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PREFACE
 

The Caribbean Marine Resources: Opportunities for 
Economic Development and Management project is sponsor-
cd by the United States Agency for International Development
(AID) and produced by the National Oceanic and Atmospheric 
A\dministration (NOAA). The ieport is designed to provide a 
review of the current sutus and projection of the potential of 
marine resource development in the Caribbean region. It is 
intended primarily to assist AID planners and Mission 
Directors with their decisions to support marine resource 
initiatives irthe Caribbean Basin. The report also provides 
background information useful to other groups or individuals 
interested in the Caribbean marine environment, 

The concept and scope of work for the project was 
originated by Anthony Rock of NOAA's Oceanic and 
Atmospheric Research (OAR) laternational Activities Staff in 
cooperation with the AID Bureau for Latin America and 
Caribbeai, Office of Development Resources. The Office of 
International Fisheries of NOAA's Nationai Marine Fisheries 
Service provided technical support and contractual assistance 
for the I)roject. 

Beginning in February 1985, Jill Zucker of the OAR 
I:ternational Activities Staff conducted a literature review and 
distributed questionnaires to U.S. and lbreign experts. The 
questionnaire, produced both in English and Spanish, was
designed to supplement the information obtainead from 
existing literature, with the most current available data from 
experts of Caribbeon marine issues. 

A meeting of Washington-based government agencies
with interests in the Caribbean was held in December 1985, 
to discus.; issues of the "egion and to identify authors of 
background papers for the report. InApril 1986 Dr. R. 

Lawrence Swanson, Chief of the OAR International Activities 
Staff, replaced Anthony Rock as project director. James 
Bu~zer, Director of Latin American and Caribbean Programs
for the OAR International Activities Staff coordinated an 
international worxshop which included authors of the 
background papers and invited experts from the region. The 
workshop was held at NOAA's Atlantic Oceanographic and 
Meteorological Laboratory (AOML), Miami, Florida, 
September 2-5, 1986. The objective of the vorkshop was to 
produce a draft of the final report by synthesizing the 
background papers with direct input from selected regional 
experts. 

Dr. Melvin Goodwin of the South Carolina Sea Grant 
Consortium facilitated the svnthesis of ir.forination at the 
workshop and was responsible for editing the workshop 
materials. Meriwethcr Wilson of the OAR International 
Activities Staff was responsible foi the production of the 
document, including revisions, layout, design, printing and 
publication. 

,,ppr.2ciation and gratitude is extended to the many
individuals and institutions who supported all phases of the 
project including contributions of literature, response.; to 
questionnaires, reviewing of background papers, pro\ ision of 
office sunport and typing. Special appreciation is extended to
NOAA's Pacific Marine Enviionmental Laboratory in Seattle, 
Washington, NOAA's Ocean Assessment Division in 
Rockville, Maryland, and Nick Kastelan of OAR in 
Reckville, for computer support. Completion of the project
would not have been possible without such generous
contributions of time, information and materials of all those 
involved. 
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EXECUTIVE SUMMARY
 

Opportunities t'r improved economic devClopment and 
management of Carihbean marine resources are reviewed. 
Separate chapters are devoted to nearshore marine habitats, 
fisheries and iaricul ire, ard geolog ical and non-living 
marine resources. Because any sustained improve ment 
depcids upon iridlgen(ous hur:in and insLitutional resources, 
tese are corsICre(d ill a 1o0rtih1 cil pt er. Each chapter provides 
background orr tine resoiirccs, discusses consraints and caveats 
to development, identiics opportunities fOr developrncnt, 
dcines requirements to realize these opport unities, and ofters 
recorilIilen(atiions to developmcnt assistance agencies, 
Coastal crosion and lack of adequate planning for resource 
management and economic devclopienit are problems 
alecting all marine resource sectors. Development and 
management are similarly constrained by the lack of adequate 
inflormalion on the location, extent, and quality of available 
resources. In brief, the following summarizes some of the 
existing conditions, major findings and recommendations of 
this report. 

NEARSIIORE HABITATRESOURCES 

Nearshore marine habitats include coral reefs, seagrass 
beds, mangroves, coasital lagoons, salinas, and intd bottomns. 
These habitats are inextricably linked to fisheries, tourism, 
and other resources, aid are directly related to much of the 
value of coastal lands. Despite their importaice, ncar-shore 
marine habitats and spe ies they suplport are increasingly 
threatened lvby poo land-use practices, waste disposal, 
petroichemicals, pesticides, and overexp!oitation. 

Beca:ise of irese rhreats listed above, "development" per se 
is often viewed as having an inherently negative impact upon
nearshore marine resources. Little consideration appears to 

have been given to the [otential for achieving positivc 
impacts on these resources through appropriate economic 
development. The potential for achic ing both economic and 
resource management objectives centers around activities 
rclatcd to tourism, marine protected areas, threatened species, 
harbor development, fishe ries, and controlled harvesting of' 
certain prolducs as Cottage industries. 

The primary requirement for pursuing these opportunities 
is an approach that emphasizes both economic and resource 
management objectives. This approach should result in 
detailed coastal zone management plans based upon 
comprehensive information of the location, extent, 
development potential and management requiremenLs for 
available resources. lImplemenU.tion of ;uch plans requires 
adequate institutional framework, public education, and trained 
personnel. 

It is recommended that development assistance agencies
solicit projecLs that combine economic development with 
improved management of nearshore coastal resources. 
Support should be provided for die inventory and planning
activities needed to iormulate such projects, and for activities 
that will providc long-term strengthening for government
based institutions. 

FISIHERIES RESCURCES 

Captre Fisheries 

Direct benefits from die development of fisheries resources 
are likely to be accrued almost entirely by local populations. 
While the monetary value of suzh bienefits is limited, they can 
be quite significant within the economic and social context of 
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some Caribbean cointries. Potential benefits include 
increased supply of protein to local populations, increased 
income and employment, increased value of selected species,
and provision of foreign exchange through exports. 

These benefit; may be achieved through increased land-
ings of oceanic pelagic fishes, increased groundfish production 
in Central America, small-scale improvements to artisanal 
fisheries, development of recreational fisheries, andimprovements to post-harvest processing and inarketirng. 

Effective deyelop m ent anti nimaagcment of Caribbean 
fisheries requires thti, harvest effort and marketing capacity be
,llatchd as closely as Iossible to the potential yields o!" the 
specific fishery resources. The central nee( is for resource-
specific plans with country-specific comlponents in which the
goals of nainagement and developinent are set by the 
socioeconomic condilions of each country. A coordinatedregional or subregional approach is neeled for oceanic pelagic 
and many deiersal resources that are shared between 
neighboring Caribbean countries, 

Economic cevelopient and mianageincnt of Caribbean 
fishery resources roq:res assistance with improved ofuseunderutilized resources, specific improvementrs to small-scale 
fisheries, iiproved inarketing and processing, application of 
techniques for iinproving the harvest and abundance of fishery
stocks, and developnment of'recreational fisheries. 

AfaricultureResources 

Various forms of nariculture have the potential to reduce 
imports of fishes, provide foreign exchange. diversify local 
economies, an6 rehabilitate some overexploited fisheries. 
Mariculture can increase the use of resources which are not
fully utilized at present, offers opportunities for small-scale 
farmers and fishermen as well os priv.;te entrepreneurs andmultinational companies, and has strong potential for 

prolucing economical!y stable systems witdin 
a reasonable 
period of time. 

Promising candilates for marizulture developn.0nt in 
x'arious parts 01' the Caribbean, inclde finfislies, marine 
shrinp, brine shrimp, lobsters, crabs, conch, and oysters and 
olher molluscs. 

Thleice ax' a variety of constraints that contribule to a IiighI 
ele;ment of risk inherent in most niariculture operations.
TIhese iiclu0(d fIlctuating costs and returns, lack of biological
information, LIteration of critical tnatural systems, polential 
shortages of secd stock. inadequale food processing and feed 
manufacturing technology, td scant infrastructure ani 
government policy sutpport for inariculture ventures. 

hiherent constraints anil risks are cause for caution in 
pursuing mariculhure operations. Tile potential of 
mariculture, howcver, is 'ufficient to warrant developinent 

assistance For pilot projects which meet established economic 
and ecological criteria. Such pilot projects should provide a 
more stable basis for subsequent private anti public
investment, as well as improve access to existing credit 
facilities for capitalization. The success of in(liviciual
inariculture ventures depends primarily upon the human,
technical, and economic characteristics of each particular 
project. 

GEOLOGICAL and NON-LIVING RESOURCES 

Among andge logicnia non-lving resources, hard main
erals ire of major importance Iecause of their high and
iiolnndiale potential for low-cost (levelopmnent by Caribbean 
countries. Petroleum resources are well doetirenied, managed
by private or national copallnies. Non-convxintion alIenergy
is considered af, important resource for some countries. 

Ilard inineral resources with potent al for ecoronic dev
elopnent incdde sand and gravel, placer deposits, phosphiate
deposits, liiestone, and salt. Development of these resources 
is constraiic 'I priinarily by ahsence of suLIflcienitly dhtailed
infornation on their hocation, extent and quality. 

Uncontrolled sand mlining and nincral extraction processes 
call cuse polhlioon ald olher se ri ous nianageient prolbleims
associated with gcolo(Jcal resources. Attention to these 
probIc nis require specific attention in ally develhopient plan. 

hiternational organizaiions and deVe lopcd nat ioils coul
 
IJrovitle support 1o lhe Caribbean COuontr ies 
for both largescale and small-scale geologic iiapping to provide a basis for 
economic development and ilanageient of hard mineral 
resources. 

IIUNIAN and INSTITUTIONAL RESOURCES 

The v.'ritten history of most Caribbean countries has riot 
emphasized marine resources, anl tlitil recently has had a
 
relatively low priority aliuog governments of the region. As
 

result, 
 there has been liitle iicentivxe or opportunity for
marine science priufssionals or institutions. Marine resource 
(Ievelopers and iianagers are caught in a dilcinna in which 
goverlllnenls ac rehiciant to cmiiit to a sector which has 
not previously produnced imlpressive benefits, while such 
beICfits cai[10t be obt,.ild wilhoit Serious national 
coli1itmenii. 

A variety of skills arid techniques are required to achieve
 
o,ig-term benefits from Caribbean iarine 
 resources, 

inciu(liiig resource nanagenent, extension service and 
education, applied researchl, harvest technology, processing
technology, and marketing. There is a diverse assemblage of 
institutions wilhin tie r,,eion that offer significant
olpprtunities to ieet hese ieceds, but illprovemlenlt of htan 
and institutional resouLirces dfoes not lepenld solely upon
training and natel ial support. Many training efforis alxe 
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been undertaken in the past without due regard for how 
trainees will be able to apply their new skills when training is 
completed. Iprovements to the overall context within 
\, hich human and institutional resources must operate are also 
needed. Efforis to improve human and institutional resources 
must be based upon the economic realities of tile nations that 
are to be served, 

It is clear that the key issue of national commitment 
cannot be solved by external effort alone and it is important to 
realize that such a commitment has evolvel in other areas 
over a relatively long period of time. The need for improved 
human and institutional resources to support rational 
deve!opmn, i lnd m:nd eeent of marine resources is growing 
fasterAan are management eflori dedicated to providing such 
improvements. This represents an important opportunity for 
d,welopment assistance agencies to play an interim suplrting 
role to Iman aind institutional resource-; in the Caribbean, 

while simultaneously achieving the tangible benefits needed 
to build a long-term dedication to the marine sector. 

It is recommended that development assistance agencies 
support the formulation of development and management 
programs which specify activities needed to achieve program 
goals and objectives. The cost of de facilities and training 
required for such activities need to be accounted for. 

Assistance should be provided for collahorative efforts 
among regional instilutions to provide follow-up support to 
training that is directed toward the improved use of marine 
resources. Whenever possible, training should take place in 
tile context of projects related to national programs. Specific 
provision should be made for public awareness and 
information concerning the objectives, activities, and results 
of all projects. 

11 



ACRONYMS
 

ADCP Aquaculture Development and Coordination Programme (FAO/UNDP)

AID Agency for International Development, USA
 
AIMLC 
 Association of Island Marine Laboratories of the Caribbean
 
AOML Atlantic Occanographic and Meteorological Laboratory (NOAA), USA

BOSTID Board on Science and Technology for International Development (NAS), USA
 
CARIPOL 
 Caribbean M'arine Pollution Research wid Monitoring Program (IOC)

CARICOM Caribbean Community (IOCARIBE)

CARMABI 
 Foundation Cannabi, Netherlands Antilles
 
CMRC Caribbean Marine Research Center, Bahamas
 
CCA Caribbean Conservation Association, Barbados
 
C/CCA Caribbean/Central American Action, USA
 
CCML Centro de Ciencias dcl Mar y Linnologia, Panama
 
CCML Centro de Ciencias del Mar ), Lirnologia, Mexico 
CEIHI Caribbean Environmental Ilealth Institute, Saint Lucia 
CEMA Centro de Estudios del Mar y Acuacultura, Guatemala 
CEPAL Comision Economica para America Latina 
CFMC Caribbean Fishery Management Council, Puerto Rico 
CIP Centro de Investigaciones Biologicas, Venezuela 
CIBMA Centro de Investigaciones de Biologia Marina, Dominican Republic
CIECCA Centro de Investigacion y Entrenamiento para Control de la Calidad del Agua, Mexico 
CIM Centro de Investigaciones Marinas, Cuba 
CIMAR Centro de Investigaciones en Ciencias del Mar y Limnologia, Costa Rica
CINVESTAV Centro de Investigaciones y Ie Estudios Avanzados, Mexico 
ClOf I Centro de Investigaciones Oceanograficas e Ilidrograficas, Colombia 
CIP1 Centro de Investigaciones PesquoraLs, Cuba 
CIP Ccntro de Investigaciones Pesqueras, Instituto Nicaraguense de ]a Pesca, Nicaragua
CMC Cambridge Monitoring Centre (IUCN), United Kingdom
CTDRC Caribbean Tourism Research and Development Center, Barbados 
DBML Discovery Bay Marine Laboratory, Jamaica 
DCM Departemento de Ciencias Marinas, Universidad (le Puerto Rico, Puerto Rico 
I)!TEPESCA Direccion Tecnica (ie Pesca y Acuicultura, Guatemala 
DOSP Dalhousie Ocean Studies Programme, Canada
EDIMAR Estacion de Investigaciones Marinas de Margarita, Venezuela 
E 'A Environmental Protection Agency, USA 
FAO Food and Agriculture Organizaticn, United Nations 

13 



GCFI 
GIPME 
IB 
ICLAM 
ICLARM 
ICMRD 
IFREMER 
IMA 
INDERENA 
INP 
INRA 
INVEMAR 
10 
10 
IOC 
IOCARIBE 
OS 
ITESM 
IUCN 
LAC 
LIM 
MARNET 
NAS 
NESDIS 
NMFS 
NOAA 
NOS 
OAR 
OECS 
OTA 
PMEL 
RARE 
RASMUS 
SCSGC 
SCUBA 
STRI 
TOGA 
TWI 
UAM 
UG 
UJTL 
UNAM 
UNDP 
UNEP 
UNESCO 
USGS 
UTM 
UWI 
WECAFC 
WCRP 
WHO 
WIL 
WOCE 

Gulf and Caribbean Fisheries Institute, USA
 
Global Investigation of Pollution in the Marine Environment (IOC)

Instituto de Biologia, Mexico
 
Instituto para el Control y la Conservacion de Maracaibo, Vcnez:uela
 
International Center for Living Aquatic Resources Management, Phillipines

International Center for Marine Resource Development, University of Rhode Island, USA
Institut frmacais de recherche pour l'exploitation de ]a mer, Martinique

Institute of Marine Affairs, Trinidad and Tobago

Instituto Nacional de los Recursos Naturales Renovables y del Ambiente, Colombia
 
Instituto Nacional de la Pesca, Mexico 
Insfitut national de la recherche agronomique, Guadeloupe

Instituto de Investigaciones Marinas de Punta de Betin, Colombia
 
Instituto de Oceanologia, Cuba
 
Instituto Oceanografico, Venezuela
 
Intergovernmental Oceanographic Commission, United Nations 
 (IOC)
Intcrgovernmental Oceanographic Commission for the Caribbean and Adjacent Regions,
British Institute of Oceanographic Services, United Kingdom
Instituto Tecnologico y de Estudios Superiores de Monerrey, Mexico
 
International Union for the Conservation of Nature and Natural Resources, Switzerland
 
Latin America and Caribbean (AID), USA
 
Laboratorio de Investigaciones Marinas de Punta Morales, Costa Rica
 
Marine Science Informatiop Network, USA
 
National Academy of Scie; es, USA
 
National Environmental Satellite, Data and Information Service (NOAA), USA
 
National Marine Fisheries Service (NOAA), USA
 
National Oceanic and Atmospheric Administration, USA
 
National Ocean Service (NOAA), USA
 
Oceanic and Atmospheric Research (NOAA), USA
 
Organization of Eastern Caribbean States, Saint Lucia
 
Office of Technology Assessment, (US Congress), USA
 
Pacific Marine Environmental Laborato:y (NOAA), USA 
Rare Animal Relief Effort, USA
 
Rosenstiel School of Marine and Atmospheric Science, University of Miami, USA
 
South Carolina Sea Grant Consortium, USA
 
Self Contained Underwater Breathing Apparatus

Smithsonian Tropical Research Institute, Panama
 
Tropical Ocean and Global Atmosphere Program, USA
 
Trade Wind Industries, Bahamas 
Universidad Autonoma Metropolitana, Mexico 
University of Guyana, Guyana 
Fundacion Universidad de Bogota, Jorge Tadeo Lozano, Colombia 
Universidad Nacional Autonoma de Mexico 
United Nations Development Programme 
United Nations Environment Programme 
United Nations Educational, Scientific, and Cultural Organization 
United States Geological Survey, USA 
Universidad Tecnologica de Magdalena, Colombia 
University of the West Indies, Jamaica and Barbados 
Western Central Atlantic Fisheries Commission (FAO) 
World Climate Research Program (IOC)
Woods Hole Oceanographic Institute, USA 
West Indies Laboratory, Fairleigh Dickinson University, St. Croix, US Virgin Islands 
World Ocean Circulation Experiment, United Nations 

14 



CARIBBEAN BASIN REGION
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INTRODUCTION 

BACKGROUND 


A need exists to develop marine resources within the 
Caribbean Region. This development should be accomplished 
ii consideration of the existing cultural, economic and 
institutional frameworks, and in balance with environmental 
implications. As part of its commitment to promote 
environmentally sound development projects, the United 
States Agency for International Development (AID) and the 
National Oceanic and Atmospheric Administration (NOAA) 
agreed to review the current status and to offer a projection of 
pltcntial marine resource opportur.itics that could support 
ccoiiOmlic development in the Caribbean region. 

The primary purose of the Caribbean Regional Marinae 
Profile is to assist AID planners and mission representatives 
in identifying marine resource development needs and 
opportunities for potential projects within AID countries, 
NOAA committed assistance with the joint efforts of" its 
National Marine Fisheries Service (NMFS) and Oceanic and 
Atmospheric Research (OAR) Starf, through their respective 
international divisions and field o-fices. Once the need for a 
regional profile was agreed upon, overall forconcerns 
effective management of marine resources in the region were 
identified, and the objectives of a study were set forth. 

