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About the Waitt Institute
The Waitt Institute endeavors to ensure the economically and culturally sustainable use of ocean resources. The Waitt Institute partners with governments committed to developing and implementing comprehensive, knowledge-based, community-driven solutions for sustainable ocean management. The Waitt Institute’s goal is to benefit coastal communities while
restoring fish populations and habitats. The Waitt Institute’s approach is to engage stakeholders, provide the tools needed
to design locally appropriate policies, facilitate the policymaking process, and build capacity for effective implementation of
management measures to ensure their long-term success.

About Blue Halo Curaçao
In February 2015, the Government of Curaçao and the Waitt Institute signed a Memorandum of Understanding that
launched Blue Halo Curaçao, a comprehensive ocean and coastal management project. The goal of Blue Halo Curaçao
is to foster the sustainable, profitable, and enjoyable use of ocean resources through the enhanced management of
Curaçao’s ocean and coastal waters. The Blue Halo Initiative therefore aims to empower communities to restore their
oceans, and use ocean resources sustainably, profitably, and enjoyably for present and future generations. The Initiative
engages stakeholders through a knowledge-based, community-driven approach. Governments, local communities, and
scientists partner to develop and implement ocean policies, such as sustainable fishing practices and comprehensive marine spatial planning. The Waitt Institute provides the toolkit, and partner governments provide the political will, so people
can use the ocean without using it up..
An electronic retrievable copy (PDF file) of this report can be obtained at no cost from the Waitt Institute website at www.
waittinstitute.org.

3

4

CONTENTS
Introduction								08
Approach								08
Results 								09
Benthic cover							10
Fish abundance							11
Water pollution							13
How are coastal waters used?					14
Discussion								17
Curaçao compared to other Caribbean Islands			
17
Issues to be addressed to prevent further decline of		
17
Curaçao’s coral and fish communities
Issue: decreasing abundance of reef building corals		
17
Issue: overfishing						
21
Issue: degraded water quality					22
Minor challenges related to ocean usages			
23
Information not included in this report					
24
Zone summaries							24
A path forward								33
Protecting and Restoring Marine Ecosystems			
33
Improving Domestic Fisheries					34
Minimizing Water Pollution					35
Improving Ocean Governance					35
Financing a Sustainable Ocean Policy				
36
Closing Note								36
Cited Literature								37
Appendix I: Methodology						40
Appendix II: Local concerns related to coral reef				
43
conservation and responses
Climate change							43
Marine invasive species						45
		
Lionfish							
47
		Invasive seagrass					47
Threatened & endangered species				48
		Corals							48
		Fish							50
		Sharks and rays					50
		Sea turtles						52
		Marine mammals					52
Inland bays: mangroves and seagrasses				
53
Information about coral health and disease			
53
Point vs non-point source pollution (septic seepage 		
54
through groundwater vs sewage outfalls)
Pro and cons of coastal fortification				
56
(seawalls, breakwaters, etc.)
Invert data (Diadema, conch, lobster)				57
Information on pelagic fisheries					
58
References							59

5

6

7

Introduction

uments produced by the Waitt Institute and its
partners (an analysis of Curaçao’s legal system, a
Coral reefs in the Caribbean are degrading rapidly marine science review, and an economic valuation
with a loss of ~50% in just 4 decades. The cause of the island’s marine resources) that collectively
of this degradation is a combination of natural and can help inform the design and implementation of
human impacts (Wilkinson 2000). If present rates a Sustainable Ocean Policy.
of decline continue, researchers project that 60%
of Caribbean coral reefs will be lost over the next This Assessment first summarizes the results of
30 years. The cumulative impacts from runoff, pol- reef surveys around Curaçao conducted in Nolution, tourism overuse, destructive fishing and cli- vember 2015. Based on these findings, their immate change contribute synergistically to these re- plications for the future of the island’s marine region wide trends. This Assessment finds the same sources is evaluated resulting in an overview of
policy recommendations to ensure the sustainable
is true for Curacao.
use of Curaçao’s marine resources. Details on the
The importance of coral reefs for society and the research methodology can be found in Appendix
economy is enormous. As discussed in the Eco- 1.
nomic Valuation of Curaçao’s Marine Resources
(SFG 2016), reefs provide direct monetary value Approach
through fisheries harvest and tourism revenues. In
addition, and as important, they provide indirect In November 2015, the Waitt Institute partnered
non-consumptive values that are less readily cap- with researchers from Carmabi (Curaçao), Scripps
tured by formal markets. Such indirect values in- Institution of Oceanography (U.S.A.), Reef Supclude services like protection against storm surge port (Bonaire), the National Oceanic and Atmoand flooding and providing habitat for commercial spheric Administration (U.S.A.), Moss Landing
and other fish species.
Marine Lab (U.S.A.), University of South Florida
(U.S.A.), and San Diego State University (U.S.A.)
Presently, a kilometer of healthy Caribbean reef to conduct marine surveys at 148 sites around the
is estimated to generate in excess of $1.5M anSample Sites
nually through fisheries and tourism alone (Burke
et al. 2011. The Economic Assessment valued
Curaçao’s coral reefs at more than $445 million
per year through their support to the tourism and
fishing industry alone (SFG 2016).
The purpose of this Assessment is to inform the
development of a Sustainable Ocean Policy to
improve the health of marine ecosystems around
Curaçao so they can sustainably support coastal
economies and livelihoods. To develop such policy, a marine survey was conducted in November
2015 to assess the abundance and composition
of reef and fish communities and water quality at
148 sites around the island. Secondly, ocean uses
(fishing and diving) were quantified at the same
sites based on interviews with fishers and divers.
Finally, existing information was used to evaluate
changes through time in the state of Curaçao’s
reefs and their value to the people of Curaçao.
This Assessment complements a series of doc8
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Figure 1. The location of all sample sites (red dots) for the
marine surveys and water quality analyses At each site,
researchers sampled five 30-meter transects at depths
between 8 to 12 m following the methods preferred by the
Global Coral Reef Monitoring Network (GCRMN).

