (van Duin, 2018a). 

Moorings
Two thermistor string moorings were placed 
on the northern and southern side of the Bank, 
respectively, for hydrodynamic, temperature and 
turbulence measurements in the first 300 m of the 
water column above the bottom. Data collected 
with the thermistors will provide  valuable insights 
on how the topography of the Bank interacts 
with the currents, creating turbulence and mixing 
(Duineveld & Mienis, 2018).

Video hopper
Video-transects of two hours each were made 
between 40 to 1.400 meters with a tethered video 
frame equipped with one camera directed to the 
seabed and one camera directed straight forward. 
Video footage is displayed live on the ship (van 
Duin, 2018a; van Duin 2018c) and provided a very 
first exciting view on what the deep-sea environ-
ment looks like and what creatures can live there.

CTD and (core) samples
Along the video transects Conductivity 
Temperature Depth (CTD) casts were carried out 
to measure several environmental conditions 
that are influencing the deep-sea habitats such as 
salinity and temperature. In addition water sam-
ples were taken at different depths throughout 
the water column. To get a more complete view 
on biodiversity, geology and chemistry, sediment 
samples were taken from the seabed with a box-
corer (Nagelkerke & Duineveld, 2017).

Baited experiments
A specially designed lander (ALBEX-lander) 
equipped with bait was dropped on the seabed at 
depths of 450-1.400 meters. The bait attracted 
species and two cameras and infrared lights made 
filming possible whilst not attracting organisms or 
chasing them away. Also two cages with bait were 
attached to the frame of the lander to trap scav-
engers. The number and approach time of species 
were recorded and this together with (water) flow 
rate will be used to give a first glimpse of species 
richness and density (Rijn et al. 2018a; 2018b). 

(e)DNA
An advanced environmental DNA (eDNA) 
technique is being used to estimate the species 
diversity and abundance in the water samples 
(Speksnijder et al. 2015; Duineveld &Mienis, 
2018). Fish and other organisms leave behind DNA 
(so-called eDNA) in their habitat through faeces, 
gametes, skin cells, etc., and researchers are 
now able to isolate this DNA from environmental 
samples (water, soil), amplify and then sequence it 
to identify the taxonomic identity of the species by 
their DNA fingerprints (Littlefair et al., 2017). 

Bottom trawling and DNA analysis
Lastly, species were collected by bottom trawling. 
All collected species will be identified, individually 
DNA fingerprinted and submitted to Naturalis’ 
Biodiversity collection (Beentjes et al. 2015). A 
DNA fingerprint reference library for the Saba 
Bank’s deep marine habitats will also be made 
(Speksnijder & Pracht 2018). In addition fauna will 
be used to analyze the food web of the deep flanks 
of the Saba Bank.

First findings
Although the large collected dataset is still being 
analyzed, the researchers kindly shared already 
some interesting first findings about the Saba 
Bank’s deep sea.

Seabed
The seabed seems to be dominated by soft sedi-
ment suitable for endofauna and epifauna such as 
sea urchins, sea cucumbers and starfish (Duineveld 
& Mienis, 2018; van Duin, 2018b). Areas with hard 
substrates provided also habitat for corals and 
sponges (van Duin, 2018b).

 

This image shows Saba Bank’s seabed between 
400-700 meters depth that was filmed with the 
video hopper. In the middle you can see two laser 
lights 30 cm apart that are used to determine the 
size of species. This photo shows five sea urchins 
(top left), a fish (middle) and a sponge.
Credit: NIOZ Sea Research
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What creatures can live in the 
deep dark depths?  
The researchers recorded shrimps, congers of up 
to two meters long and sharks. Also impressive 
were the giant isopods (Bathynomus) of more 
than 10 cm that are related to the woodlouse 
(pill bug). 

All collected data are taken to the Netherlands for 
further analysis and we will know in the coming 
time which species new to science have been dis-
covered. As the scientists investigated for the first 
time the only deep-sea habitat of the Kingdom of 
the Netherlands, many species that they found 
are likely first records for our country (van Duin, 
2018b). 

Spatial differences
First observations show spatial differences in 
fish densities. The baited videos show f.e. larger 
numbers of snappers in the relative shallows on 
the southern side.  It was also found that the steep 
southern slopes have a higher biodiversity than 
the northern slopes especially between 100 and 
500 meters depth (van Duin, 2018a). 

