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Appendix 

Template for Submission of Scientific Information  

to Describe Ecologically or Biologically Significant Marine Areas 

Note: Please DO NOT embed tables, graphs, figures, photos, or other artwork within the text manuscript, 
but please send these as separate files. Captions for figures should be included at the end of the text file, 
however.  

 

Title/Name of the area: 

Bonaire 2008: Exploring Coral Reef Sustainability with New Technologies. Bonaire, Netherland Antilles. 
 
Presented by (names, affiliations, title, contact details) 

Dr. Nicolas Alvarado  
NOAA Office of Ocean Exploration & Research (2020 Company, LLC.) 
Oceanographer 
263 13th Avenue S. 
Suite 113, Rm. 303 
St. Petersburg FL 33701 
e-mail: Nicolas.Alvarado@noaa.gov 
Tel:     (727) 209-5955 
 
(on behalf of) 

Dr. Mark Patterson 
Virginia Institute of Marine Science 
College of William & Mary 
P.O. Box 1346, Gloucester Point, VA 23062 
(804) 684-7374; mrp@vims.edu 
 
Participating Institutions  : University of Delaware & Scripps Institution of Oceanography 
 

Abstract (in less than 150 words) 

Bonaire, Netherlands Antilles, is arguably the most pristine coral reef environment in the Caribbean.  
Percent coral cover is the highest and percent algal cover the lowest compared to other Caribbean reefs 
and thus its reef environment represents a baseline sensu Jackson (2001).  Little to no survey work has 
been conducted on the deeper reef (60-100 m) on into deeper water (100-300 m).  Bonaire, Curacao, Las 
Aves, and Los Roques have recently been proposed for United Nations World Heritage Status given the 
pristine marine environments and high degree of endemism.   The goal of the proposed work is to survey 
this unique environment over a greater depth to document patterns of biodiversity shallow and deep and 
will probably discover new species. This reef mapping expedition, with the GIS database on bottom type, 
species composition, and overlying water quality, will help the government of Bonaire continue to protect 



 

2 
 

this unique ecosystem and help guide efforts to create Fishing Protected Areas and gain international 
protection.   

 

Introduction  

(To include: feature type(s) presented, geographic description, depth range, oceanography, general 
information data reported, availability of models) 

Bonaire, Netherlands Antilles, is arguably the most pristine coral reef environment in the Caribbean 
(Steneck and McClanahan 2004).  Percent coral cover is the highest and percent algal cover the lowest 
compared to other Caribbean reefs and thus its reef environment represents a baseline sensu Jackson 
(2001).  Bonaire’s economy depends heavily on diving tourism, with over 70,000 SCUBA divers entering 
its waters annually.  The Bonaire Marine Park Authority oversees the administration and protection of this 
unique underwater resource with help from STINAPA, a management advisory body.  Although the 
shallow leeward environment near Bonaire between 10-20 m was mapped in the 80’s (van Duyl 1985), 
little to no survey work has been conducted on the deeper reef (60-100 m) on into deeper water (100-300 
m).  The shallow water survey (van Duyl 1985) provides a rich database against which to assess decadal 
changes.  A recent meeting of the International Coral Reef Initiative, an effort of the United Nations 
Environmental Program, identified mapping of the reefs of Bonaire a top priority in a regional context 
(ICRI 2005), and the government of Bonaire has indicated strong support for our proposed expedition.  
Bonaire, Curacao, Las Aves, and Los Roques have recently been proposed for United Nations World 
Heritage Status given the pristine marine environments and high degree of endemism.   The goal of the 
proposed work is to survey this unique environment over a greater depth range than can be reached with 
compressed air SCUBA using 2 Autonomous Underwater Vehicles and in a future year, a manned 
submersible.  This unique mapping of the biological and physical environment will document patterns of 
biodiversity shallow and deep and will probably discover new species.  Because they can fly in close 
proximity to the bottom in terrain following mode, the AUVs will provide a superior method of imaging 
using side scan sonar, multibeam sonar, and digital video, while simultaneously measuring water column 
velocities near the bottom, dissolved oxygen, chlorophyll a, pH, conductivity, and temperature.  Because 
the AUVs can work 6-12 hours/day depending on survey speeds, a cooperative seafloor sonar mapping 
rate of at least 5 km2/day is estimated for the two vehicles.  This mapping effort will be complemented by 
select ground-truthing by compressed air and trimix SCUBA divers using underwater video and direct 
rapid coral reef mapping techniques developed by Conservation International.  The following year we 
hope to use high definition video and direct observations from the Johnson Sea-Link submersible in even 
deeper water.  This re-mapping of the shallow reefs of Bonaire using new tools and the explorations into 
deeper water using AUV technology will provide an important resource for this island state in the form of 
a detailed snapshot of shallow and deep reefs.  The shallow reef mapping will be compared to the 1984 
van Duyl snapshot.  The deeper reef mapping will serve as a new snapshot against which future explora-
tions can compare.  This reef mapping expedition, with the GIS database on bottom type, species compo-
sition, and overlying water quality, will help the government of Bonaire continue to protect this unique 
ecosystem and help guide efforts to create Fishing Protected Areas and gain international protection.   