islands of Curaçao and Klein Curaçao. A summary
of site locations and associated data can be found
in Appendix 1. Sites were approximately 700 meters apart along the island’s south coast and ~3
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Figure 2. The eight zones of Curaçao. Each zone, in the aggregate, can be distinguished from other zones based on the
combination of human impact, fish and benthic communities. Site characteristics may vary considerably within a zone, but
sites in each zone are more similar to each other than other zones.

km apart along the north shore. Appendix 1 provides the protocols.
The following five indicators were used to assess
the health and condition of reef communities at
each site: (1) the abundance of reef building organisms and their dominant competitors to determine
if reefs at a location were growing or declining, (2)
the abundance of coral recruits (juvenile corals) to
assess the ability of a reef to renew itself, (3) the
diversity, abundance, and biomass of all reef associated fishes to assess the state of economically
and ecologically important fish species around the
island, (4) the abundance of mobile invertebrates
such as lobsters and conch (not yet reported in
this Assessment), and (5) water measurements
to assess water quality for marine life and ocean
users. Researchers conducted marine surveys at
148 nearshore sites around Curaçao (Figure 1).

Results
This section presents the results from the marine
surveys (benthic cover, fish abundance and water
quality), the spatial analysis of ocean usages and
values (fishing and diving) as well as the degree of
coastal development. While each site has its own
characteristics, we found that neighboring sites
were generally more similar compared to sites
elsewhere on the island. To facilitate planning and
decision making, we identified eight distinct Zones
that exist around the island (Figure 2). The grouping analysis considered 17 indicators in total.
Sites within a zone shared ecological similarities
(in terms of coral health, fish biomass, and water
quality) that statistically distinguished them from
reef communities in other zones (for details on
methods used, see: Jain, 2009). The ecological
characteristics, but also local stressors for each
Zone will allow managers and decision-makers to
design appropriate and tailored protection measures for specific locations around the island. The
zones that were identfied are shown in Figure 2.
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Figure 4. Average abundance (in percentage cover) of reef
building organisms: corals and crustose coralline algae
(CCA) and abundant algal groups (turf algae and fleshy
macroalgae) that compete with reef builders for space. Other bottom cover not shown in this figure includes sponges,
sand and rubble.

Figure 3. Average coral cover for all 148 sites.

Benthic cover
Understanding the relative cover of benthic organisms on the seabed provides insights on the quality
and health of coral reefs. High abundance of calcifying (i.e., reef-building) organisms such as corals
and calcifying algae (e.g., crustose coralline algae) indicate “healthy” reefs. Corals nowadays face
increased competition for space from benthic algae (e.g., McCook 1999; McCook et al. 2001; Vermeij
et al. 2010) and as algae increase in abundance, they actively overgrow more and more live corals
or passively take over space after corals have died. High abundances of fleshy macro and turf algae
therefore indicate degraded reefs.
Reefs around the island have an average coral cover of 15% or less per zone, except for Klein Curaçao
(25%, Zone 1) and Oostpunt (25% Zone 2). Coral cover exceeding 40% is indicative of healthy Caribbean reefs (Gardner et al. 2003; Burke et al. 2011; Jackson et al. 2013). Individual sites with >40% coral
cover are located along the east side of Klein Curaçao (Zone 1) and the east side of the Oostpunt area
(Zone 2). In addition, a few sites with >40% coral cover exist near Rif Marie and Playa Kalki (Zone 6
and 7, respectively, (Figure 3).
10