Despite the relatively large water mass associateA with the 
Caribbean Basin, techniques for the effective use of marine 
resources are underdeveloped in most Caribbean nations. Tn 
general, the region lacks an understanding of marine 
environmne,.ts and ecological processes. This information is 
necessary for prudent economic development and policy-
making in countries receiving development assistance. 
Marine research competencies vary extensively throughout the 

region, from advanced institutional programs to minimally 
active fisheries departments. Efforts through the United 
Nations framework, such as the Intergovernmental 
Oceanographic Commision for the Caribbean and Adjacent 
Regions (IOCARIBE), and the United Nations Environment 
Programme's (UNEP) Oceans and Coastal Areas Programme 
and UNEP's Caribbean Action Plan have largely been 
unsuccessful in promoting a sustained regional approach to 
marine research. The United States has not exhibited steady 
support to these initiatives. 

OBJECTIVES 

The purpose of this document is to provide a regional 
overview of marine resource opportunities by using existing 
information. This overview document is designed to meet the 
following objectives: 

- aescribe the overall abundance and distribution of marine 
resources in the region including ecosystems, mineral and 
non-living resources, and underutilized and endangered 
species; 

- describe the current state of development of these re
sources including indications of potential trends; 

- identify principal marine resource management issues of 
the region, balancing ecological, economic and social 
perspectives; 

- define economic opportunities for marine resou rces, and 
identify requirements needed to realize these opportunities, 
addressing regional and country-specific issues; 
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- survey the current state of education, training and 
institutional mechanisms within the region for marine resource managcinent and development opportunities; and, 

- prcvide recommendati.ns on the above information for 
regional institutions, assistance agencies and nationail 
governments that would foster a balanced approach to economic development thtough the use of marine resources. 

METHODOLOG' 

AID and NOAA jointly developed the theoretical 
framework and methodology used for this study. T'ie study,
which began in April 1985, was carried out with an
international and integrated resources approach to the 
Caribbean region. The scope of work carried out by NOAA 
consisted of the following components: 

hIformation Gatheringand Literature Search 

The study included a detailed literature search and 
collection of information on Caribbean marine resources from 
U. S. and regional researchers, national officials from the
region, marine resource program managers, and other 
indi.'duals interested in these resources. Contacts included 
256 non-U. S. representatives, 70 international organizations
worldwide with development activities in the region, and 110 
U.S. domestic contacts. Nearly' 200 published and 
unpublished reports reviewed. Thewere literature was 
organized into subregional study units as follows: Fisheries,
Marine Resource Management, Ports and Shipping, Coastal 
and Marine Ecosystems, Education, Policy and Institutional 
Structures, Non-Living Resources, Development Assistance,
General Background, Tourism, and Country-Specific
documents. Some of the documents acquired during this 
phase of the prcject are being transferred to the University of 
Miami, Rosenstiel School for Marine and Atmospheric

Sciences (RASMUS). 
 From here it will be made available to 
the Caribbean marine science community through an
elecuonic network, Marine Science Information Network 
(MARNETI, currently under development. 

QuestionnaireDistribution 

A questionnaire was prepared in English and Spanish and 
disltrm!uted to the above mntioned contacts, including AID 
missions. The questionnaire was intended to confirm and 
enhance the comprehensiveness of the information gathered
thr!ugh the literature and info;,'mation search. It was alsc 
dcsigned to provide opportunities for experts to exrand on 
their regional, and country-specific experiences. Institutions 
and individual representatives from the following countries 
completed the questionnaire: Barbados, British Virgin Islands,
Colombia, Dominican Republic, Greihada, Guatemala, 
Jamaica, Netherlands Antilles, Nicaragua, Panama, Saint 
Lucia, Trinidad and Tobago, and Venezuela. 

Meetings 

NOAA representatives attended the Gulf and Caribbean 
Fisheries Meeting in Barbados, April 1986, to meet with
members of the Caribbean research and marine resource 
community. 

In December 1985 a one-day meeting was held in 
Washington, D.C. at NMFS to gather individuals of domestic 
agencies with activities in the Caribbean region. The project
development tnus far was discussed and findings from the 
literature review were presented. The meeting provided a
forum for a midpoint review of the project and also facilitated 
inter-agency discussion. A.document format discussedwas 
and work groups were created within NOAA to implement
these ideas and generate background papers f r the final 
document. 

Background Papers 

After information from the 1985 Washington meeting was
compiled, authors and subjects for a set of background papers 
were identified. Individals within NOAA having expertise in 
both marine resources and the Caribbean region agreed to
write the papers. Other agencies and consultants were 
contacted when specific expertise was unavailable through
NOAA. The agency or individuals responsible for writing te 
background sections were encouraged to use the information,
literature and questionnaire responses gathered thus far in the 
project. The authors individually generated the scope, format 
md size of each paper. The authors are listed in the Project
Participants section of this report. The following papers will 
be forwarded to the RASMUS library, where they will be 
made available to the scientific community in the Caribbean 
region: Coastal Area Development, Marine Pollution 
Problems in the Greater Caribbean, Caribbean Marine Profile: 
Fisheries Section, Marine Geologic Section of the Caribbean 
Regional Marine Profile, Education and Training in the 
Caribbean, and Remote Sensing in the Caribbean. 

Regional Workshop 

An international workshop w:is held at NOAA's Atlantic
Oceanographic and Meteorological Laboratory (AOML)
facility in Miami, Florida, September 2-5, 1986. Attendees
included NOAA project staff from Washington, D.C. and 
AOML, authors of background papers, regional country rep
resentatives, and an editorial consultant. During this 
workshop the experts reviewed the findings thefrom 
information collected, presented new ideas and references,
formulated a theoretical framework for the drafting of a
comprehenive document with the editor, and worked with the
authors on rewriting and syntheisizing the background papers
into the proposed framework. All workshop participants are 
listed at the beginning of this document on page 3. 
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FinalReport 

The findings gathered by NOAA staff and confirmed 
through contact with local and regional experts have been 
analyzed and assembled into this report to provide
recommendations for AID and other parties interested in the 
development potential of Caribbean marine resources. 

The report was drafted by the cditor and includes material 
from the background papc,s, relevant literature, 
questionnaires, and additional inforination obtained during the 
regional workshop. The draft of this document was reviewed 
ancl by the authors, and edited by staff from NOAA and AID 
'iat are familiar with Caribbean marine resources. 

The report is composed of the following chapters: 
Ncarshore Marine Habitats, Fisheries and Mariculture 
Resources; Geological and Non-living Resources. and a final 
chapter on Human Resources focusing on educational and 
institutional needs. Each chapter provides a background on 
the status and extent of the resources, addresses constraints 
particular to specific resources or countries, presents op-
portUnities fo development, identifies particular requirements 
needed tc, make the realization of these opportunities feasible, 

and suggests overall recommendations targeted to development 
assistance agencies. 

The reference section lists both the literature cited in the 
document and provides additional sources that may be useful 
to the AID Mission Directors, regional planners and the 
Caribbean marine science community at large. 

Annex A, Institutions, presents a brief description and 
location of institutions in the Caribbean region that are active 
in both applied and basic research that may be able to assist in 
the implementation of marine resource development 
recommendations and projects. Annex B, Country Notes, 
presents marine resource development information that is 
country specific egarding ecological, economic or cultural 
considerations. The information in this annex was drawn 
largely from the background paper on Coastal Resources and 
the questionn ,ires. Annex C, Threatened Taxa, provides a 
country specific listing of the status, taxon name, and 
common name for coastal and marine animal species in the 
Caribbean region. 
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NEARSHORE MARINE HABITATS
 

Some of the most productive and biologically complex 
ecosystems in the world are found within the Caribbean 
coastal zone. These include coral reefs, seagrass beds, 
mangrove forests, and coastal lagoons. The economic 
importance of these systems stems primarily from their 
linkage to other resources, especially fisheries and coastal 
tourism. These linkages are often ignored or discounted when 
corisidcring the monetary value of coastal land for commercial 
development. But the reality is that much of this value is 
directly related to nearshore marine habitats. 

Background 

Surface waters of the Caribbean Sea are warm throughout 
the year, resulting in a relatively stable horizontal layering 
between surface and deeper wiiiers. This straification is 
indicative of a circulation system that prevents the upwelling 
of nutrient-rich deep water except along the northern coast of 
South America. Lack of nutrients limits the production of 
microscopic floating algae (phytoplankton) which are 
responsible for the high marine productivity in temperate 
climates; the Caribbean Sea is generally clear because 
biological productivity is low. 

Nutrient limitations are overcome in nearshore marine hab-
itats of the Caribbean through: 

production of nutrients from atmospheric nitrogen by 
shallow-water, blue-green algae found on coral reefs; 

- recycling of certain nutrients within coastal ecosystems, 

for exa nple, the remineralizafion of the organic material char
acteristic of mangroves and seagrass beds; and, 

- input of nutrients and organic material derived from tr
restrial freshwater runoff into coastal lagoons and mud 
bottoms. 

These mechanisms result in physical, chemical and 
biological linkages between Caribbean coastal habitats. 
T-hanges or disruptions to pathways of interaction will have 
some effect upon all of these habitats. (Ogden and Gladfeltcr, 
1983). The separation of nearshore resources in the following 
discussion is for organizational simplicity; such separation 
does not reflect biological reality. Development and 
management of these resources must be based upon a 
perspective of the entire coastal zone rather than on individual 
components. 

-

" 
-_ 

TJhe biologically complex coastal zone links marine resources 
withuhuman settlement interests. (Photo. Meriwether Wilson) 
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Coral Reefs 

There are approximately sixty species of corals in the 
Caribbean including about six dominant species that are the 
primary reef builders. Corals are animals, having a thin layer
of issue covering a skeleton of calcium carbonate secreted by
tile animal tissue during growth. Individual corals grow at 
ra'es ranging from 1-30 centimeters per year. Coral reefs,
consisting of the consolidated skeletons of corals, accumulate 
rapidly in geological time. Caribbean coral reels represent
about 10,0(X) years of coral growth (Goodwin, et al., 1986). 

Coral reefs require clear, clean water and relatively high 
wave energy to grow and flourish. Thus, they are best 
developed on the windward side of coasLs and arc absent where 
sedimentation from terrestrial runoff and rivers is heavy, such 
,cs tihe northern coast of Puerto Rico (Bak, 1983). 

Coral reefs are one of the most important coastal resources 
of the Caribbean region. They are the basis of many coastal 
fisheries, providing food, shelter, and nursery areas for 
commercially valuable fishes and crustacean species. Reefs 
forim breakwaters which protect harbors and bays and limit 
coastal erosion. Coral skeletons are the principal source of 
sand and gravel resources. The beaches and visual attractions 
provided by coral reefs arethme region (Sahin and Clark, 1984).the focus of much of the tourism in 

Seagrass Beds 

Large meadows of seagrasses of three major species occur
in close association with coral reefs in the Caribbean. 
Seagrasses are true flowering plants with male and female 
flowers and seeds borne in fruits; yet the most common form 
of reproduction is asexual via a rhizome (superficially
resembling a root) growing through the nutrient-rich 
sediments. 

Seagrasses are very proxluctive. Massive amounts of plant
material are consumed by grazers (e.g., fishes, green turtles, 
sea urchins) which feed directly on the plants, or are channeled 
into a complex communiiy of small organisms and bacteria 
living among the seagrLsses and feeding upon plant detritus. 

The se.igrasses covering the bottom of coastal bays trap

fine sediments 
 and stablize thfe bottom with interwoven
 
rhizomes beneath the sediment surface. Sediment retention
 
and stabilization is important for adjacent coral reefs because
 
it prevents abrasion 
 or burial of these reefs (luring storm
 
conditions (Zieman, 1983).
 

eagrass blades provide surfaces upon which many
organisms attach, including a variety of algae which may 
produce calcareous sediment or provide food for grazing
organisms. Seagrasses serve as nurseries for the juveniles of
commercially important spcies including fishes (snappers,
grunts) and invertebrates (lobsters, conchs), (Ross, 1982). 

The diversity of coralreef ecosystems are exhibited by thevariety ofshapes in these soft and hard t:orals. 
(Photo: Aleriwether Wilson) 

*,., 

"\. 

The polyps (animals) of these soft octocorals (gorgonians)
have tentacles to capturefood. (Photo:A. W. Williams) 
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Mangrove prop rootsprovide attachment surfacesand shelter 
for marine organisnLv. (Photo: Meriwether Wilson) 

Mangroves 

Mangrove forests are a coastal feature of tropical and 
subtropical regions. These trees develop in low-lying coastal 
areas where freshwater is supplied by rivers or terrestrial 
runoff. Their prop roots prov .',a surface for the attachment 
of marine organisms and reduce tidal and wave energy, thus 
promlooting deposition of nutrient-rich mud and silt. 
Mangroves provide habitat and shelter for a variety of animals 
such as small fishes, crabs, and birds. By breaking storm 
waves anl dampening t'lal currents, mangroves help to 
maintain the coastline against erosion, and may actually 
extend coastal lands by trapping and bindting sediments. As a 
result, sediment loads into coastal waters are reduced, and 
normally there is little, if a;iy, resuspension of sediment 
through shoreline erosion. Decomposed leaves of the 
mangroves form the base of a food web that extenls to large
fishes and birds (Cintron and Schaeffer-Novelli, 1983). 

Coastal Lagoons and Salinas 

Coastal areas of the Caribbean near major watersheds often 
contain huge lagoons of fresh or brackish water that provide 
important sources of organic material and nutrients as well as 
feeding, nesting and nursery areas for various birds and fishes. 
Large coastal lagoons are most prominent along the mainland 
and are often :he breeding grounds for nearshore shrimp
fisheries. Coastal lagoons are bliffers controlling terrestrial 
runoff and providing natural settling basins for suspended 

Salinas, shallow x)nds and lakes with limited or only
tidal contact with the sea, are characteristic of many dry 
Caribbean islands. Traditionally, salinas have been used as 
salt evaporators and are targeted far mariculture or marina 
construction in more recent development schemes. These 
ponds also function as sediment traps, and are important to 
the protection of nearby coral reefs from excessive sediment 
loading. 

Mud Bottoms 

Mud bottoms are extremely productive, supporting 
corninericially important shrimp and groundfish fisheries. 
Wide hands of relatively flat mudl bottom are associated with 
the coasts of Central and South America. Mild bottoms result 
from seasonal runoff of fresh water carrying terrestrial 
sediment and are enriched in organic material by outflow fron 
coastal lagoons. 

Present Condition of Coastal 
Resources and Constraints to 
Economic DevelopmenI t 

Coastal resources of the entire Caribbean regioln are under 
increasing impact from human activity. 'Fle driving forces 
for this pressure are unchecked population growth and the need 
in most countries to generate foreign exchange through exl)ort 
of coastal and agricultural resources, industrialization, and 
tourism. The following are of particular concern: 

Tourism 

The Caribbean Tourism Research and Development Center 
(CTRDC) estimates that tourism accounts for approximately 
40 percent of the gross domestic income of Caribbean Island 
nations. More than 7.7 million overnight tourists (exclusive 
of 3.7 million cruise ship passengers) spent US $4.6 billion 
in the region (luring 1984 (CTl'RDC, 1985). 

Most of the tourist industry is concentrated in coastal 
areas, where industries depend upon the sea for cooling water,
dump sites, and transportation. Tourism, in particular, has 
caused adverse impacts on marine environments. It has been 
calculated, for example, that the average tourist uses more 
than tv ice as much water as the average island resident; and 
hotels are prime sources of' water contamination (Clark, 
1986). Dcvclopment of marinas and harbor facilities 
generally adids to problems of pollution such as human waste 
disposal, destruction of mangroves, coastal siltation, oil leaks 
from engines, and physical damage to reefs and grass bottoms 
is caused by extensive yacht anchorings. 
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Even isolated beaches are fouled by garbage, trash and 
plastics washed ashore by waves and currents. Every 
convergent zone including Sargassum wind rows have an 
accumulation of trash and plastic. The recreational boater 
contributes approximately 0.5 kilogram per person per boat-
day (NOAA, 1977). 

Table 1. 

Estimated Population and Tourist Arrivals in
esentated lainan ouitrias i7 
Representative Caribbean Countries, 1977 

BahamasBahams 218,00018,000 965,000965,000 
Belize 
Colombia 

139,000
24,977,000 

95,000
709,000 

Cuba 
Dominican Republic 

9,604,000 
4,980,000 

80,000 
359,000 

Haiti 4,749,000 96,000 
Honduras 
Jamaica 

3,039,000 
2,100,000 

181,000 
265,000 

Puerto Rico 3,300,000 1,376,000 
US Virgin Islands 96,000 718,000 

Source: Clark, 1986, p. 179. 

Poor Land Use Practices 

Because coastal ecosystems of the Caribbean have evolved 
in clear waters, the major impact from development on land is 
excessive sedimentation. Uncontrolled sedimentation stresses 
or smothers corals and seagrasses, cuts light penetration into 
normally clear waters, and releases pulses of organic material 
and nutrients. Studies in Guayanilla Bay, a large industrial 
site on the soulhern coast of Puerto Rico, have provided 
evidence of coral rcef destruction by sedimentation. Excessive 
nutticnt loading (eutrophication) can result in "blooms" of 
algae which subsequently (tie and deplete dissolved oxygen
through decay. Shoreline construction, including harbors, 
groins, channels, and removal of beach sand, interferes with 
normal coastal sediment ranslx)rt and can lead to disasterous 
erosion (Carpenter, 1983). 

While shifts to industrialization have sometimes reduced 
agricultural output, they have more typically led to energy-
intensive agricultural practices, including the increased use of 
fertilizers and chemical pesticides. The sugar industry 
protluces much wastewater with high biochemical oxygen 
demand as well as solid wastes. As modernization proceeds, 
the use of agricultural chemicals is likely to increase 
manyfold. The environmental impact of these chemicals on 
the tropical ecosystems has not been determined, but it is 

unlikely to be benign. Such information is critical, as there 
is little impetus or concern to modify practices that have been 
satisfactory in the past unless a major economic loss o,threat 
to health can be demonstrated. In most cises this cannot yet 
be done. 

Waste Disposal 

Eutrophication from human sewage disposal is a growing 
problem in the Caribbean, particularly in the vicinity of large 
coastal cities and harbors. In accordance with long-termpractice, the sewage generated by 30 million people is 
disposed of, more or less, untreated into the Caribbean Sea. 

Sewage treatment plants if they exist at all, are commonly 
overloaded and inadequately maintained. Solid waste is placed
directly into the sea or into coastal landfills, often within 
mangrove areas. These landfills are inadequately protectedfrom the sea and the consequent escape of plastics and long

lasting buoyant waste is a growing problem in the region. 
Undoubtedly toxic wastes are also disposed of in these 
landfills (legally or illegally) and are possibly leaching into 
the marine environment. Some disposal sites are near public
swimming beaches or waterfronts of luxury hotels and 
untreated sewage is discharged near adjacent beaches. 

