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Context
On April 22nd, 2017, vessels (a large barge and a smaller working boat) that aid with the construction of the
second megapier on Curacao were observed operating
away from the megapier location in front of the Holiday beach Hotel (HBH). They were extremely close to
shore where the barge (holding a pile driver) appeared
to be anchored (Fig.1) while the working vessel pulled
a large yellow object around, presumably a buoy used
to anchor vessels and/ or barges (Fig. 2). Bystanders
later stated that the barge was in front of the HBH before the 22nd but was towed away by a tugboat on Saturday. Presumably all aforementioned activities concern the preparations to install to pilings in front of the
HBH that will be used for mooring cruise ships docked
at the future second megapier.
Bystanders on the beach of the Holiday Beach Hotel
deemed the activity on Saturday unusual and notified the diveshop that is present at the same facility
(Goby Divers). Due to extreme sedimentation resulting
in bad visibility, it was impossible to assess whether
aforementioned activities had caused any damage to
the coral reefs that are well-developed in this area. On
Sunday April 23rd, divers of Goby Divers did dive the
location to find that many corals between depths of approximately 2 and 15 meters, covering the entire reef
plateau in this area, had been damaged. Goby Divers
relayed their observations to Carmabi on the morning of April 25th, 2017. Inspection of pictures taken by
Goby Divers warranted further inspection and dives
were made by Carmabi personnel lto assess the damage between April 27th and May 1st.
It was confirmed that the coral reef had been impacted
in an area measuring 3.7 hectares (Fig. 3). Locally, deep
“scars” in the reef bottom were observed as if the reef
had been ploughed (Fig. 4; scar: 0.5 m deep and 2.5m
wide) resulting in total mortality of all marine life in
such areas. Neighbouring corals were also damaged as
dislodged corals, sediments and rubble from the scar
were pushed aside, thus damaging marine life in areas
directly bordering the “scars”.
Outside the scars, many coral colonies and colonies
of other marine organisms such as gorgonians and
sponges were also dislodged from the bottom and

Figure 1. The barge holding a pile driver that was anchored
in front of HBH the week before the incident

Figure 2. The smaller boat equipped with a crane that was
observed moving objects and cables around on Saturday
April 22 in front of the HBH

turned upside down, broken or otherwise damaged.
Many corals still have live tissue on them, but as these
surfaces often faced downward or ended up in sediment, the amount of corals that will die is expected to
increase. A large number of endangered corals (Acropora palmata, A. cervicornis, but especially Orbicella
(Montastraea) annularis and O. faveolata) were killed or
damaged (Fig. 5). Such larger colonies (also including
colonies of Colpophylia natans) were dislodged and had
tumbled down the slope to deeper water where they
often ended up upside down on less steep, but sandy
substrates.

Figure 3. Overview of the area that was impacted as determined by in water GPS measurements on Tuesday April
25th by Carmabi. The maximum length of this zone, measured along shore is 543m, the maximum width is 143m.
The total area measures 3.7 hectares. Note that damage
within this area varies from 100% destruction to relatively
few organisms being damaged or dislocated

Figure 5. Example of a Colpophylia natans colony (front,
approximately 1.2m in diameter) and a Orbicella faveolata
colony (background, approximately 1.0m in diameter) that
have been dislodged from the shallow reef and tumbled
down the slope to sandier areas around 15m depth

Acceptable damage within the context of issued permits

which has been underwritten by Curacao. This park
has not been created as of yet (May 3rd, 2017).