Location 

(Indicate the geographic location of the area/feature. This should include a location map. It should state if 
the area is within or outside national jurisdiction, or straddling both. It should also state if the area is 
wholly or partly in an area that is subject to a submission to the Commission on the Limits of the 
Continental Shelf) 
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Feature description of the proposed area 

(This should include information about the characteristics of the feature to be proposed, e.g. in terms of 
physical description (water column feature, benthic feature, or both), biological communities, role in 
ecosystem function, and then refer to the data/information that is available to support the proposal and 
whether models are available in the absence of data. This needs to be supported where possible with 
maps, models, reference to analysis, or the level of research in the area) 

Bonaire (Fig. 1), part of the Netherlands Antilles, is arguably the most pristine coral reef environ-ment in 
the Caribbean (Steneck and McClanahan 2004).  Percent coral cover is the highest and percent algal cover 
the lowest compared to other Caribbean reefs (Kramer 2003) and thus its reef environment represents a 
baseline sensu Jackson (2001).  Bonaire’s economy depends heavily on diving tourism, with over 70,000 
SCUBA divers entering its waters annually.  Bonaire’s reefs are among the most well protected in the 
Caribbean with no collections of any kind allowed, with the exception of a hook and line fishery.  The 
Bonaire Marine Park Authority oversees the administra-tion and protection of this unique underwater re-
source with help from STINAPA, a management advisory body.  Although the shallow environ-ment near 
Bonaire has been extensively visited by tourists and scientists, little to no survey work has been conducted 
on the deeper reef (60-100 m) on into deeper water (100-300 m).  A recent meet-ing of the International 
Coral Reef Initiative, an effort of the United Nations Environmental Pro-gram, identified mapping of the 
reefs of Bonaire as a top priority in a regional context (ICRI 2005), and the government of Bonaire has 
indi-cated strong support (see attached correspon-dence) for our proposed expedition.  In 2004, Bonaire, 
Curacao, Las Aves, and Los Roques were nominated for United Nations World Heritage site 
(www.islascaribe-sur.org) because they are truly oceanic islands with high degrees of marine endemism 
especially in deeper water (Fig. 2).  Conservation International’s Center for Applied Biodiversity Science 
conducted a Rapid Assessment Protocol on Bonaire in 2003/2004, the re-sults of which will be made 
public soon, and will be of use to the proposed mapping work de-scribed below. 

Feature condition and future outlook of the proposed area 

(Description of the current condition of the area – is this static, declining, improving, what are the 
particular vulnerabilities? Any planned research/programmes/investigations?) 

The decision to come to Bonaire for scientific research was made because it has been viewed as being a 
pristine environment. However, like reefs world-wide, we found Bonaire is changing, and this rate of 
change is accelerating. We are seeing some troubling factors including: the spread of macroalgae from the 
deep to shallow reef, the spread of an invasive species of tunicate, and a cyanobacterium mat (blue-green 
algae) that may be killing coral. We are seeing more dead and dying coral than we should be seeing on 
healthy reefs. These troubling aspects are most evident between 10 to 30 meters depth. With our robotic 
technology and divers in the water, we are sighting some really large colonies (several hundred years old) 
of brain and star corals that appear to have recently declined. And we have evidence from prior 
observations that the water clarity for Bonaire, which is an oceanic island, is not what is should be.  
There are some signs of hope that the health of Bonaire’s reefs, arguably still the best left in the 
Caribbean, can be improved. First, in the shallow reefs, recruitment of staghorn and elkhorn coral species 
is evident in sections where hurricanes have caused past damage. Second, we are seeing a small number of 
black spiny sea urchins (Diadema) living amongst the coral heads. An important omnivore on coral reefs, 
this species was obliterated by a pathogen back in the early 80s, so it is good to see it returning slowly. 
Third, herbivorous fishes are in seemingly good shape. These fishes are vital to keeping algae on the reef 
in check. 
 