A suite of local factors affect benthic algae abundance: (1) overfishing of herbivorous fish and (2)
eutrophication (excessive nutrients in the water)
resulting from the unsustainable use of coastal
areas (e.g., Hughes 1994; Pandolfi et al. 2003;
Vermeij et al. 2010; Mumby et al. 2014; den Haan
et al. 2016). This linkage between algal growth
and pollution has already been documented in
Curaçao by previous researchers (Bak, 2005; Vermeij, 2012).
Favorable conditions for reef growth are located
almost exclusively on the east side of Curaçao
(Zones 1 and 2; Klein Curaçao and Oostpunt)
where reef builders are on average over two times
more abundant than elsewhere on Curaçao (Figures 3 and 4). These favorable areas also show the
largest abundance of juvenile corals, a measure of
a reef’s ability to “renew” itself as existing corals
die (Figure 5). Without healthy population of reef
builders that form calcified reef structures around
the island, impacts such as storms can lead to the
rapid destruction of remaining coral reefs, inland
bay communities and nearshore costal developments (Burke et al. 2011).
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The abundance of algae on Curaçaoan reefs is
high in all Zones around the island (Figure 6). The
North Shore (Zone 8) of Curaçao is almost exclusively covered by Sargassum species, a fleshy
macroalgae, growing on the seafloor in great
abundance. This is a natural phenomenon due to
the impact of strong wave action.

Fish abundance
Total fish biomass is highest in Zones 1–5 (Klein
Curaçao to Bullenbaai), and extremely low in Banda Abao and Westpunt (Zones 6-7). Fish biomass
along the North Shore (Zone 8) falls in the middle
of these values (Figure 7).
While a Caribbean indicator for total fish biomass
of a healthy reef does not exist, relatively healthy
reefs in the Pacific with intact ecosystems show total fish biomasses between 270 - 510 g m-2 (Sandin et al. 2008). The highest average fish biomass
on Curaçao (159 – 219 g m-2, found at sites from
Klein Curaçao to Boka Sami) is relatively high for
Caribbean standards, but lower than values associated with proper ecosystem function. Secondly,
CCA
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Figure 5 Spatial distribution of reef builders: coral cover (left), CCA (middle), and juvenile coral density (right).
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Figure 6. Average abundance per zone of
the two most common algal types: turf algae (left) and macroalgae (right).
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Figure 7. Spatial distribution total
fish (left), herbivore (middle) and
carnivore (right) biomass around
Curaçao.
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high biomass values on Curaçao are mainly the
result of the high abundance of planktivorous fish
that are relatively unimportant to reef ecosystem
function or of interest to fishers.

trolling the abundance of certain fish species (e.g.,
damsel- and lionfish) that, when not controlled by
predators, inflict significant damage to native reef
communities and corals (Vermeij et al. 2015).

On healthy reefs, biomass of herbivorous fish
should be around 70 g m-2, but preferably above
100 g m-2 (Edwards et al. 2014). While herbivore
biomass is relatively high (58 – 89 g m-2) in certain areas around Curaçao (Klein Curaçao to Willemstad and highest near Bullenbaai), herbivores
in other areas on the island have decreased significantly in abundance to as low as 26 g m-2 in
Zone 6. With this decrease in abundance comes a
corresponding decrease in herbivores’ ecological
contributions as facilitators of coral growth.

