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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.
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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

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


... 61 62 63 64 65 ...BioNews 2020 - Content

New Plan for Creating Sustainable Fisheries in the Caribbean Netherlands

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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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
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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, 
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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)

This article was published in BioNews 34
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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
This article was published in BioNews 35
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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

Photo by: © Hans Leijnse
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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)
This article was published in BioNews 33
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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).
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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
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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
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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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