The regional extent of the problem is indicated by recent 
studies, personal communications, and questionnaires 
provided for the prepartion of this report. In Jamaica, coral
reefs exposed to sewage reveal heavy algal overgrowth and 
dense solid waste litter on the nearby seafloor (Chow, 1985).
Since 1981, the Institute of Marine Affairs and Ministry of 
Health of Trinidad and Tobago have monitored the extent of 
sewage pollution at several locations around the country.
Rivers flowing into the sea recieve fecal wastes from two 
major sewage treatment plants, some inland treatment plants,
farms, and numerous pit latrines of poor construction. 
Significantly elevated levels of sewage-associated bacteria 
have been found in several coastal areas including popular 
beach areas. In Barbados, marine pollution from sewage, 
fertilizers, industrial effluents and suspended sediment loads is 
causing stress on the fringing reefs and increasing coastal 
erosion. 

Htarbors can concentrate wastes, creating unhealthy 
condifions and effluents which can have major effects on 
extensive areas of the coast. At the same time, such water 
bodies are prime choices for development of ports and 
ndustries dependent upon marine transportation facili'aes. 
Two cases of particular interest are those of Carwgena 
(Colombia) and Havana (Cuba) Bays where gross pofiution 
has become apparent. Well-planned, intensive studies of 
pollution in these bays through iniemational cooperation has 
provided a wealth of information making these case studies 
especially useful for planning and implementation of 
pollution abatement procedures. A priority resulting from the 
Havana Bay study has been the elimination of anoxic 
conditions by minimizing organic and nutrient loading. 
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Hazardous industrial wastes are often placed
indiscriminately into rivers or coastal zones. The United 
Nations Environment Programme has identified the largest 
industrial concentrations in the region as those along the 
coasts of Venezuela, Colombia, Mexico, Cuba, Puerto Rico, 
the U.S. Virgin Islands, Trinidad and Tobago, the Netherlands 
Antilles, Jamaica, and the U.S. Gulf Coast. Chemical 
wastes, including many compounds known to be highly
toxic, have been dumped in the Gulf of Mexico for many 
years, primarily from chemical plants in Texas and Louisiana. 
Two types of industrial chemicals, polychlorinated biphenyls
(PCBs) and phthalate ester plasticizers, have been detected in 
various marine organisms in the Caribbean. 

Petroleum and! llydrocarbons 

There have been spectacular cases of major oil spills in 
the Caribbean, and frequent small oil spills associated with 
most of the region's refineries. During Jtune of 1979 the 
woarld's largest oil spill, ltoxc I, occured in the Bahia ie 
Campeche near the Gulf of Mexico. The blown well was not
capped until March of 1980. While the local impact is 
iimnediate and obvious, there is little information and few 
quantified studies on the long-term effects of major spills or
chronic discharges of oil into the coastal zone (Jernclov and 
Linden, 1981; Clark, 198). (See photograph of oil spill
from lxtox I, on page 53.) Oil slicks on the seawater surface 
constitute a deleterious arrier to the exchange of gases 

between the atmosphere and the water. In waters with a high
biological oxygen demand and minimal surface wave action 
such as enclosed bays, this barrier may accelerate oxygen 
depletion and consequent death of resident animal populations. 

Studies suggest that corals do not (lie when oil floats over 
the reef, but that coral death is from smothering when tie oil 
directly mdheres to the coral surfaces (Rogers, 1981). Oil 
slicks are also known to affect sea birds (tue to oiling of their 
feathers. Ta accumulation on beaches is a majo, impact of 
oil spills as this reduces the tourism value Gf coastal areas, 
An oil spill (luring 1986 in Panama (at Gaieta near Colon) 
onto a coral reef flat which had been monitored for over ten 
years may provide a detailedl picture of immediate and long-
tern effects of major oil spills on coral reef environments. 

Overexploitation of Harvestable 
Coastvi Resources 

Traditional fisheries directly associated with Caribbean 
coastal habitats (e.g., spiny lobster, conch, reef fishes, sea 
urchins) are nearly all overexploited. Management techniques
(limited entry, size limitations, area closure, etc.) are well 
known and can lead to dramatic responses within a fishery, 
but enforcement of such practices remains a problem in 
traditionally unmanaged and essentially artisanal fisheries, 
Management plans and practices need to take into account 
local customs and traditional conservation methods. 

Opportunities for
Economic Development
 
and Resource Management
 

"Development" is often viewed as having an essentially
negative impact upon nearshore marine resources, and 
experience to date often supports this view. There apparently
has been little consideration of the potential for achieving 
positive impacts on these resources through appropriate 
economic development. Planning efforts often are concerned 
primarily with avoiding undesirable impacts, but it is also 
possible to actually enhance the inl, rent values of nearshore
marine resources. This potential represents a broad 
opportunity to achieve both economic and resource 
management objectives, and to reduce much of the conflict 
that is often associated with these objectives. 

Specific opportunities for benefits from nearshore marine 
habitats center around six categories of activity: 

Tor 

Though typically associated with white sand beaches and 
neighboring coral reefs, te rism can be developed in 

association with other coastal environments and activitics, 
particularly where coastal wetlands and swamps provide
refuges for wildlife (e.g., the Caroni Swamp in Trinidad and 
the Black River Swamp in Jamaica). Development of 
tourism in association with such habitats helps to highlight
unique features of each area, as long as hotels are not built in 
close proximity to these habitats. This benefit is particularly 
important to countries in which tourism is not well-developed 
and which must compete with other areas where the industry
is better established. At the same time, linking these habitats 
to economic activity contributes to resource management hy
providing strong justification for the protectio- and 
maintenance of these habitats (e.g., SCUBA div'ng operations 
depend upon a clear water environment and are greatly 
enhanced by close proximity to coral reef communities). 

Marine Protected Areas 

The management of nearshore marine habitas is linked
with tourism, fisheries and other development opportunities. 
If properly managed, marine protected areas may provide a 
framework of multiple-use options for entire ecosystems and 
the species they support. Optimization of the benefits that 
may be derived from these protected areas depends on: the 
maintenance of ecological processes, the preservation of 
genetic diversity, and the sustainable utilization of species and 
ecosystems ass(xiated with these areas (IUCN, 1980).
Through maintenance of environmental quality and 
conservation of the natural resource base, protected marine 
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areas can generate near-term benefits while ensuring the 
availability of resources for long-term economic growth. 
Passive use of marine protected areas for underwater tourismand marine recreation could provide substantial short-tcrm 
gains to many Caribbean nations. Longer-term economic 
benefits may be dcerived from the protection of critical habitats 
and the ecological systems they support for fisheries, coastal 
mlriculture, and coasul stabilization. Marine protected areas 
can also play a vital role as refugia for threatened and 
cn(langered species, whose ecological value may not yet befully reali,.ed. (See Table 2 for a list of marine protected areas 
in the Caribbean.) 

ThreatenedSpecies 

Overfishing, halbitat destnction and marine pollution are 
threatening the survival of a growing number of marine 
speC'ies. Sea turtles represent the largest group of endlangered
species in the Caribbean (see Table 3 for a list of threatened 
and endangered species in the Caribbean, a.ad Annex C for a 
country by coantry listing). Of increasing concern to many
nations are the nuiber of commercially threatened species, 
suCh Ias conch and lobster, which may have been the mainstay 
of' 1iimy Caribbean fishing industries. Bothn national and 
rcgional mangenent efforts are required to reverse this decline 
inspecies abundance, through a combination of restricled 
harvesting, marine reserve and rehabilitation prograis. 

HarborDevelopient 

Caribbean nations have reasonably well-developed xurt 
facilities for shipping and tourism. Inmany countries there is 

a shortage of marinas for recreational boating and safe harbors 

offering protection 
 t:) small craft from severe wcalher. 

Salinas, mangrove 
 swamps, and lagoons protected by coral 
reels are prime candidates for the latter types of harbor. 
Construction and operation of marinas has frequently been 
associated with negative impacts from lredging and pollution, 
but such impacts are riot inevitable. In some cases, marina 
construction could be. coupled k ith land- hased dcvclopnient to 
ininilizc negative impacts; for example, salinas converted to 

marinas lose miuch of their sediment trapping capabi lities, but 
this loss :nay he offset by development activcities that provide
reduced sediment loading, thttnh erosion control. 

L.arge scale removal of niangrov, !or niarina construction 
is indesirable because of the seoliwient trapping and erosion 
control functions of these trees. Some clearing is possible,
however, and could be combined with floating docks to 
accommoxlate recre ational vessels. Sinilar potential may 
exist in certain coral reel lagoons. Permanent mixirings are 
particularly important inrcoral areas, as small boat anchors do.ignuimcant da.1mage to reel's in ihe vicinity of' popular boating
sites. 

Incorporation of coastal hahitits in development plans 
increases the perceived resource value anid offers greater 
incentive and justification for sound resource ruanagemept. 

Fisheries 

Fishery resources are dealt with in detail in the following
chapter. In the immediate coastal environment much of the 
fishing is artisanal and ia most cases is already beyond the 
limits of sustainable yield. Only in a few cases is there 
opportunity for further development of ienearshore fishery
and this is mostly for pelagic fishes such as herring and scad 
and in mud lX)ttom areas for penaeid ,hriip. 

Recreational fishing has considerable potential throughout
the Caribbean. This potential is noit confined to offshore 
species (e.g., marlin and sailfish), but also includes gamefishes such as snook, bone fish or tarpon found in nearshore 
habitats. Such fishing is often non-extractive (the fishes are
released after being caught). By linking benefits directly to 
resources, significant support can be simultaneously created 
for resource management and envir,inmcntal preservation. 

Other Activities 

Apart from fisheries, there are several other artisanal 
activites with potential for controlled development. These 
inc lude ch:arcoal production from mangrove tre2s, tie 
harvesting of land crabs in mangrove forests, and tie 
collection of black coral, sea shells and other curios from 
coral reels andi seagrass beds. Development of these 
opportunities requires manipulation of the productive systems
rather than simply an increased harvest. Crab production, for 
example, should be increased through mariculture oprations.

A limited harvest of precious coral is permissible, but
 
management plans should be developed along the lines used
 
for similar resources in the Pacific, incorporating size,
quantity and location restrictions. A similar approach should
 
be used for planned harvest of any ornamental species (such as
 
starfish or helmet shells). 
 Conch shells have established
 
value as tourist souvenirs. Millions of these shells are
 
discarded annually in the Eastern Caribbean, and this certainly
 
represents undeveloped potential.
 

There is also potential for the culture of aquarium fishes
 
for exoor: .racle. It is emphasized that this is the only means
 
by wtiich this market should be pursued; harvest of
 
ornamental fishes from the coral reefs is not an alternative. 
Artifacts from coral reefs. such as coral skeletons and shells,are attractive to tourists but their collection and sale should 
only be on a strictly controlled basis to avoid stock depletion
(Rogers, 1981). Similarly, the dtemand for certain rzef fishes 
fortheaquarium trade should onlybe permitted under carefully 
controlled or cultured conditions. 

The economic potential of' these activities is riot likely toattract large amounts of foreign investment capital, but can be 
significant on a local scale. For the most part, these 
activities represent opportunities for small businesses that can
contribute to overall economic development of isolated towns 
and island areas. 
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Table 2: Existing Marine Parks aid Protected Areas In the Caribbean Region 

Country Protected Area Name Estab. Hectares ( Marine %) 

Antigua Diamond Reef Marine Park 1973 2,000 ... 
Palaster Reef Marine Park 1973 500 ---

Bahamas Inagua National Park 
Exuma Cays Land and Sea Park 
Conception Island Land and Sea Park 
Union Creek 

1965 
1958 
---

1965 

74,000 
45,000 

810 
1,813 

(10) 
(80) 
(80) 
---

Barbados Barbados Marine Reserve 1980 (100) 

Belize Half Moon Caye Natural Monument 1982 4,144 (95) 

UK Virgin Islands Wreck of the Rhone Marine Park 1983 323 (96) 

Colombia Parque Nacional Corales del Rosario 1977 18,700 ---
Parque Nacional Natural Tayrona 1969 15,000 ---
Parque Nacional Natural Isla de Salamanca 1969 21,000 ---
Santuario de Fauna Los Flamencos 1977 7,000 ---

Costa Rica Cahuita National Park 
Tortuguero National Park 

1970 
1970 

2,000 
18,947 

(35) 
(16) 

Dominican Republic Parque Nacional del Este 1975 43,400 ---

Samana Bay - Silver Banks Marine Sanctuary ---

Honduras 	 Rio Platano Biosphere Reserve 1980 350,000 

Jamaica 	 Montego Bay Marino Park 1959 ... .. 
Ocho Rios Marine Park --- 278 ---

Martinique 	 Parc Naturel Regional de la Mai'inique 1975 

Mexico 	 Isla Mujeres ....... 
L a Bla nq uilla ......... 
Cancun-Nizuc-Isla Mujeres ...... ... 
Arrecifes de Cozumel 	 1980 ...... 
Isla Contony 1960 ... ... 
Ria Celestrum 1979 59,000 ---
Rio Lagartos 	 1918 47,840 ---

Netherlands Antilles 	 Bonaire Underwater Park 1983 --- (100) 

Curacao Underwater Park 1983 ---	 (100) 

Puerto Rico 	 Jobos Bay /Mar Negro 

Saint Lucia 	 Maria Islands 1985 ... ... 
Pigeon Island 1982 ... ... 

Trinidad and Tobago 	Buccoo Reef and Bon Accord Lagoon 1970 --- (100)
Caroni Swamp 1932 7,900 

US Virgin Islands 	 Viigin Islands National Park, St. Jzhn 1963 6,073 (33)
Buck Island Reef, St. Croix 1961 356 (80) 

Venezuela 	 Parque Nacional Archipelago Los Roques 1972 225,143 ---
Parque Nacional Mochima 1973 94,935 
Parque Nacional Morrocoy 1974 32,090 ---
Laguna de Tacarigua 1974 18,400 ---

Sources. IUCN, 1982; IUCN, 1985; Silva, et al., 1986; VanT Hoff, 1985. 
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Table 3: Distribution and Status of Threatened Caribbean Coastal and Marine Animal Species 

Species (Common Names) STATUS 

Monachus tropicalis 
(Caribbean Monk Seal, West Indian Seal) 

E 

Trichechus inunguis 
(Amazonian Manatee, S. American Manatee) 

V 

Trichechus manatus 
(Caribbean Manatee, N.American Manatee) 

V 

Pterdroraa hasitata V 
(Black-capped Petrel, Diablotin) 

Caretta caretta V 
(Loggerhead Turtle, Tortuga de mar, 
Cares, Tartaruga domar, Uruana, Suruana) 

Chelonia mydas 

(Green Sea Turtle, Tortuga Verde del 
Atlantico and Pacifico, Tortuga Blanca) 

Erelmochatys imbricata 
(Hawksbill Turtle, Carey, Tortuga Carey, 
Tartaruga verdaderia and de Pente) 

Lepidochleys kempii 

E 

E 

E 
(Kemp's Ridley, Atl. Ridley Sea Turtle, Tortuga Lora) 

Lepidochelys olivacea E 

COUNTRY
 

Mexico, Bahamas
 

C3l., Ven.
 

Mex., Bah., Cuba, D.Rep., Haiti, Jam., P. RicoTrir./'ob., Belize,

C.Rica, Guat., Hond., Nica., Pan., Col., Ven. 

Haiti 

Mex., Antig./Barbud., Bah., Cuba, D.Rep., Jam., Ne. Ant., P.Rico, 
Trin./Tob., C.Rica, Guat., Hond., Nica., Pan., Col., Ven. 

Mex., Antig./Barbud., Bali., Cay. Isl., Doam., D.Rep., Gren., Guad.,
 

Haiti, Jam., Mart., Ne. Ant., P.Rico, St. Luc., St. Vin., Trin.fTob.,
 
USVI, Belize, C.Rica, Guat., Hond., Nica., Pan., Col., Ven.
 

Mex.,Antig.'Barbud., Bah., Cay. Isl., Cuba, Dorn., D. Rep., Gren.,

Guad., Haiti, Jam., Ne.Ant., P.Rico, St. Luc., St. Vin., Trin.frob.,
 
USVI, Belize,C.Rica, Guat., Hond., Nica., Pan., Col., Ven.
 

Mex.
 

Mex., Cuba, P.Rico, C.Rica, Guat., Hond., Nica., Pan., Col., Ven.
(Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama) 

Dermatemys mawii 
(Central American River Turtle) 

Dermcchelys coriacea 
(Leatherback, Leathery Turtle, Luth, 
Tortuga Tora, Barriguda, Tarataruga) 

Caiman crocodilus crocodilus 
(Spectacled Caiman) 

Caiman crocodiluu, fuscus 
(Brown caiman) 

Crocodylus acutus 
(Amer. Crocodile, Crocodilo, Lagarto Negro) 

Ameiva polops 
(St. Croix Ground Lizard) 

Family Anthipathidae 
(Black Corals) 

Strombus gigas 
(Queen Consh) 

Panilurus argus, P. guttatus 
(Spotted Spiny Lobster) 

V Mex., Belize, Guat., Hond., Pan., Col., Ven. 

E Mex., D.Rep., Grenadines, Guad., P. Rico, Trin./Tob., BVI, USVI, 
Belize, C. Rica, Nica., Pan., Col., Ven. 

V Trin./Tob., Col., Ven. 

V Mex., Cuba, Nica., Pan., Col., Ven. 

E Mex., Bah., Cay. Isl., Cuba, D.Rep., Haiti, Jam., Ne.Ant., Belize, 
C.Rica, Guat., Hond., Nica., Pan., Col., Ven. 

E USVI 

CT Caribbean Region 

CT Caribbean Region 

CT Caribbean Region 

Status Key: E - Endangered; V - Vulnerable; CT - Commerically Threatened; Source: IUCN/CMC, 1987. 
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Requirements for 

Economic Development 

and Resource Management 


...--..----------.. .-----........ 


1. Planning Perspective 

The primary requirement for pursuing opportunities for 
improved economic development and resource mnimagement is 
a plan which enphasizesachieving both objectives rather than 
making trade-offs between them. Development assistance 
agencies can provide strong impetus for this perspective by
oncouraging and lavoring projects that can demonstrate both 
developmlent and management benefib;, 

2. Information 

Planning requires comprehensive information on available 
resources incluiding location, extent, development potential,
and management needs. "Country Environmental Profiles" 
which have been prepared for s:me Caribbean countries may
mect much of this need, provided tie technical quality and 
level of detail are sufficiently high. To enhance resouice 
deve lopiMent capabilities, each country should acquire and 
maintain an irnventory of its coastal environments and 
resources. 'his inventory sl'ould provide a balance between 
long- term goals suchII as ecosystem preservation and 
immCdiate dCmands such as tourism, 

3. Coastal Zone Management Plans 

Resource inventory information should be use-d as thebasis for comprehensive coastal zone nmanagemnent plans 
-elineatingtypes ofactivities ind uses appro.. 

areas, such as the designation of marine protected areas,
lmlpleentation of such plans may require legislative action,
but tie identification of alternative approaches and best uses 
for resources can provide a valuable guide for developers even 
before these become law (Kenchington and Iludson, 1984). 