Water pollution

Coastal pollution (Figure 8) can arise from landbased infrastructure (coastal development), sewage and trash.The percentage of a watershed
with developed infrastructure (buildings, roads,
and other development) is commonly used to estimate the potential for land-based pollutants to discharge into an adjacent water body (Richmond et
al. 2007). Watersheds (i.e., drainage basins) are
areas of land that direct the flow of water to one
point of discharge. In Curaçao, land-based pollutCarnivorous fishes, such as sharks, groupers and ants can reach the sea through natural pathways,
snappers, should dominate a healthy reef fish industrial pipes, sewage pipes and non-point
community (Sandin et al. 2008). However, these source runoff from, e.g., boka’s (bays), agriculture,
species are found at extremely low abundances cars, etc. In addition, septic systems have been
across all zones. The depletion of these species is shown to leach through porous limestone causing
especially worrisome as they support local fishing sewage water to end up in Curaçao’s marine envieconomies. In addition, they are important in con- ronment (van Buurt 2002).
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Figure 8. Coastal development
(left), presence of sewage water
in nearshore water indicated by
a higher occurrence of N15 (middle), and trash abundance (right)
in each Zone.
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The presence of sewage can be measured by
quantifying the amount of stable isotopes (N15)
in organisms that utilize nitrogen in the water column such as algae. Trash on the reef can be a
product of at-sea pollution from fishing and other
vessels in Curaçao’s waters, land-based sources,
and from sources outside of Curaçao’s waters. Examples of trash include abandoned or lost fishing
nets or lines that can damage marine life and can
include plastics that can cause illness and mortality if ingested by fish, sea turtles, and marine birds
(Eriksen et al. 2014).
Sewage pollution of nearshore waters is highest
in Zone 4 (Willemstad), which is the most developed region of Curaçao (Figure 8). One site near
the megapier having an N15 ratio that is an order
of magnitude higher than the other zones as isotopes are measured on a logarithmic scale.
Trash is common on reefs in Zones 5 (Bullenbaai) and 7 (Westpunt). Extensive dumping has
occurred historically on the north shore in Zone
8 and piles of car tires were observed at depths
between 25 and 40 meters over an area that is
multiple kilometers in length.

Fishing pressure is highest in Zone 7 (Westpunt)
and Zone 1 (Klein Curaçao) based on survey response from 62 fishers (Figure 9). Most fishing
takes place offshore targeting deep-water or pelagic fish species (WI Listening Tour, 2016, Dilrosun, 2003) so the effect of this fishing effort on
reef-associated fish communities is likely smaller
than expected from Figure 9.
Fish stocks near Oostpunt (Zone 2), coastal waters off Willemstad (Zone 4) and along the north
shore (Zone 8) experience the lowest fishing pressure on the island resulting relatively healthy fish
stocks in this zone. Lack of fishing in Zone 4 (Willemstad) likely reflects the conflict between shipping traffic and small fishing vessels (e.g., wake
waves from larger vessels may impact smaller
fishing vessels). Rough ocean conditions and the
long distance that vessels must travel from fishing
ports to the North Shore likely prevents intensive
fishing in this area.

Divers mostly visit Zone 3 (Caracasbaai) and Zone
7 (Westpunt) the most based on survey responses
from 68 divers (Figure 10). Zones 3 and 7 also
are areas experiencing high fishing pressure and
value. Accessibility to divers and utility to dive operators are likely major factors in determining the
How are coastal waters used?
value of a dive site. The potential for conflict from
Reef fisheries have long sustained coastal com- high overlap of use and value is thus greatest in
munities by providing sources of both food and these areas.
livelihoods. When well managed, such fisheries
can be a sustainable resource, but growing human populations, more efficient fishing methods,
and increasing demands from tourism and international markets have significantly impacted fish
stocks. Removing just one group of fish from the
reef food web can have cascading effects across
the ecosystem. While large predatory fishes such
as grouper and snappers are often preferred target
species, fishers move to smaller, often herbivorous
reef fish as the numbers of larger fish decline rapidly (in a process known as “fishing down the food
chain”) (Sandin et. al, 2010). Heavily fished reefs
are thus left with low numbers of mostly small fish
and, without herbivores, become prone to algal
overgrowth. Such overfished reefs may be less
resilient to (global) stressors, more vulnerable to
disease, and slower to recover from other natural
and human impacts (Hughes et. al, 2007).
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Figure 9. Fishing pressure by Zone
derived from interviews (n= 119)
with fishers using SeaSketch).
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Figure 10. Diving areas used
by divers as indicated during
SeaSketch surveys (n= 1652)
were translated into Zone averages for Diving Pressure
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Table 1. Ecosystem Indicator Data by Zone.
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Discussion
The following discussion provides a synthesis and
evaluation of the Assessment’s results. Current
challenges to overcome include habitat loss, low
juvenile coral density, depleted fish stocks, degraded water quality, and the cumulative impacts
of human use including coastal zone development,
fishing, and diving. First, the discussion examines
the status of Curaçao’s reef communities compared to other Caribbean islands. Second, it provides an overview of major and minor challenges
that should be addressed to improve the condition
of Curaçao’s marine resources and ensure their
sustainable use. The third section of this chapter
provides a discussion on designing effective marine protected areas. It cites examples within the
Caribbean and around the world to illustrate how
these successes and lessons learned can be applied in Curaçao. Fourth, one-page summaries are
provided, highlighting the status of reef communities and specific issues related to conservation
and marine spatial planning in each zone.