The water around the Saba Bank seems more 
productive than the water on top of the Bank 
concluded from the observed algae densities (van 
Duin, 2018a). This is an important finding as the 
deep-sea is dependent on this primary productiv-
ity. Future research is needed to reveal the rela-
tionship between the top of the Saba Bank and 
it’s surrounding deep waters to understand the 
functioning of the complete ecosystem 
(van Duin, 2018b). 

A giant isopods (Bathynomus) of more than 10 cm.
Photo by: © Ulrike Hanz

Check out this video to see the Saba Bank’s deep depths: 
https://www.youtube.com/watch?v=GoLaNmRIfk0
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Photo by: © NIOZ
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Mapping and Studying Changing  
Coral Reefs: Is the Saba Bank still growing?

Researchers aboard the Pelagia research 
vessel have been collecting invaluable data on 
the Windward islands in the Caribbean during 
the sixth leg of the “Netherlands Initiative 
Changing Oceans (NICO)” marine expedition 
organized by the Royal Netherlands Institute 
for Sea Research (NIOZ Sea Research) and 
NWO-Science (ENW). They mapped for the first 
time the seabed of the windward sides of Saba 
and St. Eustatius and further investigated what 
is believed the richest biodiversity area in the 
entire Dutch Kingdom: the Saba Bank

Studying the Windward Islands
Fleur van Duyl (NIOZ Sea Research) and Erik 
Meesters (Wageningen Marine Research (WMR)) 
were the chief scientists of the sixth leg of the 
NICO expedition. An advantage was that their 
research team gained already much experience 
from previous expeditions to the Saba Bank.

Saba Bank
The Saba Bank is a submerged carbonate platform 
rising from a depth of 1.5 km. As a known biodiver-
sity hotspot, the Saba Bank is of special interest 
to scientists because it has remained relatively 
pristine thanks to its remote location. Since 2011 
several research expeditions by WMR and NIOZ 
Sea Research took place to assess the state of the 
fisheries, coral reef health and shark populations 
(Bos et al., 2016; DCNA, 2017). 

Growing or eroding?
Saba Bank’s coral reefs have suffered as well in 
recent decades from elevated seawater tempera-
tures induced by global warming which resulted 
in Caribbean-wide bleaching events. During the 
bleaching event in 2005 the Saba Bank lost over 
50% of its coral cover. In combination with ocean 
acidification and increased marine pollution, these 
environmental changes have reduced the capacity 
of corals to compete with other benthic organisms 
such as algae, cyanobacteria and sponges which 
can rapidly invade dead or weakened coral surface 
(Webb et al., 2018). The research team aims to 
understand the interaction between the environ-
ment and coral reef functioning and determine if 
and how a community shift changes the balance 
between calcium-carbonate accretion and eroding 
processes. In other words: Is the Saba Bank grow-
ing or eroding and which factors can explain these 
processes? 

The carbonate budget 
To answer these questions, different experiments 
and (long-term) measurements were taken by 
NIOZ Sea Research and WMR since 2011. During 
the NICO expedition the research team further in-
vestigated the carbonate budget –that is the coral 
growth (carbonate production) versus coral break-
down (carbonate erosion) budget of the overall 
Saba Bank (Webb et al., 2018). To do so, they 
measured the chemistry of the seawater overlying 

the reef (including dissolved inorganic carbon 
concentrations and alkalinity, nutrients, phyto-
plankton, virus, salinity and oxygen levels) with 
CTD units and a new type of water sampler called 
Pumpy which can take simultaneous measure-
ments from 2m to 10 cm above the bottom.  The 
method is based on the principle that coral growth 
(calcium carbonate production) locally extracts 
dissolved carbon from the seawater surrounding 
the coral. On the other hand, bio-eroding organ-
ism such as sponges and worms break down the 
coral’s carbonate skeleton which results in carbon 
release into the seawater. The measured dissolved 
carbon concentrations in seawater above the reef 
provides information on the overall reef growth/
erosion rate and allows to quantify spatial and 
temporal variations (Webb et al., 2018).

Different benthic communities
On the Bank the chemistry dynamics were meas-
ured at seven stations with different reef habitat 
types including coral-, macroalgae-, crustose 
coralline algae (CCA) - and sand dominated com-
munities located between 15 and 34m depth. 
The researchers further investigated the benthic-
pelagic (seabed-ocean water) coupling of the dif-
ferent benthic habitats by taking measurements 
on organic matter (bio)deposition, mineralization, 
marine microbe community and oxygen dynam-
ics in the benthic boundary layer (van Duyl and 
Meesters, 2018). This will provide insights in the 
processes influencing the community shifts from 

corals and CCA to more fleshy algae, cyanobacte-
ria and benthic suspension feeders.