4. Pollution Monitoring 

Management plans should also include provisions for 
pollution control such as: 

- assessment of die status of pollutants at both the 
organism audI the ecosystem levels; and, 

monitoring in response to assessment resulLs; the need 
for monitoring would be indicated, for example hy relatively 
high or increasing levels of pOllutants, or ecological 
situations particularly susceptible to detrimental consequencesfrom pollution (e.g. biological accumulation through the food 
cycle, appropriate levels of domestic and industrial waste 
treatmenLs). 

5.Institutional Framework 

The institutional framework for implementing integrated 

management and development strategies should begovernment-based. In an ideal situation, universities should 
be the vehicle for research and should supply government
agencies 'ith trained personnel for monitoring and managing
coastal resources. In many cases, however, luctualing 
political commitments, goals, and budgetary priorities tend to
generate instability and erosion of confidence in such 
agencies. This weakness frequently resulLs in universities 
carrying out monitoring and management functions on a 
contract basis. There is a need to ensure long-tenn stable 
budgetary support for local agencies so that Irained staff can 
build a career structure within the agencies and develop
comminent to the agencies' goals (Sorensen, et al., 1984). 

6. Public Education 

Means for public education are now available in all parts
of tie region through television networks and video. 
Education programs can be used to communicate resource 
knowledge on many levels, e.g. to Irain local resource 
managers or to develop local public awareness of 
environmental conservation needs. The talent and training
needed for preparation of programs and other educational 
materials exist in the region. The use of video tapes and 
possibly the use of long distance teaching techniques (e.g.,
the satellite commIunications system used by the University
of tie West Indies) permit wide dissemination of suitable 
materials. 

7. Trained Personnel 

Because of financial constraints to individual countries, it 
, be desirable to undertake large scale activities on a

regional or subregional basis, using for example Curacao as a 
center for the Netherlands Antilles; St. Lucia as a center for
 
the Organization of Eastern Caribbean 
 States (OECS)
members; St. Croix as a center for the Virgin Islands; and
 
Jamaica as a center for Jamaica, the Caymans and Belize.
 

8. Caveats 

Most coastal ecosystems are fragile and maintained in
 
delicate balance between the 
 physical and biological
environments. Any development activity must take this into 
account. In particular: 

a. Coral reefs absorb wave energy and provide a protectivcebarrier for the beaches and other shoreline structures; any
interference with a reefs physical structure is likely to mnit'n. 
concomitant changes behind the reef. 

b. The stability and maintenance of coral reefs is
dependent on biological as well as physical forces; removal of
grazing organisms, e.g., certain fishes and sea urchins, may 
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encourage algal growth and death of corals, resulting in loss 
of stability and reef erosion. 

c. Excess nutrient input also causes undesirable algal
growth; sewage effluents and ninoff of fertilizers from 
agricultural lands must be controlled in reef environments. 

d. Excessive sedimentaution, as from land drainage, may
reduce coral growth either by directly smothering the corals or 
by reducing illumination; may cause reef degradation and 
sibse(quent coastal erosion, 

e. Certain forms of solid waste may also have adverse
effects on coral reefs if dey settle on and smother living 
coral. Discarded plastic bags are often washed from banana 
plantations to the sea via rivers and storm gulleys, while 
pleasure lboat.s and charter yachts frequently dispose garbage in
the viinity of'reefs. 

1. White sand beaches have their origins in the biological
activity of reefs, particularly cordls and calcareous algae; 
darnage to reefs may affect the supply of sand to adjacent 
beaches, 

g. Beaches are dynamic coastal features dependen~t upon
physical forces which transport sand; alteration of these forces 
(e.g., by groins or breakwaters) will alter the physical 
structure of nearby beaches. 

Ii. Scagra:;s beds act as shoreline protectors by trapping 
sediments and restricting their motion; removal or alteration 
of these beds will alter the dynamics of sediment transpxrt and 
affect the shoreline accordingly, 

i. Mangroves stabilize and extend shorelines and trap 
excess sediments thus preventing coastal erosion. They help 
control eutrophication by uptake of excess nutrients, 
contribute organic iatter to the marine ecosystem, and 
provide nurseries for larval fishes and shrimp. Destruction of 
mangroves thus interieres with the biological and physical 
processes which affect the economic value of coastal areas. 

Recommendations 
-.... 

1. PROJECTS COMBINESHOULD ECONOMIC 
DEVELOPMENT WITH IMPROVED MANAGEMENT OF 
COASTAL RESOURCES, and preferential support should 
be given to such projects through development assistance 
prognams. This integrated approach should also be promoted 
through public education programs that highlight the value 
and potential of coastal resources and outline effective means 
for their development and management. 

2. SUPPORT SHOULD 1,E PROVIDED FOR AN 
INVENTORY OF COASTAL RESOURCES for those 
countries which do rot already have such a data base, and for 
planning activities; that will identify site-specific
opportunities for integrated economic development and 
resource management. One of the mast direct approaclics is 
to make low-level aerial photographic imagery available for 
mapping of resource distribition. For example, existing 
aerial photography in the United Suites and Great Britain 
could be catalogued and lists of available coverage distributed 
within the Caribbean region. This effort could be augmented
with other information such as ,.atellite imagery that might be 
most appropriate to be developed cooperatively on a regional 
scale. 

3. DEVELOPMENT ASSISTANCE PROJECTS THAT 
WILL STRENGTHEN GOVERNMENT-BASED INSTI-
TUTIONS ARE NEEDED on a long term basis, so that an 
on-site protiect staff can be maintained and can perform 
effectively. 

4. TRAINING INSTITUTIONS SIHOULD BESTRENGTH-
ENED as described in Chapter 4 so that an adequate pool of 
trained personnel becomes available. 

5. THE ESTABLISHMENT OF MARINE PROTECTED 
AREAS SIIOULD BE CONSIDERED as part of a Coastal 
Resources Management Plan integrating marine resource 
conservation with income generation and long-term growth. 

6. NATIONAL AND REGIONAL CAMPAIGNS SHOULD 
BE MOUNTED TO ENHANCE SURVIVORSIP OF 
THREATENED SPECIES through restricted harvesting, 
protective breeding, habitat enhancement and other 
management programs. 
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II 

FISHERIES and 
MARICULTURE RESOURCES 

The Caribbean fisheries sector is characterized by wide 
variations in marine habitat, resource distribution, level of 
industrial development, consumption patterns, economic 
conditions, administrative and social organization, and cultural 
heritage. Because of this diversity, regional development and 
management plans must be based upon strategies that are 
appropriate to the specific resources and circumstances of each 
country. 

Fishery resources of the Caribbean are less abundant than 
those in adjacent waters of the Gulf of Mexico and 
southeastern coast of the United States. Upper limits of 
fishery resource abundance (particularly oceanic pelagic 
species) are set by primary productivity, which is in turn 
limited by availability of dissolved nutrients. The oceanic 
climate of le Caribbean limits upwelling of nutrients from 
deeper water, so that primary productivity is relatively low. 
In the case of demersal (bottom-dwelling) resources, upper
limits are also set by the width of continental shelves and 
availability of suitable bottom habitat. Because of wider 

Fishermen casting a seine 
net for coastal pelagic fishes. 
(Photo:Aeriwether Wilson) 

(Pot:- " 

continental shelves and nutrient inputs from major river 
systems (e.g., Orinoco, Magdalena), demersal and coastal 
pelagic stocks of South and Central America arc more 
abundant than those of the island archipelagos of the 
Caribbean. Despite these limitations, the fishery sector has 
considerable economic importance throughout the Caribbean: 

- fishing and related activities are major sources of employ
ment, income, and inexpensive high-quality protein; 

- high value marine species (e.g., shrimp, spiny lobster 
and conch) provide foreign exchange; 

- sportsfishing, snorkeling and scuba are an increasingly 
important part of tourist industries; and, 

-mariculture has the potential to partially overcome 
natural limitations for increased production of fishes and 
other species for both domestic and export markets. 

Because the opportunities and development requirements 
are distinct and different, capture fisheries and mariculture are 
discussed separately. 

-

. 
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CAPTURE
 
FISHERIES
 

Background and
 
Condition of the Resources
 

Definitive assessments of numbers and sustainable yields
for the various Caribbean fishery resources are not available. 
Throughout tie region there is a lack of reliable information 
on catch-per-unit effort which is compounded by the lack of 
standardized data on fishing power of different gears (e.g., 
traps, handlines, longlines, trawls, seines). Estimation of 
artisanal landings is even more difficult, as most of the catch 
landed is in remote areas and distributed locally. Formal 
statistics are rarely kept and there has been no comprehensive
effort to estimate the extent of the catch using satistically
valid sampling methods. During 1984 the reported landings 
were estimated to be 484,000 tons (1984, FAO), yet actual 
landings may be 2-10 times higher than those reported (1981,
FAO). Seasonal and annual variations of the abundance and 
availability of living marine resources in the Caribbean region
contribute to the lack of reliable and definitive data on these 
resources, 

Reef Fishes 

There are more than 30 species of commercially important
reef fishes throughout the Caribbean. These fi::h,7sinhabit 
areas of hard bottom on continental and island .ielves and 
oceanic banks, usually in depths less than 250 meters. 
Population size is often limited by the extent of available 
habitat. 

Shallow-water reef fish species include grunts, parrotfish, 
squirrel fish, small snappers, and groupers. In deeper water 
near the shelf edge the catch is primarily silk snapper, 
blackfin snapper, vermillion snapper, and groupers belonging 
to the genera Mycteroperca and Epinephehs. Most reef fish 
species are long-lived with slow growth rates; characteristics 
that make these stocks particularly vulnerable to 
overexploitation. Management is complicated by the fact that 
most reef fishes have planktonic eggs and larvae, making
stock delineation difficult. 

The harvest of shallow-water reef fishes is (lone primarily 
with fish traps, while hand lines and occasionally traps are the 
primary capture techniques for deep-water reef fishes. The 
fishermen usually use small vessels which range from canoes 
to wooden boats of 7 to 10 meters in length, typically 
powered by outboard motors. Fisheries based on theseresources are among the most economically important in
Caribbean island states; they employ the majority of 

T 77 

Fishingforreeffishes witi a handmade net at sunset. 
(Photo: Meriwether Wilson) 

fishermen, and land more than 50% of the fishes consumed in 
eastern Caribbean islands. Overexploitation of the shallow
water reef species in specific sites has resulted in low catches,
changes in species composition, and reduced mean sizes. 
Similar trends have been observed for some deep-water 
snapper stocks. On the other hand, fishing surveys have 
demom -tratedthe presence of underutilized, deep-water snapper
and grouper resources on the outer portions of continental and 
island shelves and offshore banks in areas of the Caribbean 
where traditional fishing activity has been limited. 

. 
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Fishermen in dugout canoes inspecting morning catch.
 
(Photo:Craig McLean)
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Sail-poweredfishing boats 
docked in mangrove area. 
(Photo: CraigMcLean) 
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II
 

Groundfishes Large-scale commercial fisheries for clupeoids exist in 
Cuba, Colombia, and Venezuela, with most of the catch

Groundfish species in the Caribbean include croaker, sea being reduced to fish meal and oil. The largest fishery for 
trout, catfish and porgy. Most require a broad, muddy bottom clupeoids in the Caribbean is for Spanish si,,rdinc off 
and depend upon estuaries during part of their life cycle. The northeastern Venezuela. Artisanal fishing for these speci'-s 
primary Caribbean fishing grounds for these stocks are on also occurs throughout the region using beach seines, lift
the Campeche Bank off the Yucatan Peninsula, and in the nets, and cast nets. However, clupeoid abundance in the 
river deltas of the Magdalena and Orinoco River systems off Lesser Antilles is limited by the smaller shelf and lower 
the coasts of Colombia and Venezuela, respectively, plankton concentra.._:on. 
Significant groundfish stocks are also found along most of the 
northeast coast of South America, the islands of Cuba, The second group of coastal pelagics includes the larger,
Hispanola, and, to a lesser extent, Jamaica. Stocks are longer-lived predators such as scads, butterfish, halfbeaks,
limited in the smaller islands of the eastern Greater Antilles, jacks and bluefish. Scads, halfbeaks, and butterfish are found 
the entire Lesser Antilles archipelago, and the coast of Central throughout, but are most abundant in the same areas as the 
America because of the narrow shelves and hard, rough clupeoids. They form dense schools and are attracted to strong
bottoms that characterize these areas. These species sharc the light sources at night. In contrast, jacks do not school 
same habitat as penaeid shrimp. Nearly 80% of the densely, are often solitary, and their abundance varies 
groundfishes harvested in the Caribbean are unintentionally seasonally. These behavioral patterns affect fisheries 
taken in shrimp nets as bycatch and discarded at sea by development potential as it is easier to catch large numbers of 
commercial shrimp trawlers, schooling fish than individual fish. No large, directed fishery 

for these species exists in the Caribbean but many are takenCoastal Pelagics incidentally by the purse seine clupeoid fisheries of Cuba, 
Venezuela, and Colombia. 

Pelagic fishes ref(rs to fishes that primarily live in open 
ocean environments. This group includes pelagic species Oceanic Pelagics .
 
inhabiting the coastal waters of continental or iland shelves. 
Most school in .,urface or near-surface water, and are found in This category includes numerous large species such as 
areas of high !,lankton concentration along continental shelves tunas, billfishes, dolphinfish, kingfish, sharks, and flyingfish
and near areas rupwelling and riverine discharge. which are predominatly found away from coastal areas, 

preferring open ocean environments. The important aspects
Coastal pelagics cm be subdivided into two groups. The of their biology are that they are widely distributed, migratory

clupeoids include various species of herrings, anchovies, and and seasonal, though there is a great deal of interspecific
sardines, which are small, planktivorous and have a short life variability in these characteristics. For example, yellowfin 
span. These species comprise the largest single group of tuna are distributed and fished throughout the western 
fishes landed in the western central Atlantic. This resource is Atlantic, while flyingfish stocks and fisheries appear to be 
considered by many to be underutilized, though the actual localized within the Lesser Antilles region. These differences 
potential yield has not been determined, have major implications for exploitation and management. 
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These pelagic fishes are usually exploited by boats rang-
ing from canoes with outboard engines to large launches used 
for longlining with ice storage facilities. Although the
composition of the catch varies between islands, dolphin,
yellowfin tuna and kingfish are the most important large
pelagics, and flyingfish the most important small pelagics. 

The current state of exploitation and potential for ex
pansion is unknown for most species. This potential varie,
between species. For example, yellowfin tuna are exploited
throughout the western Atlantic by large commercial fleets,
and the harvest may approach or exceed their potential
sustainable yield. The catches taken by Caribbean countries 
are probably insignificant in relation to total c hes 
worldwide. Sharks are wile ranging and little exploited, 
except as bycatch in the tuna fisheries. Flyingfish are 
primarily exploited by eastern Caribbean countries which may
share a common stocl. 

Crustaceans and Molluscs 

Shrimp are the most valuable crustacean resource in the 
Caribbean region. More than 90% of the shrimp captured
belong to the genus Penaeus. All of the penaeid shrimp
species share similar life histories, the most significant
characteristics of which are the migration of juvenile shrimp
from inshore estuaries to offshore spawning grounds, a short 
life-span (12 to 18 months), and high rates of growth, 
fetindity, .ind n,.it,.d .mortality, 

Shrimp are abundant along the continental coast of 
Central and South America from Mexico to Brazil, and on the 
Cuban shelf. With the exception of Cuba, and to a lesser 
extent, the Dominican Republic, the Cariubean islands 
generally do not have sufficient estuarine habitat or shelf area 
to support shrimp populations. Trawl fisheries have developed
in virtually all areas where shrimp are prcsent in large 
quantities, including Mexico, Honduras, Nicaragua,
Colombia, and Venezuela. Almost every country along the 
continental Caribbean from Mexico to Surinam has at least a 
modest trawl fleet for shrimp. In Costa Rica, Guatemala, and 
Panama, the shrimp fleets are concentrated in the Pacific, with 
limited activity along their Caribbean coastlines. Most, if 
not all, shrimp resources in the Caribbean are exploited at 
maximum sustainable levels. An undetermined amount of 
artisanal fishing for juveniles occurs in estuaries and lagoons
using cast nets and beach seines from boats and caijoes, while 
mature adults are usually caught offshore. 

Spiny lobster (Panilirusargus)aie found throughout the 
region. These animals are harves :d primarily by divers with 
SCUBA and snorkeling ..equipment. Despite the simple
harvest technology, a growing demand fronboth the United 
States and intrar,gional markets is stimulating fishing to the 
point tharoverexploitation of lobster stocks is becoming a 
problem of regional importance. There is little harvest from 
deeper waters, and lobsters in these habitats may constitute a 
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Queen Conch, a traditionalnative andpopulartouristfood, 
is becocing overexploited. (Pholo: Marea llatziolos) 

"breeding reserve" that sustains the heavily exploited cohorts 
in shallow water. The size of spiny lobster populations,
particularly in the juvenile stages, appears to be limited by
the availability of suitable habitat. Assessment of lobster 
stocks is complicated by the possibility that planktonic
lobstcr larvae, like those of most fisheries resources, are 
carried long distances by prevailing currents. Thus, heavy 
fishing in one area may affect stocks over a much larger area,
making the effect of that fishing effort difficult to evaluate. 
Little is known about lobster stock delineations in the region
(for further discussion on spiny lobster and conch 
management, see DuBois, 1985). 

Crabs with commercial potential in the region include the 
blue crab (Callinectes sapiduv), "sint" crabs (Callinectes
danae), the stone crab (Menippe mercenaria), and a large
species of spider crab (Mithrax spinosissimus), known as the 
Caribbean King Crab. Few assessment; of crab resources 
have been attempted. There are pilot projects for culture of
the Caribbean King Crab in the Domincan Republic, the 
Turks and Caicos, Grenada, and Antigua. 

The most significant mollusc in the Caribbean is the 
Queen Conch (Strombus gigas) which has been harvested as a 
traditional food throughout the region. In the past, the 
location of conch grounds were often kept as family secrets. 
The conch has recently gained popularity in the tourist 
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markets of the Caribbean and southeast United States. Like 
spiny lobster, conch are harvested primarily by divers, and 
concern is growing over the possibility of overexploitation. 

Other molluscs with commercial potential are the man-
grove ,,,ster, arid various species of squid, octopus, and clam. 
Asses, :,.nt of stocks is difficult because the majority of 
mollusks laken in the region are harvested by artisanal 
fishermen and not reported. Currently undenitilized squid 
species found throughout the region hold the greatest potential 
for increased mollusc production. 

Characteristics 
of the Fishing Industry 

Ccnmercial Fisheries 

Large-scale commercial fisheries are highly capital 
intensive operations, usually centered in urban areas. They 
provide most canned and frozen fishes as well as fishes reduced 
to fish meal and oil. They usc large mechanized vessels, such 
as trawlers and purse seiners, and are directed at specific 
species, such as shrimp, tuna, or clupeoids. They also require 
extensive support facilities for processing and marketing. 
Commercial fisheries are not common in the Caribbean. 
Notable exceptions are Cuba, Mexico, and Venezuela which 
have large fleets capturing shrimp, sardines, anchovy, and 
tuna. Apart from Cuba, commercial fisheries are not found in 
the islands of the Greater and Lesser Antilles. 

