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FOREWORD 

 

 

t has been 10 years since the Caribbean Coastal Marine Productivity (CARICOMP) Program initiated 

monitoring of the productivity of Caribbean coral reefs, seagrass beds and mangroves ecosystems as 

well as their physical parameters. The Program began modestly with 14 institutions from 14 countries 

collaborating on a standard methodology, the CARICOMP Level 1 Methods. Over the years the Program 

has grown and currently 30 institutions (although not all are active) in 23 countries have joined the 

Network, and additional monitoring methods have been incorporated as Level 2.  

I

 

The strength of the Program lies in its voluntary and participatory modus operandi. Each institution agrees 

to perform monitoring, as their resources allow, at sites or locations according to the prescribed protocols. 

The Program is governed by a Steering Committee but each institution has voting rights on issues 

concerning the direction of the Program, changes to the Methods Manual and the acceptance of new 

institutions and addition of new sites into the Network. The CARICOMP Network represents a range of 

monitoring sites; high islands such as Cuba, Jamaica, and Hispaniola, low islands such as Barbados, 

Bonaire, Curaςao and Tobago, and continentally influenced sites such as Belize, Colombia, Costa Rica and 

Venezuela. Sites represent a range of longitudes and latitudes; the most westerly, Mexico is located at 90o 

W and Barbados the most easterly at 60o W; the northern-most site is Bermuda at 32o N and the southern-

most site is Panama at 9o N. These wide ranges allow questions on the variations in productivity of the 

ecosystems and their associated parameters at various latitudes and longitudes to be studied.  

 

Another factor which makes the CARICOMP monitoring so crucial and important is that all stations are 

established according to prescribed protocols and monitoring is conducted using standardized 

methodologies. This allows for comparisons within and between countries, effectively making the 

CARICOMP program a large experiment with sites representing replicates. Thus CARICOMP results in 

Tobago can be compared with results from Mexico or Bermuda and the effects of factors such as 

latitude/longitude or proximity to continents or high island sites versus low island sites can be 

highlighted. 

 

CARICOMP monitoring began in a few countries in 1992 but activities increased in 1994. For many 

countries the CARICOMP data represent a continuous dataset from 1994 to present. This continuous 

dataset allows the following to be observed: 

• Fluctuations in the productivity in the ecosystems with time,  
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• Catastrophic events such as diseases, bleaching events or large-scale die-off of organisms, 

• Subsequent recovery or continued declines from events, 

• Changes in physical parameters such as temperature, salinity and water clarity, 

• The relative stability of ecosystems over time.  

 

In many countries the CARICOMP monitoring represents the only active monitoring being conducted. 

CARICOMP datasets, while too small to give the overall picture of the status of the ecosystems or of their 

productivity for a country, represent baseline data and information and are therefore invaluable. For 

some countries the CARICOMP data have been used to develop management plans for the particular 

area under study. CARICOMP data provide comparisons with data collected by other monitoring 

programs in the region e.g. Atlantic and Gulf Rapid Reef Assessment (AGRRA) and Reef Check and may 

also be used for ground-truthing of models such as those of the “Reefs at Risk in the Caribbean” project. 

 

CARICOMP participants are aware of the limitations of the Program and are constantly developing new 

methodology to increase the understanding of the interaction between the ecosystems. With this in mind, 

new methods have been added to the Methods Manual and are classified as Level 2. These methods are 

incorporated into the program of those countries with the capacity to conduct additional monitoring. 

They include: 

• Fish counts 

• Turbidity measurements 

• Water quality 

• Algal biomass 

• Urchin population status 

 

It is the aim of the Program to make data available for use by all. CARICOMP data summaries are 

available at http://www.ccdc.org.jm/caricomp.html. Data are used by CARICOMP researchers for their 

own personal publication and by the Network for joint publications.  

 

It is envisaged that this report will give some guidance on the ranges of productivity of the three main 

Caribbean ecosystems and as well, provide "snapshots" of their current status at some sites throughout 

the region. Hopefully, this will generate interest in continued monitoring of the ecosystems and in 

designing appropriate strategies for their sustainable use. 

 

The report is organised in three parts, Part I describes the principal functions and the structure of the 
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CARICOMP Program, and presents a brief overview of the institutions involved and the sites being 

monitored.  Part II, encapsulates the results of monitoring from both the individual country perspective 

and a regional perspective.  It shows the importance of long-term monitoring in establishing range of 

values over time within ecosystems and at different locations throughout the region and in many cases 

establishes "base-line" values for a particular location. This is important in highlighting changes with time 

or episodic events such as coral bleaching.  The final section of the report presents a list of publications 

which have utilised CARICOMP data substantially, as well as a list of the individuals involved in the 

CARICOMP Program along with their contact information.  

 

We are pleased to share the progress of the CARICOMP Program with all of you. 

 

Dulcie Linton 

Caribbean Coastal Data Centre,  

Centre for Marine Sciences,  

University of the West Indies 
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PART I: THE CARICOMP PROGRAM 

 

Background 

The Caribbean Coastal Marine Productivity 

(CARICOMP) Program is a regional scientific 

effort to study land-sea interaction processes, to 

monitor for change, and to provide appropriate 

scientific information for management of the 

coastal resources in the wider Caribbean region. 

The Program focuses on understanding the 

productivity, structure and functions of the 

three important coastal ecosystems: mangroves, 

seagrasses and coral reefs, throughout the 

region. Within the wider Caribbean region there 

is general agreement that many coastal systems 

are changing for the worse. The ultimate causes  

 

are explosive population growth and human-

induced changes, including intense tourism 

development. Because the underlying causes of 

this decline are diverse, there is no agreement on 

how the ecosystems can be stabilized and 

restored, or even on what constitutes sustainable 

development.   

The CARICOMP program was therefore 

conceived as a Caribbean-wide initiative to 

identify the factors responsible for sustaining 

mangrove, seagrass and coral reef productivity, 

to examine the interaction between these 

ecosystems, and to determine the role of 

Members of the CARICOMP network at the Annual Site Directors’ meeting in Grand Cayman, 2002 
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terrestrial and oceanic influence on them. 

Scientific monitoring of these three ecosystems 

is performed on a daily, weekly and annual 

basis throughout the region using the same 

monitoring protocol, as outlined in the 

CARICOMP Methods Manual which is available 

at www.ccdc.org.jm/methods_ manual.html. 

 

The CARICOMP Program was launched in 1985; 

however the network did not become 

established until 1990 and became fully 

functional in 1993.  

 

The CARICOMP Network 

 

The CARICOMP network is comprised of the 

laboratories, parks and reserves, which are 

committed to conducting the CARICOMP 

protocol, the Steering Committee and a central 

data archiving and management centre at the 

Caribbean Coastal Data Centre (CCDC), 

University of the West Indies in Kingston, 

Jamaica. 

 

The Steering Committee 

 

The Steering Committee was established to 

bring management commitment and 

responsibility to the development and 

implementation of the program.  The Committee 

is recognized as the key "decision making" body 

for the CARICOMP Program and is responsible 

for the negotiation of the Memorandum of 

Understanding (MOUs) with participating 

institutions.  The MOUs specify the 

responsibility of each institution to the network, 

including the nomination of a Site Director and 

the obligation of the network in terms of 

equipment and logistical support.  The Steering 

Committee membership is dynamic and 

currently has 11 elected and 2 ex-officio 

members: Co-chairs, John Ogden and Eric 

Jordán-Dahlgren, David Bone, Jaime Garzón-

Ferreira, Rahanna Juman, Björn Kjerfve, George 

Warner, Ernesto Weil, Bill Wiebe, Jeremy 

Woodley, Jay Zieman and ex-officio members 

Dulcie Linton and Dean Milliken. 

 

CARICOMP Sites and Institutions 

To date the network has established links with 

30 institutions in 13 islands and 10 mainland 

countries.  Of the 30 institutions, 18 are actively 

participating and send data regularly to the 

Data Centre, 8 are currently inactive and 4 have 

not yet implemented the protocols. 
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1. Bahamas (San Salvador) 
2. Barbados  
3. Belize (Ambergris Cay, Hol Chan) 
4. Belize (Calabash Caye, Turneffe Island) 
5. Belize (Carrie Bow Cay) 
6. Bermuda 
7. Bonaire  
8. Cayman Islands, British West Indies 
9. Colombia (Bahia de Chengue) 
10. Colombia (San Andres & Isla de Providencia) 
11. Costa Rica (Cahuita and Laguna Gandoca) 
12. Cuba (Cayo Coco) 
13. Curaçao  
14. Dominican Republic (Parque Nacional del Este)
15. Florida (Long Key)  
 

16. Haiti (Port au Prince) 
17. Honduras (Cayo Cochinas) 
18. Jamaica (Discovery Bay) 
19. Jamaica (Portland Bight) 
20. Mexico (EPOMEX, Campeche) 
21. Mexico (Laguna de Celestun) 
22. Mexico (Puerto Morelos)  
23. Nicaragua (Great Corn Island) 
24. Panama (Isla de Colon) 
25. Puerto Rico (La Parguera) 
26. Saba, Netherland Antilles 
27. St. Lucia 
28. Trinidad & Tobago (Buccoo Reef, Tobago)  
29. Venezuela (Parque Nacional Morrocoy) 
30. Venezuela (Punta de Mangle, Isla de Margarita 
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BAHAMAS 

 

The Bahamas is an archipelago of >1000 low, 

carbonate islands that rest on two large, shallow 

bank systems in the North Atlantic Ocean, 

southeast of Florida.  The Bahamian CARICOMP 

sites are located on San Salvador Island.  San 

Salvador, one of the most eastern Bahamian 

islands is located at 24°3'N latitude and 74°30'W 

longitude, approximately 640 km ESE of Miami, 

Florida.  A series of fringing reefs surrounds the 

island, with a break in the vicinity of the capital 

Cockburn Town on the west coast. This breach in 

the reef provides access to the island for shipping, 

dockage, and mooring during normal weather 

patterns. The reefs form several protected 

embayments, which includes Bonefish Bay, 

Fernandez Bay, French Bay, Grahams Harbour, 

Long Bay, Rice Bay and Snow Bay.  

Contemporary anthropogenic impacts include 

sport diving, subsistence and sport fishing, and 

increased tourism and development in the 1990s, 

particularly along the island's west coast. 

 

The CARICOMP seagrass monitoring is 

conducted along the north and south coasts at 

Grahams Harbour and French Bay respectively.  

Coral reef monitoring is done along the west coast 

at Fernandez Bay, and mangrove on the south 

coast at Blackwood Bay, part of a large 

embayment known as French Bay.  

 

Both seagrass sites are found in somewhat 

protected areas. French Bay was selected as a 

primary CARICOMP site because it has the 

highest potential growth rates for Thalassia, as the 

winds and currents provide high levels of 

nutrients and the meadow is never exposed 

during low tide.  The seagrass meadow at 

Grahams Harbour is more typical of the seagrass 

meadows around San Salvador. Grahams 

Harbour is a windward, relatively shallow, high-

energy lagoon located on the northeastern coast of 

San Salvador.   A barrier reef protects the lagoon 

along its northern margin, making it one of the 

most extensive seagrass meadows around the 

island.  

 

The coastal red mangrove forest in Blackwood 

Bay is typical of those on many Bahamian islands. 

The forest is vulnerable to wave activity and its 

structure and composition is indicative of an 

ecosystem under stress.  The trees are short in 

stature with thinned canopy, small, rigid leaves 

that are vertically orientated and high rates of 

albino seedlings. The main sources of stress on 

these systems are limited fresh water from rainfall 

and runoff, low nutrient availability, generally 

poor tidal exchange, lack of good substrate, and 

exposure to strong winds. 

 

Fernandez Bay is a gently curving shallow 

embayment extending from Cockburn Town in 

the north to the Sugar Loaf Rocks in the south. 

The beach rock shoreline of Fernandez Bay grades 

into a predominantly calcium carbonate sand and 

extends outward from the shore 400-1,500 m to 

the "dropoff" or "wall," with a gradual downward 

slope such that the water reaches a maximum 

depth of 15-25 m at the top of the wall. Numerous 
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patch reefs of considerable size (>5,000 m2, 3-5 m 

high) appear randomly on the floor of the bay.  

Water visibility remains good most of the year, 

with an average Secchi depth of 60 m. The mean 

water temperature is 28°C. 

 

The CARICOMP monitoring activities in the 

Bahamas began in 1994, and are conducted 

through the Gerace Research Centre (formerly the 

Bahamian Field Station) located on the shore of 

Graham's Harbour. The Centre is a non-profit 

research facility that has been in operation since 

1971. It offers facilities for students, professors, 

and researchers from around the world to study 

the tropical marine environment. Being a non-

profit organization, the Centre relies on the 

support of these groups to fund its operations. 

Today, there are 18 affiliated colleges and 

universities, that help support the Centre by 

running annual field courses in Archaeology, 

Biology, Geology, and Marine Sciences on San 

Salvador, as well as offer scholarships for 

Bahamian students. There are also several 

independent field courses that are taught each 

year that are open to the public for college credits. 

 

BARBADOS 

 

Barbados lies just east of the Caribbean island 

chain between the Caribbean Sea and the North 

Atlantic Ocean, some 2,575 km southeast of 

Miami, Florida. Relatively flat compared to its 

volcanic neighbours, it is one of the few coral-

capped islands in the region.    

 

The CARICOMP monitoring program in 

Barbados is conducted on the south and west 

coasts.  The sites include a reef site near Holetown 

on the west coast and 25 km away on the south 

coast, a seagrass site (St. Lawrence Lagoon) and a 

mangrove site (Graeme Hall Swamp).  The 32 ha 

Graeme Hall Swamp is fringed by red and white 

mangroves and is greatly impacted by a large 

human population and several channel-dredging 

projects.  Shallow fringing reefs are fairly 

extensive along the west coast of Barbados.  The 

reef site, the Bellairs fringing reef, extends 300 m 

seaward from the shoreline and is very shallow, 

with the base of the reef at a depth of 6 m.   

 

The seagrass community is located in the shallow 

lagoon dominated by Thalassia testudinum and 

Syringodium filifome.  The site was decimated in 

2001 as a result of construction work onshore and 

massive overgrazing by the white sea urchin 

Tripneustes ventricosus. 

 

CARICOMP monitoring began in Barbados in 

1992 under an agreement with the Bellairs 

Research Institute of McGill University. Since 

1998 the CARICOMP program has been 

administered by the Centre for Resource 

Management and Environmental Studies 

(CERMES) of the University of the West Indies 

(UWI), and monitoring has been sustained 

through the Natural Resource Management 

Program (NRM) of CERMES. CERMES is 

recognized regionally as a centre of excellence in 

tropical marine and coastal resources 

management.  Graduate-level training is 
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conducted, through the NRM's MSc. program, 

along with research in fish ecology, fisheries 

management and policy, climate change, reef 

ecology and coastal dynamics. CERMES is also 

involved in implementing and collaborating in 

many regional resource management projects and 

consultancies with national, regional and 

international partners. 

 

BELIZE 

 

Belize is located in Central America, bordered on 

the north by the Mexican Yucatan Peninsula, on 

the west and south by Guatemala, and to the east 

by the Caribbean Sea. Topographical features 

divide the Belizean landscape into two main 

physiographic regions. The most visually striking 

of these regions is distinguished by the Maya 

Mountains (~1100 m high) and the associated 

basins and plateaus that dominate all but the 

narrow coastal plain in the southern half of the 

country. The second region comprises the 

northern lowlands, along with the southern 

coastal plain. Eighteen major rivers and many 

perennial streams drain these low-lying areas. The 

coastline is flat and swampy, with many lagoons, 

especially in the northern and central parts of the 

country. Westward from the northern coastal 

areas, the terrain changes from mangrove swamp 

to tropical pine savannah and hardwood forest.  

The 257 km long barrier reef is the country’s most 

outstanding marine feature. 

 

Carrie Bow Cay 

 

Carrie Bow Cay is one of three CARICOMP sites 
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established in Belize.  It is a small cay situated 18 

km offshore on top of the barrier reef proper.  The 

area in the vicinity of Carrie Bow Cay is generally 

considered pristine; however increasing pressure 

from development and the rapidly expanding 

tourism industry pose significant threats.  

 

Monitoring at Carrie Bow Cay began in 1993.  The 

barrier reef seaward of Carrie Bow Cay is 

characterized by distinctive zones (back reef, reef 

crest, inner fore reef, and outer fore reef), with 

biological and geological development controlled 

primarily by water movement and depth.  The 

CARICOMP reef sites are located on the upper 

edge of the inner reef slope that marks the 

transition from the inner to the outer fore reef 

habitats.  This area is comprised mainly of 

Montastraea annularis at the top of the slope, large 

platy colonies toward the base that are 

accompanied by Porites astreoides, Siderastrea 

siderea, and Agaricia spp. 

 

Twin Cays located approximately 2.3 km leeward 

of Carrie Bow Cay in the outer lagoon is the 

seagrass and mangrove monitoring site.  In 1980 

Twin Cays became one of the primary study sites 

for long-term ecological studies by the 

Smithsonian Institution scientists and their 

collaborators at Carrie Bow Cay.  

 

The seagrass beds adjacent to Twin Cays lie on a 

shallow shelf that increases gradually in depth 

from the shoreline to approximately 1.2-1.5 m at 

the CARICOMP sites, before dropping more 

steeply to the lagoon bottom (approximately 7 m) 

about 300 m offshore.  Bottom sediments (to at 

least 1 m) consist primarily of Halimeda sand 

mixed with fine clay.  Thalassia testudinum grows 

profusely in this area, interspersed with sparse 

stands of Syringodium filiforme and Halimeda spp. 

 

The mangrove community is dominated by 

Rhizophora mangle, which forms a monospecific 

fringe around the peripheries of the island, along 

creek banks and interior ponds.  Avicennia 

germinans and Laguncularia racemosa occur 

primarily in the interior of Twin Cays, typically 

intermixed in a transition zone with R. mangle just 

landward of the fringe forest. Avicennia germinans 

also forms monospecific stands in some areas in 

the interior. However, L. racemosa does not form 

extensive stands. 

 

The Carrie Bow Cay CARICOMP program falls 

under the portfolio of the Caribbean Coral Reef 

Ecosystems (CCRE) program that encompasses 

reef, mangrove, seagrass meadow, and plankton 

community studies, and maintains primary focus 

on the Carrie Bow Cay, Belize, region. The 

Smithsonian Institution established the research 

station at Carrie Bow Cay in 1972 and has 

sponsored extensive multidisciplinary 

investigations of the coral reef, seagrass, and 

mangrove communities of the region, resulting in 

more than 500 publications. 

 

Calabash Caye, Turneffe Island 

 

Turneffe Islands Atoll is located 51 km off the 

coast of Belize. Calabash Caye, on the eastern rim 
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of the atoll, is a CARICOMP site maintained by 

the Calabash Caye Field Station of the University 

of Belize, Institute of Marine Studies (UBIMS) 

(formerly the Marine Research Centre).   

Monitoring at Calabash Caye began in 1996 with 

daily meteorological measurements, however by 

the following year all three ecosystems were being 

monitored.  At present the site is currently 

inactive but there are plans to resume the 

Program in the near future. 

 

The principal aim of the UBIMS is to provide 

facilities for scientific monitoring, research and 

environmental awareness programs with an 

immediate focus on shallow water tropical marine 

ecosystems.  Calabash Caye field station supports 

UBIMS's developing degree programs in Natural 

Resources Management and Coastal/Marine 

Studies.  It also provides a facility for short 

training courses and workshops on a wide range 

of marine related topics for students, teachers and 

professionals, from both Belize and overseas. The 

station is the headquarters for current national 

efforts to maintain the unique biodiversity of the 

Turneffe Islands atoll.  The Calabash Caye station 

complements scientific fieldwork presently being 

carried out by the Smithsonian Institution at 

Carrie Bow Cay and the newly established 

research station at Glovers Reef set up by the New 

York Zoological Society and the Fisheries 

Department. 

 

The Turneffe Islands Atoll is comprised of several 

subtidal mangrove cays on the western edge of 

the atoll, sandy cays on the eastern edge, and an 

extensive fringing reef surrounding the atoll. The 

chain of islands forming the atoll partially 

encloses two lagoons, the North Lagoon and the 

South Lagoon, which are dominated by seagrass 

beds.  The mangroves, seagrass beds, and coral 

reefs enhance the diversity of the marine and 

terrestrial organisms at Calabash Caye.  Over the 

past decade, only a few studies concerning marine 

resources have been carried out on the atoll. 

 
BERMUDA 
 

Bermuda is an isolated island chain located at a 

high latitude (32ºN, 65ºW) in the North Atlantic.  

It is the northern-most coral reef system in the 

region and owes its subtropical climate to the 

warm Gulf Stream current. The Bermuda Platform 

is atoll-like. The islands and reefs surround a 

central shallow lagoon.  Within the lagoon there is 

a complex of shallow, highly diverse patch reefs 

systems interspersed by seagrass beds. Isolated 

pockets of mangroves are found around the island 

shoreline.  

 

Human impacts on the marine environment have 

been relatively limited. Fishing pressure, which 

used to be one of the main stressors of marine 

resources, has been curbed by the elimination of 

commercial trap fishery and the introduction of 

no-take zones.  The inshore coastal lagoons are 

impacted by nutrient inputs from agriculture and 

sewage via both terrestrial runoff and 

groundwater seepage, and also trace metal 

contaminants. In some areas foreshore 

development and the dredging of shipping 
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channels and airfield construction have led to the 

destruction of coastal mangroves and lagoons and 

to coral mortality.    

 

CARICOMP monitoring in Bermuda began in 

1992 and is undertaken by the Bermuda Biological 

Station for Research (BBSR).  The BBSR is a 

research facility geared at research and teaching 

in ocean science. The station has recently 

established two international centers, the 

International Center for Ocean and Human 

Health, which is considered the first of its kind on 

an international scale to explore the ocean 

health/human connection, and the Center for 

Integrated Ocean Observations, which uses new 

technologies to build on almost a century of 

marine research at BBSR. 

The sites selected for the CARICOMP study are 

separated physically and do not have any direct 

interaction. The mangrove study is carried out at 

Hungry Bay, which is located on the southern 

shore of the island. Hungry Bay is the largest 

mangrove community (2.9 ha) on the island. The 

Hungry Bay mangrove swamp is classified as a 

well-developed community inside a protected 

shallow embayment and is composed of only two 

species, Rhizophora mangle and Avicennia 

germinans. The seagrass sites are located within a 

mini-atoll reef (Crescent Reef), in the centre of the 

North Lagoon.  The North seagrass site consists of 

a broad belt of Thalassia testudinum that grades 

into an extensive mixed stand of Syringodium 

filiforme and Halodule bermudensis. The South 

seagrass site is a monospecific stand of T. 
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testudinum. Banks of shallow reef with a mean 

depth of 2-3 m surround the seagrass beds. 