Mapping the seabed
Maps of our marine environment provide im-
portant information on the location of different 
ecosystems and help to identify areas of high 
conservation value. The remote windward sides 
of Saba and St. Eustatius have not been mapped 
before. The research team mapped for the first 
time the largely unknown benthic communities 
and bathymetry (topography of the seabed) on 
the windward sides with video transects and the 
multibeam echo sounder. Because of its high 
exposure the ecosystems here mostly thrive in the 
mesophotic region (more than 30 meters depth). 
Also the researchers expanded the mapping of 
different habitats (from 10 until 100m depth) and 
bathymetry on the Saba Bank with the aim to link 
the benthic habitat descriptions that result from 
the mapping to benthic metabolism (van Duyl & 
Meesters, 2018).

Photo by: © Alice Webb
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First findings

Hidden landscapes
The total of 25 km of photos and videos that were 
recorded on the Windward Islands show a large 
variety of habitat types including areas with patch-
es of seagrass and coral-, algae- and (volcanic) 
sand dominated communities (van Duyl & 
Meesters, 2018).

Very excited were the researchers about the first 
journey of exploration into two deep sinkholes 
at the northern part of the Saba Bank called the 
Luymes Bank. The large holes in the carbonate 
bottom have been created during periods that the 
bank was above sea. These holes range from 100m 
to several kilometers in diameter and are 
100-300m deep. 

The researchers sent video equipment down these 
sink holes. At the bottom a mysterious landscape 
was encountered: a large community of calcareous 
algae that consists of thousands of 
little pillars that are between hundred and 
thousand years old (van Duyl & Meesters, 2018; 
Heinsman, 2018).

Healthy reefs
The researchers also discovered an extreme 
healthy reef in the southern part of the Saba Bank 
at 30 meters depth. A hopeful finding that there are 
still healthy reefs thanks to the Saba Bank’s remote 
location. For safeguarding Caribbean reefs action is 
urgently needed. Local stressors have been identi-
fied as the most significant drivers of reef degrada-
tion throughout the Wider Caribbean, particularly 
overfishing, introduced species, coastal develop-
ment and pollution associated with increases in 
tourism visitation and local populations (Jackson, 

2014). With effective conservation measures in 
place and management of the island’s marine 
resources in the hands of dedicated professionals, 
there appears to be good prospects for their sur-
vival particularly if there is a political willingness to 
continue to protect them from harm.

The need to increase the resilience of our coral 
reefs has never been more pressing. Coral reefs 
are marine biodiversity hotspots that are not only 
invaluable for coastal protection but also have a 
high economic value through associated tourism 
and fisheries. The Dutch Caribbean islands are 
particularly dependent on the health of the coral 
reefs due to our economic dependence on nature-
based tourism. 

The Saba Bank. Map credit: DCNA

The Saba Bank might be the 
most special nature park of the 

Kingdom of the Netherlands and 
we have to be extremely careful 

to safeguard it.

Erik Meesters (WMR)

Three-dimensional picture of the Luymes Bank 
at the northern part of the Saba Bank. The top 
of the bank is around 80m deep.
Map credit: NIOZ Sea Research /WMR

Calcium carbonate pillars made up from calcar-
eous algae on the bottom (app. 100m)  
of a sinkhole on the Luymes Bank. 
Photo by: © Erik Meesters and NIOZ.
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A scientific cruise initiated by the Netherlands Organisation for Scientific Research (NWO) 
and the Royal Netherlands Institute of Sea Research (NIOZ Sea Research) investigated 
changing oceans. During the trip over 100 geologists, marine biologists, ecologists and 
oceanographers from 20 organisations  (spread out over seven months) sailed along 
who have picked up research questions from the Ocean note approved by the Council 
of Ministers last year.  The ship visited five ocean provinces (North Sea, Atlantic Ocean, 
Caribbean Sea, Gulf of Mexico and Bay of Biscay) and was in the Dutch Caribbean from the 
beginning of 2018 till mid March. The research teams collected data on such diverse subjects 
as coral reefs, migratory birds, eddies and deep oceans. In this special BioNews edition we 
present an overview of the research projects in the Dutch Caribbean and their first findings.
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