Assessment of the area against CBD EBSA Criteria  

(Discuss the area in relation to each of the CBD criteria and relate the best available science.  Note that a 
candidate EBSA may qualify on the basis of one or more of the criteria, and that the boundaries of the 
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EBSA need not be defined with exact precision. And modeling may be used to estimate the presence of 
EBSA attributes. Please note where there are significant information gaps) 

 
CBD EBSA 
Criteria 
(Annex I to 
decision 
IX/20) 

Description 
(Annex I to decision IX/20) 

Ranking of criterion relevance  
(please mark one column with an X) 
Don’t 
Know 

Low Some High 

Uniqueness 
or rarity 

Area contains either (i) unique (“the only one 
of its kind”), rare (occurs only in few 
locations) or endemic species, populations or 
communities, and/or (ii) unique, rare or 
distinct, habitats or ecosystems; and/or (iii) 
unique or unusual geomorphological or 
oceanographic features. 

   

X 

Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
PIs decided to come to Bonaire for scientific research because it has been viewed as being a 
pristine environment. However, like reefs world-wide, they found Bonaire is changing, and this 
rate of change is accelerating. They were seeing some troubling factors including: the spread of 
macroalgae from the deep to shallow reef, the spread of an invasive species of tunicate, and a 
cyanobacterium mat (blue-green algae) that may be killing coral. They were seeing more dead 
and dying coral than we should be seeing on healthy reefs. These troubling aspects are most 
evident between 10 to 30 meters depth. 
 
Special 
importance 
for life-
history stages 
of species 

Areas that are required for a population to 
survive and thrive. 

   

X 

Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
Recent interest in deep-reef communities has been sparked by an increased understanding that they 
represent important refuges and nursery habitats for shallow-water coral and fish populations. Thus, as 
shallow-water reefs suffer declines, the deep reefs might be one of the few natural options for recovery. 
 
Importance 
for 
threatened, 
endangered 
or declining 
species 
and/or 
habitats 

Area containing habitat for the survival and 
recovery of endangered, threatened, declining 
species or area with significant assemblages of 
such species. 

   

X 

Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
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There are some signs of hope that the health of Bonaire’s reefs, arguably still the best left in the 
Caribbean, can be improved. First, in the shallow reefs, recruitment of staghorn and elkhorn coral 
species is evident in sections where hurricanes have caused past damage. Second, we are seeing a 
small number of black spiny sea urchins (Diadema) living amongst the coral heads. An important 
omnivore on coral reefs, this species was obliterated by a pathogen back in the early 80s, so it is 
good to see it returning slowly. Third, herbivorous fishes are in seemingly good shape. These 
fishes are vital to keeping algae on the reef in check. 
 
Vulnerability, 
fragility, 
sensitivity, or 
slow recovery 

Areas that contain a relatively high proportion 
of sensitive habitats, biotopes or species that 
are functionally fragile (highly susceptible to 
degradation or depletion by human activity or 
by natural events) or with slow recovery. 

   

X 

Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
“We decided to come to Bonaire for scientific research because it has been viewed as being a 
pristine environment. However, like reefs world-wide, we found Bonaire is changing, and this 
rate of change is accelerating. We are seeing some troubling factors including: the spread of 
macroalgae from the deep to shallow reef, the spread of an invasive species of tunicate, and a 
cyanobacterium mat (blue-green algae) that may be killing coral. We are seeing more dead and 
dying coral than we should be seeing on healthy reefs. These troubling aspects are most evident 
between 10 to 30 meters depth. 
There are some signs of hope that the health of Bonaire’s reefs, arguably still the best left in the 
Caribbean, can be improved. First, in the shallow reefs, recruitment of staghorn and elkhorn coral 
species is evident in sections where hurricanes have caused past damage. Second, we are seeing a 
small number of black spiny sea urchins (Diadema) living amongst the coral heads. An important 
omnivore on coral reefs, this species was obliterated by a pathogen back in the early 80s, so it is 
good to see it returning slowly. Third, herbivorous fishes are in seemingly good shape. These 
fishes are vital to keeping algae on the reef in check. 
Finally, our preliminary work indicates the deeper reef, greater than 30 m depth, appears to be in 
better shape than the 10 to 30 meters depth range. We are conducting a unique inventory by using 
3 free-swimming robots, called Autonomous Underwater Vehicles, or AUVs for short. This is the 
first time a field campaign using such technology has been conducted in a reef setting. We hope 
our maps will prove valuable to the island government of Bonaire as they consider new ways to 
manage their underwater park.” -International Year of the Reef Press Conference Transcript. 
 