However, all seagrass beds at this site began to 

decline in 1996 and had completely disappeared 

by 1999. 

17

 

Coral reef monitoring is conducted on the 

northern rim of the reef system that forms the 

edge of the lagoon.  The actual sites are located 

approximately 12 km north west of the island.   

The sites are exposed to high wave energies. Both 

sites are characterized as a bank of reef, average 

depth 7-9 m, interspersed with sediment-filled 

depressions at about 10 m depth. The reef surface 

is a fairly rugose relief of 1-2 m, due in part to the 

large sizes (0.5-1.5 m diameter) of the main 

framework-builder, Diploria spp., Montastraea spp. 

and Porites astreoides. 

BONAIRE 

 

Bonaire is a small coral island, only 32 km long 

and 4.8-11 km wide, located at the south side of 

the Caribbean Sea in the Netherlands Antilles. It is 

approximately 80 km north of the coast of 

Venezuela, South America. It lies approximately 1 

km from Klein Bonaire, a relatively undeveloped 

and pristine island.  Bonaire is located in an 

upwelling of the Atlantic Ocean.  This water is 

rich with plankton and other nutrients, 

supporting the development of highly diverse 

marine ecosystems. The entire island from the 

high water mark to the 60 m depth contour, 

including Klein Bonaire was designated a marine 

park (Bonaire Marine Park) in the late 1970s.  The 

management body for the Marine Park is 

STINAPA (Stichting National Parken 

 



CARICOMP    1993-2003 

Nederlandse Antillen), which functions as a 

nature conservancy organization. It is a non-

governmental organization, run by a board of 

dedicated local professionals who donate their 

time to protect and conserve the island's natural 

flora and fauna.   

 

The Marine Park's job is to ensure that the marine 

resources of the island, the coral reefs, seagrass 

beds and mangroves, are used in a sustainable 

manner. The day-to-day functioning of the park is 

undertaken by a small number of full-time staff 

and involves the park administration and 

maintenance, implementing the management and 

zoning plan, educational, interpretative and 

outreach activities. With the assistance of local 

volunteers the park undertakes a number of long 

and short-term studies, including the CARICOMP 

monitoring which ran from 1994-1997.   

 

CARICOMP seagrass and mangrove monitoring 

is conducted in Lac Bay, a sheltered shallow 

inland bay on the windward shore.  It is the 

largest inland bay in the Netherlands Antilles, 

with extensive seagrass meadows and is 

surrounded by mangrove trees. This area is the 

only area in Bonaire where seagrass and 

mangrove ecosystems are significantly present.  

The maximum water depth within the bay is 4.5 

m; tidal range is limited to approximately 0.3 m.  

The bay is bounded seaward by exposed fringing 

coral reefs that protect it from wave action.  The 

open water area of the bay is covered by seagrass 

beds dominated by Thalassia testudinum (varying 

in cover from 5 to 100%) together with 

Syringodium filiforme, and banks of the calcareous 

algae Halimeda spp.  The mangrove forest is 

dominated by Rhizophora mangle along the 

landward and seaward edges while Avicennia 

germinans occurs around the drier ground 

associated with the islands. Conocarpus erectus is 

also present. 

 

Because reef development is relatively poor in 

waters shallower than 12 m along the windward 

shore, the coral reef monitoring site was selected 

on the leeward shore, in an area where 

disturbance was low and where reefs are 

characteristically dominated by massive colonies 

of Montastraea annularis.  The site is known locally 

as Barcadera, and is located approximately 400 m 

from the nearest dive mooring and gives only 

limited shore access via an open rung ladder from 

a low limestone cliff. Land use at this area has 

changed dramatically over the past five years, 

particularly with the building of up-scale 

residential housing in a previously undisturbed 

natural area. Increased sedimentation through 

land clearance and landscaping is affecting the 

reefs, as is increased nutrient loading from 

sewage.  

 

CAYMAN ISLANDS 

 

The Cayman Islands are situated along the 

Cayman Ridge, which extends from southeastern 

Cuba into the Bay of Honduras and is flanked by 

the 6,000 m deep Cayman Trench 6 km to the 

south.  The islands are low-lying limestone 

formations. Their narrow insular shelves support 
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prolific coral reef communities. 

 

Grand Cayman is the largest of the islands with a 

total area of 195 km2. It is situated approximately 

240 km south of Cuba and 290 km west of 

Jamaica, and is the location of CARICOMP 

monitoring. The two most striking features of 

Grand Cayman are the contiguous Central 

Swamp and North Sound. The main portion of the 

island, 8 km at its widest point, lies east of North 

Sound, and the other portion is a hook-shaped 

peninsula south and west of the sound. Narrow 

reef-protected lagoons occur along much of the 

northern, eastern, and southern coasts. The 

western or leeward side of the island has no 

lagoons and is exposed to open sea. Together, the 

Central Swamp and North Sound are the 

ecological heart of Grand Cayman, and their 

fringing mangroves and seagrass beds are critical 

breeding and nursery habitats for marine fauna.   

 

CARICOMP data are collected on the northern 

more sheltered side of the island. The 

CARICOMP seagrass site is located within the 

North Sound and just outside the lagoon there is 

an extensive fringing reef where the coral data are 

collected.  The fringing reef of North Sound is 

characterized by two well-developed spur-and-

groove terraces, a shallow terrace reaching to a 

depth of 9 m, and a deeper one at 15 m that 

plunges into the abyss. Past the reef crest, the 

shallow rocky sill is dominated by alcyonarians, 

along with sparse colonies of Agaricia agaricites, 

Siderastrea siderea, and Montastraea annularis. The 

latter two are the least abundant but form large 

prominent heads. Stony corals gradually increase 

in number seaward and away from this bedrock 

zone to a depth of 12 m, where large heads of 

Montastraea annularis (some up to 5 m in height) 

dominate. 

 

Adjacent to the North Sound, fringing the eastern 

portion is the Central Swamp where the 

CARICOMP mangrove data are collected.  The 

Central Swamp is approximately 50 km2 and does 

not display the usual zonation pattern 

representative of a typical mangrove swamp.  

Instead, it is a complex mosaic of swamp 

communities with varying degrees of mixing of 

the three principal species, Rhizophora mangle, 

Avicennia germinans, and Laguncularia racemosa, 

along its coastal fringe. 

 

The Protection and Conservation Unit of the 

Department of the Environment, Grand Cayman 

is the sole institution that is responsible for 

organizing and implementing the CARICOMP 

monitoring protocol in Grand Cayman. The 

Department is a governmental agency whose 

mission is to facilitate responsible management 

and sustainable use of the natural environment 

and resources of the Cayman Islands through 

various environmental protection and 

conservation strategies and programs. The 

Department has been involved in the CARICOMP 

Program since 1994. The CARICOMP Program is 

one of several ongoing long-term monitoring 

programs to assess the health of the natural 

environment.  
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COLOMBIA 

 

Colombia is the only South American country 

with coastlines on both Eastern Pacific Ocean and 

the Caribbean Sea.  The mainland territory is 

divided into four major geographic regions: 

Andean highlands (composed of three mountain 

ranges and intervening valley lowlands); 

Caribbean lowlands; Pacific lowlands; and Llanos 

and tropical rainforest of eastern Colombia. 

Colombia also possesses small islands in both the 

Caribbean Sea and Pacific Ocean. 

 

Bahía de Chengue, Parque Natural Tayrona  

 

Bahía de Chengue is a small bay located on the 

Caribbean coast of Colombia, in the Parque 

Natural Tayrona.  The shores are mainly steep 

and rocky and support poorly developed but 

diverse coral reef communities. At the inner 

portion of the bay there are sedimentary shallow 

bottoms with seagrass beds dominated by 

Thalassia testudinum and narrow but dense coastal 

fringes of small Rhizophora mangle trees.  Human 

activities in the area (although not extensive), 

along with terrigenous runoff are the main factors 

impacting the marine ecosystem. 

 

CARICOMP monitoring in Bahía de Chengue 

began in 1992 and is conducted by the National 

Coral Reef Monitoring System of Colombia 

(SIMAC), a unit of the Instituto de Investigaciones 

Marinas y Costeras (INVEMAR).  INVEMAR is a 

non-profit, civil, scientific and technological 

corporation that for more than 30 years has been 

studying renewable and non-renewable natural 

resources, marine and coastal, with the purpose of 

contributing scientific knowledge that allows for 

the improvement of the quality of life of 

Colombians.   SIMAC was established from the 

inception of INVEMAR as the local unit charged 

with the monitoring of the marine and coastal 

ecosystems of Colombia. The monitoring 

programs are geared at increasing existing 

knowledge on the factors influencing the 

degradation of Colombian coral reefs, as well as 

providing the information required to design 

measures for the sustainable use and conservation 

of marine resources.  The programs examine coral 

health, the abundance of octocoral and other 

sessile organisms, abundance of 

ecologically/economically important fish species, 

the densities of key motile invertebrates, and 

oceanographic and physical parameters.   All the 

data from these various programs are stored in 

the “Information Support System for the Coral 

Reef Monitoring" (SISMAC), which is a geo-

referenced relational database, run in ORACLE™.  

 

Due to the success of the monitoring programs, 

the Global Coral Reef Monitoring Network 

(GCRMN) selected INVEMAR to coordinate 

monitoring in the South Tropical America 

Regional Node countries (Costa Rica, Panama, 

Colombia, Venezuela and Brazil).   

 

SIMAC is also involved with educating and 

sensitizing different communities on the 

importance of the coral reef ecosystems in an 

effort to curb degradation that is directly linked to 
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coastal inhabitants. 

 

CARICOMP monitoring in Bahía de Chengue is 

conducted in all three ecosystems.  In the bay 

there are five species of seagrasses, however 

Thalassia testudinum beds (where CARICOMP 

monitoring is conducted) are the most extensive 

but are restricted to the shallow (less than 3 m 

deep) and quiet waters of the southern portion of 

the Bay.  The other seagrass species that are found 

within the bay are Syringodium filiforme, Halodule 

wrightii, Halophila baillonis and Halophila decipiens. 

The latter is only found in deep waters (> 5m) on 

the eastern section of the bay and grows more 

densely below a depth of 15 m.  

 

CARICOMP coral reef stations are located at 

depths between 9 and 12 m at two coastal sites 

separated by 400 m.  The coral community at the 

northern station is exposed to swells, which can 

reach considerable heights on days of strong trade 

winds; as a result, branching or foliaceous corals 

are almost absent and small to medium-sized 

coral heads dominate.  The other sampling station 

is rarely disturbed by waves and Acropora palmata 

is abundant in shallow water.  At present, algae 

are the most important component covering the 

reef surface at both sites. 

 

The CARICOMP mangrove site is established 

along the southeastern shore of the southern 

lagoon, where R. mangle appear to be most 

abundant. The shoreline of Bahía de Chengue is 

fringed by R. mangle forming narrow but dense 

stands. Avicennia germinans, Laguncularia racemosa 

and Conocarpus erectus can also be found, but in 

less swampy terrain.   

 

San Andrés and Isla de Providencia 

 

The Archipelago of San Andrés, Providencia and 

Santa Catalina is located in the western Caribbean 

and is Colombia’s only oceanic and West Indian 

territory.  The archipelago has three small 

inhabited islands (San Andrés, Old Providencia, 

and Santa Catalina) and several uninhabited cays 

with a total insular area of 57 km . The region 

includes ecosystems representative of a tropical 

coastal and marine environment such as 

mangroves, seagrass beds, and coral reefs.   

2

 

San Andrés has an area of 27 km2 and is found 

approximately 200 km east of Bluefields, 

Nicaragua; 725 km south of Grand Cayman, BWI; 

and 800 km west-northwest of Cartagena, 

Colombia. Old Providencia/Santa Catalina 

(OPSC) is 80 km north of San Andrés and has an 

area of 18 km2.  The region includes ecosystems 

representative of tropical coastal and marine 

environment. The marine area is approximately 

300,000 km2 and includes one of the most 

extensive and productive reef systems in the 

western hemisphere comprising two barrier reefs 

which surround the main islands of OPSC, five 

atolls, and other less well-defined coral banks that 

extend for more than 500 km. The barrier reefs 

windward of the inhabited islands enclose 

lagoons rich in seagrass beds.  In San Andrés and 

OPSC, coastal mangroves are associated with 

productive reef ecosystems.  
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San Andrés is the most densely populated oceanic 

island in the Caribbean with an average density of 

2,261 persons km-2 and an estimated high of 

12,000 persons km-2 in urban areas and 

shantytowns.  Population of OPSC is 4,200. The 

unregulated and rapid population increase, 

coupled with poorly planned development has 

led to the degradation of the coastal ecosystems. 

 

The Corporation for the Sustainable Development 

of the Archipelago of San Andrés, Old 

Providence, and Santa Catalina (CORALINA), is a 

public corporate body created by the 1993 

Colombian Law 99 (article 37) that established the 

National Environment System (SINA) to address 

the problem of environmental degradation.  

Institutional functioning began in the archipelago 

on June 30, 1995. CORALINA is responsible for 

management of the environment and natural 

resources to promote sustainable development 

within the area. Because of the significance and 

fragility of the ecosystems, CORALINA is one of 

seven regional sustainable development 

corporations in the nation with a mandate that 

combines the responsibilities of conservation, 

planning, management, and education. 

Recognizing the importance of affiliation with the 

regional CARICOMP network to help carry out 

this mandate, CORALINA joined the program in 

1997 and began monitoring using CARICOMP 

protocols in 1998. During that year, with technical 

support from INVEMAR, the first CARICOMP 

site in the archipelago was set up at coral reefs off 

the west coast of San Andrés.   

 

CARICOMP monitoring has been strengthened 

and expanded in the archipelago to three reef sites 

in Old Providence/Santa Catalina (OPSC), a reef 

site off the west coast of San Andrés at the 

municipal sewage outfall and two mangrove sites.  

There are 3 established seagrass sites around 

OPSC, and an additional site off the north coast of 

San Andrés adjacent to a heavily used beach.  

 

CORALINA plans to further expand the 

CARICOMP program in the archipelago by 

implementing coral reef sampling stations in the 

Northern and Southern Cays as soon as it is 

technically and economically feasible.  

 

COSTA RICA 

 

Costa Rica is a small Central American country 

bordering both the Caribbean Sea and the North 

Pacific Ocean, wedged between Nicaragua on the 

north and Panama on the south.  Its terrain 

consists of coastal plains separated by rugged 

mountains.  The smooth Caribbean coastline is 

212 km long and is characterized by year-round 

rain, mangroves, swamps, an intercoastal 

waterway, sandy beaches and small tidal ranges. 

 

The CARICOMP sites are located in two protected 

areas on the southern portion of the Caribbean 

coast of Costa Rica near the Panamanian border.  

The mangrove site is located at Laguna Gandoca, 

within the Refugio Nacional de Vida Silvestre 

Gandoca-Manzanillo.  The seagrass and coral reef 

sites are located in the Parque Nacional Cahuita, 

about 30 km northwest of Gandoca-Manzanillo. 
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Both areas were established to protect terrestrial 

and marine wildlife.  The recent increase in tourist 

numbers, and intense citrus and banana farming 

have lead to damage to coastal ecosystems as a 

result of increased sewage and sediment load, and 

pollution from pesticides and fertilizers.  

 

Laguna Gandoca covering an area of 2.5 km2, is 

the least disturbed (by human activities) of any 

mangrove forest on the Caribbean coast of Costa 

Rica.  Long-shore currents have lead to the 

development of a sandy bar or spit across the 

confluence to create a coastal lagoon.  The lower 

section of the mangrove forest is dominated by 

large Laguncularia racemosa and Avicennia 

germinans, whereas the fern Acrosticum aureum 

and the palm Raphia taedigera dominate the upper 

portions of the forest.  Other species occupying 

the forest include Rhizophora harrisonii, Conocarpus 

erectus, and Rhizophora mangle.  

 

The shallow lagoon in Parque Nacional Cahuita 

where seagrass monitoring is conducted covers an 

area of 250 ha, and the seagrass beds cover 20 ha 

behind the reef crests. The bed is predominantly 

turtle grass, Thalassia testudinum, interspersed 

with manatee grass, Syringodium filiformis and 

Halodule wrightii.  This seagrass site was affected 

by the 1991 Limón earthquake (7.5 on the Richter 

scale), and one year after the earthquake, 

Thalassia had completely overgrown the lagoon.  

However the populations of algae and seagrasses 

have since returned to pre-earthquake levels. 

 

The coral reef site is characterized by a shallow 

lagoon of mainly rubble, with a few seagrasses 

and algae, which extends to the reef crest 

dominated by Millepora complanata and coralline 

algae. The base of the fore reef is at 5-6 m and is 

built mainly of Agaricia agaricites and Porites spp. 

on the eastern end, and of massive corals in other 

sections. The back reef consists mainly of Diploria 

clivosa and Millepora complanata. 

 

The Centro de Investigación en Ciencias del Mar y 

Limnología (CIMAR) joined the CARICOMP 

network in 1999 and implemented the protocol in 

June of the same year.  CIMAR, established in 

1979, is the department of the University of Costa 

Rica with primary responsibility for conducting 

scientific investigations to contribute to the 

knowledge of the physical, chemical, and 

biological processes of the aquatic environments.   

The centre is organized into programs and 

research projects, in addition to support modules, 

for the execution of specific projects.   

 

CUBA 

 

Cuba is located in the Caribbean Sea 

approximately 140 km west of the Bahamas, 146 

km north of Jamaica, 180 km south of Florida, and 

210 km east of Cancún.  Its terrain is mostly flat to 

rolling plains, with rugged hills and mountains in 

the southeast. 

 

The Cuban CARICOMP site is located on the 

northern shore of Cayo Coco, which lies north off 

the coast of Cuba in the Sabana-Camaguey 

Archipelago.  Cayo Coco occupies an area of 370 
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km2, making it the second largest cay within the 

archipelago.  This area is considered relatively 

pristine as human influences on the marine, 

coastal and terrestrial environment is limited.  The 

main human induced impacts include coastal 

constructions which have lead to the hypersaline 

inshore water in some areas along the north coast 

that impacted the fisheries and mangrove 

community in those areas.   

 

The Cuban CARICOMP site is dominated by 

sandy and rocky-sandy plains that extend from 

the shore to a depth of 30-40 m. The slope 

steepens at 50 m, where the drop-off begins. 

Sandy surfaces are predominantly covered by 

sparse seagrass beds of Thalassia testudinum. 

Unvegetated sandy bottoms are also common 

along stretches close to the coast, in bar-shaped 

patches within seagrass beds, in the reef channels 

and depressions, and in extensive patches along 

the fore reef slope (lower terrace). Significant 

patches of Syringodium filiforme are found on this 

fore reef slope, and abundant Halimeda has also 

been observed.  

 

Reefs are represented by zones of erosive-

accumulative rock pavements, which are 

conspicuously inhabited by gorgonians and a few 

scleractinians. Several actual and relict reef crests 

and some spur-and-groove areas are also found. 

The spur-and-groove systems occur only close to 

the reef crests, perhaps as a consequence of the 

protection of these structures against the 

sediment-loaded waters outflowing from the 

shallow sandy plains during days with high wave 

energy. This protection allows better development 

of scleractinian corals. Some discontinuous reef 

escarpments, dropping 12-15 m, extend almost 

parallel to the coast north of Guillermo, Coco, and 

Romano Cays. The shores are characterized 

mainly by sandy beaches, with mangroves on the 

leeward sides. Some rocky shores are also present. 

Behind the shore, shallow lagoons are fringed by 

mangroves. In some places, complex channels and 

lagoon systems extend into extensive, marshy, 

mangrove plains that are dominated by 

Rhizophora mangle, especially northwest of Cayo 

Coco.  

 

CARICOMP monitoring in Cuba began in 1994.  

Three institutions of the Cuban Ministry of 

Sciences, Technology and Environment (formerly 

the Academy of Sciences) participate in 

CARICOMP: the Institute of Oceanology (IO), the 

Institute of Ecology and Systematics (IES), and the 

Coastal Ecosystems Research Center (CERC).  IO 

and IES, both located in Havana City, have been 

in existence for approximately 40 years.  The IO 

conducts pure and applied marine/coastal 

research, provides management 

recommendations, participates in Environmental 

Impact Assessments (EIAs) and environmental 

licensing reviews, as well as several scientific and 

technical services (including beach restoration, 

ecological advising, etc.). The IES performs similar 

functions, except its main area of focus is the 

terrestrial environment.  The CERC is located on 

Cayo Coco in the Province of Ciego de Ávila.  It 

was established in 1992 to carry out similar 

functions as IO and IES but concentrating 
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activities on Cayo Coco. 

 

The Cuban CARICOMP coral reef sites were 

systematically monitored from 1993-1997, 

however monitoring at these sites have been 

interrupted since then as a result of technical 

problems. The CARICOMP monitoring has now 

been passed to the Centro de Investigaciones de 

Ecosistemas Costeros (CIEC), and it is expected 

that CARICOMP reef monitoring will resume in 

2003. 

 

CURAÇAO 
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Curaçao located 56 km northwest of Venezuela, is 

the largest island of the Netherland Antilles and is 

approximately 62 km long and 14 km at its 

broadest point. The island is completely 

surrounded by fringing reefs with seagrass and 

mangrove communities found in several drowned 

coastal valleys. Curaçao has a population of 

15,000 most of which is concentrated around the 

capital, Willemstad, which surrounds a natural 

Harbour, the Schottegat inner bay.  Although the 

population has decreased, coastal ecosystems 

remain threatened by massive coastal 

development linked to tourism, increased sewage 

discharge and sedimentation due to deforestation.  

CARICOMP monitoring is conducted along the 
coast in eastern Curaçao. The seagrass site is 

located on the south coast in an inner bay, 

Spaanse Water (within the Curaçao Underwater 

Park) and the reef site is located just west of the 

entrance to Spaanse Water.  The mangrove site is 

located on the north coast also in an inner bay, St. 

Jorisbaai. 
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The mangroves of Curaçao are restricted to a few 

isolated areas of well-developed intertidal fringe 

forests in drowned coastal valleys, and in small 

areas along the coast where a barrier protects the 

trees from wave action and erosion. Ongoing 

destruction of mangrove habitat has led to a 

dramatic decrease (> 50%) in coverage.  The St. 

Jorisbaai mangroves appear to be in good health.  