A certain degree of damage to local coral reefs due
to the construction of the 2nd Megapier was expected
and two reports were compiled earlier to estimate the
degree of this damage (Vermeij 2015, Van den Brink
2016). Due to the relatively healthy state of reefs at this
location, the damage would be severe and consequently the Curacaoan Government decided to compensate
this damage by creating a marine protected area protecting 20 kilometres of extremely healthy reefs along
the island’s eastern side. Such mitigation is required
under the SPAW protocol of the Cartagena Convention

At least three permits (Maritime Authority Curacao
(MAC, dated: Nov. 16, 2016), Ministry of Health, Environment and Nature (GMN, dated: Aug. 12, 2016)
and the Ministry of Traffic, Transportation and Urban
Planning, (VVRP, dated: Sept. 2, 2016), all included as
Appendices) were provided allowing aforementioned
construction under certain conditions specifying areas
where work could occur and under what conditions.
Specific guidelines were included stating that utmost
care should be taken to not damage nearby coral reefs
other than strictly necessary to build the 2nd Megapier.
For this report, an area was defined based on the permits (specifically construction drawing V&A 16-162) in
which elements associated with the 2nd Megapier and
the Megapier itself were projected, i.e., were damage
to coral reefs could be expected (Fig. 6). In this report,
we consider the damage to coral reefs within these two
areas seperately as damage to reefs could be considered “allowable” in areas previously discussed and
defined in the permits, whereas outside these areas,
i.e., areas nowhere specified in the permits, damage
from activities associated with the building of the 2nd
Megapier could be considered unacceptable based on
the permits provided.
Prior state of the affected area

Figure 4. The scar on the bottom in front of the HBH where
relatively well developed coral communities were present
before

Based on prior assessments of the reef in between HBH
and the 2nd Megapier (Vermeij 2015, Van den Brink
2016), above 3m and below 15m (up to 25m) much of
the bottom consists of abiotic surfaces (e.g., mainly
sand) or is dominated by undesirable turf algae. In between these depths coral communities are remarkably

Figure 6. Impression
of the affected area.
Based on the blue
line a seperation
was made between
areas explicitly
considered in the
permits (Area B,
see appendices)
towards the East
and those areas not
mentioned in the
permits (Area A,
towards the West)

well developed and coral cover as well as diversity is
relatively high compared to the rest of the island. At
these intermediate depths coral cover approximates
~30% which is twice as much as the island wide average. The reef at this location is growing, i.e., there
are more corals atoday than 3-4 decades ago (Fig. 7),
which is unique within the Caribbean region (Jackson,
Donovan et al. 2013). Braincorals (Diplora spp.) dominate coral communities at this location but other species, including a large number of endangered corals
(Acropora palmata, A. cervicornis, but especially Orbicella
(Montastraea) annularis and O. faveolata) were extremely abundant at this location. While cover by corals decreases rapidly below 15m and sediment increases, a
sandflat starts around 20- 30m and extends off shore,

after which a second reef begins. Near the HBH this
reef (often named “double reef”) rises again to ~ 20m
after which it drops to greater depths as elsewhere on
the island. In areas not directly in front of the HBH,
the rise of this second reef is less pronounced. While
quantitative data is not available, photographic evidence suggests that the second reef (“double reef”) is
also well developed in terms of coral cover.
Purpose of this report
This report aims to provide an objective description of
the status of reef communities in the affected area. Assessments were conducted between April 27th and May
1st and have resulted in a more detailed description of
the impacts presumably resulting from the construction activities for the 2nd Megapier. The report is voluntarily and independently compiled by Carmabi and
only servers to provide all parties involved with an accurate description of the current situation. The amount
of damage is simply assessed without the intention to,
at this stage, blame anyone for such damage. This is
the task of Curacaoan authorities specifically mandated to investigate such causal relationships within the
context of prior arrangements and permits.
Method

Figure 7. This graph shows the relative change in coral
cover (a commonly used metric for reef health) at the three
surveyed sites near MP1 and MP2 relative to other sites on
Curaçao. There is stark contrast in the way coral communities developed at MP2 (positive) and negative for nearly all
other sites on Curacao, except for the Oostpunt area

Divers used underwater cameras equipped with positioning systems to photograph random sites (i.e.,
sites were not chosen based on the amount of damage
(or lack thereof)) in the affected area defined based
on preliminary description provided by divers that
had surveyed the site prior to Carmabi’s assessments.
Surveys focussed on shallow reef communities between 2 and 15m depth starting in front of the HBH,
extending to the East towards to the westside of the