Artisanal Fisheries 

Artisanal fisheries are labor intensive, usually located in 
rural and coastal areas, and use low-level technology to 
produce fishes primarily for local consumption. Extremes of 
boat-type range from predominantly mil-powered in Haiti, to 
the "ice-boaLs" of the Barbados fishing fleet. The latter vary 
from 12-18 meters in length with 5000-10,000 kilogram 
capacity ice-holds. They remain at sea for 4-14 days, targeting 
primarily flyingfish and dolphinfish (Goodwin et al., 1985). 

Many artisanal fishermen fish only part-time and sup-
plement their incomes with other types of labor. Little 
information is available on the incomes of artisanal 
fishermen, but they are consistently ranked among the lowest 
sociocconomic groups in the Caribbean. Much artisanal 
fishing is -"unducted for subsistence purposes, i.e., to directly 
meet the nutritional needs of the fisherman and his family. 
Artispoal fisheries are present in every country in the 
Caribbean region and are the only form of commercial 
fisheries in the islands of the Greater and Lesser Antilles (wic, 
the exceptio~n of Cuba). 

Recreational Fisheries 

Recreational fishing includes all fishing conducted for 
sport and relaxation. Typically, sport-caught fishes are not 

sold in the Caribbean, though they are frequently bartered. At 
present, recreational fishing is not a major component of 
marine fisheries in the Caribbean even though a potential 
exists for including marine recreational fishing as an integral 
part of tourism and fisheries development strategies. However, 
marine recreational fishing is growing in importance, 
particularly in the Bahamas, the Cayman Islands, Turks arid 
Caicos Islands, Jamaica, Puerto Rico, the United States and 
British Virgin Islands, Mexico, Belize and Venezuela. 

Olson and Wood (1983) provide one of the few charac
terizations of Caribbean marine recreational fishing,
contending that such fishing in the U.S. Virgin Islands is 
representative of sportsfishing in other Caribbean island 
nations. They conclude that marine recreational fishing is 
composed of subactivities which account for the following 
general percentages of total sportsfishing effort: trolling 
(18.3%), bottom fishing (4.9%), spear fishing (12.7%), 
lobster diving (17.3%), conch diving (7.3%), whelk diving 
(7.3%), fish and marine life observation via snorkeling 
(23.5%), fish and marine life photography (6.4%), and other 
activities (2.3%). These authors report that total recreational 
landings are generally comprised of oceanic pelagics (12.2%), 
coa,;tal plagics (15.9%), shallow water reef fishes (67.3%), 
lobster (2.0%), conch (1.3%), arid whelk (1.3%). These exact 
percentages will not apply to other areas, but may identify the 
importance of various activities and target species groups. 

There is growing recogniaon of the potenfial of recrea
tiona fishing in the Caribbean. The fourth session of the 
Western Central Atlantic Fisheries Commission recommended 
in 1983 that recreational fishing statistics for the Caribbean 
be collected and that the role of recreational fisheries in 
Caribbean tourism development be examined. A series of 
presentations on development of marine recreational fisheries 
at the 38th Gulf and Caribbean Fisheries Institute pointed out 
that sportsfishing could be developed as a tourist attraction to 
maintain the appeal of the Caribbean to tourists, as well as to 
help increase the supply of seafood to local markets, stimulate 
growth of support industries (bait and tackle, charter boat 
businesses, etc.). It would also help generate additional 
support for improved management and conservation of fishery 
resources and associated habitats. Similar conclusions are 
presented in a number of Caribbean marine resource 
development studies (DOSP, 1985). 

. 

-

Consiruciion of wooden fishing boat. (Photo: CraigMcLean) 
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__ 

Constraints
 
to Economic Development 

and Management 
 _ _ 

Technical Constraints 

Limited Knowledge of Available Resources 

Stock structure and potential yield are not adequately
known for any marine fisheries resource in the Caribbean. 
The lack of reliable information on the extent of fisheries 
stocks makes it difficult to determine the appropriate scale for
harvest and post-harvest facilities. The same deficiency
coupled with inadequate understanding of the life history of 
these stocks complicates attempts to manage these resources 
fhr optimum benefit. 

Inadequate Gear and Technology 

The efficiency of artisanal fisheries in man,, areas is 
limited by the equipment and methods used incapture. These 
same limitations are constraints to devrlopment of under
utilized resources. 

Lack of Marketing and Processing Infrastructure 

Much of the catch is sold at the landing site, either 
directly to consumers or to middlemen who distribute the
catch to a limited local area. The absence of cold storage, 
processing facilities (e.g., drying, salting, smoking), and anorganized distribution system prevents the supply of fishes to 
inland areas and inhibit the harvest of seasonally abundant 
fishes; therefore, catch is limited to what can be sold
immedliately. 

Institutional Constraints 

Lack of Trained Staff 

Fisheries administrations are generally hampered by a 
.,ai-gc of ntudificr_ per onnel, and responsibilities are often 
divided between several governmental agencies. These 
problems hinder efforts to collect reliable information and 
slow or prevent the establishment of extension programs that 
can provide needed scrvices to artisanal fishermen. Funds for 
on-site training or hiring of additional trained staff are scarce. 

Low Priority of the Fisheries Sector 

Fisheries development in many third world countries has 
been constrained by a legacy that favors agricultural
production. This isreflected in: 

X
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The catch is usually sold at landing sites as marketing and
processing systems are inadequatefor shipment elsewhere. 

(Photo: Craig McLean) 

- low priority of fisheries development efforts by national 
country governments and donor agencies alike;

- alack of country-spec:ific fisheries development plans
with clearly defined objectives; and, 

- inadequate fisheries legislation. 
Questionable Economic Potential of Fishing 

Uncertainties as to size of fishery stocks and probable
effects of increased fishing efforts result in the oft-stated
problem of inadequate financing and credit. This prevents
fishermen from purchasing equipment and gear needed to 
increase their catch, and hampers development of simple
processing and marketing systems. 

Other Constraints 

Ciguatera 

Certain fishes caught in various parts of the Caribbean arecontaminated with apotent toxin: 'Haman ingestion of this 
toxin causes a poisoning syndrome known as ciguatera thataffects the central nervous system causing sensory reversal and 
hallucinations that can last for months. Gastrointestinal 
disorders have also been reported. The treatment is 
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symptomatic and varies with location as no antidote is 
currently known. (Tacket, 1981). The toxin thought to be 
responsible for the human poisoning is named ciguatoxin 
(CTX) and is believed to be produced by marine 
dinoflagellates that are found in the fishes (Scheuer, et al., 
1967). The toxin is most prevalent in snappers, groupers, and 
other bottom-dwelling species and is only rarely found in 
pelagic fishes. 

It has been proposed that the benthic dinoflagellate 
Gambierdiscustoxicus is directly related to the abundance and 
occurance of ciguatoxc fishes in die Pacific (Yasumoto, et 
al., 1979). This species has been reported in the coastal 
waters of Florida and the U. S. Virgin Islands, but there has 
been no direct evidence linking this dinoflagellate with 
ciguatoxic fishes in the Caribbean (McMillan, et al., 1980). 

The incidence of poisoning has reached ten cases per 
thousand residents per year in St. Thomas and Puerto Rico 
(Tacket, 1981). It may be occuring in the wider Caribbean 
and the risk of ciguatera reduces the domestic and export
market potential for fishes from many areas. Tourists 
consuming affected species in restaurants and aboard cruise 
ships have experienced the poisioning. The Sea Grant 
extension office of NOAA has received various proposals to 
reduce or eliminLte ciguatera poisoning through research to 
characterize the toxin and to develop a dockside test, based on 
comparative color changes in fish scales (Attaway, D., 
pers. comm.). There have been two conferences on ciguatera, 
in Puerto Rico during 1980 and 1985, to expand the 
knowledge and to discuss the need for solutions of this health 
problem in the Caribbean. 

Conflicts between Fisheries Sectors 

Development of recreational fisheries may create conflicts 
between commercial and recreational fishermen for the limited 
resources (e.g., lobster, conch, reef fishes), and may 
contribute to deterioration of reef habitats due to collecting
activities. These conflicts are less likely where pc gic species 
(e.g., billfish, tuna, wahoo, dolphinfish) are the target of 
recreational fishing. 

The need to protect vital marine habitats often appears to 
conflict with other economic activities such as tourism and 
industry, but such conflicts can be reduced or elininated 
through comprehensive ma'iagement and development 
planning (see Chapter 1,Nearshore Marine Habitats). 

Marine Pollution 

Nearshore fishery resources and some offshore stocks are 
dependent upon coastal habitats for food, shelter, and breeding 
grounds. These habitats are increasingly jeopardized by 
human activity as discussed in the first chapter on nearshore 
marine resources and habitats. Pollution problems affecting 
fisheries resources include: 

(1) Fish Kills: Thcre are increasing reports of relative
ly large-scale fish kills in some Caribbean countries, although 
the causes in most cases remain obscure. Many appear to be 
due to natural causes such as, subtle shifts in plankton 
ecology, but some cases aaributed to chemical pollution 
have been documented in semienclosed water bodies in 
Trinidad (Atwcxxl, 1982). 

(2) Plastic Refuse in the Sea: Death of fishes, 
marine mammals, turtles and birds is caused by drowning and 
strangulation through trapping in plastic boxes, plastic bags 
and nylon fishing gear. Ingestion of undigesible plastics 
leads to illness and undernourishment, eventually with fatal 
results. Plastics in the sea are a result of disposal of trash 
from ships, loss of fishing gear, runoff containing land-based 
litter and inadquate land-based disposal technologies of 
countries in the Caribbean and worldwide (Paine, R., 
Correlor, J., and Richardson, Q., pers. comm.). 

(3) Pet'oleum Pollution: Animals of at least one 
protected species, the Hawksbill Turtle, feed on floating tar 
from tanker ballast washings, causing illness and death. Data 
on turtle strandings from the Florida Department of Natural 
Resources show that strandings are highest along coasts with 
the most serious tar contamination. 

(4) Domestic Sewage: A study of the harbor of 
Kingston, Jamaica, showed high bacterial wels along the 
entire northern shore of the harbor, possibly associated with 
fish kills in the area (Chow, 1985). In 1974, fewer than 10% 
of sewage systems in the Caribbean region had any treatment 
facilities. There is no indication that the situation has 
improved in the intervening years, nor that treatment capa!city 
is keeping pace with growth of resident and transient 
populations. Witl the exception of Panama, less than 50% 
of' the population of Caribbean countries is served with 
sewage systems. In the eastern Caribbean the figure is less 
than 15%. 

(5) Toxic Metal Pollution: Concentrations of 
mercury above the EPA-approved limit have been 
documented in fishes at Guayanilla Bay, Puerto Rico. The 
closing of a soda plant at Cartagena, Colombia resulted from 
concerns regarding rising levels of the same toxic metal in the 
marine environment. 

(6) Agricultural Runoff: Surplus nutrients provided 
by fertilizers favor rapid growth (blooms) of algae. The algae 
subsequently (lie and decay causing a shortage of oxygen
which may result in fish kills. While there have been no 
substantiated cases of such events in the Ca-ibbean, there is 
sonie evidence that it may have happened. Pesticides, 
including DDT and DDE, have been found in the tissues of 
reef-dwelling groupers in the Gulf of Mexico and Grand 
Bahamas. Analyses of shrimp and fishes frcm the Gulf and 
northern Caribbean have shown these r) ,.ics to be widely 
distributed but at very low levels. 
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Opportunities for Improved

Managemcnt and Development 


Direct benefits trorn devekipmcnt within die fishery sector 
are likely to accruC almost entirely to local populhtions.
Because of the resource Iinintations described above, de dollar 
value of such benefits are modest relative to other activities
and to I.:heries in temperate climates. But even at a modest
scale, these benefits can be significant within the economic 
anti social context of Caribbean countries. The -asternCanrlbbean lands are characterized hy high population
dcnsities along the coast. As a result, artisanal fisheries are 
eSpeciatly significant iii the numhiiers of people employed and 
the pr dticion of' high ar.,protein Ifood. These fisheries 
estimated to supply 501§ of the ,ffectivc demand for fishes in 
the eight -iglish speaking islands of' the eastern ('aribbean. 

In addition, indirect impacts oii other sectors can produce
benelits beyond the individlual countries. Tourism, for 
example, mayIbe enhanced by the availability of a diverse array of local seafood and lhe opIprtunity to cingage in fishery-
related activities. Such enhancement henel'iLs foreign
investors in the Cariblbean tourist industry and increases the 
retention of tourist dollars in local economies. Perhaps even 
iMore significant are the indirect international benefits fIrn
improved local nuti lii, emplovment, and income. These 
bcnellis help increase local lxlitical stabilily, thus i'niproving
the environment for inlernational invctors and genera!]
economic growth- Coniversely, loss of these benefits through 
poor fisheries iiiaiagenicnt or mapprpriale dcvlopnient can
have iegalive iiiipacts far heyond those within the imiediate
fishery sector. 

Five gcrcral benefits may Ie realized throUgh applicatiin
of appropriate maagenient and econinic development
strategi.es: 

- increased fisheries output to mcet the protein needs of 

lxa poIXIlations aind to reduce imix)rts; 


- increasecl income and eiilloyinei in the fishery sector; 

-inprovemient of processing and marketing of selected 

species, thereby increasing value-added froii the inidusiy 'as
well as providing employment; 


- Irovision of a source of foreign currencies by exporting
surpluses of high priced fish species; and, 

- servicing tourist population nlirugh restaurant trade. 

It lI111 appreci ated tiahiese leiefiis are attainable in 
an overall context but not for each specific fishery. For 
ex aiiipic, Ll-vclun icnt of verc xplted resources requires a 
redLiced harvest in [ie short-terni to alloy, an increase in stock 

sizes that will pemiit higher sustainable yields. In contras, 

development of underutilized fisheries requires increase,,
fishing and miarketing capacity. wntIn l×)th cases, developn 1must be accor panied by a management system that ensuresthe econonic health of the fishery and is not tireatened by
overexploitation and stock collapse. Specific opportunities to 
achieve these benefits include: 

Increased Landings
 
of Oceanic Pelagic F~ishes
 

These are generally considered to hold tile greateit potential
for developmenI in [lie eastern Caribbean. The larger oceanIic 
pelagic species are of value to six)rts fishernien, and have 
considerable potential Ior the dlevelopnment of recreational 
fisheries and iourisni. 

Increased Groundfish Production 
in Fi:/wries of the Campechc l.ank,
 
Colombian and Venezuelan Coasts
 

Increased prxltiction can be achieved by more complete 
use of byca tch froin shrimip trawlers; a development which 
depends on ain improved market deiand for (liscardcd
groUndfislies. Mexico, (uba, and Guyana have beeii 
atteniPg, with 'arying degrees of s !ccess,I iseeficiii 
this bycatch for Ixh hunian consutmption and noielihle fish 
proxlucms such as fertilizer. 

Small-Scale Imnprovements
 
to A ;,sanal Fisheries
 

Improvements to Fishing Efficiency 

Because the majority of artisanal fishermcn are employed
in other occupations (e.g. agriculture), an increase in tlhe 
cfficiency of existing fishing technologies can provide a 
greater catch-per- unit-effort, allowing more tinie for otherrenunerative activities. The use of fish aggregating (FADs)

devices is an example of suIih ai i improvement.
 

Improvements to Vessel Safety 

In the Caribbean region fishenien are lost at sea every 
year partibaly due to poorly equipped ind maintained vessels.
These losses could be reduced through provision of hasic 
safety equipment and survival knowledge that are generally
lacking in artisanal Ifleeois. 

Improved Capabilities 
for Harvesting Underutilized Coastal Resources 

DIepwater bo ttom stocks, sluid , (Xtlopus, and coastal 
pelagic fislies 1iiay have significant potential for artisanal
scale harvest, tihough the Iocat ion and extent of these 
resources have not been precisely detenuined. 
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Development of Recreational Fisheries 

Few statistical data exist on the nature and extent of 
marine recreational fisheries in the Caribbean, but the 
potential for development is suggested by the British Virgin
Islands where recreational landings (93 metric tons) accounted 
for an estimated 12% of th- total marine fish landings in 
192. This represents a fourfold increase between 1975 and 
1982 which can be largely attributed to expansion of the local
charter fishing tleet, increasing popularity and numlber of 
sport fishing tournaments, increasing popularity of sport 
diving (snorkeling and SCUBA), and the general growth ofthe tonrism industry, 

Improvements inPost-flar;est
Processing and M tarketine 


Most Eastern Caribbean countries experience alternating 
periods of shortage and glut in local fish markets coinciding 
with seasonal availability of oceanic pelagic fishes. 
Fishermen cannot get high prices for fishes that do not have 
market outlets or which spoil due to poor processing and
preserving technologies. These conditions reflect the 
inadequacy of existing processing and marketing facilities, Midinaequay ofs aedisin cessiv rinaed a ingcilis, i 
in many cases are a disincentive for increased landings. 

Vpelagic 
I .. 

N 

.. 
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Requirements for
 
Economic Development

and Resource tanagemen-

Effective management and development of Caribbean 
fisheries requirs that harvest effortsand marketing capacity be 
matched as closely as possible to the potential yields of thespecific fishery resources. There is need for countrv-speciic 

resource plans in which the goals of managenment and
development are set by the socioecononi', conditions of each 
country. For example, there is a trade-off between maximumeconomic profitability, total catch and employment. Such 
plans improve linkages between sectors, for example, between 

recreational fisheries, tourism, commercial fisheries, and 
private business (Schmeid, 1985). 

ecae ocancpeic reso and anresources have planktonic (free-floating) larval stages,dtagesaostock.s 
are shared between neighboring Caribbean countries.
U aared subrinarieg n conr illUltiniately a coordinated subregional or regional approach will 
be necessary for effective development and management of 
these fisheries. The potential for developing recreational 

fisheries and the importance of migratory coastal and oceanic 
species to these fisheries argues for development of 

coopei-:!.,e interjurisdictional man-agement programs. To 
imeet these requirements, development assistance is neeJed in 
four areas: 

1. Improved Information
Development Planning 

Three major issues must be addressed: (,)the extent to 
which stocks are shared among Caribbean states; (2) the 
abundance, life history and potential yield of fishery stocks; 
(3) trends in abundance of the stocks in relation to 
exploitation. Basic information on catch and effort can be 
used to detect trends in abundance, to analyze stock changes, 
and to model fisheries production. Local fisheries personnel 
may require assistance with species identification, basic 
protocols for recording catch and effort data, and 
standardization of effort units in fisheries which use several 
different types of gear to exploit the same resource. 