At the CARICOMP site, the forest is 

predominantly Rhizophora mangle with some 

Laguncularia racemosa trees occurring along the 

landward boundary. Avicennia germinans, as well 

as Conocarpus erectus, occur in neighboring areas.  

 

Spaanse Water is the second largest inner bay on 

the island, and contains the largest seagrass, algal, 

and mangrove areas of the Curaçao Underwater 

Park. There are over thirteen different assemblage 

of seagrasses found within the 

Spaanse Water bay area.  At the 

CARICOMP sites, the dominant 

species of the assemblage are 

Thalassia testudinum and Halimeda 

opuntia.   

 

CARICOMP monitoring in 

Curaçao, which began in 1994 is 

administered by the Caribbean 

Marine Biological (CARMABI) 

Foundation.  Formed in 1955, the 

CARMABI conducts marine and 

terrestrial research for the 

resource management of the 

Netherlands Antilles.  In the early 

years the research program was 

directed primarily toward 

fisheries research and 

aquaculture.  However during 

the 70s the research program was 

refocused on the ecology of coral 

reefs and protection of reef 

resources.  In 1983 statutes were 

adapted to emphasize applied 
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natural resource research and de-emphasize pure 

scientific marine research.  Since then, research 

has been redirected to conservation and ecological 

management-related questions, and as such, the 

CARICOMP program can be identified as core 

activities at CARMABI. 

 

Today nature education and natural resource 

management are also part of the work carried out 

by the foundation.  More than 10,000 school 

children a year are reached through an 

educational program run by the institute.  Over 

the years CARMABI has provided the 

government with scientific advice on a wide 

range of issues including natural resource 

planning and land use. The organisation was 

pivotal in the establishment of nine sanctuaries 

and parks in the Netherlands Antilles, and it 

currently remains charged with the day-to-day 

management of five such projects in Curaçao.  

 

DOMINICAN REPUBLIC 

 

Situated on the eastern side of Hispañiola, the 

Dominican Republic has a land area of 48,484 

km2, with a coastline of 1,389 km. Of these, 376.7 

km (27%) are mangroves, and 166 km (11%) are 

coral reefs. The main coastal features found along 

the coast are emerged reef terraces and cliffs. The 

continental shelf has a mean width of 7.5 km, and 

covers an area of 8,130 km2.  

 

The CARICOMP sites in the Dominican Republic 

are located in the Parque Nacional del Este on the 

south coast of the island of Hispaniola.  The site is 

typical of leeward marine and coastal 

environments, with frequent calm seas and 

noticeable currents. Anthropogenic impacts 

include boating, diving, and fishing.   

 

CARICOMP monitoring is conducted at Las 

Palmillas on the western shore of the park within 

the Catuano Passage that divides the mainland 

from Saona Island. The names of the CARICOMP 

sites are: Punta Mangle at Catuano (mangroves), 

Hierbas los Cocos (seagrasses), and El Peñón 

(coral reefs).   

 

Four of the benthic sites are characterized as 

belonging to the low-relief spur-and-groove 

community: Parque Nacional and El Peñón, both 

of which are on the western side of the park, are 

somewhat protected from direct wave action by 

land barriers. Algae, sponges, and octocorals 

dominate the reef community, while hard coral 

cover is very low.  Corals, when found, are mostly 

Diploria labyrinthiformis, Siderastrea siderea, or 

Montastraea cavernosa. 

 

Hierba del Tronco is located in the eastern portion 

of the passage between Saona and Catalinita 

Islands and is subject to heavy wave energy. 

Hierba del Tronco is a soft-bottom lagoon 

dominated by the seagrass Syringodium filiforme 

with some patches of algae.  Thalassia testudinum 

is also present in moderate amounts. 

 

The mangrove ecosystem of Parque Nacional del 

Este is a typical fringing mangrove forest 

occupied by Rhizophora mangle, Laguncularia 
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racemosa, Avicennia germinans, and Conocarpus 

erectus.  There are strong currents flowing through 

the mangrove system forming channels, some of 

which are navigable. Large deposits of organic 

sands, originating mainly from Halimeda and 

other sand-producing organisms, are created by 

current eddies. The CARICOMP site is located at 

the edge of one of these channels in the middle of 

the forest. It was chosen as representative of a 

young and stable mangrove community that is 

always inundated.  

 

The program was initiated in 1994 by the Centro 

de Investigaciones de Biología Marina (CIBIMA), 

a unit of the Universidad Autónoma de Santo 

Domingo, dedicated to the study and 

preservation of all the marine resources of the 

Dominican Republic. Its activities include 

research, education, and securing protective laws 

and regulations. The Centro de Investigaciones de 

Biología Marina adopted the CARICOMP 

protocol to increase research and gain additional 

information on the health and status of the marine 

communities within the boundaries of the park.  

 

FLORIDA 

 

CARICOMP monitoring in Florida is conducted 

within the Florida Keys National Marine 

Sanctuary (FKNMS).  The Florida Keys are a 203 

km island chain located on the southern tip of the 

Florida peninsula, beginning just south of Key 

Biscayne and ending just 145 km north of Cuba. 

These islands are surrounded by the Atlantic 

Ocean on one side and the Gulf of Mexico on the 

other.  The Sanctuary consists of 2,800 square 

nautical miles (9,500 km2) of coastal and oceanic 

waters, and the submerged lands there under, 

surrounding the Florida Keys, and extending 

westward to encompass the Tortugas islands, but 

excluding the Dry Tortugas National Park. The 

shoreward boundary of the Sanctuary is the mean 

high-water mark. The FKNMS boasts the most 

extensive living coral reef in the United States. 

These reefs are intimately linked to a marine 

ecosystem that supports one of the most unique 

and diverse assemblages of plants and animals in 

North America.   

 

CARICOMP monitoring in Florida began in 2002, 

and is administered by Keys Marine Laboratory 

(KML) on Long Key.  KML was acquired through 

the Florida Department of Environmental 

Protection (FDEP) for joint operation by the 

Florida Marine Research Institute/FDEP and the 

Florida Institute of Oceanography/State 

University System, and was formally dedicated in 

1989 as a full-service marine laboratory and 

education center for programs focusing on south 

Florida environments.  

 

HAITI 

 

Haiti is located in the northern Caribbean Sea, on 

the western one-third of the island of Hispaniola.  

Haiti has 1,535 km of coastline, and a generally 

narrow continental shelf which totals 

approximately 5,000 km2.  The island's coastal 

plains, where the bulk of agricultural activity 

normally occurs, are bordered on one side by 
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mountain slopes which are denuded of trees for 

the production of charcoal (the country's main 

source of domestic energy). The coastal plains 

have been converted to intensive agriculture, and 

traditional fisheries overexploit the shallow-water 

marine resources. As well, the uncontrolled 

exploitation of land resources results in excessive 

soil erosion, coastal pollution and sedimentation 

in the watershed areas leading to the coastline, 

which adversely affect the development of coastal 

resources.  

 

In an effort to address the problem of 

environmental degradation and at the same time 

maintain the balance of life in a society so 

dependent on the ocean for its economic and 

nutritional needs, the Foundation pour la 

Protection de la Biodiversity Marine (FoProBIM), 

which is a non-governmental organization 

dealing exclusively with the conservation and 

management of the marine ecosystem, was 

established in 1992.  FoProBiM’s main objectives 

are to identify threats to the marine ecosystem, to 

monitor its overall health, and to promote, 

through education, an awareness of the 

importance and fragility of the marine 

environment.  FoProBiM joined the CARICOMP 

network in 1998 but due to limited financial 

resources, it remains overwhelmed and as such 

the CARICOMP protocol has yet to be 

implemented. 

 

JAMAICA 

 

Jamaica is located approximately 146 km south of 

Cuba.  Its terrain is mostly mountains, with 

narrow, discontinuous coastal plains. Jamaica has 

a long and varied coastline.  The total length is 

approximately 1009 km of which 23% is 

mangrove and 16% sandy shore.   

 

Discovery Bay, Jamaica 

 

The Discovery Bay CARICOMP site is one of the 

first established monitoring areas for the 

CARICOMP program.  Discovery Bay Marine 

Laboratory (DBML), located atop the low 

headland on the northwestern side of Discovery 

Bay, is on Jamaica north west coast.  DBML 

adopted the CARICOMP monitoring program as 

one of its activities and began monitoring the 

three ecosystems in 1993.  DBML is a research 

facility dedicated to supporting research and 

teaching (at the undergrad and post graduate 

level) in biology, chemistry, geology, hydrology 

and geography of the marine environment, and 

applying this knowledge to the management of 

the coastal zone. The Laboratory was established 

by the great pioneer of coral reef research, 

Thomas F. Goreau of the University of the West 

Indies (UWI), who died in 1970. It is now an 

integral part of UWI's Centre for Marine Sciences 

(CMS), which was formed at the Mona campus in 

1990.  

 

Over the years, DBML has expanded its facilities 

and now comprises a suite of dry and wet 

laboratories and offices, two accommodation 

blocks, a fully equipped SCUBA diving center and 

a marina with research vessels of various sizes.  

 29



CARICOMP    1993-2003 

DBML hosts groups of scientists and students 

from universities worldwide, engaged either in 

research or in higher education. This activity has 

continued since the laboratory was founded and 

has resulted in DBML having an international 

reputation for excellence and expertise in coral 

reef biology and tropical coastal processes.  Since 

its inception, 660 papers have been published in 

international journals based on work done 

entirely at DBML. 

 

Recent priorities in research have focused on 

environmental issues impacting the coral reefs of 

Jamaica and elsewhere. DBML is involved in 

several externally funded programs concerned 

with monitoring coral reefs and other important 

coastal habitats throughout the Caribbean region, 

of which the CARICOMP program is one. 

 

CARICOMP coral reef monitoring is conducted 

just offshore the marine lab on the fringing reef 

which traverses the mouth of the Bay almost 

closing it off from the open sea.  The fringing reef 

is divided into western and eastern sections by a 

shipping channel, which was cut to facilitate the 

passage of bauxite freighters.  The actual 

CARICOMP coral reef site is located on the west 

fore reef at a depth of 6-8 m, whereas the seagrass 

site is located in the relatively shallow waters of 

the back reef.  The mangrove plots were set up in 

the sheltered westernmost corner of the bay.  

 

Portland Bight, Jamaica 

 

Portland Bight, located on the south coast of 

Jamaica, was declared a Protected Area on April 

22, 1999 under Section 5 of the Natural Resources 

Conservation Act. The Portland Bight Protected 

Area (PBPA) comprises 1,876 km2 (724 sq. miles) 

of terrestrial and marine resources. It is Jamaica’s 

largest protected area so far accounting for ~ 4.7% 

of Jamaica’s land area and 47.6% of the island 

shelf.  The PBPA contains 210 km2 (81 sq. miles) of 

dry limestone forest, 82 km2 (32 sq. miles) of 

wetlands, and an as yet undetermined area of 

seagrass beds and coral reefs.  

 

Management of this Protected Area was delegated 

to the Caribbean Coastal Area Management 

Foundation (CCAM) a local NGO.  CCAM has 

prepared a detailed management plan for the 

area, part of which includes the collation of 

biological information through long-term 

monitoring programs.   CCAM has signed a MOU 

with CARICOMP to establish Portland Bight as a 

CARICOMP site for the monitoring of the coral 

reefs, seagrass beds and mangroves, however due 

to limited funding they are still in the planning 

stage. 

 

The proposed CARICOMP site is Pigeon Island.  

Pigeon Island is a small coral island located at 

latitude 17o 47.08' N and longitude 77 o 04.05' W 

which is approximately in the centre of the 

Portland Bight. The Management Plan for the area 

has the island zoned for recreational purposes.  At 

present, the island is mainly used by spear 

fishermen who charter boats to the island and 

spend hours spear fishing on the reefs.  

Recreational boaters from Kingston and Salt River 
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also frequent the island and generally find safe 

anchorage in the northern lagoon. 

 

The northern section of Pigeon Island is 

dominated by a large open seagrass lagoon with a 

sandy beach.  There is no barrier reef along this 

shore.  There is a light tower located on the reef 

on the northeastern point.  From there the reef 

crest virtually circles the island at a average 

distance of about thirty metres from shore along 

the east, south and western shores to the north 

western shore.  This creates a shallow back reef 

that is usually less than 1 m in depth. The fore reef 

extends from the crest down to a depth of 

between 13 and 18 m around the island.  There is 

a narrow (~25 m) shelf at a depth of 6 m on the 

eastern and western fore reef before descending 

steeply to the seabed which is mostly sand and 

silt.  On the southern shores the reef structure 

follows a spur and groove form with spurs 

tending towards the southeast. There is also a 

shallow tidal lagoon dominating the southern 

parts of the island fringed by thick mangrove 

trees that extend along the coast east and west 

into the shallow back reef.   

 

MEXICO 

 

Mexico is situated in Central America, bordering 

the Caribbean Sea and the Gulf of Mexico 

between Belize and the USA and borders the 

North Pacific Ocean between Guatemala and the 

USA.  The Mexican terrain is highly varied with 

rugged mountains, high plateaus, deserts and low 

coastal plains. 

Puerto Morelos 

 

Puerto Morelos is one of three CARICOMP sites 

established in Mexico.  Puerto Morelos is located 

on the northeastern coast of the Yucatán 

Peninsula. The dominant ecosystems are coral 

reefs, seagrass meadows, and inland wetlands 

that are partially colonized by mangroves. While 

continuous interactions exist between the coral 

reef and seagrass ecosystems, the wetlands are 

isolated by a sand bar, limiting exchanges to 

underground brackish water seepage and 

occasional storm wave intrusions. 

 

The CARICOMP program is executed by the 

Puerto Morelos unit of the Instituto de Ciencias 

del Mar y Limnología (ICMyL) whose mission is 

to carry out research in the fields of the 

Oceanography and Limnology.  The ICMyL is 

comprised of five academic units; three in Mexico 

City; another one in Mazatlán, and the fifth in 

Puerto Morelos. These units have been involved 

in over 50 research projects with national and 

international collaborations. 

 

The Puerto Morelos unit is located in Puerto 

Morelos, along the east coast of the state of 

Quintana Roo. This small fishing village is 

enclosed and protected by a typical Caribbean 

reef system composed of coral, seagrass and 

mangrove eco-sedimentary systems. In keeping 

with the mandate of the umbrella organisation, 

the Puerto Morelos unit conducts research on 

various aspects of the Puerto Morelos reef system, 

including the morphology, physiology and 
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ecology of the biota as well as the 

physiochemistry of the coastal and oceanic 

environments that impact them. 

 

The Puerto Morelos Unit of the ICMyL joined the 

CARICOMP network in 1992 and has since 

actively collected data in the coral reef and 

seagrass ecosystems. 

 

Laguna de Celestún  

 

Laguna de Celestún is a macrophyte-mangrove 

co-dominated system situated on the northwest 

coast of the Yucatán Peninsula, southern Gulf of 

Mexico.  The lagoon is separated from the sea by a 

sand bar, and is markedly affected by infiltration 

of cold nutrient-rich groundwater discharges and 

is estuarine in nature. There is an inner zone 

characterized by low salinity, high nitrate, and 

soluble reactive silica concentrations, and a 

seaward zone characterized by high salinity and 

low concentration of nutrients. The middle zone is 

characterized by intermediate salinity and higher 

concentrations of soluble reactive phosphorus and 

ammonium than those found in the remainder of 

the lagoon.  

 

The macrophyte community consists primarily of 

Chara fibrosa and Batophora oerstedi in the inner 

zone, Halodule wrightii and Chaetomorpha linum in 

the middle zone, and Halodule wrightii and 

Thalassia testudinum in the seaward zone. The 

mangrove community, established on the sand 

barrier side of the lagoon, is comprised of a small 

fringe of Rhizophora mangle, followed by Avicennia 

germinans, which dominates the area. Behind the 

fringe is a forest of Laguncularia racemosa mixed 

with sand dune vegetation. On the continental 

side of the lagoon, mangroves show a similar 

gradient from the seaward to the inner zone but 

with better structural development. There are no 

coral reefs in this area. 

 

CARICOMP monitoring at Laguna de Celestún is 

conducted by Centro de Investigación y de 

Estudios Avanzados del IPN (CINVESTAV).  

CINVESTAV established in 1961, is a statutory 

organisation geared at producing scientists in 

specialised areas.  The Centre collected seagrass 

and mangrove data in 1994 and 1995, but has 

since been inactive. 

 

NICARAGUA 

 

Nicaragua is the largest country of Central 

America, covering an area of 130,700 km2.  It is 

bordered by Honduras to the north, the Caribbean 

Sea to the east, Costa Rica to the south, and the 

Pacific Ocean to the west. The population is 

estimated to be 4,900,000 yielding an overall 

density of about 38 persons per sq km.  Nicaragua 

is mountainous in the west, with fertile valleys.  A 

plateau slopes eastward toward the Caribbean.  

The Pacific coast is volcanic and very fertile.  The 

Caribbean coast, swampy and indented, is 

referred to as the "Mosquito Coast." 

 

Mangrove wetlands, seagrass beds, and coral 

reefs are found throughout Nicaragua’s 

Caribbean coastal zone, but few scientific studies 
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have been carried out to identify their 

distribution, productivity, or general physical 

condition. Preliminary data indicate that live coral 

coverage of several large coral reefs on the 

Nicaraguan shelf is declining. In view of the 

ecological importance of these habitats in 

sustaining east coast fisheries, Nicaragua joined 

the CARICOMP program in 1992.  CARICOMP 

monitoring in Nicaragua is a collaborative effort 

between several Government departments, two 

local universities (Bluefields Indian Caribbean 

University and Universidad de las Regiones 

Autónomas de la Costa Caribe Nicaraguense), 

and the Centro de Investigación y Documentación 

de la Costa Atlántica (CIDCA).  

 

CIDCA established in 1981, is a research 

organization dedicated to the study of history, 

natural culture, economy, resources and social 

and political institutions of the Atlantic coast of 

Nicaragua. Its main focus is on the promotion of 

initiatives that will contribute to the development 

and preservation of the natural environment and 

the rights of the ethnic communities of that 

region. In addition it offers consultancy services 

to national, regional and international 

governments and NGO's.  Their main activities 

are centered in five areas of work: Natural 

ecology and Resources, Legal, Socioeconomic, 

Documentation and Communication.  

 

Great Corn Island, located approximately 64 km 

northeast of Bluefields (a small town on the 

southeast coast of Nicaragua) is the CARICOMP 

site identified for coral reef and seagrass 

monitoring.  Although mangrove forests occur on 

the island, they are cut off from the sea except 

during short periods during the rainy season. To 

date, work at Great Corn Island has been limited 

to the coral reef site, which has been monitored 

for four years (1993-1997). 

 

The coral reef site is located on the outer reef 

system north west of Great Corn Island.  The site 

is in the path of the predominant trade winds and 

is therefore exposed to high wave energy and 

sand is frequently re-suspended in the water 

column. The only human influence near the 

monitoring site is sporadic fishing by lobster 

divers, occasional fish trapping, and hook-and-

line fishing. Acropora palmata and Montastraea 

annularis dominate the fringing reef system. 

 

The Nicaragua site has been inactive since 1997, 

however, monitoring is slated to resume in June 

2003. 

 

PANAMA  

 

Panama is located in Central America, bordering 

both the Caribbean Sea and the North Pacific 

Ocean, between Colombia and Costa Rica. The 

terrain of Panama is mostly steep, rugged 

mountains and dissected, upland plains while 

coastal areas consist largely of plains and rolling 

hills. CARICOMP monitoring in Panama began in 

1999 through the Smithsonian Tropical Research 

Institute (STRI).  STRI was first established to 

survey the flora and fauna of the area for the 

purpose of controlling insect borne diseases such 
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as yellow fever and malaria, but the Institute later 

expanded its functions to include research in 

marine science, which led to the establishment of 

a marine science program with laboratories on 

both the Atlantic and Pacific coasts of Panama.  

Understanding the history and ecology of the 

different oceanic environments of the Atlantic and 

Pacific, and providing research opportunities for 

students and specialists who wish to study them 

has become a major focus for STRI.  STRI recently 

constructed a research centre in Bocas del Toro, 

Isla Colón, to facilitate a comprehensive program 

in education, and research focused on both 

marine and terrestrial environments. 

 

CARICOMP monitoring is conducted on Isla 

Colón, one of the main islands in the Bocas del 

Toro Archipelago, adjacent to the recent facility.  

 

The reef site is part of a fringing reef located 50 m 

offshore the town of Bocas del Toro.  It runs 

parallel to a mangrove and a small seagrass bed.  

Reefs in this area do not develop below 18 m. 

They are somewhat different from most 

Caribbean reefs, in that, instead of being 

dominated by the Montastraea complex, the main 

reef-building coral species are Porites furcata in 

shallow water (0.5-2 m), Agaricia tenuifolia and A. 

danae along the upper slope (2-6 m), large stands 

of Madracis mirabilis mixed with large colonies of 

Colpophyllia natans, Montastraea cavernosa, M. 

franski, and few M. faveolata along lower slope (6-

12 m), and Siderastrea siderea, Solenastrea spp. and 

Stephanocoenia intersepta at the base (down to 18 

m).  Approximately 47 species of scleractinian 

corals, 22 octocorals and 37 sponges have been 

recorded for this area. 
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The seagrass beds in Bocas del Toro are extensive, 

covering large areas in the shallow waters 

surrounding, and between, the islands of the 

archipelago and along the mainland coast.  The 

seagrass sites are located in Matumbo Bay, Isla 

Colón, in close proximity to the marine research 

facility of STRI. The seagrass meadow within the 

Bay extends from the shoreline to a distance of 

approximately 150 m; the CARICOMP seagrass 

sites are located approximately 12 and 18 m from 

the shoreline of fringing mangrove and are 

comprised of Thalassia testudinum intermixed with 

calcareous algae. 

 

The mangrove forests of Bocas del Toro are 

extensive, comprising forests that fringe the 

mainland, the islands and overwash islands 

within the Chiriqui Lagoon.  They are dominated 

by Rhizophora mangle, with other mangrove 

species being rare. The CARICOMP site is a small 

peninsula on Matumbo Bay and consists of a 

fringing mangrove of R. mangle. 

 

PUERTO RICO 

 

The island of Puerto Rico is almost rectangular in 

shape, and is the smallest and the most eastern 

island of the Greater Antilles. Its coastline 

measures approximately 580 km. 

 

The CARICOMP program in Puerto Rico falls 

under the portfolio of the Reef Studies and 

Monitoring Laboratory of the Department of 

Marine Sciences of the University of Puerto Rico.  