1st Megapier (Fig. 6). At 90 sites distributed equally
within the surveyed area, 4 quadrats (2.0 x 1.2 m) were
photographed and later analysed for (1) cover by reef
building corals, (2) the total number of coral colonies
present within each quadrat, (3) the proportion of coral
colonies that were either (a) scarred, (b) dislodged or
(c) fragmented (see Fig. 8 for examples). Many coral
dislodged colonies were still in their original growth
position, so it appeared they had remained unaffected. All colonies were therefore inspected manually
to determine whether they were still attached to the
reef bottom or had become dislodged. Estimates of all
aforementioned metrics were then expressed as their
average value for each site resulting in 90 spatially explicit data points.
We first present data on the abundance of coral
throughout the affected area and which proportion of
them were in one or more ways affected based on the
(a), (b) and (c) categories above. Secondly, the distribution of these same impact types was visualized. While

shallow coral communities are described quantitatively; those in deeper water (20 – 50m, including those
on a second reef that is present in deeper water in the
surveyed area) are described qualitatively due to the
time constraints of working at greater depths.
Only the impact on corals was inventoried, damage to
sponges and gorgonians that were also abundant in
the area was not specifically quantified, but, based on
in situ observations follows the same trends as those
reported here for reef building corals.
Results and observations
Combining all observations, 868 colonies of all coral colonies surveyed (n= 2610) were damaged or destroyed, i.e., on average 33.2% of all colonies had
experienced some form of impact (i.e., were scarred,
dislodged, fragmented or combinations thereof).
There were large differences in the degree to which
coral communities were affected locally (i.e., in 9.6m2
areas) ranging from total destruction to unaffected. On
average, damage in Area A (Fig. 6) is higher (40% of
the total number of surveyed coral colonies (n= 1407)
is affected) compared to Area B where 26% of the total
number of colonies (n= 1203) had been impacted.
Within the entire area (i.e., Area A and B, Fig. 6), the
abundance of corals also differs enormously among
sites. Average coral cover inside the entire area surveyed is presently 11% (SD: 13, n= 354; depth range:
2-14m). Per Area, these values are 10% (SD: 12, n= 203)
for Area A and 13% (SD: 13, n= 151) for Area B. Similar
to prior surveys, coral communities are best developed
between 5 and 10m, where average coral cover is 18%
(SD: 15%, n= 171), i.e., higher than the Caribbean average (Jackson, Donovan et al. 2013). The abundance of
corals is already much lower than those found (~30%)
during earlier surveys conducted in the same general area (Vermeij 2015). In addition to damaged corals,
gorgonians and sponges were equally impacted, following the same spatial patterns described below. The
distribution of corals (in percentage bottom cover) and
the proportion that has been impacted is shown in Fig.
9.

Figure 8. Examples of different types of damage observed.
Colonies were scarred (top), dislodged (middle) and fragmented (bottom). Combinations of these types often occur