Curaçao therefore still has a unique asset compared to other islands in the Caribbean, but
Curaçao’s reefs are certainly in decline. With this
decline comes the loss of ecosystem services including fishing and tourism as well as protection
against storm surge and e.g., bioprospecting.

Issues to be addressed to prevent further decline of Curaçao’s coral and fish
communities
The following section discusses Curaçao’s most
significant challenges that must be overcome to
restore the health and status of the nation’s marine resources. These include the reversal of coral
decline, overfishing, and degraded water quality,
as these three factors—coral cover, fish and water quality—are essential to ensure proper system
functioning in the long term (Kaufman et. al, 2011).

Issue: decreasing abundance of reef
building corals

Curaçao compared to other Caribbean
Islands
From a Caribbean-wide perspective, Curaçao still
harbors some of the best reefs in the region. They
provide the island an opportunity to leverage the
economic benefits of coral reefs and protect an
important ecosystem that is becoming increasingly rare elsewhere in the Caribbean (Figure 11).
Curaçao’s reefs are among the healthiest in the
region, especially the reefs of Eastern Curaçao
(Zones 1 and 2 in particular) (Figure 11). The absence of substantial hills and year-round rainfall
likely contributes to the healthy reefs observed on
islands in the Southern Caribbean. Hills and rain
increase terrestrial run-off, which in turn carries
nutrients and other pollutants to the sea. However,
considering that average coral cover was close to
50 - 60% (Gardner et al. 2003; Jackson et al. 2013)
in the Caribbean when researchers conducted robust surveys in the late 1970’s, one quickly realizes that reefs on Curaçao have degraded over
time,but to a lesser extent than most other islands
in the Caribbean.

In the early 1980’s reef building corals made up
~34% of Curaçao’s reefs (Van Duyl 1985). In
2010, that number had already dropped to 23.2%
(Vermeij 2012), indicating that coral cover had decreased by 42% in only three decades. This worrisome trend is confirmed by the findings of this
2015 Assessment, that now estimates 16% coral
cover along Curaçao’s southern coast. The 1982
surveys by Van Duyl focused exclusively on the
south side of the island, but comparing this data
17

Figure 11. Overview of commonly used metrics for coral ecosystem health of Curaçao’s coral reefs in comparison to other
Caribbean islands and nations. Horizontal lines indicate accepted values for healthy reefs. Note that in the middle panel
algal abundance should be under the horizontal line for a reef to be considered healthy. High coral cover and high abundance of parrotfish are considered signs of functional reef communities, whereas high macroalgal abundance is indicative
of degraded reefs (Note: the more common turf algae are not included in this comparison).
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Figure 12. Massive, island wide declines in coral cover over the past 30 years. Note that information from the North shore
is unavailable for 1982.

set to the one presented here shows that Curaçao
has experienced a drastic decline in coral cover
(Figure 12). In 1982, coral cover was 34% on average and exceeding 75% in many areas along the
south coast, but is now below 20% and in many
locations below 10%. These findings indicate that
between 1982 and 2015, Curaçao has lost over
50% of its living coral. Given that tourism makes
up 18% of Curaçao’s economic sector (SFG,
2016) and much of the ocean-based tourism is
dependent on the health and beauty of Curaçao’s
marine resources, this figure highlights the critical
need for a strong management system to ensure
coral reef ecosystem health and recovery into the
future.

that approach the regional maximum. For example, almost one-third (29%) of all surveyed sites
have a coral cover above the Caribbean regional
average (16.8%). The relatively high abundance
of areas with high coral cover and arguably functional reef communities makes Curaçao’s reefs
different from the reefs of many other Caribbean
countries. Curaçao stands together with Bonaire
and has been identified as one of the few places
in the Caribbean where healthy reefs can still be
found (Jackson et. al 2014).

Curaçao has a low abundance of macroalgae
compared to other locations in the region (Figure
11, middle). This is likely contributable to the high
biomass of herbivores (Figure 11, bottom) that
Reef conditions are highly variable in the waters keep macroalgal abundance low through grazing.
surrounding Curaçao. Large sections along the Figure 13 shows the changes in turf algae, macmiddle and western side of the island have coral roalgae and coral cover through time based on 12
abundances slightly below the regional average sites around Curaçao. It shows that coral cover
(Figure 11, top). However, the island also has a has declined precipitously. While the low abunsignificant amount of reefs with coral abundances dance of macroalgae is a hopeful signal, the rise
19

group on Curaçao (and likely elsewhere in the Caribbean), new conservation strategies are needed
to mitigate their negative impact on coral communities. Such approaches should focus on improving coastal water quality, especially as it relates to
nutrient inputs from sources including sewage and
septic systems.