This institution became a member of the 

CARICOMP network in 1994.     

 

The mission of the Department of Marine Sciences 

is to promote a greater understanding of the 

marine environment within the core areas of 

marine biology, marine chemistry, marine 

geology and marine physics. This is accomplished 

through the training of graduate students in the 

marine sciences, and education of the wider 

community.  Original research by both faculty 

and students is the central focus of the 

department's program, and emphasizes the 

complementary and mutualistic relationship 

among these goals. The Department offers 

graduate degree programs at the Ph.D. and MSc. 

levels in Marine Sciences, covering both the full 

breadth of the discipline and the specialization 

needed to develop specific technical and 

analytical skills within a larger scientific context. 

The program seeks to produce graduates with a 

solid background in marine sciences that are able 

to critically analyze problems and offer solutions 

through the application of scientific knowledge 

and research. Marine scientists are trained for 

careers in teaching, research, development and 

resource and environmental management. 

 

Monitoring is conducted at La Parguera, a small 

coastal village located on the southwestern coast 

of Puerto Rico.  La Parguera is known for its 

wealth of marine resources, some of which 

include the most extensive and spectacular reef 

ecosystem of the island, two bioluminescent bays, 

a coastal mangrove fringe with several small 

lagoons and tiny mangrove islands associated 
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with coral reefs and seagrass beds.  Over the past 

ten years, La Parguera has been transformed from 

an undeveloped, quaint fishing village to a tourist 

resort town.  In order to halt ad hoc deforestation 

of the natural semi-arid forest and mangrove 

coastline, the Puerto Rico Planning Board 

classified La Parguera as a Zone of Special 

Planning. In further recognition of the ecological 

value of its marine resources, La Parguera has 

also been designated as a Natural Reserve by the 

Department of Natural Resources.   

 

Coral monitoring is carried out at Turrumote 

Reef, located 3.5 km south of Punta Papayo, Lajas 

and at the adjacent emergent reef, Media Luna, 

approximately 2 km to the west.  Turrumote is 

farther offshore than any other reef in La 

Parguera.  The fore-reef is characterized by a long 

reef crest, an abrupt slope that includes several 

terraces, and a deep reef zone of irregular 

topography featuring massive coral formations at 

the base.  The back-reef of Turrumote lacks the 

typical sandy-silt substrate leading to turtlegrass 

(Thalassia testudinum) beds that is found on many 

other reefs in La Parguera.  Instead, the back-reef 

presents substantial hermatypic, soft coral, and 

hydrocoral (Millepora spp.) development on a 

mostly sandy substrate. The reef crest of 

Turrumote is a zone of high wave action 

dominated by encrusting biota: Millepora spp., 

and Acropora palmata.  Dense turfs of algae, 

encrusting sponge, zoanthids and encrusting soft 

coral are also common at the reef crest.  The reef 

slope (5-13 m) is an area of intermediate wave and 

surge action and good light penetration, and is 

dominated by massive corals, mainly Montastraea 

annularis.  Other coral species include Porites 

porites, Montastraea cavernosa, Dendrogyra 

cylindricus, Siderastrea spp., and Diploria spp. 

 

Large seagrass beds are established in the La 

Parguera area, with Thalassia testudinum and 

Syringodium filiforme being the most abundant and 

widely distributed seagrass species over the 

insular shelf and also in the back-reef zones of 

middle shelf reefs.   

 

Datasets from La Parguera includes coral reef, 

seagrass and mangrove (1994-2002), and the 

accompanying physical dataset. 

 

SABA, NETHERLAND ANTILLES 

 

Saba is a small volcanic island located in the 

northeastern Caribbean and is part of the 

Windwards Islands and the Netherlands Antilles.  

It has a land area of 13 km2.  Anthropogenic 

impacts on the nearshore marine environment are 

minimal and limited to sedimentation, dive 

tourism, and fishing.  Saba is devoid of mangrove 

stands; Thalassia testudinum seagrass beds and 

coral communities are restricted to a narrow shelf 

and offshore seamounts.  

 

The island of Saba is surrounded by a marine 

protected area, the Saba Marine Park. The park 

boundaries are extensive, ranging from the high-

water mark to a depth of 60 m (200 feet), 

including the seabed and overlying waters.  The 

Saba National Marine Park (SMP) was established 
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in 1987 with the objective to preserve and manage 

Saba's marine resources.  The SMP was developed 

to ensure the continued quality of an 

extraordinary good coastal and marine resource 

for the benefit and enjoyment of nationals and 

tourists alike. 

 

The SMP is administered by the Saba 

Conservation Foundation (SCF), a non-profit 

organization with a mission to preserve and 

manage Saba's natural and cultural heritage.  The 

CARICOMP program therefore fitted perfectly 

into the SCF mandate.  The SCF joined up with 

the CARICOMP program in 1993 and actively 

monitored using the CARICOMP protocol from 

1993-1997.  CARICOMP sampling occurred only 

at one reef area on the leeward west coast. The 

reef site is a spur-and-groove system that is 

dominated by Montastraea annularis.  Impacts on 

this area are limited to sedimentation and 

recreational diving. Physical oceanographic data 

are also available for this site, and meteorological 

data are available for the island.  Coral reef 

monitoring resumed in 2003. 

 

 

ST. LUCIA 

 

St. Lucia lies towards the northern end of the 

Windward Islands, just north of St Vincent, south 

of Martinque and approximately 176 km ESE of 

Barbados.  St. Lucia is a small volcanic island with 

numerous small bays, harbours and islets lying 

off shore.   

 

The Caribbean Natural Resources Institute 

(CANARI) joined the CARICOMP network in 

1993, however due to limited resources, the 

protocol has not yet been implemented.  CANARI 

is an independent technical organization that 

analyses and promotes the participatory 

management of natural resources in the Wider 

Caribbean.  At the core of the Institute’s 

philosophy and vision is that the participation of 

all parties concerned with natural resources and 

their use is essential for development that is 

equitable and sustainable.   

 

CANARI's program consists of three main 

elements, research, analysis and advocacy on the 

methods and institutions required for 

participatory management.  For more than twenty 

years, the Institute, through its research, has 

developed a thorough knowledge of issues 

related to participatory management.  The results 

of these research and analysis have been 

disseminated throughout the Caribbean region 

through publications, technical assistance and 

training.  

 

 

TRINIDAD & TOBAGO 

 

Trinidad and Tobago is located off the north-

eastern coast of the mainland of Venezuela.  They 

are the southernmost islands of the Caribbean 

archipelago, and are geologically an extension of 

the South American continent.  The two islands 

cover a combined area of 5,128 km2 (Trinidad 4828 

km2 and Tobago 300 km2).  The terrain is 
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predominantly plains with a few hills and low 

mountains. 

 

The Institute of Marine Affairs (IMA), in 

conjunction with the Department of Marine 

Resources and Fisheries, administers the 

CARICOMP program in Trinidad and Tobago.  

IMA is a multidisciplinary research institution 

incorporated by an Act of Parliament of Trinidad 

and Tobago.  The Institute is required to conduct 

research on the marine and related environment 

of Trinidad and Tobago, the Caribbean and 

adjacent areas and to provide an advisory service 

to the Government of Trinidad and Tobago, and 

the private sector. 

 

To carry out its mandate, the IMA conducts 

research under the following five programs which 

reflect specific tasks and activities related to the 

systematic investigations of coastal zones, inland 

waterways and rivers, near-shore waters, and the 

Exclusive Economic Zone (EEZ): Fisheries and 

Aquaculture, Environmental Research, Legal 

Research, Marine Chemistry and Technical 

Advisory Services.   

 

The research groups are supported by the 

Information Centre, which provides information 

resources to aid the researcher, and the 

Information Technology Department, which 

utilizes Remote Sensing, Geographic Information 

Systems and Data Management in support of 

research carried out by the Institute. 

 

The institute is also involved in public education 

to promote and encourage widespread 

understanding and appreciation of the 

importance of Trinidad and Tobago's natural 

resources to its citizens and the need for 

sustainable use, conservation and management of 

these resources.  Public education and awareness 

activities are usually targeted at focus groups 

such as school children and youth groups.  

 

IMA initiated CARICOMP monitoring in 1991 on 

Buccoo Reef and the Bon Accord Lagoon on the 

island of Tobago.  Buccoo Reef and Bon Accord 

Lagoon are located on the leeward coast of 

southwestern Tobago. This is one of two localities 

in Trinidad and Tobago characterized by 

contiguous reef, seagrass, and mangrove 

ecosystems.  

 

The Bon Accord Lagoon is bordered to the south 

and east by a mangrove wetland of lagoon fringe 

type.  The mangrove wetland fringing the lagoon 

is primarily Rhizophora mangle but white 

mangrove Laguncularia racemosa is also common 

and Avicennia germinans and Conocarpus erectus are 

also present.   

 

The Lagoon is characterized by macroalgae and 

seagrass communities.  An extensive seagrass bed 

is located in the western area of the Bon Accord 

Lagoon. Thalassia testudinum, the dominant 

seagrass is found mixed with macroalgae 

(Bryopsis spp., Dictyota spp., Chaetomorpha spp.), 

sea urchins (Lytechinus variegatus), mollusks 

(Strombus spp.), oysters (Pinctada radiata) and 

holothurians. 
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North of the Bon Accord Lagoon is the extensive, 

shallow reef lagoon of Buccoo Reef where coral 

reef monitoring is conducted.  Small coral 

formations, characterized by one or a few species, 

occur throughout the reef lagoon.  The reef system 

is approximately 7 km2 in area and is 

characterized by an arc of five reef flats that 

enclose a shallow reef lagoon and the Bon Accord 

Lagoon.  There is patchy distribution of coral 

communities within the reef lagoon, mainly 

Acropora cervicornis and Montastrea spp.  Seaward 

of the reef flats is the fore reef dominated by 

Diploria spp, Montastrea spp., and Acropora palmata 

slopes to depths of 15-30 m.  

 

Monitoring has now been extended to other areas. 

 

VENEZUELA 

 

Venezuela is located in the far north-eastern part 

of South America, bordering the Caribbean Sea 

and the North Atlantic Ocean, between Colombia 

and Guyana. Venezuela has an incredibly diverse 

landscape, the terrain includes the Andes 

Mountains, the Maracaibo Lowlands in the 

northwest; central plains (llanos) and Guiana 

Highlands in southeast.  Off the north coast lie 

numerous islands, of which the biggest is Isla 

Margarita.  

 

Parque Nacional Morrocoy 

 

Parque Nacional Morrocoy is situated on the east 

coast of the Falcón State of Venezuela.  The park 

comprises 321 km2 of coral islands and reefs, as 

well as part of the mainland coast.  The national 

park was created in 1974 to protect the extensive 

mangrove channels and the ecosystems found on 

its 30 coralline islands and cays. At present, the 

park is still being used for recreational purposes, 

but efforts are underway to preserve it and to 

carry out scientific research with international 

cooperation.  Before the park was officially 

established, buildings were constructed on all 

existing cays and on many shoals, sand banks, 

and reef flats as well as elevated houses 

("palafitos") were over Thalassia testudinum beds.  

However after the area was declared a national 

park, the Government ordered demolition of all 

construction on the cays and beaches, and 

prohibited further development of coastal towns 

within the park. Despite these and other 

protective measures, the damage suffered by the 

reefs and seagrass beds has continued to increase.  

The cutting of mangrove for wood is still a 

common activity by inhabitants of the area, as is 

cutting of mangrove roots to collect the oysters 

that grow on them.  The park is also a popular 

tourists destination and in recent years, the 

unregulated traffic and unfettered development 

appeared to threaten the balance of the fragile 

ecosystems.  However, local and national 

governmental organizations have launched 

numerous programs to educate residents about 

the area's fragility and the need to develop eco-

tourism, now the region's lifeblood, and the signs 

look very promising. 

 

The CARICOMP site in Parque Nacional 

Morrocoy is located on the northwestern coast of 
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the Golfo Triste, a large inlet on the west-central 

coast of Venezuela.  The seaward zone is 

connected to the open ocean and is characterized 

by coraline communities, moderate swells, low 

turbidity, and 20 m water depths.  The inshore 

zone is characterized by low wave activity, higher 

turbidity, and shallow waters with mangrove 

(mainly Rhizophora mangle) and seagrass (Thalassia 

testudinum) communities developed primarily 

along the leeward sides of cays and on sandy 

bottoms of the internal lagoons.  

 

Coral reef formations dominate the entire coast 

along the east-northeast shores of the Morrocoy 

cays, including some shallows in inlets to the 

park. The reef sites are located at Playa Caimán, in 

front of Boca Grande, and at Cayo Sombrero, an 

exposed cay in the eastern portion of the park. 

 

Playa Caimán is a fringing reef with a channel 

that breaks the continuity of the reef and 

separates the area in two zones: northern and 

southern.  The northern zone has been more 

affected by man-made disturbances.  The coral 

species reported are Diploria spp., Millepora 

alcicornis, Siderastrea radians, and Porites astreoides. 

Extensive formations of the zoanthids are found 

on the fore reef as well as several species of 

sponges and soft corals of the Plexaura sp. in 

crevices.  The fore reef (0.20-3.0 m depth) is 

dominated by Acropora palmata, other colonies 

include Millepora alcicornis, Millepora complanata, 

and Montastraea annularis.  This zone continues 

with an extensive fringe dominated by 

Montastraea annularis (2.5-7 m in depth). There are 

also colonies of Colpophyllia natans, Diploria spp., 

Agaricia spp., and some colonies of Solenastrea 

bournoni in this zone, the most homogeneous coral 

zone. The deepest zone of the reef slope (7-11 m 

depth) is dominated by large colonies of 

Colpophyllia natans and Montastraea cavernosa. 

There are also several well-developed colonies of 

soft coral.  This zone ends in a sandy bottom with 

a soft slope that continues down to 15 m depth, 

with dispersed patches of coral colonies of 

variable sizes. 

 

Cayo Sombrero is a sandy cay surrounded by 

coral reefs.  The CARICOMP station, established 

in 1996, is located on the leeward side of the cay.  

The main reef is separated from shore by a 

shallow sandy channel approximately 80 m wide. 

There is no genuine reef front, the shallow reef (3 

m depth) is covered mainly by soft corals and the 

predominant hard coral at this depth is Madracis 

mirabilis.  The reef slope begins at a depth of 4 m; 

it reaches 15 m on the southern side and 6 m on 

the northern side. The CARICOMP station is 

located in the southern zone characterized by the 

deeper slope.  Between 3 and 5 m deep, the 

community is comprised mainly of Millepora 

alcicornis and Madracis mirabilis. Large colonies of 

M. annularis dominate the reef, with some 

conspicuous colonies of C. natans as well as M. 

cavernosa, D. strigosa, P. porites, and A. agaricites 

being found at greater depths.  The reef ends at a 

depth of 15 m with a gently sloped sandy bottom. 

 

The seagrass sampling site is located in the 

northern portion of the bay known as Las Luisas. 
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It is characterized by extensive monospecific 

meadows of Thalassia testudinum interspersed 

with algae. 

 

The CARICOMP program was established in 1993 

primarily to monitor Morrocoy’s ecosystems to 

allow comparison with other coastal sites in the 

Caribbean.  The program at Parque Nacional 

Morrocoy is coordinated by the Instituto de 

Recursos Naturales Renovables, the Instituto de 

Tecnología y Ciencias Marinas (INTECMAR), the 

Departamento de Estudios Ambientales and the 

Departamento de Biología de Organismos, 

Universidad Simón Bolívar. 

 

INTECMAR is an investigation and service unit, 

assigned to the Division of Biological Sciences of 

the University of Simón Bolivar, whose mission is 

to conduct multidisciplinary studies in the field of 

marine sciences in the coastal zone to provide 

solutions and the understanding of the need for 

conservation. The institute provides services and 

conducts research in a variety of areas related to 

the marine ecosystem.  These include marine 

ecology, ecotoxicology, sedimentology, 

phycology, microbiology and biotechnology. 

 

Punta de Mangle, Isla de Margarita  

 

Isla de Margarita is located off the north coast of 

Venezuela.  It is actually two islands connected by 

a narrow isthmus and is approximately 69 km 

long.  CARICOMP monitoring is conducted on 

the coast of Isla de Margarita at Punta de Mangle.  

This area is a sandy spit covered by 16 ha of 

mangroves and 36 ha of seagrass beds.  Coral 

reefs are not present at Punta de Mangle and are 

scarce around the island.  The scarcity of coral 

reefs on the island is due to the turbidity of the 

relatively cold water resulting from the high 

productivity of plankton.  Human activity at the 

site has been insignificant, historically, although 

there are harbour facilities nearby.  The 

construction of the Harbour facilities and access 

causeway at El Guamache in the mid 70s 

destroyed some mangrove areas in the small 

lagoons north of the study site, but this has 

seemingly not had a negative effect on the Punta 

de Mangle.  The mangroves on Isla de Margarita 

are now protected by environmental laws that 

prohibit cutting mangrove forests for timber or 

development.  However, the impact of public 

works (i.e., roads and piers) near the mangroves 

has not been taken into account, in particular 

runoff and the movement of the sub-soil waters 

and superficial sediments. This is the primary 

cause of the loss of mangrove areas on the island. 

 

The mangroves of Punta de Mangle are 

dominated by Rhizophora mangle and Avicennia 

germinans. Laguncularia racemosa, is not common 

but is represented by several small trees growing 

in dry sandy ground in the extreme west. 

 

The seagrass meadows are monospecific beds of 

Thalassia testudinum.  The distribution of these 

grasses seems to be related to the type of bottom 

sediment.  Thalassia is sparse in the area closest to 

the mangroves, which has a muddy soft bottom.  

The seagrass has poorly developed buds and is 
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covered with many epiphytes and coated with 

fine sediments.  However Thalassia is more 

abundant at some distance from the mangroves 

where there is firm sandy substrate. 

 

CARICOMP monitoring was implemented at 

Punta de Mangle in 1992 by the Estación de 

Investigaciones Marinas de Margarita (EDIMAR), 

a research station dedicated to the study of the 

marine environment.  The main areas of interest 

are the evaluation of fishing resources, 

oceanography, marine biology, aquaculture and 

the control of food quality. 

 

EDIMAR was established primarily to evaluate 

the natural marine resources and determine how 

they may benefit the development of the country 

and local population. Research includes 

examining the relationships among the natural 

habitats of various marine species, conducting 

habitat surveys and surveys of the key marine 

species, fisheries studies, water quality analyses 

and oceanographic investigations.  The station is 

also involved in aquacultural studies, primarily to 

develop techniques to maximize potential yield of 

marine juveniles so as to improve the utilization 

of marine resources. 
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PART II: STATUS OF COASTAL ECOSYSTEMS 

Country Reports  

 

The following are the summaries of the country 

reports presented by the Site Directors or selected 

representatives at the CARICOMP Site Directors’ 

meeting in Grand Cayman in December 2002. 

 

San Salvador, Bahamas  

 

Hard coral cover data have been collected since 

1994 and has declined from about 10% in 1994 to 5 

- 6% in 1997/98; disease is suspected to be a 

factor. More recent values are hard coral cover 

between 4 and 4.5%. Algal cover had been 

increasing over time. Reef data are collected twice 

per year allowing the apparent seasonal variation 

in algal cover; low in the winter, higher in the 

summer to be detected. However, the latest data 

(November 2002) showed exceptionally high algal 

cover, particularly by turf and fleshy algae. The 

sponge population has seen a decline over the 

long term, but was larger in November 2002 than 

in April of that year. The small gorgonian 

population at the site has increased slightly. 

 

There is no environmental management at 

Fernandez Bay and fishing may have some 

impact, but there is no obvious eutrophication. 

 

Barbados 

 

Coral reef data have been collected since 1993 at 2 

stations. The North Bellairs station showed 

unusually high hard coral cover (>30%) and, in 

2002, an increase in foliaceous algae, but neither 

increase was statistically significant. These 

stations are shallower than other CARICOMP 

coral reef stations, which may explain why the 
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recorded numbers of Diadema antillarum have 

been relatively high compared to other 

CARICOMP sites. Nonetheless, in 2001 and 2002 

Diadema declined significantly from the 1994 

values of 3.1 m-2 to 0.2 m-2, which may be a 

contributing factor to the increase in foliaceous 

algae. 

 

The small seagrass beds in the St. Lawrence 

lagoon, seaward of the Graeme Hall swamp, have 

been shrinking, impacted by sedimentation as the 

beach width has increased. In 2001 they suffered 

further damage during the construction phase of 

new sewage system when the newly laid pipes 

were flushed into the lagoon during testing. These 

impacts, coupled with a large recruitment of the 

sea-urchin Tripneustes ventricosus, led to fatal 

overgrazing and a total loss of blades, resulting in 

further sand movements and exposure of the 

rhizomes to grazing urchins. 

 

Consequently, data collected on seagrass biomass 

and Thalassia productivity fell to zero in 2002. 

Prior to that, no significant declines had been 

detected. This may have been because sampling 

was gradually forced further offshore. 

CARICOMP researchers will continue to observe 

the old seagrass site to see if it recovers.  

 

The small mangrove-lined lake, inland at Graeme 

Hall, will suffer some impacts with the 

commissioning of the new sewage system. 

Pumping and drainage during the construction 

phase, have already altered water depths, and the 

lagoon has been designated an emergency 

spillover route. The abundance of red mangrove 

seedlings since 2000 has been high.  

 

Apart from its ecological value, CARICOMP data 

collection provides valuable training for students 

of natural resource management.  

 

Carrie Bow Cay, Belize 

 

CARICOMP monitoring began at Carrie Bow Cay 

in 1993, and was briefly interrupted in 1998 when 

the field station burned down, but it was resumed 

after the new buildings were opened in 1999. 

Reefs and other habitats have suffered major 

natural impacts in recent years: high sea 

temperatures (with bleaching) in 1995 and 1998, 

and hurricanes in 1998 (Mitch), 2000 (Keith) and 

2001 (Iris and Michelle) which, in addition to high 

wave action brought massive freshwater runoff 

(especially Mitch) with high turbidity. These 

events contributed to a significant loss of coral 

cover in the CARICOMP transects, from about 

19% in 1994 to about 7% in 2001, and a nearly 30% 

drop in rugosity over the same period. All hard 

coral species have declined in abundance, with 

the possible exception of Colpophyllia natans. 

Among the gorgonians, rods are stable, feathers 

have decreased, while seafans are recovering 

(from aspergillosis and/or hurricane loss). There 

has been a significant decline in the abundance of 

sea urchins, particularly Echinometra viridis, for 

reasons unknown, but habitat loss is suspected. 