The greatest damage occurred in front of the HBH approx. centre 12.106745°N, 68.948139°W) where a large
“scar” is found on the reef bottom (52.7m long,2.5
to 5m wide, 0.5m deep; starting point: 12.106945°N,
68.947986°W running eastward) and where all organisms in and next to this scar were dislodged and
destroyed, i.e., broken into small pieces. A similar, but smaller (~20m) scar is found at 12.106515°N,
68.947553°W). Elsewhere, coral communities are still
present but have suffered damage whereby large
patches of tissue are removed from the underlying
skeleton, colonies are broken into smaller fragments or
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Figure 9. Overview of the distribution of corals and their fraction
that was damaged. Higher bars
indicate the presence of more
corals at that site and a larger red
fraction within each bar indicates
the proportion of corals that were
damaged. Surveys were carried
out between depths of 2 and 15m.
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Figure 10. The damage inflicted to reef communities varies
across space. Three categories
of damage were used to survey
the spatial distribution of each
type. The types of damage
assessed were colonies that had
been broken in smaller pieces,
i.e., fragmented (top), that had
been broken off of the bottom
and had fallen over, i.e., had
been dislodged (middle) or were
scarred, i.e., had large parts of
their tissue missing (bottom).
Examples of each damage type
are shown in Figure 9. Each
dot represents a 10m2 area in
which the condition of all corals
in that area was assessed. The
proportion of corals showing
signs of one of abovementioned
damage categories is indicated
by the size and color of each
dot. Legends differ per graph
and are indicated on their bottom
right corner
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colonies have broken-off of the reef (Fig. 10) and either remained in place (albeit unconnected to the reef)
or tumbled around often to the sediment flats deeper
than 15m. Especially large (> 1m high colonies of Orbicella faveolata, O. annularis and Colpophylia natans) were
dislodged and found upside down at greater depth
(Fig. 5). Overall, damage to coral colonies is highest
west of the anchoring location of the barge (Figs. 6 and
9, 10), independent of depth (indicated by the large red
circles at left side of Fig. 10) in front of the swimming
area of the HBH.
The catastrophic damage described above, foremost
occurring in Area A, can be associated with the moving of a large sand-anchor at this location around 5m
which is required for attaching cables needed to position a working platform. In the remainder of the
surveyed area, the observed damage is substantial
(see above), though identification of the cause of the
observed damage is less straightforward. At deeper
reefs and at sites where cables are still present on or
immediately above the reef bottom, the damage to the
underlying reef is extensive (Figs. 11, 12) due to the
continuous up-and-down as well as side-ward movement of the cables in the entire area that was surveyed.

Figure 11. Example of a colony showing signs of damage
inflicted by a cable

In addition to anchor(dragging) and moving cables,
potential other causes inflicting damage to the reef
include: the large amounts of water pushed over the
reef (“propeller wash”) resulting in “hurricane like”
conditions whereby benthic organisms such as corals
break off and flying debris (e.g., broken off organisms,
sediment or rubble) causes scars in their living tissue.
This could also explain the large number of dislodged
and broken-off corals. The latter is however most likely
caused by the (moving) cables that left many visible
scars in corals (Figs. 11, 12) in the surveyed area (mostly in deeper (>15m) water) and those that had tumbled
down the reef slope. A combination of these factors, or
other factors not addressed here, should be considered
as alternative explanations.
At the deeper reef (30-50m) additional damage was
observed due to the presence of a cable that had damaged, fragmented or broken-off a large number (and in
some areas all) benthic organisms such as corals and
sponges (Fig. 12). Exact estimates are not available as
no quantitative surveys were conducted between these
depths, but cables at deeper reefs are found throughout most of the surveyed area (Fig. 6) and caused
near-total destruction in a 3m wide area on each side
of the cable, except in areas close to the barge as cables
were farther of the bottom.
Future development of the affected reef
A large number of corals that have been dislodged or
fallen over will die as a consequence, though some spe-

Figure 12. Example of damage at the deeper reef inflicted
by a cable running from an off-shore anchoring point at
60m to the location of the 2nd Megapier. The colonies on
the top picture are colonies that were scraped off the deeper sections of the second reef. The picture below illustrates
the damage inflicted to large sponges (> 1m in height) that
are common at the depth were these pictures were taken
(~50m).

cies (e.g., Diploria spp.) will be more resilient than others (e.g., Orbicella spp.). Algae will invade areas where
corals have lost their tissue which will cause additional
mortality of the affected colonies, potentially leading
to total colony mortality, again depending on species.
In addition to algal overgrowth, damaged corals are already being preyed upon by coral eating worms (Hermodice spp.) which will cause higher mortality rates
than presently observed. In short, while more than a
third of all colonies have suffered some form of damage, the true numbers of colonies suffering mortality
can only be ascertained after some period of time. In
other words, many of the damaged corals still harbouring living tissue at present will eventually succumb,
especially Orbicella spp. and those that have tumbled
down the slope where aforementioned whole colony
mortality has already set in in many individuals.
In Area B many (~50%) individuals belonging to Orbicella annularis (listed as an endangered species under the
SPAW protocol) that were not showing signs of physical damage, had bleached (Fig. 13). During bleaching
corals loose their endosymbiotic algae, which causes
them to starve and die when stressful circumstances