Figure 13. Example of the shift in Caribbean reef community structure from coral dominance to turf algae. While the
abundance of macroalgae has increased, the increase in
turf algae is much larger and both algal groups are indicative
of reef decline. Shown are the averages of 12 sites around
the island of Curaçao (Carmabi, unpubl. data).

of turf algae is worrisome. Turf algae are multispecies communities of small marine algae that
are becoming a dominant component of coral
reef communities around the world. A study found
that turf algae cover 40.3% of the reef bottom on
Curaçao’s south shore (i.e., all bottom not covered
by sand), and cause both visible (overgrowth) and
invisible negative effects (reduced fitness) on
neighboring corals (Vermeij et al. 2010).

The ability for Curaçao’s reefs to regrow through
the establishment of new corals appears compromised. A comparison of the community structure
of juvenile corals between 1975 and 2005 already
showed a decline of 54.7% in juvenile coral abundance (Vermeij et al. 2011), and this Assessment
confirmed these results. In 2005, the island wide
average density of juvenile corals was still approximately 10 individuals m-2, but decreased to 5.4
individuals m-2 in 2015. Only Klein Curaçao and
Oostpunt reefs (Zones 1 and 2) still harbor juvenile coral communities indicative of healthy reefs,
and make up approximately half all recruits found
during this Assessment.

Because the maintenance and recovery of coral
communities depends (amongst other things) on
the successful establishment, early survival, and
subsequent growth of coral larvae, these observations are worrisome and once again illustrate the
magnitude of the changes that have occurred in
only three decades in Curaçao reef communities.
Although the 54.7% decline in juvenile abundance
between 1975 and 2005 can be both a cause and
When increased nutrients are present in the water, consequence of the decline in adult coral cover
turf algae rapidly overgrow corals (at a rate of 0.34 on these reefs, these findings indicate that fundamm 3 wk-1). In contrast to macroalgae, herbivores mental processes required for population mainhave no effect on the rate by which turf algae overgrow corals (Vermeij et al. 2010). The combined
effect of nutrient loading and herbivore ineffectiveness gives turf algae a competitive advantage
over corals, raising serious concerns regarding
the future health of Curaçao’s coral reef systems.
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Traditional conservation measures to reverse
coral-to-algae phase shifts focus on reducing algal abundance, i.e., increasing herbivore populations by establishing marine protected areas
or strengthening fishing regulations. Such an approach may not reduce the negative impact of turf
algae on local coral communities. Because turf
algae have become the most abundant benthic

tenance and recovery are operating at rates well
below their historic baselines.

Issue: overfishing

fishes (Boeke 1907; Zanenveld 1961), one would
expect the catch in 1958 to be higher than in 1904.
Nevertheless and despite the increased fishing efficiency, the catch has decreased by 25% over this
50 year period, suggesting that the first effects of
overfishing were already evident in the mid twentieth century.

In comparison to other locations in the Caribbean, the reefs of Curaçao have fair, but not high,
fish abundances. Reef fish abundance also varies
greatly among sites along the island’s southwest Catch per unit effort has decreased substantially
between 1904 and 2006 due to a drastic decline
coast.
in demersal and pelagic fish abundance. This has
As discussed previously, herbivorous fishes play led to a shift from demersal towards pelagic spean important role in keeping reefs free of excess cies and forced fishers to target low market value
algal growth. Less algae means more space for species. The largest decrease in abundance was
coral growth. Therefore maintaining and enhanc- found for large predators who are virtually abing Curaçao’s herbivorous fish populations is an sent from the reefs at present. Moreover, the seimportant element in maintaining and enhancing vere decline in coral cover over the last decades
caused by pollution, eutrophication, physical deCuraçao’s coral reefs as a whole.
struction of habitats, outbreaks of disease, invaReef fish species of commercial interest (e.g., sions of introduced species, and human induced
large snappers, groupers, barracuda’s) are rela- climate change also contributed to the decline of
tively rare (<5 grams per square meter) at the sites reef fish abundance, warning against simplistic
examined and only represent 4% of the total fish views whereby fishers alone are held responsible
for the current depauperate status of commercial
biomass on Curaçao’s reefs.
reef fish communities.