No changes were observed at the seagrass sites, 

where slight summer/winter variation has been 

detected.  
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Bermuda 

 

In 2002, the coral reef surveys were performed 

and no obvious change had occurred at the sites. 

Additional monitoring of algal biomass was 

conducted on a quarterly basis but was not done 

according to the Level 2 protocols. 

 

New seagrass monitoring sites were established at 

two inshore locations in Castle Harbour. These 

beds are within 100 m of the shoreline, which is a 

forested park with some fringing mangrove. 

These beds will have very different characteristics 

compared to the type of beds monitored in the 

mid-lagoon sites from 1992-2000. Suitable 

replacement beds in the mid-lagoon could not be 

found as all seagrasses died out in 2000. Future 

visits are planned to the previous sites to observe 

any re-colonization by seagrasses.    

 

Cayman Islands 

 

Pinnacle, one of the two coral reef sites, is located 

offshore from the North Sound and is subject to 

heavy tourist diving traffic and to swamp 

effluent. Coral cover data from the CARICOMP 

transects have never been high, but have declined 

by 38% (to about 10%) since the start of 

monitoring in 1995. Moreover, the abundance of 

algae and abiotic categories have increased. 

Andes, the site to the east of the Sound, suffers 

less from anthropogenic disturbance but still 

showed a 19% reduction in coral cover, to about 

21%. At least part of this decline was due to 

mortality after the severe bleaching event in 1998, 

particularly in Montastraea faveolata. The 

productivity of Thalassia testudinum has varied, 

with no apparent correlation to environmental 

factors. Meanwhile, the production of mangrove 

leaf litter seems to have increased since 1994.  

 

Chengue Bay, Colombia 

 

CARICOMP monitoring has continued without 

interruption since 1992.  Water temperature and 

salinity showed marked seasonal variability but 

water transparency, while variable, showed no 

regular pattern. The coral reef benthic community 

has shown little variation over nine years, despite 

three bleaching events, in 1995, 1998 and 1999, 

associated with elevated seawater temperatures. 

However, in November 1999, Hurricane Lenny 

damaged some corals. This was the first hurricane 

to influence the area for 28 years. Coral cover fell 

from about 35% to about 31%. Algal cover has 

varied between 55% and 37%, which may partly 

be a consequence of sampling at a time when the 

algal community is in a seasonal transition.  

 

Within the seagrass community there were 

marked increases in Thalassia biomass, 

productivity and turnover rate in 1999, although 

no correlation was found with any of the 

CARICOMP environmental data. Even more 

striking was the abrupt disappearance of 

calcareous algae (previously about 6% of total 

biomass), notably Halimeda opuntia, from 1996 

onwards, not only from the seagrass bed but from 

the rest of the southern lagoon at Chengue Bay. 

Seven years of data from the mangrove plots have 
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been very consistent, with the exception of an 

unusually high litterfall, twice the previous 

average, in November 1999. However, this period 

included the time of high winds and heavy rain 

from Hurricane Lenny, which shows the need for 

good environmental data to support other 

measures such as forest productivity.  

 

CARICOMP monitoring at Chengue has 

assembled the most complete dataset for coastal 

marine environmental and biological variables 

anywhere in Colombia, and is valuable for 

management and conservation. It demonstrated 

the essential stability of those systems at Chengue, 

while documenting the effects of occasional 

natural perturbations. It was the model for 

creation of SIMAC, the national monitoring 

system for the reefs of Colombia. 

 

San Andrés and Old Providence, Colombia 

 

In San Andrés, a mangrove site has recently been 

added to the existing seagrass and reef sites, while 

an additional coral reef monitoring site has been 

established near the municipal sewage outfall. At 

Old Providence/Santa Catalina, 80 km north of 

San Andrés, three coral reef, three seagrass and 

one mangrove station were set up. Monitoring has 

not been going on for long enough to confirm 

seasonal patterns of variation nor to detect trends. 

Sea temperatures over the reefs of San Andrés 

range between about 27-29oC, but data from 

automatic recorders on the bottom seem to show 

more variation. Hard coral cover at Southwest San 

Andrés has varied between 22% and 30%, with 

the highest figure being the latest, from 2001. In 

contrast, the Outfall site has about 7% cover. The 

three sites at Old Providence were in the range 10-

23%. CARICOMP monitoring has acquired new 

significance with the declaration of the 

Archipelago as the Seaflower UNESCO Biosphere 

Reserve. Details of zoning and management are 

under discussion. 

 

Cayo Coco, Cuba 

 

CARICOMP is one of several programs 

monitoring the Cayo Coco area. For logistic 

reasons, no coral reef data have been collected 

since 1997 when coral cover averaged 6%. The 

total biomass of seagrass has declined 

significantly from 1994 to 2002, while aerial 

productivity has remained stable. Meanwhile, the 

turnover rate has increased significantly between 

the first four and the last four years of sampling, 

and the leaf area index has declined. The 

explanation may be that sedimentation is 

reducing the biomass, stressing the plants and 

forcing an increase in turnover rate. There is a 

seasonal pattern in the total productivity of the 

mangrove forest, as measured by litterfall, which 

correlates with the seasonal pattern of rainfall 

being lowest in January and highest in October. 

The data also seem to vary with wind speed in the 

dry months and temperature in the rainy months.  

 

Dominican Republic 

 

Coral reef cover, which averaged 17-20% in 1996-

97, was down to 11% and 8% in 2000 and 2001 
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and is suspected to be partly due to hurricane 

damage. Trees in the mangrove plots are crowded 

(3,600 per hectare) and are exceptionally tall and 

slender. CARICOMP monitoring, by its nature 

and its limitation to a single site, is inadequate for 

management of an entire country. While the basic 

data have scientific value, the program should be 

expanded to include habitats and data perceived 

to be relevant to local users, managers, 

government etc. These might include beach 

profiles, fishery data, incidence of disease (Level 2 

methods). The development of such new 

protocols (in addition to the basic monitoring) 

would help to lever funding and facilitate 

CARICOMP’s practical and political survival. 

 

Florida 

 

The CARICOMP monitoring institution in Florida 

is the Keys Marine Laboratory at Long Key, 

within the Florida Keys National Marine 

Sanctuary. There are many other monitoring 

programs in the area, and CARICOMP will co-

operate with some of them. Meteorological data 

obtained from a nearby SEACAYS station show 

that in 2001, sea temperature ranged between 

14.6oC and 33.2oC, and salinity from 29.7 to 41.3 

psu, while there were 1,585 mm of rainfall. Coral 

reef sites were established off Long Key. The 

seagrass sites were established within an 

extensive system maintained by the Southeast 

Research Center (SERC) of Florida International 

University. The mangrove plots were established 

within the Long Key State Park, in collaboration 

with the USGS, most of whose mangrove 

monitoring is carried out in the Everglades. 

 

Jamaica, Discovery Bay 

 

From 1994 coral cover has increased from 9.5% to 

approximately 15% in 2001, while algal cover 

increased slightly (to 73%). The most common 

coral genera were Montastrea, Agaricia, Porites, 

and Siderastrea and for algae Halimeda, Dictyota, 

and Sargassum. The increased numbers of sea 

urchins, especially Tripneustes ventricosus, 

recorded in 1997-98 were not maintained; in 2002, 

no species exceeded 0.5 animals per m2. Algal 

biomass (a Level 2 measure) remained at 1.5 - 2.0 

kg per m2. The CARICOMP reef site is not 

currently representative of the general reef area. 

Located at about 8 m depth, the site falls in a 

transitional area between shallow water (1- 6 m 

depth), where Diadema (and corals) are more 

abundant (approx. 6 per m2), and the area below 

about 10 m, which is almost totally overgrown by 

algae and devoid of urchins (Tripneustes & 

Diadema) although some Echinometra and 

Lytechinus are present in M. annularis heads. 

Preliminary counts were made of coral recruits 

(juveniles < 3 cm in diameter) in different areas. 

Surveys along the 10 CARICOMP transects gave 

0.93 recruits per m2, compared with 2.21 recruits 

per m2 at another location (Dairy Bull) where 

Diadema, and large corals, are more abundant.  
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Mexico, Puerto Morelos 

 

CARICOMP monitoring has 

continued since 1992 but a 

mangrove sampling site has still 

not been selected. In the last few 

years, the difference between 

maximum and minimum air 

temperatures has decreased; it 

appears that minimum 

temperatures have increased. 

Coral cover at the 10 m coral reef 

monitoring site has not changed 

and remains low. Further to the 

coral bleaching of 1995, 1997 and 

1998, there was a mild bleaching 

event in 2001. Recent surveys of 

coral diseases have identified 

Yellow Blotch Disease, Black 

Band Disease, Dark Spot and 

White Plague. The biomass of 

seagrass has remained stable but 

fleshy algae are more abundant 

at both sites. The increase in 

fleshy algae, both at the reef and 

in the seagrass beds, raises 

concern about possible eutrophication, perhaps 

through submarine springs. This possibility is 

reinforced by the carbon, nitrogen and 

phosphorus content (C:N:P) ratio data from the 

seagrass plant dry matter analyses. 

 

Panama, Bocas del Toro 

 

At the coral reef site, cover by hard corals (mostly 

Agaricia spp.) has declined from about 27% in 

1999 to 21% in 2002. The CARICOMP seagrass 

stations were two within a much more extensive 

survey, but this is closing, leaving only the 

CARICOMP sites. They are within a relatively 

narrow bed (150 m wide), close to the mangrove 

shoreline, where sub-ground core sampling was 

judged to be too destructive and has been 

discontinued. Data from the surveys in 1999 and 
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2000 were used to determine the periods of 

maximum and minimum productivity for 

subsequent sampling. The mangrove forests of 

Bocas del Toro are extensive and show great 

variation in local salinity and tree density. 

Monitoring at the CARICOMP stations, near to 

the STRI Marine Lab at Matumbo Bay, represents 

a small part of a much larger program.  

 

Puerto Rico  

 

Data collection has continued since 1994, with 

some gaps in sea-urchin and seagrass data and no 

mangrove site. As at Puerto Morelos, the 

minimum air temperature has increased in the 

last few years, causing the mean to increase. 

Rainfall (and thus salinity) has been very variable. 

Secchi depth has also been variable, and seems to 

have declined in recent years. Coral bleaching 

years have been 1995, 1998, 1999 and late 2002, 

but without significant mortality. The maximum 

sea temperature has not exceeded 29oC since 1999. 

In the combined data from the two coral reef sites, 

there have been no significant differences through 

time, from 1994 to 2002, in the percent cover of 

coral (range 39.9 - 45.8%), algae (29.1-37.8%), 

octocorals (10.4 - 14.9%) and sponges (1.5-22.1%). 

Comparing the two reef areas, Media Luna used 

to have significantly higher coral cover from 1994 

to 1996. Since then, cover has varied and 

Turrumote shows significantly higher cover of 

coral from 1998 to 2001. The opposite has been 

true for alga cover, which was higher at 

Turromote from 1994-98, significantly so in 1994. 

Alga cover became significantly higher at Media 

Luna from 1999-2000 while increases in 2001 and 

2002 were not significant. Sponge cover was 

significantly higher in 1998 at Media Luna also 

was significantly higher at Turrumote from 1999-

2002. As at Discovery Bay, the transect depth is at 

the lower margin of the range for Diadema, but its 

numbers have been increasing. Coral diseases 

were surveyed here and at other CARICOMP sites 

in 1999. Their incidence was greater at southern 

sites (Bonaire, Colombia, Venezuela) than at the 

northern ones (Bermuda, Jamaica, Puerto Rico). 

Some important reef frame-building species (e.g. 

the three species of Montastraea and 

Colpophyllia) were the most affected. In the 

seagrass data there is high but not significant 

variability between sites through time. Averaging 

sites, there were significant higher aerial 

productivity and biomass turnover in 2001 

compared to all other years.  

 

Tobago 

 

Hard coral cover at Buccoo Reef, Tobago has been 

stable since sampling began in 1994, averaging 

~30%. Fish surveys (a Level 2 measure) have been 

conducted in 1998, 2000, 2001 and 2002 on Eastern 

Reef. Thalassia testudinum in the Bon Accord 

Lagoon has one of the highest aerial 

productivities among CARICOMP sites, but the 

lowest total biomass. Mean aerial productivity 

was estimated at 4.4 ± 2.8 g m-2 d-1 (n = 19) from 

1993-1999, while mean % turnover rate was 

estimated at 5.7 ± 1.5 for the same period. Average 

biomass from 1992-1999 was 398.3 ± 114.2 g m-2 (n 

= 15). The productivity of the red mangrove has 
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been fairly consistent. Each year from 1994-1999, 

the rate of litterfall ranged between 3-3.8 g m-2 d-1, 

with a monthly mean (n = 27) of 3.4 ± 0.88 g m-2 d-

1. Litterfall rate is highest between June and 

August, the rainy season. CARICOMP monitoring 

serves a useful purpose in Tobago. Not only has it 

provided the only long-term data on the target 

habitats in the entire country, it has also been 

used in the formulation of government policies. 

 

Venezuela, Parque Nacional Morrocoy 

 

Very heavy rainfall was recorded in December 

1999, and for most of the following year. At Playa 

Caimán, the coral reef site that suffered mass 

mortality in 1996, some recruits have been 

observed and possible survivors too. Monitoring 

will be resumed there. Meanwhile, hard coral 

cover at Cayo Sombrero has remained at about 

40%. Nonetheless, there has been a decline in 

Madracis mirabilis, possibly due to disease, 

anchoring and sedimentation. Increased turbidity 

due to the heavy rain in late 1999 may have 

contributed to a bleaching event. Afterwards, the 

coral diseases Yellow Blotch, White Plague and 

Dark Spot were observed. Seagrass biomass was 

reduced after the heavy rainfall of late 1999, but 

has recovered and continues to show highest 

values in September, least in March. Mangrove 

leaf litter production tends to be higher during the 

rainy season and low during dry months. This 

trend has remained stable, except for a steady 

increase since 1999.  

 

Venezuela, Margarita 

 

A coral reef site was established at Isla Cubagua 

in 2002, replacing the more exposed site at Punta 

Ballena, which had been monitored only once, in 

1995. It is a patch reef with 31% massive coral 

cover and 18% zoanthids. The cycle of seagrass 

biomass (high in April/May, low in November) 

was unchanged. Mangroves were damaged in 

1999 by Hurricane Lenny, which stripped off 

leaves and broke branches; leaf litter production is 

still recovering. Mangrove productivity, since 

1992, ranged from 3.2 to 9.4 g m-2 day-1 of litter 

and is strongly correlated with rainfall. Due to 

coastal changes, one plot had to be abandoned, 

and a new one was established in 2002. 

CARICOMP monitoring has been useful for its 

baseline data, for comparison with other sites, for 

teaching, and in environmental impact 

assessment. It does seem to mirror the actual 

situation, when combined with continual coastal 

mapping. The area is not under special 

management, but gains some protection from its 

proximity to the National Guard headquarters 

(e.g. from the felling of mangroves, which are 

protected by law).  
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Regional Report 

 

PHYSICAL MEASUREMENTS 

 

Introduction 

CARICOMP conducts measurement of physical 

parameters such as air temperature, rainfall, sea 

surface temperatures and salinity over the long-

term. These measures can provide valuable 

information and may answer some questions such 

as the effects of global warming on ecosystems. 

The CARICOMP datasets, though not continuous 

at all sites, have already confirmed the "cause and 

effect" relationship between high sea surface 

temperature and coral bleaching. As the data 

accumulate over time they will provide an 

invaluable baseline for further comparisons.  

 

Temperature 

The Caribbean region is located in the tropics and 

hence sea surface temperatures of both coral reef 

and seagrass ecosystems are usually relatively 

high (average annual temperature ranges from 

approximately 24-28.5ºC, 2001) with minimal 

variation with seasonal changes.  From the 

CARICOMP dataset, the general trend detected 

for the region is high temperatures (27-30ºC) from 

summer to fall and a slight reduction of 

approximately ~1-2ºC during the winter and 

spring months.  The variation in temperature 

becomes more evident as one moves northward as 

the effect of seasonal changes in solar radiation 

becomes increasingly important.  As such, 

Bermuda, the most northern island in the region 

experiences temperature changes of about 5-10ºC.  

In Bermuda, sea surface temperatures are 

relatively low for most of the year, averaging 19-

24ºC. Increased temperatures are observed during 

the summer (July to September) where 

temperatures range from 27-29ºC.   

 

Temperatures in the mangrove ecosystems 

throughout the region were also quite similar to 

that observed in the coral reef and seagrass 

ecosystem. For most countries sea surface 

temperature averaged between 26-30ºC (2001) 

with minimal seasonal changes.  Again, the 

mangrove forests in Bermuda had significantly 

lower temperatures than that of the rest of the 

region with annual temperature averaging 21ºC in 

2001.   

 

Observations from continuous monthly datasets 

indicated that there was little difference in 

temperature among the ecosystems.  However, 

highest sea surface temperatures were found in 

the mangrove ecosystems, then seagrass and 

coolest surface water in the coral reefs. 

Temperatures for all three ecosystems have 

remained relatively stable and no significant 

change has been observed over the years. 

Although seawater temperatures have shown no 

significant change over the years, the general 

trend is towards a slight increase in maximum 

and a decrease in minimum temperatures at some 

sites. 

 

Salinity 

As expected, lower salinity values were observed 

for mangrove ecosystems and higher values for 

 51



CARICOMP    1993-2003 

coral reefs systems. There has been no significant 

change in salinity values throughout the region 

over the years.  Sea surface salinities have 

remained relatively stable and similar throughout 

the region, averaging between 35 and 38 ‰ in 

2001 with slight fluctuations about the means.  In 

general there is no apparent pattern in the 

fluctuation in salinity, however Venezuela tended 

to have salinity values on the higher side of the 

spectrum generally exceeding 37 ‰ from late 

winter to spring. 

 

Light Attenuation 

Light attenuation (measured by Secchi disk) 

varied throughout the region, with averages 

ranging from as low as 2.67 m at Rio Perezoso, 

Costa Rica to 40 m at Hog Breaker Reef, Bermuda 

in 2001.  Disk visibility distance varied irregularly 

throughout the year for most countries, 

establishing no noticeable pattern with the wet 

and dry seasons.  However water transparency in 

Bermuda at the reef site showed clear seasonal 

patterns, with generally clear water from late fall 

to spring (visibility ranging from 40-60 m), and a 

decline in visibility (mean= 24 m) from the 

summer to early fall. 

 

CORAL REEF COMMUNITIES 

 

Introduction 

Percent cover by various benthic substrates, 

including hard corals, is a very important 

measure of the health of a coral reef community. 

All communities are subject to changes; some 

changes are brought on by natural disturbances 

which affect the structure and functioning of the 

community and may include changes in relative 

cover by one organism vs. another. Long-term 

monitoring allows changes in community 

structure to be highlighted, such as shifts in 

percent cover by corals vs. algae.  Since 

monitoring began in the CARICOMP program in 

1993 some 25 countries have submitted coral reef 

data to the CARICOMP Data Management 

Centre. The countries represent a range of 

locations: low islands such as the Bahamas 

archipelago, Barbados, Bermuda, the Cayman 

Islands, Curaςao and Tobago; high islands 

including Cuba, Dominican Republic, Jamaica 

and Puerto Rico and reefs bordering continental 

margins such as those of Belize, Colombia, Costa 

Rica, Mexico, Panama and Venezuela. The coral 

cover at the reef stations surveyed range from a 

low of ~2% to a high of ~45%. Many reefs have 

suffered significant declines that preceded 

CARICOMP monitoring. For example, coral reef 

cover at Discovery Bay averaged >50% in the mid-

70s but has declined significantly to the present 

cover of ~15%.  

 

This report documents the variations in coral 

cover at specific CARICOMP stations over the 

period 1993-2001. The results of the monitoring 

are clear. With few exceptions hard coral cover is 

declining at CARICOMP stations. In some cases 

the declines are small and consistent with the 

variability inherent in repeated monitoring, but in 

a few cases the declines are significant. 

CARICOMP stations while not representative of 

the condition of all reefs in a country are 
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indicative of the general trend of deterioration of 

reefs Caribbean-wide.  The yearly mean 

percentage cover of the major benthic groups for 

CARICOMP sites is presented in Table 1.  

 

San Salvador, Bahamas 

The reefs monitored by CARICOMP at the 

Fernandez Bay station, San Salvador, have low 

hard coral cover measuring 9.7% in 1994 and 

declining almost continuously each year to 4.2% 

in 2001 and 4.5% in 2003 (Fig. 2b). The decline is 

thought to be related to diseases. 

 

Bellairs, Barbados 

Monitoring at Barbados yields coral cover figures 

that vary from year to year. The hard coral cover 

was 25.9% in 2002. 

 

Carrie Bow Cay, Belize 

Hard coral cover at the stations has been declining 

steadily since monitoring began in 1994 (Fig. 2b). 

The decline from the 1994 mean of 18.2% to the 

2001 mean of 10.7% was significant (P=0.017).  

 

Hog and Twin Breaker, Bermuda 

Hard coral cover has fluctuated from a mean of 

23.3% in 1993 to 18% in 2001 and 21.8% in 2002 

(Fig. 2a).  

 

Barcadera, Bonaire 

No data have been received from Bonaire since 

1997 when hard coral cover averaged 27.6%. 

 

Grand Cayman, Cayman Islands 

Hard coral cover has been trending downwards 

since 1995 when the first datasets were received. 

The hard coral cover was 19% in 1995 and in 2001 

was 15.4%. Most of the decline has been attributed 

to mortality associated with coral bleaching, 

particularly in 1998.   

Underwater garden of Hog Breaker Reef, Bermuda 
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Chengue Bay, Colombia 

Chengue Bay has the longest and most complete 

coral reef monitoring data in the network dating 

from 1993 to 2002. The data indicate that hard 

coral cover has remained relatively stable 

changing from 34-35% in 1993 to the 2002 value of 

32.2% (Fig. 2a). 

 

Providencia and San Andrés Is., Colombia 

These sites are relatively new and data collection 

began in 1998 at San Andrés and 2000 at 

Providencia. The hard coral cover differs at these 

two sites, remaining relatively stable at 13-15% at 

Providencia Is. and averaging ~22% at San 

Andrés.  

 

Eduardo & Megashoal Reef, Punta Cahuita, 

Costa Rica 

These two reef sites differ in the hard coral cover; 

Eduardo Reef has a cover of ~20% whereas at 

Megashoal reef coral cover averaged ~13-15% in 

2000. 

 

Cayo Coco, Cuba 

No coral reef data have been collected since 1997. 

Hard coral cover at the CARICOMP stations was 

very low, approximating 6% between 1994-1997.  