Support for fishery-related research should be targeted 
toward projects with clearly defined and tangible objectives, 
particulamiy if they are addressing the questions of stock , J ~, .... :,.delineation or potential yield. Projects assessing iXtentia!7yiel that warrant further attention include: estimates of the 
area of suitable habitat for deiersal stocks, investigations of 
.thedistrifution and real abunda, and informt n life
 

histories of pelagic stocks. Devclopment of recreational 
fisheries requires country-specific evaluations of the presentImprovements in landing and processingfacilities are needed status of sportsfisheries, and tie availability of goods and 

to hicreasefishingefficiency. (Photo:CraigMcLean) services essential to tie sport. 
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2. 	Improved Resource
 
Management Capabilities
 

The managerial capacity of most national fishery agencies
needs to be strengthened through: 

- administrative training fe: senior personnel; 
- broader technical training for mid-level staff; 
- generation of comprehensive, resource-specific develop

ment and management plans; 
appropriate legislative framework for management; 

- effective surveillance and enforcement capability; 
- establishment of a licensing system for fishermen; and, 
- mechanisms to develop and enforce limited er.try. 

3. 	Improved Fishing Capability 

Developiner. of underutilized resources requires pilot scale 
fishing projecs for specific stocks discussed above. Because 
such resoiurces are likely to be limited, pilot operations should 
employ technology that ultimately may be applicable on a 
sustained basis for artisanal and commercial fisheries. Further 
development of these resources will require capital and 
training to improve gear and boat capabilities in local fleets. 

Improved fishing capability may also be desirable even if 
the resource ik. near maximum sustainable yield if the 
objective is to impruve cost-effectiveness of catch rather than 
total catch. improving fishing capability may sometimes be 
achieved simply by facilitating the exchange of cxiSting
fishing techniques between Caribbean countries, 

Options for improving the harvest (e.g., fish aggregating
devices for oceanic pelagic fishes) and abundance (e.g.,
artificial reefs for nearshore demersal fishes) have been 
explored on a trial basis in the Caribbean with positive
results. These techniques need to be refined for optimal
application to artisanal and recreational fisheries. 

Training given to fishermen often is not well-suited to 
local conditions. One reason for this is that local fishermen 
usually are not consulted prior to the training. Training is 
often designed by uninformed outside "experts" according to 
their idea of what is appropriate. Artisanal fishermen tend to 
be highly individualistic. Because they generally know their 
trade quite well within the limits of their technical knowledge,
these fishermen are frequently skeptical of outside offers of 
assistance. Training must be done by individuals who can: 

- work in the fisherman's environment, 
-win his confidence by demonstrating equal or superior

skill, and 
- apply the most appropriate technology according to local 

conditions. 

The need to understand established fishery systems also 
extends to better understanding the role of women in the 

.
 

In many rural areaswomen play an important role in the 
marketing and distributionprocesses offistheries resources. 

(Photo:CraigMcLean) 

marketing and distribution process. Most efforts to develop 
these sectors have been directed at men. In many rural,
traditional economies women play an impoitan[ role, often,
but not always, behind the scenes. The extent to which this 
is true in the Caribbean will vary from area to area and should 
be considered. 

Caution is needed in regard to further development of 
capital intensive fisheries in the Caribbean. Most species
presently targeted by large-scale fisheries are already fully
exploited. In addition, the abundance of species which are 
reportedly underutilized, such as squid and certain clupeoids, 
has not been assessed but appears to show strong seasonal 
variation. There is a high risk factor inherent in the capital
intensive nature of commercial fisheries. Development of 
this sector can create severe financial problems if actual 
production falls short of projections. Such problems can be 
difficult for large countries with a broad economic base; they 
can be disastrous for the fragile economies of small island 
nations. From harvest vessel to processing, large-scale
fisheries require highly trained personnel at all levels; a 
resource in short supply in most Caribbean countries. 

4. 	 Improvement of Marketing 
nnd Distribution 

L'inding gluts and large post-harvest losses are often 
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Long-term storag and preservation facilities do not eAist in 
many rurai areas.Hangingfish to dry on racks in the sun is a 
commnion loc. ; preservationimethod. (Photo. Craig McLean) 

chwuIcteristic of small-scale fisheries in the Caribbean. 
Development of simple, low-cost techniques for post-harvest 
handling, utilization, and marketing could increase supply of 
fishes as well as incomes of fishermen and iotermediaries. 
These improvements are indicative of those with the greatest 
potential to contribute to growth and expansion of the 
Caribbean fisheries sector. 

Recommrendations for 


Development Assistance 

The opportunities, constraints, and requirements discussed 
above suggest that rational economic development of 
Caribbean fisheries depends upon a sound basis for resource 
management, but it is also true that such management can be 
justified and achieved only if increased economic benefits are 
realized from the fisheries sector. Assistance should focus on 
long-term programs "ith well defined goals rather than "quick-
fix" solutions t,*, These programs shouldcomplex problems. 
be implemented through existing regional institutions using 
regional expertise whenever appropriate. For these reasons, it 
is suggested that the needs for resource management be met in 
the context of the following economic development activities: 

1. DEVELOPMENT OF UNDERUTILIZED 
RESOURCES 

Exploratory operations to harvest undertilized stocks, 
which are identified in previous sections, should be supported. 
In addition to locating stocks and evaluating harvest 
techniques, these pilot operations should be used to obtain 
estimates of abundance needed to determine the level of 
capitalization appropriate for optimum sustained use. (Munro, 
1983, suggests that this is often the most effective means for 
obtaining such information.) These operations should be 
undertaken at the local level, using a small number of vessels 
suited to local conditions. An incremental approach to the 
development of new resources is needed. The level of 
capitalization should be adjusted to the best information 
available to determine the capacity of the resources required to 
support the harvest. These same operations provide an 
opportunity to address research needs and improve resource 
management capabilities through attention to requirenicnts 
discussed earlier. 

Satellite technology can be applied to fisheries 

development. By using present satellite remote sensing 
technology, delination ok the three dimensional circulation of 

Caribbean-the can be improved. This is best achieved with 
high resolution sensors in narrow visible and infrared 
wavelength bands. A Coastal Zone Color Scanner (CZCS) 
can be used to detect chlorophyll concentrations while an 
Advanced Very Itigh Resolution Radiometer (AVIIRR) can be 

used primarily to estimate sea surface temperatures. 

2. IMPROVEMENTS TO SMALL-SCALE 
FISHERIES 

The potential for economic development in the fisheries 
sector depends largely upon small-scvle fishermen. Necessary 
improvements to artisanal fisheries are discussed in the 
requirements section, and depend in some degree upon the 
development of underutilized resources as described above. 
All improvements require effective mechanisms for extension 
of information and technology to artisanal fishermen, and 
such mechanisms should be developed immediately. 

Projects to establish credit opportunities are often needed 
to support effective local extension services. The issue of 
vessel safety, in particular, provides an opportunity to build 
extension capabilities necessary for economic development as 
well as to meet a serious current need. Fishermen usually do 
not have the immediate financial means to maintain, upgrade 
or expand equipment needs. Assistance agencies can provide 
credit opportuni ies, yet incentives such as local involvement 
and project suet ;ss are often needed to repay loans. 

Contact with local fishermen developed through extension 
services also provides an opportunity to acquire critical 
information needed fPr management and development 
planning. Catch and effort information is fundamental to 
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addressing the issues described in the "Requirements" section 
of this chapter. Coupling acquisition of such information 
with extension activities will encourage cooperation and
provide an opportunity to involve fishermen in the resource 
management process. Information on the status and biology 
of exploited stocks is essential to optimum use of these 
stocks in small-scale fisheries, and directed research to meet 
this need should be supported where informaticii from local 
catch is insufficient. 

Suppoct should also be provided for projects directed to-
ward establishing appropriate legislative frameworks for 
management. There is a strong need to obtain effective 
surveillance and enforcement capabilities of fisheries harvest 
efforts, coupled with the development of incentives to comply
with laws. 

3. 	PROCESSING IMPROVEMENTS 

Support should be provided for activities to reduce gluts
and post-harvest losses through such activities as: 

- promotion of improved handling techniques (e.g.,
gutting, icing) at sea and o,, shore t:) reduce die amount of 
time that fishes are out of water and exposed to the sun; 

- provision of short-term cold stoage facilities at local 

landing :,ites; 

- promotion of simple processing methods (drying, 

salting, smoking, etc.) 
 which could be carried out at the 

landing sites using inexpensive low-level technology with
 
sop histicated processing methods where appropriate; and, 


- promotion and recognition of projects that involve
 
women and fishermen's family members. 


4. 	 MARKETING IMPROVEMENTS 

ProjecLs to improve die distribution and marketing of 

Caribbean fishery 
 resources should be supported. 

Development mechaniisms to Supply inland markets with fish
 
pi otein, and external markets with high value or exotic fishery

rxlucLs are needed. Promising activities for such support 

include regional or subregional information centers and 
proects to developwhicsimple marketinghthlpe andaphdistributionand systemslle iate cal
which could help allviate the geographical and seasonal 
supply andl demand variations. 

c o ld g eog eas nal"Z 

5. 	 APPLICATION FOR TECI INIQ'jEfS FOR
IMPROVING ABUNDANCE AND I IARVEST 

Supprtprviddhoud frb aaSuPpo~rt should be provided ystmatc epanionof'for systematic expansion of 
the use of artificial habitats and fish aggregating devices. In 
addition to 	 ileeting immediate local needs, such projectsshould be designed to improve this technology by answering
such relevant questions as optimal deployment strategy, 
efficiency in design, and species selectivity.. 

6. 	 DEVELOPMENT OF RECREATIONAL
 
FISI JERIES
 

Establishment of recreational fishing enterprises should be 
encouraged. Capital financing for recreational fishing vessels 
should be available through existing lending institutions. 
The primary development need is for reliable site-specific
information on 	 the economic potential of such enterprises. 
Support should be extended to projects which will provide 
such information, ideally through pilot-scale operations as
described for underutilized resources. These operations can 
generate an economic development context for international 
cooperation for use in acquiring the information needed on 
oceanic pelagic stocks described in the preceding sections. 

Activities such as spearfishing and (living for lobster or 
conch are often featured in sportsfisheries development, but 
are clearly inappropriate in most Caribbean countries as they 
target stocks that are already heavily exploited. It is
imperative that development of recreational fisheries be 
undertaken within a regulatory framework which assures 
protection of critical habitats and fishery resources. A usefulstarting point might be exchange of information on the 
development of fisheiy management plans for billfishes in the 
Atlantic, Gulf of Mexico anoi Cariblxan areas. 

Table4: 

COMMONLY USED IN THE CARIBBEAN 

BOATS 

Traditional canoes, outboard powered. 
Carved and built wooden dinghies, 4-5 m, sail powered.
Double-ended whalers, 6-10 rn, outboard powered. 
Small decked slcops, 8-10 m, diesel powered. 

FISHING GEAR 
Trlling lines, used while boat is underway or drifting.
 
t oi n lines, deths rs
d i or .
 

Bottom hand lines, indepths of 20-200 meters.
 " shap ed traps, wooden stakes reinfo rcing chicken w ire. 
Gillnet, used primarily tar the capture of flying fish. 

-Beach seines, most traditional gear for organized fishing. 

Diving, often with SCUBA equipment, for conch andlobster. 
FADs, growing interest infish aggregating devices of all 
increasing with the use of benthic FADs such as artificial 
reefs, as well as open water, sub-surcace devices. 

types; research shows that catch rates have been 

Source: National Marine Fisheries Service,
 
Foreign Fisheries Analysis Branch
 

.
 . . . . .. . 
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M ARICULTURE 


Background 

Aquaculture is an overall term, referring to farming 
activities involving the culture and husbandry of' aquatic 
organisms in fresh, brackish, and marine waters. Mariculture 
is specific to culture of marine organisms and is the focus of 
this section. Caribbean mariculture was first initiated by the 
United Nations Food and Agriculture Organization (FAG) 
with brackish water tilapia and carp culure in the 1950s. 
This has generated substantial interest inl the last few years.
Limitations of capture fisheries, efforts to reduce imo)rts and 
expand exports, anti the need for economic diversification have 
contributed to public and private sector intere.-t in the culture 
of high-valued marine species for export and less expensive 
species for local consumption, 

The Western Central Atlantic Fisheries Commission, at 
its November 1980 session in Havana, identified mariculture 
as one of the priority areas for development of fisheries in the 
Caribbean Region. Two missions were fielded in the early 
1980s to examine freshwater and marine aquaculture 
possibilities in Antigua, Bahamas, Barbados, British Virgin
Islands, Cayman Islands, Grenada, Montserrat, St. Lucia, and 
Turks and Caicos. As follow up to these mi:ssions, a working 
group was convencl in October 1981, which concluded that 
adequate justification c.xisted for attempting to develop 
mariculture throughout the region. This position was 
reiterated in August 1986 at the 19th Regional FAG 
Conference for Latin America and the Caribbean. 

The physical characteristics and resources of the region 
indicate considerable potential for coastal mariculture. Many 
Caribbean countries are endowed with long coastlines (lotted 
with protected bays, coves, harbors, and lagoons; relatively 
fertile brackish water estuaries, mangrove swamps and other 
wetlands; large areas of coastal land with marginal agricultural 
potential; and a tropical climate favoring year-round growth. 
The presence of edible or commercially valuable species of 
crustaccans, mollusks, fishes, seaweeds, etc., also favors the 
development of coastal mariculture systems. 

Early attempts at mariculture development were restricted 
primarily to the larger islands and the mainland of South and 
Central America. These efforts centered around species of 
shrimp, mangrove oysters, and both native and exotic fish 
species which could serve as a source of income and protein to 
coastal and inland populations. This experience was not 
readily transferable to smaller is!ands of the eastern Caribbean, 
because of environmental and '!conomric differences. 

Recently, considerable research has beev, undertaken to 

determine which species are best suited and appropriate for 
mariculture development in the island countries. The 
UNDP/FAO Aquaculture Development and Coordination 
Programme (ADCP) reviewed a number of species and 
determined that those with the best short-term outlook for 
development are snapper, grouper, dolphinfish, mussels, and 
mangrove oysters. These species were chosen based on 
existing demand for the product, and because they can be 
cultured using existing technology with low capital 
requirements. Other species suggested by various experts 
include eels, pompano, mullet, Caribbean King Crab, shrimp, 
algae, and brine shrimp. In the long run, coastal mariculture 
development is seen as the area of greatest potential using the 
extensive coastal environment to produce large quantities of 
native and exotic species. 

Considerable interest has been generated in development of 
culture systems for species of mollusks and crustaceans that 
could be exported to generate foreign exchange. Although 
local species are obviously preferable, from the standpoint of 
seed availability, disease resistance anti environmental 
consiclerations, much of the available technology in the field 
is for species that are not native to the region. Rapid growth 
and favorable behavioral traits have made culture of these 
species more desirable, at least in the short-term. More 
emphasis should be placed on identifying appropriate 
technologies for native species culture. The relative costs and 
benefits of local vs. exotic species must be carefully evaluated 
on a case-by-case basis before investing in long-term 
programs. 

As noted above, mariculture can be a very complex 
operaticn, requiring a high level of investmcnt and a certain 
degree of technology, Disease and predation can be major 
problems. Commercially successful mariculture operations 
therefore require careful planning and good business judgmenl 
as well as in-countr support for associated industries, e.g., 
feed and fertilizer production, electricity, and transportation. 
For a more detailed review of mariculture issues and 
operations in the Caribbean, see Goodwin, et al., (1985). 

Constraints to
Mariculture Development 

Weidner (1985) describes a number of factors constraining 
the development of shrimp culture. Many of these are also 
relevant to other inariculture activities and have been adaptecd 
in the following discussion. 

Economic Constraints 

a. Risk: This is a major constraint to Caribbean mariculture. 
The high level of risk and uncertainty inherent in mariculture 

43 



operations often makes it difficult to justify investing large 
amounts of human and financial capital ino activities thathave yet to prove commercially successful (exceptions are 
penacid shrimp culture in the Dominican Republic, Panama,
londuras, Belize, and Guadeloupe). Most countries of the

region lack capital for investment in mariculture, especially at 
the rural level, 

b. Fluctuating costs and returns: The economic health of
mariculture operations cart be rapidly altered by a variety of 
factors which are largely beyond control of the culturist, 
ilcluding world prices for the product, demand in internationalmarkels, fluctuating interest ana exchange rates, and 
production costs. 

Technical Constraints 

a. Lack of biological information: Much of the biological
information relevant to mariculture (particularly of indigenous
species) is not available, 

b. Availability of seed stock: Progress in development of 
hlatchery technology has been slow for many species,
necessitating a reliable natural source of eggs, larvae, or 
juveniles. 

c. Lack of technology: The culture of many native species
isdependent upon technologies that are more appropriate for
particular exotic species. This can have a negative impact on 
projects especially when culturing penaid shrimp, for which 
the wechnology is besi known for Pacific species, e.g. Penaeusvannmamei, P. stylirostris, and P. ,nonadon. 

d. Availability of suitable culture sites: Many types of 
mariculture have requirements related to specific site 
characteristics such ,s soil type, vegetation, and water quality.The culture of clams, oysters, or mussels, for example,
generally requires a source of water rich in microscopic algae; 
such waters are not common in many parts of the Caribbean.For scinip culture, sites with tidal flushing or access to clean 
sea- water in non-acid, compact soils are required. Improper

siting of mariculture operations 
 result in the alteration ofbiologically productive areas and ecological suppor! systems. 
Examples include the destruction of mangroves for shrimp 
ponds, nutrient loading of nearshore waters, and salinizationof adjacent agricultural lands. 

e. Disease:This is a problem especially in hatchery reared
juveniles due to contamination in monoculture situations. 

f. Food processing and feed tuanifacturing technology:
These may not be developed in areas suitable for im-riculture. 
Importation of feeds may be a financial disincentive. 

g. Hurricane susceptibility, droughts, and water quality
shifts: Cultured organisms may be more vulnerable to 
environmental variations. 

Institutional Constraints 

a. Lack of supporting infrastructure: Many Caribbean 
countries lack the facilities needed for research to carry out 
local adaptation of existing technology. There is a similar 
shortage of trained and experienced mariculturist's technicians, 
extension workers and managers. 

b. Goverment policy: There is a general lack of policies and
legislation to provide continuing support for successful 
mariculture development, demonstration, and extension. 

c. Competitot, for coastal land from other sectors: De
velopment options with more immediate economic returns 
such as tourism al! real estate may use sites that would be
feasible for maricuhu,-e. 

d. Domestic, foreign, import and export regulations: There 
may be restrictions against the introduction of exotic species
in some countries. Experts of cultured shellfish must meet 
rigorous U.S. Food and Dnig Administration requirements forquality control prior to admission to U.S. markets. 

Opportunities for
Economic Development 
-_______...........
 

The 1981 FAO Working Group identified several factors 
that illustrate overall goals and needs that can be met through
mariculture development. These include: 

- diversification of the narrowly based regional economies 
and increase in foreign exchange earnings; 

- improvements in balance of trade through fisheries
 
imports; and
 

- rehabilitation of fisheries where overfishing may be
 
occurring.
 