PIs have already noticed that the abundance of Acropora palmate (elkhorn) and A. cervicornis (staghorn) 
coral have decreased dramatically since van Duyl’s (1985) data was collected, which we have 
hypothesized is a result of hurricane activity in the area. They have also observed that the abundance and 
variation in species of coral seems to differ greatly along the coast when comparing dive sites within the 
towns to dive sites outside of these developed areas. The three general areas they hope to focus on are: 
areas of increased development since van Duyl’s data collection, areas that have experienced relatively 
little development, and areas within the marine reserve where diving and dropping anchor have been 
completely restricted. 
 
Biological 
productivity 

Area containing species, populations or 
communities with comparatively higher 

   X 



 

6 
 

natural biological productivity. 
Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
Coral reefs are often thought of as "ecological oxymorons." They harbor some of the greatest biodiversity 
on Earth, yet they develop in extremely nutrient-poor tropical waters. Reef-building corals represent 
ancient lineages that have evolved slowly over tens to hundreds of millions of years, yet the massive 
living reef structures we observe right now are geologically young features, often only a few thousand 
years old. And, the massive, robust calcified corals that build the reef framework are themselves quite 
fragile and sensitive to a host of natural and manmade disturbances and degradation. 
 
The animals and plants that build and live on coral reefs have developed extraordinary means of gathering 
energy and resources from their physical environment, and many of these adaptations involve complex 
biological interactions with a broad range of symbioses. Also, the physical environment of coral reefs is 
characterized by tremendous variation and patchiness in both space and time. A calm and protected back 
reef habitat may sit just a hundred meters or less from the crashing surf zone, and a quiet, cloudless 
morning can give way to a howling gale and torrential rains by midday. One of our goals as 
oceanographers and coral reef ecologists is to study this environmental variation and patchiness to help us 
better understand the fundamental nature of coral reefs and to contribute knowledge useful for preserving 
these complex but delicate ecosystems.  
 
 
Biological 
diversity 

Area contains comparatively higher diversity 
of ecosystems, habitats, communities, or 
species, or has higher genetic diversity. 

   
X 

Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
The percent coral cover is the highest and percent algal cover the lowest as compared to other Caribbean. 
Thus, the Bonaire reef environment represents a baseline against which we can compare other coral reefs.  
 
Coral reefs are often thought of as "ecological oxymorons." They harbor some of the greatest biodiversity 
on Earth, yet they develop in extremely nutrient-poor tropical waters. Reef-building corals represent 
ancient lineages that have evolved slowly over tens to hundreds of millions of years, yet the massive 
living reef structures we observe right now are geologically young features, often only a few thousand 
years old. And, the massive, robust calcified corals that build the reef framework are themselves quite 
fragile and sensitive to a host of natural and manmade disturbances and degradation. 
 
The animals and plants that build and live on coral reefs have developed extraordinary means of gathering 
energy and resources from their physical environment, and many of these adaptations involve complex 
biological interactions with a broad range of symbioses. Also, the physical environment of coral reefs is 
characterized by tremendous variation and patchiness in both space and time. A calm and protected back 
reef habitat may sit just a hundred meters or less from the crashing surf zone, and a quiet, cloudless 
morning can give way to a howling gale and torrential rains by midday. One of our goals as 
oceanographers and coral reef ecologists is to study this environmental variation and patchiness to help us 
better understand the fundamental nature of coral reefs and to contribute knowledge useful for preserving 
these complex but delicate ecosystems.  
 
Naturalness Area with a comparatively higher degree of 

naturalness as a result of the lack of or low 
level of human-induced disturbance or 

   
X 
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degradation. 
Explanation for ranking 
 
Scientists were contacted for a more appropriate ranking but have not responded. 
 
The percent coral cover is the highest and percent algal cover the lowest as compared to other Caribbean. 
Thus, the Bonaire reef environment represents a baseline against which we can compare other coral reefs. 
 
 
 
Sharing experiences and information applying other criteria (Optional) 
 
Other Criteria Description Ranking of criterion rel evance  

(please mark one column with an 
X) 
Don’t 
Know 

Low Some High 

Add relevant criteria  
 

     

Explanation for ranking 
 
 

References 

(e.g. relevant documents and publications, including URL where available; relevant data sets, including 
where these are located; information pertaining to relevant audio/visual material, video, models, etc.) 

http://oceanexplorer.noaa.gov/explorations/08bonaire/welcome.html 
 
NOAA OER Grants Online Final Report Award NA07OAR4600291 
 
International Year of the Reef Press Conference Transcipt. 

 

Maps and Figures 
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Rights and permissions  

(Indicate if there are any known issues with giving permission to share or publish these data and what any 
conditions of publication might be; provide contact details for a contact person for this issue) 

http://oceanexplorer.noaa.gov/explorations/08bonaire/welcome.html 
 