 

Spaanse Water, Curaçao 

No data have been received since 1995 when hard 

coral cover averaged ~35%. 

 

El Peñón, Dominican Republic 

Hard coral cover data varied greatly over the 

period. In 2001 the hard coral cover averaged 

11.5% down from the previous high of 20.8% in 

1997. 

 

Discovery Bay, Jamaica 

Hard coral cover has shown a steady but 

statistically insignificant increase from the 1996 

average of 10.2% to 15.4% in 2001 (Fig. 2a). It is 

believed that most of this recovery is related to 

the increase in urchins which have controlled 

algal growth. 

 

Puerto Morelos, Mexico 

Hard coral cover has remained consistently low at 

this marginal site, averaging only 1.8% in 1993 

and increasing to 2.4% in 2003.  

 

Great Corn Island, Nicaragua 

No data have been received since 1998 when hard 

coral cover averaged ~36%. 

 

Isla Colon, Panama 

Coral reef monitoring began in 1999. Hard coral 

cover has declined from the 1999 high of 26.5% to 

a low of 20.6% in 2002. 

 

La Parguera, Puerto Rico 

Coral cover has been monitored since 1994 to 

present. Hard coral cover is relatively high at 

these stations ~45% in 2002 up from the initial 

value of 42.2% in 1994 (Fig. 2a). 

 

Ladder Labyrinth, Saba 

Coral reef monitoring resumed in 2003. Hard 

coral cover has declined from its 1998 mean of 

13.2% to 9.4% in 2003 (Fig. 2b). 
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Buccoo, Tobago 

Coral reef monitoring began in 1994 and 

continued to 2000 (with the exception of 1999). 

Hard coral cover was reasonably good, averaging 

33% in 2000. 

 

South Caicos, Turks and Caicos 

The School for Field Studies, Center for Marine 

Resource Studies, South Caicos, monitored in 

1999 when hard coral averaged ~18%.  

 

Cayo Sombrero, Venezuela 

Data have been received for this site since 1995. 

Hard coral cover though variable indicate an 

average cover of ~40% which would suggest that 

this site is in relatively good condition. 

 

Punta Ballena, Isla Margarita, Venezuela 

Monitoring was conducted only in 1995 and the 

average cover was 12%. 

 

Gorgonian Count 

Few CARICOMP sites have submitted gorgonian 

count data on a consistent basis, however, from 

the datasets received since 1994 mean gorgonian 

density ranged from a low of 0.02/m2 at Punta 

Cahuita, Costa Rica to a high of 5.39/m2 at 

Providencia Island, Colombia. Other sites 

recorded relatively high densities: 3.62/m2 at San 

Andrés, Colombia, 3.06/m2 at Puerto Morelos, 

Mexico, 2.67/m2 at Bermuda, 2.46/m2 and 

2.29/m2 at Carrie Bow Cay and Calabash Cay, 

Belize, respectively. All other sites recorded 

densities below 2 gorgonians/m2. 

 

Urchin Density 

From data collected since 1993, urchin density 

ranged from 0 at a number of reef sites such as 

Eduardo Reef, Costa Rica and Chengue Bay, 

Colombia to a high of 3.85 urchins/m2 at 

Discovery Bay, Jamaica. This high density at 

Discovery Bay is due mainly to Tripneustes 

ventricosus and Echinometra spp. Diadema 

antillarum appears to be recovering somewhat at 

CARICOMP sites. Of 9 sites that sent in data 

between 2000 and 2002, 8 sites recorded Diadema. 

However, densities are still low. The highest 

Diadema antillarum densities in 2001 and 2002 

were observed at Bellairs, Barbados (which is 

shallow compared to other CARICOMP sites) and 

La Parguera, Puerto Rico with densities of 0.73 

urchins/m2 and 0.46 urchins/m2 respectively in 

2002 and 0.52 urchins/m2 and 0.46 urchins/m2 

respectively in 2001. Diadema density decreased 

at Bellairs Barbados from an initial high of 

3.24/m2 in 1994 to 0.73/m2 in 2002. 
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Table 1. Mean Percentage Cover of the Major Benthic Groups of Coral Reef Communities at the CARICOMP Reef Sites (1993-2002) 

Country       Reef Site Year Abiotic SD Algae SD Hard
Corals 

 SD Soft
Corals 

SD Sponge & 
Others 

SD 

Bahamas Fernandez Bay Reef 1994 67.85 5.05 17.51 5.74 9.65 4.56 0.09 0.12 4.90 3.06
    1995 59.12 7.23 28.97 6.89 7.90 3.38 0.13 0.15 3.88 2.43
    1996 49.07 6.95 41.81 6.18 5.80 2.94 0.25 0.39 3.07 1.13
    1997 45.88 9.59 46.64 8.39 5.05 3.76 0.06 0.12 2.37 1.72
    1998 51.67 9.25 39.31 7.92 6.11 3.23 0.21 0.24 2.70 1.67
    2001 51.54 7.81 40.92 8.99 4.20 1.83 0.50 1.05 2.84 2.08
Barbados Bellairs North & South 1993 20.42 13.62 60.62 15.82 17.61 6.47 0.00 0.00 1.36 2.03
  Fringing Reefs 1994 27.79 9.28 56.01 14.80 15.97 9.31 0.12 0.43 0.10 0.28
    1999 15.92 5.83 55.21 10.74 25.70 9.27 0.10 0.20 3.07 2.44
    2000 16.98 5.75 58.70 4.49 19.91 6.04 0.00 0.00 4.41 2.07
    2001 7.96 5.42 56.60 8.23 33.36 6.27 0.25 0.32 1.84 1.69
    2002 11.3 6.45 59.02 10.39 25.85 7.42 0.62 1.32 3.22 4.00
Belize    Calabash Reef 1997 30.43 4.97 57.49 5.61 10.19 3.68 0.75 0.53 1.14 0.74
Belize Carrie Bow Cay Reef 1994 19.96 5.52 57.95 8.43 18.20 7.07 1.41 0.92 2.48 2.18
    1995 20.10 4.30 58.47 8.58 17.05 7.09 1.59 1.22 2.79 2.78
    1996 16.26 3.72 63.54 8.68 16.59 8.27 1.48 1.21 2.14 2.47
    1997 14.68 3.45 64.94 8.35 16.17 7.90 1.70 1.22 2.52 2.67
    1999 13.65 7.10 68.86 10.66 12.10 6.18 2.58 1.90 2.81 2.80
    2000 8.05 3.83 73.85 6.47 13.87 5.73 1.98 1.45 2.26 2.86
    2001 12.08 8.30 73.44 9.54 10.72 6.21 1.51 0.96 2.25 2.95
Bermuda Hog & Twin Breaker Reefs 1993 52.54 13.86 23.42 13.42 23.25 5.34 0.49 0.58 0.30 0.84
    1994 56.90 9.91 22.74 9.88 19.71 4.39 0.53 0.41 0.12 0.21
    1995 67.47 4.78 11.19 3.60 20.55 5.07 0.70 0.65 0.09 0.14
    1997 34.28 3.61 36.81 8.55 25.38 8.92 3.34 2.56 0.19 0.25
    1998 31.87 12.79 46.47 13.76 20.55 7.00 0.99 0.90 0.11 0.16
    1999 40.65 7.08 38.05 12.01 20.51 6.78 0.74 0.52 0.05 0.11
    2000 31.50 5.70 48.90 8.79 18.75 6.44 0.74 0.52 0.11 0.24
    2001 34.23 12.10 47.21 15.92 18.08 5.54 0.41 0.71 0.06 0.15
    2002 19.58 9.29 53.61 6.67 21.80 6.94 5.00 6.62 0.02 0.06
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Table 1. Mean Percentage Cover of the Major Benthic Groups of Coral Reef Communities at the CARICOMP Reef Sites (1993-2002) 

Country       Reef Site Year Abiotic SD Algae SD Hard
Corals 

 SD Soft
Corals 

SD Sponge & 
Others 

SD 

Bonaire, N.A. Barcadera Reef 1994 34.45 5.03 32.67 8.95 29.67 8.70 2.40 2.11 0.81 1.16
    1995 29.25 5.18 37.47 5.57 29.84 8.38 2.72 2.08 0.72 0.65
    1996 27.47 5.21 40.10 6.67 28.93 6.96 2.59 1.75 0.90 0.61
    1997 21.36 6.05 48.09 7.30 27.55 8.00 2.43 1.99 0.56 0.49
Cayman Islands Andes & Pinnacle Reef 1995 18.41 14.17 57.45 13.31 19.09 7.34 2.46 2.43 2.58 2.19
  Grand Cayman 1997 29.40 15.15 41.27 12.3 25.70 13.04 2.48 3.34 1.14 1.16
    2000 23.68 13.33 56.58 17.38 15.85 8.38 2.70 3.15 1.19 0.97
    2001 21.49 12.69 60.05 13.90 15.42 6.63 2.16 1.86 0.88 1.06
Colombia Chengue Bay Reef 1993 10.22 5.26 54.76 13.01 34.54 12.35 0.04 0.13 0.43 0.47
    1994 14.84 7.46 50.24 11.98 33.31 13.02 1.29 1.72 0.32 0.54
    1995 18.48 8.27 44.32 7.19 35.06 12.86 1.64 1.82 0.51 0.48
    1996 16.20 6.36 48.29 10.08 34.07 12.77 1.22 1.31 0.23 0.34
    1997 16.34 5.14 47.44 10.03 35.23 12.58 0.76 0.79 0.23 0.32
    1998 23.23 9.00 41.34 10.28 34.49 13.01 0.71 0.78 0.23 0.38
    1999 23.94 8.86 39.53 13.56 34.78 15.50 1.02 1.08 0.73 0.87
    2000 15.94 4.86 51.39 15.15 31.11 14.45 0.77 0.87 0.79 0.95
    2001 29.42 9.81 36.60 13.04 31.40 13.64 1.82 2.12 0.76 0.90
    2002 13.46 5.16 53.56 11.26 32.17 12.91 0.55 0.73 0.25 0.42
Colombia    Providencia Reef 2000 40.44 8.56 41.64 13.19 13.06 7.92 2.65 2.26 2.21 2.27
    2001 23.51 13.63 52.79 10.88 15.64 10.29 3.84 3.15 4.22 3.38
    2002 35.38 6.95 46.82 9.59 13.89 8.82 2.01 1.36 1.90 1.52
Colombia San Andrés Reef 1998 42.11 18.33 26.17 13.08 26.97 10.93 0.55 1.10 4.20 4.88
    1999 34.08 15.83 36.65 7.91 25.64 9.01 0.46 0.74 3.17 2.57
    2000 40.62 7.42 35.17 6.97 21.89 6.30 1.11 1.19 1.20 0.76
    2001 29.43 18.15 38.47 8.79 28.38 10.71 0.49 0.65 3.23 2.29
    2002 31.57 9.34 44.91 9.70 21.94 4.95 0.13 0.18 1.45 1.06
Costa Rica Eduardo Reef 2000 22.28 5.71 53.16 8.09 20.59 6.91 0.44 0.78 3.53 2.20
Costa Rica Punta Cahuita Reef 1999 12.76 5.42 59.38 8.07 13.29 3.14 5.30 2.40 9.27 3.65
    2000 10.80 4.69 62.93 10.26 14.59 6.38 0.30 0.80 11.39 3.61
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Table 1. Mean Percentage Cover of the Major Benthic Groups of Coral Reef Communities at the CARICOMP Reef Sites (1993-2002) 

Country       Reef Site Year Abiotic SD Algae SD Hard
Corals 

 SD Soft
Corals 

SD Sponge
& Others 

SD 

Cuba Cayo Coco Reef 1994 33.62 11.95 56.89 12.40 6.86 3.76 0.36 0.41 2.29 1.20
    1995 40.30 9.64 51.62 10.15 5.56 2.66 0.50 0.61 2.02 1.42
    1996 40.22 12.74 52.06 14.03 5.79 3.44 0.20 0.22 1.73 1.03
    1997 41.04 7.21 51.19 9.06 5.77 3.14 0.43 0.56 1.57 0.62
Curaςao, N.A. Spaanse Water Reef 1994 29.27 15.77 27.00 13.96 39.39 8.74 4.02 2.71 0.33 0.30
    1995 24.33 7.16 36.97 7.90 34.26 7.55 4.19 2.45 0.25 0.39
Dominican Republic Boca Chica Reef 1994 33.13 15.36 49.54 13.37 7.81 4.20 0.22 0.16 9.30 4.34
Dominican Republic El Peñón Reef 1996 31.82 9.52 42.39 5.90 16.83 10.22 1.12 1.27 7.84 6.78
    1997 47.02 9.01 25.83 15.43 20.75 4.91 0.51 0.45 5.89 3.49
    2000 34.47 19.85 48.58 19.22 8.20 3.52 2.11 2.99 6.64 4.35
    2001 44.92 17.40 36.68 14.15 11.50 4.93 0.00 0.00 6.91 5.21
Florida, USA Tennessee Reef 2002 79.29 11.68 11.30 8.87 4.46 3.09 0.50 0.55 4.44 4.77
Jamaica Discovery Bay West Fore Reef 1993 51.07 10.53 30.60 6.81 17.73 4.18 0.00 0.00 0.59 0.96
    1994 51.38 14.13 38.73 10.42 9.51 6.66 0.37 0.19 0.00 0.00
    1995 30.34 10.29 58.52 7.64 9.74 4.59 1.11 1.04 0.28 0.38
    1996 26.34 14.02 61.95 13.69 10.24 2.60 0.38 0.40 1.09 1.15
    1997 25.10 11.69 61.41 10.53 10.73 3.35 0.40 0.45 2.37 2.35
    1999 21.08 12.16 65.85 11.80 12.10 5.06 0.21 0.33 0.77 1.27
    2000 14.03 12.27 71.30 12.75 12.64 5.52 0.34 0.44 1.70 2.19
    2001 9.12 10.26 73.80 10.93 15.36 5.32 0.22 0.47 1.50 1.26
Mexico Puerto Morelos Reef 1993 40.64 10.35 46.23 6.86 1.82 0.88 5.11 1.24 6.20 4.20
    1994 7.10 3.21 86.03 3.42 1.61 0.39 2.14 0.99 3.12 1.90
    1995 0.57 0.90 94.30 2.82 1.57 0.12 1.38 1.11 2.19 1.64
    1996 1.42 0.36 93.16 2.19 1.10 0.89 1.45 1.15 2.87 1.58
    1997 1.16 0.99 95.36 1.10 1.27 0.65 0.74 0.42 1.47 1.24
    1998 1.13 0.98 94.94 0.73 1.15 0.69 0.96 0.65 1.83 1.25
    1999 2.84 3.33 92.78 2.82 1.12 0.98 1.26 0.24 2.00 1.02
    2001 0.56 0.77 93.01 2.88 2.32 1.82 1.32 0.90 2.78 1.79
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Table 1. Mean Percentage Cover of the Major Benthic Groups of Coral Reef Communities at the CARICOMP Reef Sites (1993-2002) 

Country       Reef Site Year Abiotic SD Algae SD Hard
Corals 

 SD Soft
Corals 

SD Sponge & 
Others 

SD 

Nicaragua Great Corn Island Reef 1993 19.95 2.14 47.57 5.00 28.20 5.17 1.99 2.44 2.29 1.47
    1995 37.56 6.12 38.01 5.51 22.09 6.11 1.21 0.97 1.13 0.98
    1997 18.48 7.21 43.28 9.59 34.75 5.39 2.29 1.97 1.20 1.18
    1998 21.58 4.41 37.51 4.93 35.74 4.53 0.86 0.71 4.31 3.17
Panama Isla Colon Reef 1999 48.25 7.35 21.17 8.51 26.46 5.72 0.26 0.61 3.86 1.74
    2000 38.01 7.87 33.47 10.62 25.65 5.03 0.20 0.55 2.66 1.22
    2001 43.73 10.77 29.68 8.93 24.92 8.82 0.21 0.64 1.46 1.63
    2002 17.13 6.82 60.24 4.67 20.55 4.58 0.00 0.00 2.08 1.10
Puerto Rico La Parguera Reef 1994 15.50 7.14 29.43 7.28 42.42 8.72 11.13 6.40 1.52 1.63
    1995 13.11 6.42 30.11 6.48 42.30 6.28 12.5 5.75 1.99 1.64
    1996 11.41 6.64 33.13 8.69 42.16 7.09 11.78 4.49 1.52 1.70
    1997 9.23 9.52 32.15 2.91 42.54 5.61 13.39 4.31 2.69 1.73
    1998 7.79 6.94 29.10 7.97 46.01 12.14 14.99 7.12 2.10 2.66
    1999 4.67 5.82 33.92 7.16 44.94 10.29 13.54 4.75 2.93 2.68
    2000 5.69 5.05 37.87 8.38 39.93 7.89 13.53 5.20 2.98 2.42
    2001 7.11 5.65 33.07 8.99 44.49 11.85 12.85 5.20 2.48 2.29
    2002 5.97 8.23 33.41 10.37 45.81 11.19 12.67 5.04 2.14 2.23
Saba, N.A. Ladder Labyrinth Reef 1993 27.71 12.00 42.13 10.48 19.55 6.99 2.06 1.46 8.55 4.86
    1994 35.25 17.61 41.94 14.26 15.64 7.76 0.15 0.21 7.03 6.09
    1995 34.82 18.12 46.58 10.79 12.15 5.73 0.01 0.03 6.44 6.63
    1996 25.24 12.39 56.33 10.22 12.27 5.48 0.14 0.14 6.02 8.64
    1998 27.02 19.61 54.63 16.38 13.24 5.18 0.20 0.56 4.90 3.53
    2003 37.03 9.46 45.89 6.71 9.38 5.59 0.15 0.33 7.55 5.95
Trinidad and Tobago Buccoo Reef 1994 14.12 9.10 54.49 12.70 23.86 16.19 7.48 4.28 0.05 0.16
    1995 10.35 5.97 57.70 12.27 25.34 15.49 6.62 4.86 0.00 0.00
    1996 20.85 8.91 44.42 13.46 31.02 18.51 3.26 2.17 0.45 1.00
    1997 24.48 14.12 35.75 12.76 31.90 16.14 7.48 4.92 0.38 0.62
    1998 28.34 7.91 32.92 14.32 33.59 16.87 5.01 3.08 0.13 0.33
    2000 21.83 7.06 41.58 17.71 33.21 16.96 3.37 3.55 0.00 0.00
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Table 1. Mean Percentage Cover of the Major Benthic Groups of Coral Reef Communities at the CARICOMP Reef Sites (1993-2002) 

Country       Reef Site Year Abiotic SD Algae SD Hard
Corals 

 SD Soft
Corals 

SD Sponge
& Others 

SD 

Turks and Caicos Islands South Caicos Reef 1999 63.17 12.94 11.71 10.50 17.93 9.00 2.23 2.86 4.96 2.88
Venezuela Cayo Sombrero Reef  1995 39.57 18.94 7.87 12.62 43.12 21.7 7.69 6.95 1.74 2.66
    1996 38.12 8.78 23.40 14.35 33.02 13.92 3.48 3.84 1.97 1.53
    1997 41.83 14.31 7.57 10.31 37.98 10.65 8.44 5.64 4.18 2.79
    1998 50.25 10.32 0.14 0.43 39.46 11.13 6.61 5.84 3.54 2.66
    1999 50.85 14.15 0.81 2.01 39.20 13.57 5.00 5.00 4.14 4.37
    2000 52.29 15.53 4.33 6.49 35.67 12.76 5.82 6.74 1.89 0.74
    2001 47.35 15.10 3.93 7.15 41.25 16.32 4.48 3.75 2.98 2.20
Venezuela Playa Caimán Reef  1995 20.65 10.33 14.36 9.85 43.42 11.98 20.32 10.83 1.25 1.07
    1996 55.13 25.69 34.19 22.91 4.48 4.08 5.56 8.85 0.64 1.01
Venezuela Punta Ballena Reef 1995 47.87 25.26 21.42 11.47 11.95 9.77 5.56 4.77 13.2 7.38
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Figure 2a. Percent hard coral cover at selected CARICOMP sites showing relative stability between 1993-2002
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Figure 2b. Percent hard coral cover at selected CARICOMP sites showing declining trend between 1993-2003
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Seagrass Ecosystems 

 

Introduction 

Measurement of seagrass parameters will help to 

determine the abundance, growth rates and 

productivity of seagrasses at specific sites, 

seasonal trends in these measures and allow for 

comparison of the static, dynamic, and seasonal 

measurements across CARICOMP sites. In this 

way it is possible to develop a true regional 

picture of the ecology of the Caribbean seagrass 

communities. The data collected allow for 

calculation of biomass, leaf area, leaf area index 

and growth rates. 

 

Thalassia Leaf length and width measurements  

Leaf length and width are proven indicators of 

stress in seagrass communities. Both decrease 

when plants are stressed by factors such as excess 

temperature or salinity. In addition, these 

measurements will allow better comparisons of 

the seagrass communities among the different 

CARICOMP sites across the Caribbean. 

 

Since monitoring began in 1994 a total of 17 sites 

in 13 countries have submitted measurements of 

leaf length and width. Seagrass leaf length and 

width vary widely between the sites. The lowest 

length and width measurements recorded were 

2.6 cm and 2.2 mm respectively at the seagrass site 

in Bermuda. High leaf length measurements of 

>20 cm were found at Carrie Bow Cay, Belize, 

Cuba, and Curaçao. High leaf width 

measurements >10 mm were recorded at Isla 

Margarita, Venezuela, Chengue Bay, Colombia, 

Carrie Bow Cay, Belize, Curaçao, Venezuela and 

Barbados. 

 

Generally low island sites such as Bermuda and 

Cayman Islands had lower leaf measurements. 

 

Where long-term monitoring is done it allows 

changes in the parameters over time to be studied. 

At some sites the changes have been too erratic 

Luxurious mixed meadow of Thalassia testudinum and Syringodium filiforme 
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for conclusions to be drawn, but at others the 

trend has been increases in leaf measures. These 

include Cayo Coco, Cuba where leaf length 

increased from 12.1 cm to 21.6 cm during the 

period 1994-2001. Leaf width fluctuated over the 

period decreasing slightly.  At La Parguera, 

Puerto Rico, leaf length and width have generally 

trended upwards. However, at Chengue Bay, 

Colombia, leaf length decreased from 17.2 cm to 

13.75 cm and leaf width from 15.3 to 12.9 mm. 

Decreases in leaf measures may indicate that 

seagrass plants are under stress.  