Potential for addressing these needs through mariculture is
 
indicated by:
 

- increase in the use of underutilized marine resources; 

- the variety of culture opportunities and income gen
eration for small holders, fishermen, private entrepreneurs and 
multinational companies; and, 

- the probability that economically stable and appropriate
mariculture systems can be developed within a reasonable 
perio(d of time. 
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Review of past and current mariculture projects suggests 
that a number of opportunities for mariculture development 
exist. Opportunities will vary from country-to-country 
depending on the local physical and economic environment 
and the available resource base. Although opportunities for 
freshwater aquaculture do exist in the Caribbean and have 
proved to be commercially successful, the following 
discussion is confined primarily to the culture of marine 
species. It is based primarily on UNDP/FAO (1981) and 
Goxlwin, ct al., (1985). 

Finfish Culture 

At present, finfish culture in the Caribbean is limited to 
pro,.'.ts in Martinique, the Bahamas and Jamaica. Although
these are in the experinitwal stage, results appear promising 

and pilot stidies should be supported. Finfish culture can 
help to reduce the region's dependency on fisheries imports 
and provide opportunities for selective harvest of lisfies 
without ciguatera. Under optimal conditions it is best to have 
local hatcheries for cultLred species to sustain connercial 
production, though it may be possible for culture operations 
in many kations to be supplied from a single hatchery. 

Technology for cage culture of snapper and grouper is well 
developed in certain parts of Asia and may be adaptatle to 
local Caribbean species. European sea bass (Dicentrarchus) 
have been cultured commercially in Martinique for several 
years, and exported to France, using relatively simple 
technology. Epue,-imental culture of indigenous Caribbean 
species, particularly jacks, has shown promising results. 
Redfish (Sciaenops ocellata) and hybrid striped bass (Morone 
s(Lratilis hybrids) have similar culture requirements. Culture 
of redfish has been tried in the Bahamas and is proposed for 
Martinique. Technologies for fingerling production ponds and 
grow-out have been developed in the United Suites, and may 
be applicable in the Caribbean. 

Culture of the freshwater species of tilapia is well 
developed worldwide, but is primarily for local consumption. 
The Caribbean Marine Research Center in the Bahamas is 
experimenting with nmariculture of two species of tilapia 
(Tilapia aurea and 7. niossamt)ica). About 2500 ilapia have 
been successfully raised in saltwater cages and shipped to 
needy families in Ilaiti (Finkle, E., pers. comm.). 

Crustacean Culture 

Marine Shrimp 

There has been considerable interest expressed throughout 
the Caribbean and Central America in the culture of marine 
shrimp. Success has varied depending upon site-specific 
ecological and economic conditions. The snccess of projects 
in Ecuador and Panama have been due to large land areas 
adjacent to estuaries, that provide ideal culture conditions and 
post-larvae stock. A local supply of broodstock can reduce 

problems due to transportation and quarantines. At present, 
culture technology is more developed for the exotic Pacific 
species, Penaeus stylirostrisand P. vannanei, than tie native, 
slower growing Caribbean species, Penaeus sc/unitti, which 
is found along the coast of South America. Marine shrimp 
culture is still being developed, and there are currently 
demonstration projects, including some for native species, in 
the Caribbean which merit continued support. The major 
islands have recently shown marked progress in penacid 
shrimp culture. 

There have been successful P. sclunitti pond culture 
operations in Brazil and Colombia. In Cuba there are 
government sponsored experiments, and in the Dominican 
Republic one farm exists and there are plans for additional
larger farms. There were pilot hatchery and grow-out 

operations to rear the Caribbean species P. schmitti and P. 
duorariun in Antigua, but these were not commercially 
succes.iul. Projects using the exotic species P. stylirosiris 
and P. vannamei include: research projects between the 
Mariiek Corxration anti the Morton Salt Company in the 
Bahamas, and a commercial hatchery and grow-out enterprise 
for P. vannamei , which has been in operation for three years 
on St. Kitts. 

Brine Shrimp 

There is extensive demand for eggs of brine shrimp 
(Arten a). The larvae hatched from these eggs are widely used 
as larval feed for shrimps in commercial mariculture, 
aquarium fishes in the pet store trade, and as livestock feed. 
There is also a market for brine shrimp in the adult form. 
The culture technology is not complicated and pilot scale 
culture operations have been recommended for the Caribbean 
islands (Goodwin, et al., 1984). Findings of a study sponsored 
by AID of the mariculture potential of the native Eastern 
Caribbean brine shrimp indicate that these shrimp have good 
nutritional characteristics when reared on phytoplankton 
naturally occurring in salt ponds. Pilot projects targeted 
towards commercial prdxluction have been recommended. 

Freshwater Prawns (Macrobrachium) 

Although freshwater prawns are not marine their culture is 
similar in many ways to that of marine shrimp and a number 
of prawn culture projects that exist in the Caribbean. These 
species include the native hiacrobrachiunacantz,.u.us and M. 
carcinu., and the imported M. rosenbergii. While prawn 
culture technology is not fully developed, even with ten years 
of industrial research in the Pacific and Asia, it is adequate for 
commercial use. Marketing problems rather than tech
nological constraints have been the primary cause of prawn 
industry failures in the Pacific. In the Caribbean, 
prawn cultu re is limited by the availability of freshwater, seed 
supply sources and reliable tourist markets. Current freshwater 
projects in the Caribbean involving the culture of the native 
species M. acanthurus include: a 50 hectare farm in Puerto 
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Rico, two farms in Jamaica, a 90 hectare farm in Martinique, 
amW smaller projects in tie Bahamas, Dominica, DominicanRcpublic, Grenada, Guadeloupe and Haiti. 

Spiny Lobster 

Culture of the spiny lobster (Panidirus argus) is often
prolx)sed because of the high market prices and the rap (ily
declining populat ions in the Caribbean. The complex larvai
history, behav'r aid food requiremens of this species have
iiatfe closed cycle culture a (listnt prospect. Although small-
scale grow-out of wild caught juveniles may be feasible in 
coIunction with other ,ariculture activities, enhancement of[his fishery is doeper 'int (ii habitat production nd harvesting
rcgiltit)is of e.xistirg scks rather than onlcilture efforts, 

Caribbean King Crab 

While soie crabs torrilr (he basis for coninercial capture
fisheriCs, e.g., tile bhie crab ii tihe United Saites, few 
("aribean crb slpccics are harvested commercially and f,ver 
. iill are suitable for iiaricultuire (In to :igg resive behavior
chairacictri.stics, slow growh rates an( low-neat yields. An
exc'l)tion i tcts conditions is the recently discovered 

riaticulture candidtie 
 of a native spider crab, coninorly
kin t as the ('ariNbban1King Crab (lhthrax .%pinosissimluL.). 

This eraI ia.s shO\w conrside rable )roi se inipilot citire
opcrin()iis ilirotigmi the Caribbean afordev (i)nlfhpt an
apioprianc ritriculture ecliiioiiogy for artisanil fishrricn.
I tlcherv arid (,n-ov-out s%,lern;s arc being developed, 

in Turks 
and('aicos fA(dey, 198,0r).,nititua (Crescel, 1986; Ryther, et 
-il.,
197tre )oiinircll Republic (Adcy, 1986), Martinique

obini, I98i . The first coiiercial pilot oIcratiin vas
initiated recently in Carriacou, Girenala (Adcy, 1986). 'Hie 
iietho(Itlo gy for Afiihrra Celturc, intriliced by tie
SithsonianarIi[itition , is based on ihe conversion of' algal 
tur' s, ciiItired co ncurreniy as a fk(I soriirce for the;se crabs, 
into high quality protein for tourist and cxport larkets.FflotrLs arc currenly focusing on refining lie technoloigy for 
corrnmercial scale dcveloiment, 

MOLLUSCAN CULTURE 

Molluscan culture the Caribbean inin is a pioneering 
phase relative to tie status of crusteaccan culture in the regionand of bivalve culture, e.g., oysters and clams, in the Pacific 
and many parts of Europe. ThC low productivity of Caribbeanwaters has inhibited widespread cultivation of suspension
feeding molluscs, which require nutrient-rich environments 
such as estuaries an(I mangrove wetlIands for opltiium growth.
The con tni tion of bays arnd estuaries ill huann sewage
and agriculual runoff further lilit the availability of suitable 
sites for mollusc culture in the region. 

Despite these linitatitns, efforts are underway to (levelop
ntllousc nlariC ult tire isa fislierie s enhaonecmcnt tecnliique for 
the Caribbean. Jory and Iverscn (1985) divi(fe curreltniolluscan culture inithre Caribbean into three categories: 
senli-intcnisive, iuvolving spat collection alld grov.'-out (ifbivalves on ra ; :;rsuspCi;i s'StCiiis; extenisive culture,
which allows hatchcry-rcarcd juveullcs glazeto in open
Systelii. or peicned enclosures; and research oil a variety of 
pronlising species arid culture nethods. Much of tre
followilg information is drawn Iroiii Jor', arid Iversen's (1985)
complirchensive review Of these efforts inthe Caribl'eal. 

Queen Conch 

Queen Conch (Stro/t"ms 'igas) ias;long been iastaple of
Caribbean fishing conimurnities and a chief 'o¢tlrce
of incone
 
for arlisanial fislierien inthe Cariibcani. Its rapid lepletion
from tradiition; Iishiig grouids, with increased (emand from 
Iourisl antiU.S. markets, has led Lo efforts to culture
juveniles for rirass release in reef' reseeding operations. Years 
'of
research have resulted inthe large-scale lIrodction ofsec(

.stock at ainumber of' govcriiiit sponsored hatcheries (e.g.,
Bionaire, NelieIrinds Antilles ai(f Qiin lnra Roo, Mexico)
and inthe region's first conmiercial conch hatlchery in the 
Turk.s anil Caico. 

While juvenile conch production has enterel a cornmercial 
phase, grow-(ut of adulu remains largely experimental. Trade 

Brood stock for Alithrr s'pinonsrit'nimu culture. Commercial conch hatchcry in fhe Turks and Caicos islands.(Photo: Marea Ilatziolos) (Photo: Leroy Creswvcll) 
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Wind Industries in the ",'urks and Caicos Islands represents the 
first attempt t-) rca Queen Conch from egg to sexual maturity
(three years) on a commercial scale. Plans to release several 
hundred thousand juveniles in a five square kilometer 
underwater enclosure are now underway (Hess, C., pers.
comm.). Results of this final stage in the culture of conch to 
harvestable size will determine the feasibility of extensive 
closed culture systems for Queen Conch and other grazing
molluscs of high market value. 

Oysters 

Both Mangrove Oysters (Crassostrearhizophorae) and 
American Oysters (C. virginica) are reared in semi-intensive 
culture in the Caribbean. The greatest success has been 
achieved in Cuba where production of Mangrove Oysters may
reach one million kilograms (unshucked weight) annually. In 
Jamaica, an "Oyster Culture Unit" was set up in the Ministry 
of Agriculture in 1980, to promote cultivation of Mangrove 
Oysters through pilot demonstrations and extension services. 

Disease, fouling and contamination problems have limited 
production thus far. In the Gulf of Mexico, culture of 
American Oysters has met with considerable success in the 
coastal lagoons of Tabasco and Vera Cruz. Production is 
currently on the order of 40,000 tons per year with the 
potential for expansion, into 100 million hectares of suitable 
habitat, barring future contamination of these waters. 
Research isbeing conducted on the ecology and mariculture of 
Mangrove Oysters in the Boca del Toro region of Panama and 
in the Cienaga Grande de Santa Marta in Colombia. The 
culture of pearl oysters has been proposed adapting Japanese 
culture techniques to the native Caribbean species, Pinctada 
imbricata,off the coast of Venezuela. 

Coastal aquacultureponds in 
the GreaterAntilles. 

(Photo: Marea Ilatziolos) 

Other Molluscs 

Research on the culture potential of a wide variety of other 
molluscs is underway at marine research institutions in the 
region. One of the more promising candidates includes the 
West Indian Top Shell (Cittarium pica), a highly prized 
Caribbean snail, overfished in most parts of its range. 
Adaptation of the algal turf and cage culture technology
(Adey, 1986) for this grazing mollusc has yielded positive 
iesults at the Smithsonian Institute's new regional mariculture 
research facility on Grand Turk. Other groups include 
ocotopus and giant squid (Loligo Sp.), 'Inpilot culture a-the 
University of Texas, Galveston, and at the Universidad del 
Oriente in Santa Marguerita, Venezuela, and scallops (family 
Pectinidae). The latter are reared commercially on the Pacific 
coast of Latin America and are currently under study for 
culture in selected sites of the Caribbean. 

Requirements for 
Mariculture Development 

Formulating a mariculture program requires extensive 
research and planning. Given the many constraints to 
mariculture development, careful attention must be paid to 
local, regional, and international conditions when attempting 
to determine the feasibility of developing a particular culture 
project or technology. Once species and site feasibility are 
established, the most important factors are those related to the 
administrative and technical organization of the individual 
farm and marketing structures. The following is a checklist 



of important factors for evaluating proposed mariculture 
projects: 

- availability of seed stock (or brood stock); 

- site suitability; 

- availability of proven culture technology; 

- on-site availability of individuals competent to apply
technologies; 

- adequate capitalization to sustain delays during start-up; 

- sound business management including realistic economicprojections; 

- ability to sustain prodution and income generation; 

availability of a stable market for the product at a price
which allows for profit; and, 

adequate infrastructure and transportation to market 
product reliably. 

Recommendations 

THE PRIMARY RECOMMENDATION FOR MARI-
CULTURE DEVELOPMENT IS TO PROCEED WITH 
CAUTION. 

The opportunities listed above are identified more on die
basis of their potential than on their present ability to 
contribute to the region's development. Considering the 
economic constraints of most Caribbean countries togetherwith the high-risk character of mariculture, it is difficult to 
justify national investment in such ventures. 

The potential of such ventures, however, is sufficient to 
warrant application of development assistance funds to pilot
scale projects which meet basic criteria described by Sandifer 
(1985). Once established, such projects can provide the basis
for overcoming many of the technical constraints described 
above, as well as opportunities for training in locally provel 
mariculture technology. Successful pilot projects will alsoprovide a more stable basis for subsequent private and public
investment, and will improve access to existing credit 
facilities for capitalization. Successful mariculture ventures 
are often more dependent upon the human, technical, and
economic characteristics of particular projects than upon the 
species being cultured. 
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GEOLOGICAL and 
NON-LIVING RESOURCES 

The resources considered in this chapter are divided into 
hard-mineral resources, non-conventional energy and 
petroleum resources. Hard mineral resources are considered to 
be of major importance because, of their immediate potential
and because they can be developed at lower costs by the 
countries themselves. Petroleum resources of economic 
importance to several countries are well documented, managed 
by pivatz or national companies, and beyond the scope and 
objectives of this report. Therefore, only minor, general
information is presented. Non-conventional energy such as 
geothermal is considered as a potential resource for some 
Caribbean countries and is pertinent to the overall resource 
picture. 

Background 

Hard Mineral Resources 

Sand and Gravel 

Sand and gravel are ubiquitous on beaches around the 
shores of the Caribbean, and are universally needed for 
construction and beach replenishment. Widespread
availability does not mean, however, that this resource can be 
extracted without severe economic and environmental 
penalties. Sand mining has resulted in significant coastal 
erosion and loss of beaches that are major concerns for 
tourism and residential development in the Caribbean. 

Sand and gravel are the most economically important non-
hydrocarbon marine mineral products. The unusually high 

construction costs of the Caribbean region are reduced 
somewhat due to the availability of these resources. On the 
northern coast of South America there are large coastal 
deposits of sand and gravel being exploited for building
materials (Picard and Goddard, 1974). On many islands of the 
eastern Caribbean, onshore supplies of sand have been 
depleted and nearshore supplieq are the only remaining sources 
available for construction needs (Rodriquez, 1981). Much of 
the available sand is not construction grade quality, and 
appropriate tests to determine suitability are needed prior to 
mining. 

Placer Deposits 

High density minerals can be concentrated by stream and 
beach processes into deposits known as placers. Similar
effects by waves produce the !ayers of dark grains commonly 
observed on beaches. The dense minerals that are concentrated 
frequently are valuable; they include gold, platinum, titanium,
chromium, and rare earth-bearing minerals. Placer deposits 
may be found in present streams and beaches, but they were 
created durng lower sea levels of the Neocene when the 
continental shelves were exposed above sea level. Both 
stream placers and beach placers may be found on the present 
confirental shelves. 

Phosphate Deposits 

Phosphates are an important source of fertilizer in the 
northern portion of South America. These deposits occur as 
guano formed from the weathering of bird excrement and as 
marine phosphorites formed in areas of upwelling. 
Phosphates in nutrient-rich waters are accumulated by 
organisms of the marine environment with high phosphate 
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concentrations. This inresults chemical alteration of 
sediments, forming phosphorites, which are likely to befurther concentrated by sedimentary processes. Phosphate 
contents can range from 20% to 40% by weight (Benton,
1980; Manheim, ct aL., 1980). 

Limestone (Calcium Carbonate) 

The major sources of limestones are the coral and algal
reef environments, shell banks, and deposits by direct 
precipitation of calcium carbonates from seawater in the formof oolites and needles. In the Caribbean area, on some parts
of the northern coast of South America, most Caribbean 
islands a-A 'he Bahamas, limestone is undoubtedly -ie most 
abundant marine mineral resource available. 

Limestone is used in the manufacture of cement, as blocks 
and coarse aggregates for building purposes, roadbeds,agriculture fertilizer and for the chemical industry. Higi 
quality calcium carbonate needed by the chemical industry issupplied mainly from the Bahamas. 

Ferromanganese Deposits 

These deposits are known to exist on the seafloor asnodules and crusts in the major oceans of the world. Their 
economic importance lies not so much in their iron and 
manganese contents but in the cobalt, copper and nickel 
abundances, 

Recent dredging on the Aves Ridge, near St. Croix, have 
produced ferromanganese crusts. No information as to theirelemental composition is known at present. Deposits are not 
known to exist in other parts of the Caribbean. In any case, 
current worldmetal markets probably would not make 
extraction econ6(iincally feadt . 

A--AM 

Salt 

The only known production of salt in the Caribbean is by
evaporation of seawater. The arid climate in some areas of the 
Caribbean guarantees a continuous supply of marine salt in 
those areas where salt flats are formed. Modern productiontechniques in some areas such as Bonaire, Galerazamba in 
Colombia, and the Araya Peninsula of Venezuela are used forextracting salt from marine evaporites for industrial and 
domestic use. Refined salt is important fow domestic 
consumption as well as for preservation of foods (meat andfish). The region is a net exporter of salt and on some 
Caribbean islands marine salt may prove to be a major export
product in the future (UNEP/CEPAL, 1979). 

Non-Conventional Energy 

Non-conventional energy includesources geothermal, 
wind, solar energy, and ocean thermal energy conversion
(OTEC). These resources may not be strictly of marine 
origins, but they affect the coastal zone and are necessary forthe development of countries and island states that are pre
dominantly coastal. 