The story of lowering fish catches in Curaçao is
a common one throughout the world’s oceans. In
many locations, artisanal fisheries have depleted
coastal and pelagic waters by overharvesting populations of large predatory fish species, resulting
in a present day fish community that differs markedly in composition and abundance to communities observed decades or centuries ago (Jackson
et al. 2001). In many cases, these predatory fishes
have become so rare that they no longer interact
with other community members in the ecosystem
and phenomenon referred to as “ecological extinction” (Stallings 2008). The removal of predators
Figure 14. Catch per unit effort (CPUE) of hand-line fishing also reduces their role in controlling community
on Curaçao over three time points across a hundred year members. This loss has ecological consequences
time scale. Data: Carmabi unpubl. report.
(e.g. the outbreaks of diseases, the proliferation
of invasive species, changes in herbivory) further
The 90% decline in catches between 1904 and down the trophic chain, a phenomenon known as
2006 (Figure 14, Carmabi, unpubl. data) can be “trophic downgrading” (Sandin et al. 2010).
attributed to severe overexploitation of the waters surrounding Curaçao during the last centu- Once again, these effects demonstrate the interry. Because the introduction of nylon fishing lines connected nature of the coral reef ecosystems,
in 1934 and the use of larger and faster fishing which means that achieving a sustainable ocean
vessels allowed fishers to catch more and larger policy in Curaçao may require a diversity of ap21

proaches to tackle the most pressing challenges.

Issue: degraded water quality
Human activities far inland can impact coastal waters and coral reefs. At the coast, sediments, nutrients, and pollutants disperse into adjacent waters.
Such impacts can be reduced where mangrove
forests or sea grass beds serve as a buffer and
filter between land and the reefs. In high quantities, sediments can smother, weaken, and kill corals and other benthic organisms. The discharge of
excessive nutrients like nitrogen and phosphorus
in shallow coastal waters (i.e., eutrophication) can
encourage an explosion of phytoplankton in the
water column, known as an algal bloom.
Such blooms reduce light levels reaching the
corals and can cause vigorous growth of algae
and seaweeds on the seabed that out-compete
or overgrow corals. In severe cases (which have

based sources such as sediment runoff. Carbon-based compounds provide food to microbes.
As a result microbes increase in abundance and
become increasingly more pathogenic (Rosenberg et. al, 2007, Havell et. al, 2007). Therefore,
as for nutrients, unnatural carbon sources (e.g.,
sewage, terrestrial run off) should be minimized in
order to prevent the rise of pathogens (i.e., “microbialization”) on Curaçao’s coral reefs.
Excessive levels of nutrients like nitrogen and
phosphorus in shallow coastal waters (i.e., eutrophication) can encourage blooms of phytoplankton in the water, which block light from reaching
the corals and seagrasses, or they can cause
vigorous growth of algae and seaweeds on the
seabed that out-compete or overgrow corals. In
severe cases (which have occurred on Curaçao
in 2009 and 2011), eutrophication can lead to hypoxia (oxygen deficiency), where decomposition
of algae and other organisms consumes all of the
oxygen in the water, leading to “dead zones.” With
dead zones comes fish kills and eventually complete nearshore ecosystem collapse.
Similar to nutrients, coral reefs change when carbon-based compounds (“sugars’) enter the water.
Addition of carbon compounds fuels local microbial communities that feed on these compounds. As
a result microbes increase in abundance and become increasingly more pathogenic for marine life
and people using these waters. Therefore, in addition to nutrients, unnatural carbon sources (e.g.,
sewage, terrestrial run off) should be minimized in
order to prevent the rise of pathogens (i.e., “microbialization”) of Curaçao’s coral reefs.

occurred on Curaçao in 2009 and 2011 (Vermeij,
2012)), eutrophication can lead to hypoxia (i.e.
depletion of oxygen). As algal blooms run their
course and decompose, the microbes that enable
such decomposition consume the oxygen in the
water column. This loss of oxygen can become so
low that animals cannot survive. Known as “dead
zones,” fish that cannot escape them die and
eventually nearshore ecosystems can collapse.
In addition to nutrients, coral reefs change when
carbon-based compounds enter the system. Such
compounds come from sewage and other land22

Sedimentation is another challenge that often occurs in the process of coastal development in the
absence of proper safeguards. In high quantities,
sediments can smother, weaken, and kill corals
and other benthic organisms.
Mangroves and sea grass beds reduce sediment
and other pollution impacts by serving as filters
to land-based pollution and sediment traps, but
these resources are also threatened by pollution.
Curaçao has a small amount of seagrass habitat
(~10 hectares) that serves as a nursery ground for
fish. Like corals, seagrasses require sunlight to

survive and their growth can be inhibited by algal
blooms that come with nutrient pollution. Eutrophication of coastal waters is currently the largest
threat to Curaçao’s seagrass habitat (Govers et al.
2014; Green and Short 2003).