Figure 13. Bleached corals (mainly Orbicella annularis) in
between the 1st Megapier and the barge location

persist. Warm water and excess sedimentation are both
known factors that induce coral bleaching (Douglas
2003). Continued high influxes of sediments from the
2nd Megapier’s construction site (siltation screens were
mandated in the permits, but never installed) could
explain this unusual bleaching event, but will also impede future recovery rates of damaged colonies (Fabricius 2005).
Lastly, future additional surveying of the impacted
reefs should take into account that a large number
of dislodged colonies (~ 5000, by May 2nd, 2017) have
been uprighted by volunteer divers so that traditional
surveys of benthic cover no longer represent the initial damage experienced by this reef (Fig. 14). During
such surveys, one should assess whether colonies are
still attached to the benthos or not, i.e., had become
dislodged. While the reef at this location has been severely impacted (i.e., a third of all colonies suffered
some form of damage), there are still communities in
this area that have escaped severe impacts and, as the
reef was originally in much better condition than most
reefs around Curacao, therefore remain in good condition. Future operations related to the construction
of the 2nd Megapier should take this into account. Especially the laying of cables directly over the bottom
over long distances and the use of anchoring devices in
areas where coral communities occur should be avoided to prevent damage as described above (see original
requirements in permits prohibiting all anchoring activities at depths below 30m).

Figure 14. Example of damaged reef on April 27th and
immediately after volunteers had uprighted colonies in
this area on May 1st. In total approx. 5000 colonies were
restored, i.e., uprighted by volunteer divers in 4 days.

In a study made prior to the start of the 2nd Megapier
construction (Van den Brink 2016), many of the issues
reported here were discussed (e.g., propeller wash,
damage by cables etc.). The suggestions made and concerns expressed in this document should be seriously
considered to guide improvements in the modus ope-

Example:
(1) The impacted area is conservatively estimated
(only the shallow reef is considered) at 1.6 hectares as only the area surveyed within Area A
(Fig. 6) is considered
(2) Assuming a partial decline in reef health, rather than considering the entire reef as being ecologically dysfunctional or “lost”, multiply the
area above by the proportion of corals impacted (40%), yielding 0.64 hectares
(3) Based on historic data (in 1982, coral cover at
this site approached zero), the time for recovery is conservatively taken as half this time period (i.e., for a reef to develop from 0 to ~30%
cover) which is 17.5 yrs

Figure 15. Estimated values of economic sectors on Curacao relying on marine and coastal resources, including
marine tourism and associated expenditures in the hotel
sector; cruise tourism; and fisheries (redrawn from Waitt
Institute 2016)

(4) Combining all values above with the value of
one hectare of reef (i.e., $57.5K per year, Waitt
Institute 2016) yields $0.64M

randi of future construction activities at this site.
Economic impact
Because coral reefs directly support tourism and local
fishing activities, people have recently begun to estimate their monetary value. Besides aforementioned
factors, reefs also contribute to coastal protection, buffering adjacent shorelines from erosive wave action and
storm impacts, and are the place where most new medicines are discovered (e.g., Pendleton 1995, Moberg
and Folke 1999, Cesar, Burke et al. 2003, Parsons and
Thur 2008). Reefs are an integral part of the livelihood
and food supply of the human populations that live
near them and yield tourist dollars as well.
Caribbean countries, which attract millions of visitors
annually to their beaches and reefs, derive one half of
their gross national product (GNP) from the tourism
industry, valued at US$8.9 billion in 1990 (Jameson et
al. 1995). Reefs on Curacao directly contribute $443M
annually to the island’s economy (Fig. 15) and support,
directly and indirectly, 23% of the jobs on the island
(Waitt Institute 2016). Based on these values, a hectare
of coral reef on Curacao is worth $57.5K per year. Below mentioned value, including its assumptions, only
serves as an example of how ecological damages are
translated in monetary value.
The value of the reef lost in this case could be estimated as follows:

For questions, comments and suggestions, please contact the
author of this document: Dr. Mark J.A. Vermeij (Carmabi
Foundation) via carmabilog@gmail.com or +5999 5103067.
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