 

Leaf Area Index (LAI) 

Calculation of Leaf Area Index includes the 

number of shoots in a quadrat as well as the leaf 

area (length and width of leaves). LAI therefore 

measures the productive photosynthetic portion 

of the seagrass plant and by including the shoot 

number gives the overall health and density of the 

seagrass bed. LAI ranged from a low of 0.03 at 

Bermuda to a high of 8.7 at Chengue Bay, 

Colombia. Overall mean LAI (grouping data by 

years and stations) was highest at Carrie Bow 

Cay, Belize - 5.32, followed by Isla Margarita, 

Venezuela - 5.2, Chengue Bay, Colombia - 4.98, 

Barbados - 3.89, La Parguera, Puerto Rico - 3.88, 

Cuba - 3.71, Jamaica - 3.56, Grand Cayman - 3.32 

and San Andrés, Colombia - 3.28. The remaining 

sites had overall mean LAI values <3 with 

Bermuda having the lowest value of 0.57. The 

results indicate that higher LAI values are 

recorded at sites located near to continents or on 

high islands. Low island sites or those farther 

away from continental influences generally had 

lower LAI and seagrass leaf measurements, 

Bermuda (~1 or less), Curaςao (1.2), Puerto 

Morelos, Mexico (~1.3) and Providencia, 

Colombia (~2.5) (Table 2). 

 

Where multiple years of data exist the LAI has 

shown a downward trend at a number of sites. 

These include Chengue Bay, Colombia decreasing 

from the 1994 LAI value of 6.86 to the 2001 value 

of 3.07, Cayo Coco, Cuba from LAI of 5.44 in 1995 

to 2.87 in 2002, Cayman Islands from 4.67 in 1997 

to 2.66 in 2003 and Bermuda from 1.0 in 1994 to 

0.03 in 2000. LAI remained relatively stable at 

Carrie Bow Cay, Belize, and Puerto Morelos, 

Mexico and showed some increase at the San 

Andrés, Colombia site. 

 

Thalassia Biomass 

The measurement of seagrass biomass gives an 

indication of the general health of the seagrass 

beds; higher biomass indicating more luxuriant 

seagrass beds and lower biomass suggesting 

plants with less luxuriant growth. The data 

collected gives the range of Thalassia biomass 

values throughout CARICOMP sites.  

 

The results reported are from data collected 

during the period 1994-2001.  

 

The total biomass of Thalassia varied 

tremendously across the region. The ratio of 

Thalassia biomass between sites was 

approximately 15:1, with the highest biomass of ~ 

3900 g/m2 at Carrie Bow Cay, Belize and the 

lowest ~260.1 g/m2 at the Tobago site.  
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Biomass values fluctuated during the period 

under review at most sites. Of 20 sites reporting 

seagrass biomass data only Carrie Bow Cay, and 

Celestun had repeated biomass measurements 

above 2000 g/m2. Calabash Cay, Belize had only 1 

biomass measurement of 2353 g/m2. Nine (9) sites 

had biomass averaging 1000 to 1500 g/m2 and 9 

were below 1000 g/m2 (Table 3).    

 

The trend seems to suggest that higher Thalassia 

biomass was found at continental-influenced or 

high island sites such as Belize, Costa Rica, 

Chengue Bay, Colombia, Celestun, Mexico, 

Venezuela and Jamaica.  

 

Multi-year data indicate that Thalassia biomass 

was lower in 2001 than in previous sample years 

e.g. at Carrie Bow Cay mean biomass in 1994 was 

3204.8 g/m2 and decreased in 2001 to 2700.6 

g/m2. Similar declines were reported for 

Barbados, Chengue Bay, Providencia, and San 

Andrés, Colombia and Cuba.   

 

Thalassia Growth 

While biomass measurements provide a static 

measure of the condition of the plants at a point in 

time, the productivity measurements give a 

dynamic measure of the health and growth rate of 

the plants.  

 

Aerial productivity (the growth per square meter 

of sea bottom per unit time) is the amount of new 

material produced per unit area per day by the 

plant. 

 

Aerial productivity showed tremendous 

variations both between and within CARICOMP 

sites. Annual means ranged from a low of 0.08 

g/sq m/day at Bermuda to a high of 17.8 g/sq 

m/day at Discovery Bay, Jamaica. Overall means 

for aerial productivity ranged from 0.81 g/sq 

m/day at Bermuda to 7.56 g/sq m/day at 

Celestun, Mexico. 3 sites had values above 5 g/sq 

m/day (Discovery Bay, Jamaica, La Parguera, 

Puerto Rico and Celestun, Mexico) and 5 had 

values below 2 g/sq m/day (Bermuda, San 

Salvador, Bahamas, Puerto Morelos, Mexico, 

Panama, and Curaςao), while the majority, 13, 

have aerial productivity values ranging from 2-5 

g/sq m/day (Table 4). 

 

The data suggest that the typical range for aerial 

productivity at CARICOMP sites is 2-5 g/sq 

m/day.  

 

Turnover rate of the plant is a measure of the 

growth per unit weight of the plant or the amount 

of plant produced per unit plant. Growth is 

measured as the production of new leaf biomass. 

Expressed as a percent, it is the percent of the 

plant present that is replaced each day. 

 

Overall mean daily turnover rates at CARICOMP 

sites ranged from a low of 0.61% at Panama to a 

high of 7.08% at La Parguera. Puerto Rico. Of 21 

sites 4 had values >5% (Costa Rica, Dominican 

Republic, Puerto Rico and Tobago). Most sites (16) 

had turnover rates in the range 2-4.7% and only 1 

site had a turnover rate below 1%. 
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The data again suggest that typical ranges for 

turnover rate at CARICOMP sites may be 

between 2-5%. 

 

Number of Shoots 

The number of shoots in a quadrat indicates the 

density of the seagrass plants and therefore the 

relative health of the seagrass bed. Higher 

densities would suggest healthier stands of 

Thalassia testudinum, the dominant Caribbean 

seagrass species, and less calcareous algae and 

other seagrass species such as Syringodium 

filiforme, Halodule wrightii, and Halophila spp. 

 

The overall mean number of shoots ranged from 

3/quadrat at Curaςao to 25.5/quadrat at Costa 

Rica. 12 sites had number of shoots in the range of 

10-25.5 and 9 sites had mean number of shoots 

below 10 (Table 4). 

 

 65



CARICOMP   1993-2003 

 

Table 2. Leaf Area Index measurement at CARICOMP sites 1994-2002 
Country Site Year Mean Leaf Area 

Index 
SD Overall 

LAI 

Barbados Barbados 1996 4.95 0.84  

    2000 4.32 1.91  

    2001 2.40 1.32 3.89

Belize Carrie Bow Cay 1994 5.26 1.43  

    1995 6.16 2.61  

    1996 6.79 2.47  

    1997 4.62 2.03  

    2000 3.95 4.01  

    2001 5.12 2.35 5.32

Bermuda Bermuda 1994 1.01 0.41  

    1996 1.12 0.39  

    1998 0.10 0.08  

    2000 0.03 0.03 0.57

Cayman Islands Grand Cayman 1997 4.67 1.40  

    2001 2.62 1.04  

    2003 2.66 1.08 3.32

Colombia Bahia de Chengue, Parque Nacional Tayrona 1994 6.86 1.93  

    1995 8.72 2.90  

    1996 4.98 0.99  

    1997 3.79 1.48  

    1998 3.51 1.22  

    1999 5.13 1.85  

    2000 3.77 1.36  

    2001 3.07 1.07 4.98

Colombia Providencia 2000 3.81 1.93   

    2001 0.73 0.26   

    2002 3.05 1.73 2.53

Colombia San Andrés 1999 2.45 1.45   

    2000 5.51 2.13   

    2001 0.54 0.27   

    2002 4.62 1.78 3.28
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Table 2. Leaf Area Index measurement at CARICOMP sites 1994-2002 
Country Site Year Mean Leaf 

Area Index 
SD Overall 

LAI 

Cuba Cayo Coco, Sabana-Camaguey Archipelago 1995 5.44 2.23   

    1996 3.74 1.41   

    1997 4.87 2.45   

    1998 4.14 1.59   

    1999 2.85 1.22   

    2000 2.94 0.45   

    2001 2.81 0.95   

    2002 2.87 0.52 3.71

Curaςao, N.A. Curaςao 1995 0.66 0.34   

    1998 1.76 0.61 1.21

Jamaica Discovery Bay 1996 2.62 0.96   

    1999 4.50 2.00 3.56

Mexico Puerto Morelos 1993 1.20 0.85   

    1994 1.16 0.73   

    1995 1.33 0.55   

    1996 1.47 0.70   

    1997 1.19 0.48   

    1998 1.41 0.89   

    1999 1.20 0.75   

    2000 1.32 1.24 1.28

Puerto Rico La Parguera 1995 3.18 1.77   

    1998 5.55 1.88   

    1999 4.08 2.55   

    2000 3.81 1.74   

    2001 5.74 1.39   

    2002 0.95 0.30 3.88

Venezuela Isla de Margarita 1996 6.57 0.85   

    1997 3.82 0.94 5.20
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Table 3. Mean Seagrass biomass (total Thalassia and other grasses) at CARICOMP sites 1993-2002 

Country Site Year Mean Total 
Biomass (g/sq m) 

SD 

Bahamas San Salvador 1994 1109.06 1061.70
    1995 971.98 778.14
    1996 803.77 601.24
    1997 2335.20 1640.87
    1998 2019.64 1818.15
    1999 1225.78 907.43
Barbados Barbados 1993 4170.17 2818.46
    1994 2658.18 433.83
    1995 2170.90 521.84
    1996 2382.41 402.91
    1998 1938.30 330.74
    2000 2269.70 233.73
    2001 1491.77 593.70
Belize Calabash Caye, Turneffe Islands Atoll 1996 2455.85 855.87
  Carrie Bow Cay 1993 3416.64 972.19
    1994 3872.15 776.96
    1995 4031.30 735.34
    1996 3915.71 963.00
    1997 3684.74 739.30
    2001 2793.70 829.89
Bermuda Bermuda 1993 961.59 211.06
    1994 963.20 239.56
    1996 1060.67 122.32
    1997 817.89 216.60
    1998 593.19 293.09
    1999 418.39 255.32
    2000 1301.10 333.75
Cayman Islands Grand Cayman 1997 660.14   
    1999 1354.55   
    2001 1421.68 387.73
    2003 1286.88 358.32
Colombia Bahia de Chengue, Parque Nacional Tayrona 1994 1168.90 331.86
    1995 937.39 238.27
    1996 1147.61 261.08
    1997 933.71 342.19
    1998 1153.98 247.93
    1999 1479.87 649.35
    2000 740.84 403.79
    2001 966.04 178.01
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Table 3. Mean Seagrass biomass (total Thalassia and other grasses) at CARICOMP sites 1993-2002 

Country Site Year Mean Total 
Biomass (g/sq m) 

SD 

Colombia Providencia 2000 2062.43 1876.45
    2001 608.67 258.19
    2002 582.42 429.34
  San Andrés 1999 1194.09 289.12
    2000 1138.59 318.73
    2001 971.29 107.93
    2002 854.37 483.41
Costa Rica Parque Nacional de Cahuita 1999 1128.68 254.43
    2000 1243.95 232.99
    2001 1140.71 292.41
Cuba Cayo Coco, Sabana-Camaguey Archipelago 1994 2125.55 607.77
    1995 1255.83 430.21
    1996 945.79 517.99
    1997 887.20 436.64
    1998 884.30 294.45
    1999 668.85 412.23
    2000 448.18 138.85
Curaςao, N.A. Curaςao 1994 587.88 136.38
    1995 570.41 195.74
Dominican Republic Parque Nacional del Este 1996 808.05 314.24
    2000 932.35 232.39
    2001 663.60 845.80
Jamaica Discovery Bay 1993 947.47 196.82
    1994 1037.24 93.32
    1995 1150.99 248.61
    1996 1290.35 268.46
    1997 1412.40 632.58
    1998 1854.39 155.66
    1999 1198.80 475.43
Mexico Laguna de Celestun, Yucatan 1994 2836.81 2637.16
    1995 2918.26 1087.29
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Table 3. Mean Seagrass biomass (total Thalassia and other grasses) at CARICOMP sites 1993-2002 

Country Site Year Mean Total 
Biomass (g/sq m) 

SD 

 Mexico Puerto Morelos 1992 1121.47 358.62
    1993 1242.56 386.80
    1994 1096.43 300.00
    1995 1148.79 246.95
    1996 1266.71 279.20
    1997 1131.30 431.34
    1998 1189.87 310.16
    1999 1234.10 266.82
    2000 1119.72 430.55
    2001 1240.21 277.17
Panama Panama 1999 596.24 225.21
    2000 699.37 264.59
    2001 785.79 259.43
    2002 611.03 261.27
Puerto Rico La Parguera 1994 831.88 206.56
    1995 778.91 159.01
    1996 680.20 431.10
    1998 1256.53 722.44
    1999 1291.13 644.22
    2000 1021.51 508.08
    2001 1147.37 472.36
    2002 945.32 118.20
Trinidad and Tobago Tobago 1992 408.55 90.54
    1994 436.11 30.73
    1995 504.09 16.84
    1996 260.12 85.25
    1997 391.61 124.12
    1998 321.03 162.18
    1999 468.63 156.90
    2000 632.19 132.25
    2001 395.34 295.90
Venezuela Isla de Margarita 1995 994.68 390.15
    1997 1242.18 380.88
    1998 921.80 290.86
  Parque Nacional, Morrocoy 1993 875.09 312.96
    1994 1265.10 492.48
    1995 836.10 148.58
    1999 662.78 483.08
    2000 1223.13 283.41
    2001 1259.55 400.04
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Table 4. Seagrass growth parameters (areal productivity and turnover) at CARICOMP sites (1993-2003) 

Country Site Year Mean # 
Shoots 

SD Mean Areal 
Productivity 
(g/sq m/day) 

SD Mean 
Turnover 
(%/day) 

SD 

Bahamas San Salvador 1994     0.66 0.46 3.40 1.26
    1995 6.67 1.75 1.62 0.79 3.12 0.41
    1996     2.25 0.61 5.80 0.66
Barbados Barbados 1993     3.50 1.61 3.51 0.51
    1994     3.91 1.48 4.51 1.22
    1995 11.09 3.83 3.10 1.10 3.31 0.59
    1996 15.09 4.16 3.12 1.85 4.23 0.80
    1998 9.50 1.87 1.70 0.93 2.67 0.59
    1999     5.12 3.01 4.38 1.42
    2000 9.92 4.06 2.81 1.58 3.19 0.54
    2001 6.33 2.74 3.68 1.05 3.90 1.34
Belize Calabash Caye, Turneffe 

Island Atoll 
1998 22.00 5.91 4.07 1.38 3.68 0.41

  Carrie Bow Cay 1993     2.49 0.81 2.60 0.44
    1994 17.50 4.75 2.17 0.88 1.94 0.39
    1995 19.04 5.09 3.12 1.13 2.59 0.23
    1996 16.67 2.35 2.91 0.55 2.36 0.42
    1997 16.34 3.70 2.39 0.56 2.62 0.39
    1998 22.00 5.91 4.07 1.38 3.68 0.41
    2000 15.00 4.11 2.66 0.80 3.01 0.43
    2001 13.87 3.09 2.11 0.78 3.00 0.58
Bermuda Bermuda 1993     1.20 0.35 2.97 0.43
    1994 13.21 3.40 1.34 0.48 4.00 1.40
    1995 11.88 3.23 0.97 0.44 3.61 1.06
    1996 13.61 4.16 1.05 0.75 3.59 1.14
    1997 9.58 4.56 0.29 0.21 4.45 0.79
    1998 9.25 4.32 0.12 0.08 4.93 1.18
    1999 12.75 3.92 0.10 0.03 4.97 0.43
    2000 7.38 2.77 0.08 0.03 4.81 0.71
Cayman Islands Grand Cayman 1997 21.33 4.94 1.88 0.93 2.26 0.85
    1999 20.58 5.88 2.51 0.85 3.65 0.68
    2001 17.79 7.74 2.51 0.98 3.97 1.14
    2003 20.33 8.48 4.83 1.77 6.28 0.35
Colombia Chengue Bay 1994 12.54 3.62 3.35 0.92 3.60 1.18

    1995 15.08 3.48 3.73 1.09 3.49 0.33
    1996 15.75 2.30 2.75 0.49 4.00 0.26
    1997 11.50 2.58 2.08 0.50 3.82 0.75
    1998 12.08 2.50 2.35 1.01 2.68 1.24
    1999 14.75 4.58 5.09 1.33 5.67 0.90
    2000 11.25 1.66 2.43 0.69 3.55 0.68
    2001 12.58 2.68 2.04 0.84 3.33 0.50
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Table 4. Seagrass growth parameters (areal productivity and turnover) at CARICOMP sites (1993-2002) 

Country Site Year Mean # 
Shoots 

SD Mean Areal 
Productivity 

(g/sq m/day) 

SD Mean 
Turnover 
(%/day) 

SD 

Colombia Providencia 2000 9.08 2.92 3.00 4.25 3.47 1.33
    2001 5.91 2.47 1.32 0.63 3.55 0.78
    2002 7.99 4.78 1.27 1.18 2.62 1.14
  San Andrés 1999 13.22 2.61 3.46 2.42 3.68 2.38
    2000 14.20 2.39 1.45 1.34 1.78 1.56
    2001 5.75 1.48 2.71 0.79 5.44 1.08
    2002 15.60 5.28 4.06 3.87 4.03 1.63

Costa Rica Parque Nacional 1999 27.31 9.04 3.35 1.79 6.14 2.53
  de Cahuita 2000 18.85 6.29 2.69 1.13 8.14 1.83
    2001 29.33 6.58 2.78 1.86 3.98 2.50

Cuba Cayo Coco, Sabana- 1994     1.63 0.53 2.35 0.45
  Camaguey Archipelago 1995 15.08 2.98 2.10 0.57 2.67 0.79
    1996 12.67 3.57 2.04 1.01 2.48 0.74
    1997 16.17 2.50 2.21 0.71 1.96 0.64
    1998 16.65 4.20 1.67 0.76 2.43 0.95
    1999 16.13 4.84 2.19 0.84 3.39 1.16
    2000 9.58 2.45 1.90 0.78 2.85 0.81
    2001 8.63 3.35 2.01 0.92 3.16 1.12
    2002 9.92 1.78 13.26 0.96 5.15 0.23
Curaςao, N.A. Curaςao 1994     1.21 0.31 2.29 0.33
    1995 3.08 1.62 0.44 0.27 2.79 0.65
    1998 3.04 1.12 2.65 2.62 3.86 1.23
Dominican Republic Parque Nacional 1996     5.32 3.01 7.88 1.19
  del Este 2000 6.25 2.70 1.37 0.82 2.02 0.69
    2001 3.33 1.03 4.86 2.61 6.15 2.08
Jamaica Discovery Bay 1993     2.50 1.24 3.64 0.77
    1994 5.00   3.76 2.48 2.56 0.89
    1995 14.73 3.74 2.91 0.82 3.10 0.84
    1996 6.67 2.31 6.10 2.88 4.56 2.48
    1999 16.67 4.42 17.76 7.42 6.99 1.76
Mexico Laguna de Celestun 1995 4.67 0.58 7.56 4.87 4.30 1.20
Mexico Puerto Morelos 1993 9.75 3.71 1.53 0.99 2.75 0.68
    1994 9.75 2.57 1.44 0.82 2.97 0.79
    1995 10.10 4.02 1.22 0.54 2.63 0.48
    1996 9.33 3.16 1.29 0.53 2.71 0.60
    1997 9.92 2.64 0.87 0.20 2.09 0.39
    1998 9.17 3.10 1.01 0.47 2.61 0.56
    1999 10.19 3.60 3.14 9.68 2.74 1.44
    2000 10.61 4.26 1.20 0.61 2.28 0.38
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Table 4. Seagrass growth parameters (areal productivity and turnover) at CARICOMP sites (1993-2002) 

Country Site Year Mean # 
Shoots 

SD Mean Areal 
Productivity 

(g/sq m/day) 

SD Mean 
Turnover 
(%/day) 

SD 

Panama Panama 1999 18.30 5.84 1.76 1.28 2.61 1.48
    2000 18.53 8.11 1.69 0.86 2.36 0.46
    2001 19.30 6.11 1.22 0.36 2.09 0.41
    2002 17.25 7.28 2.15 1.37 3.54 2.62
Puerto Rico La Parguera 1994 36.25 5.85 3.15 1.24 5.20 0.21
    1995 22.00 8.35 2.32 0.82 4.73 0.88
    1998 16.67 3.14 6.81 5.00 6.15 3.57
    1999 21.25 5.69 6.01 1.65 6.54 1.02
    2000 19.58 5.25 6.94 2.55 8.64 1.74
    2001 20.50 4.40 14.84 4.30 9.17 0.50
    2002 19.58 4.74 6.12 3.23 5.25 2.25
Trinidad and Tobago Bon Accord Lagoon,  1993     2.60 1.12 3.69 0.56
  Tobago 1994     1.09 0.25 2.41 0.40
    1995     1.97 0.22 3.74 0.68
    1996     2.67 1.19 7.49 1.19
    1997 3.40 1.51 3.31 1.36 6.64 1.61
    1998 4.18 1.80 4.54 3.73 5.18 2.10
    1999 3.42 1.18 8.71 4.41 6.19 2.04
    2000 4.50 1.59 6.96 4.77 6.14 2.29
    2001 4.06 1.58 3.00 1.23 4.30 1.16
    2002 5.35 2.10 2.93 2.40 4.72 2.44
Venezuela Isla de Margarita 1995 8.20 2.77 1.49 0.70 5.06 0.66
    1996 10.00 2.65 3.77 1.15 4.43 1.05
    1997 9.00 0.82 3.77 1.28 4.22 0.75
  Parque Nacional 1993     1.67 0.33 2.25 0.70
  Morrocoy 1994     1.56 0.70 2.46 0.51
    1995     2.14 0.85 2.03 0.50
    1999     6.64 1.56 4.55 1.04
    2000 5.33 1.51 3.51 0.97 4.18 1.28
    2001 8.23 4.21 5.52 3.24 3.82 0.58
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Mangrove Ecosystems 

 

Introduction 

 

Mangrove forests are comprised of diverse, salt-

tolerant tree and other plant species, which 

thrive at the land-sea interface of sheltered 

tropical shores, islands, and estuaries. Mangrove 

trees have specially adapted aerial and salt-

filtering roots and salt-excreting leaves that 

enable them to occupy the saline wetlands 

where other plant life cannot survive.  