Minor challenges related to ocean usages

als and impact coral health, reducing ecosystem
services provided by coral reefs in the long term
(Barker et. al, 2004).
Diving impacts can be minimized, however. Researchers have demonstrated that effective management practices and diver training through predive can significantly reduce the impacts of diving
activities on coral reefs (Medio et. al 1997). In addition, briefings are rendered more effective when
dive instructors engage in intervention after a diver makes contact with a reef (Barker and Roberts,
2004).

Over 3,000 boats are registered on the island of
Curaçao, and conversations with the port authority
indicate that there are estimated to be an additional 1,200 unregistered boats. Curaçao’s shelf is
narrow, and there are limited areas for safe anchorage. Further, most boats are restricted to the
south shore due to rough conditions on the north
shore. Many deploy anchors on the reef and can
become stuck, thereby damaging it. Though not
quantified, during the course of the marine surveys, divers saw many anchors lodged into the
In addition to coral reef decline, overfishing, and reef (typically home made). Similar to diving, the
degraded water quality, both diving and boat- effects of anchoring causes immediate and acute
ing can have negative impacts on the health of physical damage to the reef, and can accumulate
Curaçao’s marine ecosystem (Saphier et. al, causing significant long-term impacts (Forrester
2005). While impacts from diving and boating are et. al, 2015). Providing clearly marked anchorage
significant, they are minor in comparison to the pri- areas and public moorings can yield a predictable
mary factors driving the decline of Curaçao’s ma- outcome by eliminating anchoring on coral reefs.
rine resources. Addressing these challenges will
provide benefits and reduce cumulative impacts, Curaçao’s industrial shipping industry also posbut will not provide the magnitude of relief that re- sesses numerous challenges to ocean users and
pairing water treatment facilities and designating local ecosystems. Large vessel traffic can cause
impacts to local users including large wakes that
no take zone’s will provide.
preclude use of small boats in Zone 4 and 5 (WilUndertaking efforts to mitigate these challenges lemstad and Bullenbaai). More significantly, accishould not impede or replace action needed to ad- dents involving large vessels have the potential
dress the major challenges described in the previ- to cause drastic and irreversible damage to coral
reef and mangrove ecosystems. In 2012, a large
ous section.
oil spill occurred near the Bullenbaai facility. The
Curaçao is a popular dive destination that attracts spill impacted Jan Kok, a RAMSAR site, fouling
approximately 58,000 divers each year who con- it with crude oil that covered mangroves, birds,
duct an average of 4 dives per visit (SFG, 2015) and other fauna in oil and causing mass mortality.
(Croes et. al, 2015). The diving industry is an im- Scientists have recently confirmed dramatic longportant economic sector in Curaçao estimated at term effects of the oil spill on coral communities.
$32.8M (SFG Economic Valuation, 2015). How- Such research indicates that crude oil exposure
ever, diving can cause structural damage to cor- on reefs significantly reduces the ability of coral
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larvae to settle on a reef (Hartmann et. al, 2015).
This impact to larvae has concerning implications
for the new generations of corals that are necessary to maintain healthy reefs.

Information not included in this report
This Scientific Assessment largely focuses on the
coral reefs of Curaçao. It was beyond the scope
of this assessment to evaluate the crucial resources of inland bays, including seagrass beds and
mangroves, as well as mesotrophic reefs, deep
sea systems and offshore habitats. Such habitats
provide important services in their own right. They
also support healthy coral reef ecosystems. Some
of these ecosystems are already targeted for protection, including nine sites proposed as RAMSAR
wetlands of international significance. Furthermore, this Assessment did not evaluate threatened and endangered species or other depleted
species in detail, including sea turtles, cetaceans
and sharks. These species are the focus of existing protection efforts as well.
In addition, it was beyond the scope of this assessment to evaluate all of the threats to Curaçao’s
marine ecosystems. These include assessing and
evaluating impacts from oil and other toxic compounds, climate change impacts including warming, acidification and sea level rise, and unsustainable coastal development practices.
An overview of existing knowledge on these topics
is included in the Appendices at the end of this
document.

Zone summaries
We identified eight distinct zones of Curaçao’s
nearshore environment. Ecosystem characteristics and human influence varied significantly between zones reflecting the distribution and intensity of cumulative impacts, or lack thereof. With
that, each zone presents specific opportunities
and challenges for management to protect and/or
restore the assets of each zone. This section provides a summary of each zone that highlights key
characteristics of the marine environment, identifies the status of ecosystem indicators in compari24

son to other zones and the greater Caribbean, and
discusses conservation opportunities that provide
the largest impact. Note that each summary is
based on a zone average, and does not reflect
within zone variability.