 

Mangrove forests are vital for healthy coastal 

ecosystems. The forest detritus, consisting 

mainly of fallen leaves and branches from the 

mangroves, provides nutrients for the marine 

environment and supports immense varieties of 

sea life in intricate food webs associated directly 

through detritus or indirectly through the 

planktonic and epiphytic algal food chains.  

 

The shallow intertidal reaches that characterize 

the mangrove wetlands offer refuge and nursery 

grounds for juvenile fish, crabs, shrimps, and 

mollusks. Mangroves are also prime nesting and 

migratory sites for hundreds of bird species and 

provide shelter for others including manatees 

and sea turtles.  

 

Mangroves help protect coastlines from erosion, 

storm damage, and wave action. The stability 

mangroves provide is of immense importance. 

They prevent shoreline erosion by acting as 

buffers and by catching materials brought down 

by rivers and streams to the sea, thus stabilizing 

land elevation by sediment accretion that 

balances sediment loss. Vital coral reefs and sea 

grass beds are also protected from damaging 

siltation 

Mangrove community of Graeme Hall Swamp, Barbados 
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The main climax vegetation of Caribbean 

mangrove forests is the red mangrove 

(Rhizophora mangle), the white mangrove 

(Laguncularia racemosa), and the black mangrove 

(Avicennia germinans). Rhizophora mangle 

however is the dominant vegetation found in 

most coastal lagoons and is therefore the focus 

of the CARICOMP monitoring program which 

primarily seeks to establish the range of values 

for the structure of Rhizophora mangle forest 

throughout the Caribbean.  

 

Simple measures are used to characterize 

mangrove stands. One of the simplest is the tree 

diameter (measured at breast height (DBH)). 

Diameter can easily be converted to basal area, 

the area occupied by the tree stems, which is a 

good measure of the overall stand development 

and can be related to wood volume and 

biomass. The density of a stand is the number of 

stems (greater than a given diameter) per unit 

area and is also related to the development of 

the stand of trees.  

 

The structure of a forest is influenced by the 

magnitudes and frequency of factors such as 

tides, air temperature, salinity, ocean currents, 

storms, shore slope, soil substrate and nutrients, 

hydro-period and stresses such as hurricanes, 

droughts, salt accumulation and frost. Over the 

long-term sea level and its fluctuations may 

have an impact. Human induced effects include 

re-channelling of water, which may affect 

circulation, removal of mangrove plants for 

charcoal production or for coastal development 

and pollution from solid waste and sewage. The 

actions of these factors vary widely over 

geographic regions; therefore mangrove stands 

may exhibit wide local and regional variation in 

structural characteristics. Monitoring over time 

can help to differentiate changes that may be 

induced by natural and anthropogenic factors. 

 

The CARICOMP datasets indicate that the 

structure of mangrove forest varies across the 

region. Basal area ranged from a low of 1.9 

m2/ha at Canal Punta de Mangle al Catuano, 

Dominican Republic, where trees were generally 

slender and tall, to a high of 44.1 m2/ha at 

Chengue Bay, Colombia. CARICOMP sites were 

characterized by mangrove stands with typically 

small trees.  Of the 20 sites only 6 had trees with 

basal areas greater than 20 m2/ha. These 

included Chengue Bay, Colombia, Punta de 

Mangle, Margarita Island, Venezuela, Graeme 

Hall Swamp, Barbados, La Parguera, Puerto 

Rico, Laguna Gandoca, Costa Rica and Tumba 

Cuatro, Venezuela. Biomass followed a similar 

pattern and was positively correlated with basal 

area.  Biomass ranged from a low of 22.3 

tonnes/ha at the Blackwood Bay, San Salvador 

site to a high of 135 tonnes/ha at Chengue Bay, 

Colombia. 10 sites had biomass ranging between 

70 and 99 tonnes/ha and 9 had ranges below 70 

tonnes/ha. Tree density was greatest at Isla 

Colón, Panama (~6000/ha) and lowest at Punta 

de Mangle, Isla Margarita, Venezuela (~500/ha).  

In general, the sites with low densities were 

found to have R. mangle trees that were taller, 

with larger diameter, and greater basal area, 
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trunk volume and biomass than those that were 

densely packed (Figure 3).  For example, Punta 

de Mangle, Venezuela had red mangrove trees 

measuring 14.4 m in height, and 29.48 cm in 

diameter with an average biomass of 1.01 

kg/tree, whereas at Isla Colón the red 

mangroves were 4.15 m high with a diameter of 

4.82 cm and mean biomass of 0.16 kg/tree.   

 

In general continentally influenced or high 

island sites had mangrove stands with generally 

higher basal areas and greater density of trees 

suggesting that these mangrove stands may be 

more productive than the stands found on small 

island sites such as the Bahamas and 

Cayman Islands. 

 

Quality, location and quantity of 

water are essential to primary 

production. Factors known to affect 

productivity are species 

composition, age, competition, 

substrate, wave action, bird activity, 

hurricanes and anthropogenic 

factors such as pollution and 

disturbance. Litter fall rate is used to 

estimate productivity of Rhizophora 

mangle mangrove stands at 

CARICOMP sites.  Monthly mean 

litter fall rates ranged from a low of 

0.28 g/m2/day at Hungry Bay, 

Bermuda to a high of 13.7 g/m2/day 

at Chengue Bay, Colombia.  Overall 

mean litter fall rates were highest at 

continental sites or those influenced by runoffs. 

These include Chengue Bay, Colombia (5.6 

g/m2/day) and Punta de Mangle, Venezuela 

(4.3 g/m2/day). Low island sites such as Grand 

Cayman and San Salvador, Bahamas, had lower 

overall mean litter fall rates of 1.0 and 1.2 

g/m2/day respectively (Table 5). 

 

The general trend was for higher litter fall rates 

during the summer period July-October, with 

the cooler months of January and February 

recording lower litter fall rates.  At some sites 

such as Punta del Mangle, Isla Margarita, 

Venezuela and Grand Cayman, litter fall rate 
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Figure 3. The relationship between forest density and tree height, tree 
DBH and biomass/tree at selected CARICOMP sites 
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was correlated with high precipitation (Figures 4 

& 5). At others sites such as Chengue Bay, 

Colombia, regular litter fall patterns were 

disrupted by major storm events, which caused 

significant increases in litter fall rates. The major 

components of litter fall were leaves and wood, 

suggesting that these plants allocate more 

biomass to leaves and branches on a continuing 

basis and less to flower and fruit production.  

 

Additional details on the forest composition, 

structure and productivity for the individual 

countries and how these have changed over the 

last ten years are presented below. 

 

Barbados 

The CARICOMP mangrove site, Graeme Hall 

Swamp, is a 32 ha mixed stand of well-

developed, relatively dense stand of red and 

white mangrove trees. Mean basal area of the 

red mangrove Rhizophora mangle in 2001 was 

37.5 m2 ha-1. The trees were relatively tall 

averaging 12.2 m with mean trunk diameter of 

13.9 cm.  Mean biomass for 2001 was 9.76 kg m-2.  

Overall density was 2000 trees ha-1. 

 

Bermuda 

The CARICOMP mangrove site at Hungry Bay, 

Bermuda is a mixed forest of relatively densely 

packed (3525 trees ha-1) trees of R. mangle and A. 

germinans.  Tree height, diameter, basal area and 

biomass have remained fairly constant over the 

years.  In 2001 R. mangle species reached up to a 

mean height of 5.16 m with mean trunk 

diameter of 7.43 cm, basal area of 13.71 m2 ha-1 

and mean biomass of 6.85 kg m-2.  A. germinans 

species were considerably larger but less dense; 

the trees reached 8.85 m high, with diameter of 

17.3 cm, basal area of 11.51 m2 ha-1 and mean 

biomass of 2.44 kg m-2.  Litter production has 

fluctuated between years. There was a strong 

depression in litterfall rates in 1996 following a 

series of strong hurricanes in the summer and 

fall of 1995. Seasonal patterns in productivity 

could be detected with summer maxima (5 to 7 

gm-2 day-1 from July to September) and a winter 

minima (0.5 to 1 gm-2 day-1 from January to 

April).  

 

Cayman 

Central Swamp, Little Sound, Cayman is a 

mixed stand of R. mangle, L. racemosa and A. 

germinans.  At this site only litter production was 

monitored.  Litter productivity varied among 

species but overall litter production was 

relatively stable from year to year.  Dry litter 

production of R. mangle ranged from 0.98 g m-2 

day-1 in January to 2.53 g m-2 day-1 in August.  

This increase and decrease in productivity 

corresponds with seasonal variations in 

precipitation, representing an increase in 

productivity during the wet season (May 

through November) and a decrease during the 

dry season (December-April). 

 

Colombia 

Chengue Bay 

There has been no significant change in the 

mangrove forest structure, biomass and 

productivity at Chengue Bay site.  Rhizophora 
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mangle is the only mangrove species in the study 

area with density of 3167 trees ha-1.  Tree height 

varied with distance from the shore.  The taller 

trees (8.7 m) were found at the shoreward fringe 

and the shorter trees (6.2 m) in the interior. In 

general the trees were relatively stout averaging 

12.37 cm in diameter, 13.2 kg m-2 in biomass and 

44.1m2 ha-1 in basal area.  Litter production has 

been relatively constant, ranging from a low of 

4.44 gm-2 day-1 in 1998 to a high of 6.89 gm-2 day-

1 in 1999.   

 

Hooker Bay, San Andrés y Providencia 

This site is a relatively dense stand (~ 5933 trees 

ha-1) of R. mangle interspersed with L. racemosa 

and A. germinans. The black mangroves trees 

were the largest of the three species 

encountered, reaching up to an average height 

of 6.12 m and diameter of 8.33 cm.  The red 

mangroves were 4.33 m high and 5.1 cm in 

diameter and the white mangroves were 3.71 m 

high and 3.19 cm in diameter. The red 

mangroves were more extensive with mean 

basal area of 12.89 m2 ha-1 and mean biomass of 

9.63 kg m-2. The mean rate of litter fall ranged 

from 2.34–3.82 g m-2 day-1 with maximum 

production observed during the summer and 

declining in production as winter approached. 

 

Costa Rica 

The study area, Laguna Gandoca, Costa Rica 

showed no significant difference in structural 

development over the years.  The plots are 

monospecific stands of R. mangle of relatively 

low density (933 trees ha-1) that showed no 

distinct pattern of zonation.  In 2001 the mean 

tree height recorded was 11.5 m, diameter 15.1 

cm, basal area of 23.1 m2 ha-1 and biomass 4.6 kg 

m-2.  Litter fall production also showed no 

significant change over this period averaging 

between 2.1-3.6 g m-2 

day-1. 

Figure 4. Mean monthly litter production vs. cumulative rainfall, at Grand 
Cayman 1994-95
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Cuba 

The CARICOMP 

monitoring station at 

Cayo Coco is a 

monospecific stand 

of red mangrove.  

This area has shown 

no significant change 

in the forest 

structure and 

biomass over the 
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period.  The site is a dense forest (4233 trees ha-1) 

occupied by trees that are relatively short, 

reaching up to 3.8 m high and having a mean 

diameter of 6.30 cm, basal area of 15.1 m2 ha-1 

and mean biomass of 8.77 kg m-2.  Litter 

production has shown no significant change in 

dry weight over the years.  The productivity 

ranged from 0.97–4.81 g m-2 day-1 with 

maximum productivity from spring to fall and a 

decline during the winter.  However, correlation 

analysis reflected only a weak correlation 

between litter production and rainfall.  

 

Dominican Republic 

The mangrove stand is a relatively dense stand 

of R. mangle interspersed with L. racemosa, 

having an average density of 3600 trees ha-1.  

The red mangrove trees are fairly tall and 

slender, with heights averaging 5.24 m and 

mean diameter of 2.55 cm, which translated to a 

relatively low biomass of approximately 2.84 kg 

m-2. The white mangroves were similar in 

dimension, with mean height and diameter of 

4.61 m and 2.30 cm respectively. The 

productivity data indicated an increase in litter 

production from April – August and a decline 

from September - March, therefore suggesting a 

possible seasonal variation in productivity.  

However there was no distinct relationship 

between rainfall and rate of litterfall.  Litter 

production ranged from 1.20-9.11 g m-2 day-1.  

 

Panama 

The study site has a density of 5967 red 

mangroves tree ha-1 with mean height and 

diameter of 4.15 m and 4.85 cm respectively.  

The trees covered a mean basal area of 12.6 m2 

ha-1 and had a mean biomass of 9.75 kg m-2.  

There has been no significant change in litter 

production over the years.  Litter production 

ranged from 1.78-4.13 g m-2 day-1.  Highest litter 

production occurred in October and lowest 

between January and February.   

 

Trinidad & Tobago 

Both litter production and forest composition 

were monitored at the mangrove forest that 

borders the Bon Accord Lagoon.  The forest 

consists of a mixed stand of the four mangrove 

species found in the region, however R. mangle 

(the most dominant species) was the sole 

occupant of the study area with a density of 775 

trees ha-1.  There were no significant changes in 

the forest composition since monitoring began 

in 1993.  In 2001, R. mangle reached up to a mean 

height of 11.9 m with mean diameter of 16.2 cm, 

basal area of 16.3 m2 ha-1 and mean biomass of 

3.95 kg m-2. Similarly, litter production showed 

no significant changes, remaining relatively 

stable ranging from 2.33 to 5.17g m-2 day-1, with 

maximum litter production occurring at the 

beginning of the wet season (May-December). 
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Venezuela 

Punta de Mangle  

The Punta de Mangle site is a mono-specific 

stand of thickset red mangroves with a 

relatively low density of 600 trees ha-1.  There 

has been no significant change since monitoring 

began in 1992.  In 2001, R. mangle had a mean 

height of 14.2 m, DBH of 29.8 cm, basal area of 

42.1 m2 ha-1 and mean biomass of 5.6 kg m-2.  

There has been no significant change in litter 

production, but ranges of productivity are from 

a low of 3.2 g m-2 day-1 to a high of 9.4 g m-2 day-

1.  A distinct pattern in seasonal production of 

litter fall was observed. Maximum litter 

production occurred between July and 

December and declined from January to June.  

Analyses indicated a distinct correlation 

between litter production and rainfall.  

However, after Hurricane Lenny in 1999 this 

pattern changed, now the production cycle is 

irregular. 

 

Tumba Cuatro 

This study site is a mixed stand of red mangrove 

(R. mangle, the most dominant), black mangrove 

(A. germinans) and white mangrove (L. racemosa).  

The red and black mangroves were the tallest 

species, having mean heights of 6.2 m and 7.9 m 

respectively and L. racemosa had an average 

height of 3.2 m. The red mangroves recorded 

mean diameter of 8.6 cm, mean basal area of 20.4 

m2 ha-1 and mean biomass of 6.3 kg m-2. There 

were no trends in seasonal productivity. Litter 

fall production ranged from 1.57 g m-2 day-1 to 

7.33 g m-2 day-1. 
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Figure 5. Mean monthly litter production vs. cumulative rainfall, at Punta de Mangle, Venezuela 1998 – 2001
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Table 5. Ranges in overall mean litter fall at CARICOMP sites 

Country Site Station 

Overall Mean 

Litterfall 

(g/m2/day) 

SD 

Colombia Bahia de Chengue, P. N. Tayrona Chengue Bay 5.61 2.25 

Venezuela Isla de Margarita Punta de Mangle 4.31 1.71 

Puerto Rico La Parguera La Parguera 4.10 1.25 

Costa Rica Laguna Gandoca Laguna Gandoca 3.99 0.84 

Trinidad and Tobago Tobago Bon Accord Lagoon 3.56 1.40 

Curaςao, N.A. Curaςao St. Jorisbaai 3.49 5.25 

Dominican Republic Parque Nacional del Este Punta Mangle al Catuano 2.90 2.28 

Panama Panama STRI_colo 2.70 0.73 

Belize Calabash Caye, Turneffe Islands Atoll Calabash Caye 2.51 1.78 

Colombia Isla de Providencia y San Andrés Hooker Bay 1.75 0.94 

Venezuela Parque Nacional, Morrocoy Tumba Cuatro 1.74 1.35 

Bermuda Bermuda Hungry Bay 1.64 1.70 

Jamaica Discovery Bay Discovery Bay 1.33 2.07 

Bahamas San Salvador Blackwood Bay 1.23 1.02 

Cayman Islands Grand Cayman Central Swamp, Little Sound 0.96 1.16 
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PART III:  PUBLICATIONS & PERSONNEL 

The CARICOMP Network has utilized the data to produce several papers in peer-review journals and as 

conference papers.  Listed below are the papers produced from CARICOMP dataset: 

 

Alcolado, P. M., Claro, R., Mendez, G. and 

Martinez-Daranas (1997) General Status of 

Cuban Coral Reefs. Proceedings of the 8th ICRS, 

Panama, Panama, 1:341-344 

 

CARICOMP. (2003). Status and temporal trends at 

CARICOMP coral reef sites. International Coral 

Reef Initiative (ICRI), Report of the Regional 

Workshop for the Tropical Americas: 81-89. 

 

CARICOMP. (2003). The Caribbean Coastal 

Marine Program (CARICOMP) Database: 

potential for data-mining and comparisons of 

Caribbean-wide datasets. Proceedings of the 9th 

ICRS, Bali Indonesia.  

 

CARICOMP. (2003).  Status and temporal trends 

at CARICOMP coral reef sites. Proceedings of 

the 9th International Coral Reef Symposium, Bali 

Indonesia.  

 

CARICOMP (1997) CARICOMP: A Research 

and Monitoring Network. Proceedings of the 8th 

ICRS, Panama, Panama, 1:641-646.  

 

CARICOMP (1997) CARICOMP Monitoring of 

Caribbean Coral Reefs. Proceedings of the 8th 

ICRS, Panama, Panama, 1:651-656.  

 

CARICOMP (1997) Variation in Ecological 

Parameters of Thalassia testudinum Across 

CARICOMP Network. Proceedings of the 8th 

ICRS, Panama, Panama, 1:663-668. 

 

CARICOMP (1997) Meteorological and 

Oceanographic Characterization.  Proceedings 

of the 8th ICRS, Panama, Panama, 1:657-662.  

 

CARICOMP (1997) Structure and Productivity 

of Mangrove Forests. Proceedings of the 8th 

ICRS, Panama, Panama, 1:669-672.  

 

CARICOMP (2000) Variations in seagrass 

parameters across the Caribbean: The 

CARICOMP network stations. Paper presented 

at the 9th ICRS, Bali, Indonesia. 

 

CARICOMP (2001) The Caribbean Coastal Marine 

Productivity Program (CARICOMP). Bulletin of 

Marine Science 69(2): 819-829. 

 

CARICOMP, Grueber-Dunsmore, R.; McField, 

M.; and Mendes, J. (1997) Studies on Caribbean 

Coastal Bleaching, 1995. Proceedings of the 8th 

ICRS, Panama, Panama, 1:673-678.  
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Coll, M.; Fonseca, A.C. and Cortés, J. (2001) 

Caracterización del manglar de Laguna 

Gandoca, Refugio Nacional de Vida Silvestre 

Gandoca-Manzanillo, Limón, Costa Rica.  

Revista de Biología Tropical, 49 (Suplemento 2): 

321-329. 

 

Cortés, J. (2001)  Características y situación de 

los humedales submarinos de Costa Rica.  

Ciencias Ambientales, 21: 9-12 

 

Díaz, J.M. and Garzón-Ferreira, J. (2001)  Estado 

de las praderas de pastos marinos en Colombia – 

Año 2000: 37-44. En  Santos, M. (Ed.): Informe del 

estado de los ambientes marinos y costeros en 

Colombia: 2000. INVEMAR, Santa Marta, Serie 

Documentos Generales 3: 138 p. 

 

Diaz-Pulido, G. and Garzón-Ferreira, J. (1997) 

Seasonal Variation of Algal cover in Rocky Coral 

Reefs of the Tayrona Park, Colombian 

Caribbean. Abstract in American Zoologist 

37(5): 35A 

 

Díaz-Pulido, G. and Garzón-Ferreira, J. (2002) 

Seasonality in algal assemblages on upwelling-

influenced coral reefs in the Colombian 

Caribbean. Botanica Marina 45: 284-292. 

 

Fonseca E., A. C. and Cortés, J. (2002) Land use 

in the La Estrella River basin and soil erosion 

effects on the Cahuita reef system, Costa Rica: 

68-82: 114-118.  In: B. Kjerfve, W.J. Wiebe, H.H. 

Kremer, W. Salomons & J.I. Marshall Crossland 

(Caribbean) (eds.).  Caribbean Basins: LOICZ 

Global Change Assessment and Synthesis of 

River Catchment/Island-Coastal Sea Interaction 

and Human Dimension.  LOICZ Reports & 

Studies No. 27.  LOICZ, Texel, The Netherlands.  

 

Garzón-Ferreira, J. (1997)  Arrecifes Coralinos: 

un tesoro camino a la extinción?  Colombia: 

Ciencia y Technología 15(1): 11-19. 

 

Garzón-Ferreira, J. and Díaz, J.M. (2000) Assessing 

and monitoring coral reef condition in Colombia 

during the last decade: 51-58. In Done, T. & D. 

Lloyd (eds.): Information Management and 

Decision Support for Marine Biodiversity 

Protection and Human Welfare: Coral Reefs. 

Australian Inst. Mar. Sci. (AIMS), Townsville, 

Australia 

 

Garzón-Ferreira, J. and Díaz, J.M. (2003) The 

Caribbean coral reefs of Colombia. In Cortés, J. 

(ed.): Latin American Coral Reefs. Elsevier 

Science, Amsterdam. (In press) 

 

Garzón-Ferreira, J. and Rodríguez-Ramirez, A. 

(1998) Cino años de monitoreo CARICOMP en 

Colombia. I. Generalidaes y variables 

fisicoquimicas. Resúmenes XI semi. Nal. Política, 

ciencia y tecnol. de Marina, CCO, Bogotá: 41 

 

Garzón-Ferreira, J. and Rodríguez-Ramirez, A. 

(2001) Estado de los arrecifes coralinos en 

Colombia – Año 2000: 25-36. In Santos, M. (Ed.): 

Informe del estado de los ambientes marinos y 

costeros en Colombia: 2000. INVEMAR, Santa 

Marta, Serie Documentos Generales 3: 138 p. 
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Garzón-Ferreira, J.; Rodríguez-Ramirez, A.; Gil, 

D.L.; Gil, M.F.; González, A.M.; Bohórequez, C. 

and Zapata, F. (1999) Launching SIMAC: the 

national monitoring system for coral reefs of 

Colombia.  Abstr. Int’l. Conf. Scientific Aspects 
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