OTEC is an experimental technology for generating
electricity from the temperature difference between warm 
surface waters md cold subsurface waters. The temperature
differential most often used as a minimum standard for OTEC 
resource is 200 C. This differential is found throughout theCaribbean basin, reaching even 220 C. Proposals to build 
OTEC plants in undeveloped tropical island countries exist,including Jamaica and in St. Croix, U.S. Virgin Islands,
but none have been successfully demonstrated in the 
Caribbean region largely due to higi start-up and operating 
coos/O1
(OTA, 1984). 

Limestone, formned by reef bildingcorals (Scleractinia)and corallineaglae, is a primary
mineral resourcein many areasof the Caribbean. (Photos:Meriwether Wilson) 
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Aerial view ofoil rigsand 
refinery,from which leakage is 
polluting the water and the air. 
(Photo. FAO) 

Non-conventional energy resources are not developed nor been explored (more than 35,0(X) km of seismic data have 
widely used in the Caribbean region (UNEP/CEPAL, 1979). been collected offshore Honduras). Though 30 wells have 
There are some applications of solar energy and wind energy been drilled, none has proven productive. Four wells drilled 
generation, but only on a very small scale and in isolated to the north of lHonduras in the Tela Basin are dry. To the 
places. The region is suitable for the development of solar east, oil has been detected in marine carbonates from one 
energy, yet large-scale solar applications are not competitive Union Oil Company well drilled nearshore in the Mosquita 
with other types of energy generation at this time. There have Basin. A Shell Oil Company well off Nicaragua has yielded 
been demonstrations of small-scale use of solar energy for 250 barrels per (lay, but offset wells have been dry. A Union 
water heating, crop drying, and solar pumps. In Mexico, well in the portion of the Limon Basin close to the Costa 
solar water pumps have been installed in arid areas and Rican shore has produced 200 to 1000 barrels per (lay, but no 
technicians suggest that up to 25,(X)0 more wells could be offshore drilling has been attempted. 
equipped (1l-inrichsen, 1981). Wind and solar energy 
demnonstrations in St. Kitls and geothermal efforts in St. Greater Antilles
Lucia have been .tarted, as part of the UNEP Regional 

Energy Action Program (UNEP, 1983). Limited technology With the exception of Cuba, the only oil production in the 
development and unknown economic feasibility currently Greater Antilles came from the Azua field in southwestern 
hinder development. Small scale generation of projects to Dominican Republic. Discovered in 1904, the field produced 
exploit these rc.,oures has not been cost effective, a total of about 30,(XX) barrels before production ceased inthe 

1940s. The source of the oil is unknown, but may have 
Oil and Gas Resources come from the Cordillera Central which is separated from the 

Azua field by a major thrust fault. Other drilling indicates 
Mexico and Belize that offshore locations at both ends of the Cibao Valley have 

oil and gas potential. 
In the offshore region of southern Mexico, major oil-pro

ducing areas are located in tMe Campeche Province. Although Haiti has seven onshore wells, all of which are dry. 
geologic data are incomplete, it appears that these oil-rich Small targets that are of little interest to major oil companies 
carbonate reservoirs do not extend to the eastern coast of the have been identified offshore and warrant additional 
Yucatan Pc-ninsula or Belize. Seismic and drilling operations investigation for alternative investors. There are several 
in the vicinity of ancient reefs are currently underway in important deepwater targets with great potential, the primary 
Belize, but results to (late have been disappointing. one lying off the northern coast. 

Central America The western end of the Greater Antilles ridge is submerged 
and is called the Nicaragua Rise. Two wells, both (fry, have 

Ninety percent of the commercial energy supplies are been drilled on the Rise in the vicinity of Pedro Bank. 
imported here, with fifty-five percent as crude oil and thirty- Jamaica lies on the eastern end of the Rise where ten 
five percent as oil derivatives (Hinrichsen, 1981). The additional dry wells have been drilled. There appears to be 
offshore areas of eastern Central America have little potential for finding oil-bearing rocks in Jamaica. 
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The geology of the Greater Antilles is extremely complex, 
and is understood primarily through geologic studies of theislands and limited offshore geophysical data. Aside from 
Cuba, no oil is being produced within the region, andavailable data suggest that prospects for a major oil discovery 
are slim. Small basins may contain iinited accumulations 
that could be of great local benefit, but such basins would bediicult and expensive to fid. 

Lesser Antilles 

The geologic history of most of the Lesser Antilles has 
been dominated by volcanic activity which is conducive to oil
and gas deposits. The best potential is on the southern part of 
the island chain where thick sediments of the deep Tobago
Trough and the Grenada Trough pinch out against the ridges 
on which the islands are located. Barbados, which is not a
volcanic island, is producing oil (Woodbourne Oil Field) and 
some gas (Springva!c !). Barbados is locac!d tho crest of an 
major sedimentary ridge that has been subjected to strong
delormation, resulting in highly contorted strata and much 
faulting. Intense deformation generally reduces the possibility
of finding major oil fields on- or offshore; but the 
Wodbourne field demonstrates that oil is generated and
trapped in commercial quantities. Though there is an element 
of high risk, the potential for offshore discoveries is good. 

Colombia, Venezuela, Trinidad anb Tobago 

These are oil-producing nations that have onshore and 
offshore potential. Additional oil and gas deposits have been 
discovered on the continental shelves of these countries in the 
past five years. Future exploration in these areas may benecessary to properly appraise the finds. At present, gas
deposits appear to have greater potential, while oil deposi-- ', 
some areas are marginal. 

-- o"' ""The 
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Beach sand mining; uncontrolled mining can destroy 
coastal habitats. (Photo: RARE) 

Constraints
 
to Economic Development
 
and Resource Management
 

Location, Extent and Quality 

of Resources 

The primary constraint to developing geologic resourcesthe absence of sufficiently detailed information to guide
is 

,'ronomic use. Rcve"nt meetings between Caribbean countries 
underscore the need for baseline information at several map
scales (Galavis, 1985). Detailed small area surveys are needed 
to develop particular placer deposits or sand and gravel 
resources, including information on location, thickness, and
quality of deposits. Small regional naps provide useful 
indications to geologists of where such resources may be 
found. Broad regional coverages showing roxk type,
structures (faults, folds, etc.), and seafloor morphology are 
needed for a general understanding of the geological and 
mineral resource development of a country or region. 

Uncontrolled Sand Mining 

Beach said mining, though it does not introduce chemicalpollutants intt. the marine ecosystem, may be the single most 
destructive coastal industrial activity, producing severe beacherosion in many places and adding particulate matter to the 
water column. For example, Dickinson Bay, Antigua, has 
experienced very serious beach erosion believed to have been 
caused by extraction for hotel construction in the 1960s. Thepublic has lost the use of a section of the beach, and sea 
defense work for protecting two hotels cost about US 
S190,000 in the past decade. In St. Thomas, U.S. Virgin
 
Islands, hard corals were damaged by sedimentation associated
 
with the release of clays brought about during sand dredging.

No exploratory cores were taken to detect the possible
 
presence of such clays (Wcxxl and Johannes, 1975).
 

effects of sand extraction from an ocean beach can be

widespread. 
 Attempts to regulate such extraction are often
ignored, and illegal sand mining is common. Through these 
processes, die zone of erosion and beach damage is widcned. 
Secondary effects can be even more serious. Commonly a
continuous stream of sand moving along the beach face,
known as littoral drift, is constantly adding and removing sand 
from the beach. When sand is extracted the tendency exists to 
restore the equilibrium shape of the beach. This reduces sand
supply to downstream beaches. Beaches provide protection
for coastal areas, so beach destruction can result in large
economic losses during major storms. If beacha is 
constantly nourished with sand, controlled minming might be
appropriate. Commonly, however, tie rate of supply is slowand beach mining causes widespread damage (DuBois and 
Towle, 1985). 
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Utcapped oilfrom a blown well, Iiatx I, cah,.ed the world's largest oil pilt in the Bahia de Campeche,Mexico. 
(See pa'e 25 for dtai.!; Photo: NOAA) 

Mlarilne Pollution 

The C'aribblan Aciion 'l ol I[NIP and the Econottc 
*uuimtission for I.atin America establishes petrolcum is the 
illutint oI primtiry concern in ,he reg on. The Caribbean 

,iaric l'ollution Rcsearch and "ottitoring 'rall) 

i(',\Rll()Il) ha-,accunulated itore itl o)()observitinits of 
pctr lcun l)lllion Iromi to 1 M) Maljor o197) 1 oncliustions 
r(nflmt ,itdy uvm 

icl of ictr )Oitt e.,i 
tihkrcgin wilh posible cejtttot ol thte solhwester 
(alrilbcan, bilt 'ctl this area is beg itttting to 'llow evidetce 
(f cmti0tut1iniltiolt, ,itiC of which is coitCtidClt with thC 
pyciiing of the tills-laiiaii, oil piltineo 

Ia,Crltoits 0 Ic pllu(i'n Itshrogliihout 

c'.\l)oeCd wii. '.,ard shorc,, olt ilands atud other land 
iasSes inluc rcgion havc SCtOi1l)' polluCd beaches froti oil 

spills. Sonic re So cot)iliiteld with tar that lhey are 
Viltllltllvtliablcl Itcrcatioall puir[ows-. )lhcrs are softlr 


lica ily' ciilolanituaCd tht,1 thCy Cailnto)t bC used lot 111)' 
piiil<'d Itlis l\ 1 i ( iralad (ayiilisprtic'ulal trite 

m cbstliiilcts Irm i ('ARlld( )l a. atidt partici)ating 
scIcnlist.s Indicatte that about 5W t of the contamination is 
carried into te('aribbean by the North Atlantic Gyre System 
via lie Caribbean ('urreni, Gulf .op, and Gulf Strenam The 

remaining 501/; of contamitation appears to be caused by ship 
traffic in the Caribbean and ballast washing conducted in 
violation of treaty agreements tinder tilelnentIaioial 
Nlarititie ()rgatii~ation; and, 

- iarinte turtles lt:ve been fmidoi ,.Id ttilloatiiti,ar
 
front tanker ballast washings, causing lles'; and death. 

Visible and radar tetitOtc sCtsitig imtaging satelliteIrotil 
and aiircraft can provide quantitative (d 1i ikul for identifying 
at in tracing such pollutatntts as sedientt runolf', sewige 
effluens, antd pctroilctint (particularly Linker ballast washinigs). 
Advanced renote setnsing techniqtues using satellite allinictry 
IslllplctiteiclCd by sea level tMeasurettments frotti tido gauges as 
verilication (dat ) catt Ibehlelful Ifor the dletcrining surlace 
ctirrcis.. [his could be uscful for assessiig the lae of 
polhltatit.s in dclail anld is particularly true. in those regiot.i 
v,herc satllile Iracked drilters have shown cottl)licated eddy

scale totion. The Tropical ()can attd (Global Aliospltcre 
(T()(iA programt will provide itniprovcd circulatiOll 
hittrniiit. The \Voldh ()cean and ('irculatil:i l"sperititiin 
\VO('I') of ithe IItergo0vCriIitilIal ( )ceaiil0gaplhic 

(-'Onliissioi's (I()(') World ('liniate Research Progran 
(WCRII) should provide inlorniation and opoxrttunlies for 
('aribbean basin-wide circulation studies. 
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Opportunities 

for Economic Development 

and Resource Management


..--- --------------.......
 

Sand atd Gravel 

Marine leposiLs of these products offer significant po-
tential for meeting the needs of the construction industry as
well as for eliminating the problem of beacl. mining. The 
recommended tactic is to take sand from offshore areas not in 
the longshore drift system that nourishes beac les downstream. 
In the. Caribbean such situations commonly occur on the 
western ends of islands due to the general westerly longshore
drifts set up by tradewind conditions. This is not universal 
but several examples have been noted such as on the 
northwestern arid southwestern corners of Puerto Rico anI tile 
western end of an adjacent island. 

Placer Dep~osits 

Stream gold placers (refcrrled to as "alluvial gold") havebeen worked from one end of teie Caribbean to the other 
(Puerto Rico and IHispaniola to Panama, Colombia and 
Venezuela). Indeed, about 60% of Colombia's present gold 
production comes from alluvial sources and represents a 
significant export e:irner foa the country. InI general, becausegold is extremely dense and very difficult to transport by water 
in streams, gold placers are generally found in fairly close 
proximity to their source (within 50 kilometers). Therefore
r.gions v'ith mountainous coastlines, and a history of gold 
pr luction nearby might be primary candidates fo,' coastl 
surveys f',,r gold placei s. The coasts of Colombia, Panama,
the Dominican Republic and Puerto Rico might be 
worlhwhi ,- candlidats, but all the Central American countries 
also have had gold production and should be resurveyed. The 
prescnce of significant alluvial gold mining in Colombia indii-
cates that consideralle cx pcrti!;c in cstracting gold fron 

stream 
 placers already exis:s in the region. This technology
coild be applied towar, l developmiint of offshore placer 
dcposits. 

Other lplaccr-fOrining niinerals likely to be found in the 
Carilcan are chromium, titanitLni and rare-earth-hearing 
minerals. Garnet placers are worked for abrasives. InI contrast 
to gold, which is most likely to be found in strean placers,
all of these minermIs are less dense than gold and are likely to 
be prxluced from beach placers. 

Platinum placers may be found off Panama ani titanium 
and rare-earth-bearing leposits off Panama and Colombia. 
Titanium minerals are likely off Puerto Rico and 'liroliunl-
bearing minerals off the volcanic islands ant, Colombia 
(Guild, 1974; Cunningham, et al., 1984, Knecht, et al., 
1984). This is clearly only a partial list of the possibilities 

and a survey of any continental shelf is likely to reveal other 
placer deposits with economic potential. 

The initiation of low cost surveys of the continentalshelves are needed to encourage the developmeo; of marine 
placer deposits. Exploration should include low-cost high
resolution seismic profiling surveys of the continental
shelves to identify ancient-(lrowneI beaches and stream 
valleys. Coring to sample potential locations should follow
and care sites should be chosen on the basis of seismic data. 
The sllrv .ys ncecd to !ocate placer dfeposits are similar in
miany ways to those neecded for Ole exploration of sand 
deposit,.. Thle co-production of hca-,y minerals and sand may
be profitable. In order to ob!ain heavy minerals the sand must 
be processed and tie (lesired ininerals separated. lfthe leposit
is ncar a market, the sand could become a valuable by-product.
Preciiuition is needed when sandmining because of the 
possible damage to coral reefs when a plume of fine seAiment 
is released in the ocean. See the rcquirements section for 
more detailed inlformation and cost estimates of conducting 
continental shelf surveys. 

Phospliate Deposits 

Small amounLs of guano phosphorites have been reported
fron Aruba, Curacao and Los R(xlues (situated north of 
Venezuela). Similar deposits exist on several other Caribbean 
islands where carbonate terraces and sands have been covered 
by hird excrement to form phosphatic crusts. Coastalphosphate deposits of marine origin are found in Venezuela 
and in the area of the Serrania Bahia (ie Porete, Colombia. 
Ilowever, inland leposits near major sources of demand havesignificantly reduced interest in these coastal deposits. 

- T 
At present, it would be lifficult to consider the known 

deposits in the Caribbean as a marine resource of significant

economic value. Nevertheless, the importance of phosphates
 
as fertilizers and their high costs warrant dletailed studies of the
 
known deposits in ordler to determine their abundance and
 
purity f'or sml-scale industries.
 

Limestone 

Calcium carbonate deposits abound in the Caribbean.
Detailed chemical and mineralogical mapping would be 
extremely helpful to lelineate the quality as well as the 
particuar use for each limestone leposit. 

Salt 

With very little cost and manlpower, salt production ispossible from existing salt flats in the shoreline areas of the 
Caribbean. For some island countries, salt is a significant
foreign exchange earner. For example in tie Turks and 
Caicos Islands, it is considered to be the only known mineral 
wealth (UNEP/CEPAL, 1979). 
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Lxcreinent from boobies and comorants forms guano 
phosphorites on carbonate rocks. (Photo: Meriwether Wilson) 

Non-conventiotal Energy 

The high level of solar radiation received in the Caribbean 
has potential for countries lacking other natural energy 
sources. Wind energy has similar potential in areas exposed 
to constanL, and strong winds such as the tradewinds. These 
ar,'as are mainly located on the leeward islands and on the 
north coa:t ,f South America. Geothermal cnergy has 
potential in countries where volcanic activity is present, 
particuilarly in the Antillean islands and continental countries 
of Central America. Nations with high and nearshore 
mountain ranges may have hydroelectric ltential. 

At present, the Caribbean region is dependent upon fossil 
fuels to meet its need for energy. Non-conventional energy 
resources are "cleaner" and there is little concern as to the 
environmental problems they may cause. Because tourism is 
one of the major economic activities in the Caribbean region,
the generally non-polluting aspect of these energy sources 
may favor their development. 

The tropical Caribbean waters are ideal for OTEC 
development in terms of having the required temperature 
differential (described on page 50), but this does not itself 
create an economic potential. The Caribbean countries may 
well have more immediate and feasible sources of energy for 
the near future, such as solar or wind energy. Tide-generated 
energy may be disregarded because of the low tidal range in 
the region. 

Requirements
 
for Economic Development
 
and Resource Management
 

1 Information on Location, Extent, and Quality
 
of Mineral Resources
 

Detailed geologic mapping of coastal areas to present 
information on the location, extent and quality of mineral 
resources is imperative for developing sand, gravel and placer 
mineral deposits. These are the commodities (excluding
petroleum) with the most apparent immediate value. 
Mapping of this type is also important to understand 

envionmnta problems such as beach erosion and damnage to
reefs, and can be useful for fisheries development. 

Creation of detailed geologic maps requires: 

- high resolution seismic profiling;
 
- short-range sidescan sonar imaging;
 

o-X)i:ble radio navigation; and,
 
- coring and sumpling.
 

The first three are complex electronic systems that are not 
extremely expensive, but require competent well-trained, 

experienced electronic technicians to maintain and opelate
them. Adequate budget for supplies and spare parts is 
necessary. A high resolution profiler, sidescan sonar and radio 
navigation system would cost approximately US S200,(X0. 
In addition to small bxttom grab samplers (available in some 
countries), provision must be made for coring. The logical 
choice is a vibracorer. This costs US S75,0(X), as vibracorcrs 
of adequate size (perhaps 10 meter coring capacity) are vet y 
large and difficult pieces of equipment to handle. Iigh 
resolution seismic and sidescan sonar operations can be carried 
out on boats of approximately 10 to 20 meters in lenth. 
Local fishing boats, possibly equipped with a portable electric 
generator for adequate x)wer, would be suitable. Vibracoring 
would require somewhat larger vessels (18 meters or larger)
and a winch and crane, A-frame or boom. Again, larger local 
fishing bxats might be usable. 

2. Sand and Gravel 

In order to develop and manage an offshore sand mining 
operation several requirements must be fulfilled: 

a. A large sand source must be identified and mapped to 
prove that a resource is available. Geologists familiar with 
coastal sedimentation should carry out high resolution seismic 
profiling and sidescan sonar surveys to locate deposits, and 
from their internal structure, interpret the history and present 
activity of sediment migration. Other information such as 
current measurements and remote sensing data can aid in 
analyzing the coastal sedimentation processes. Coring is 
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imperative to determine the volume of any deposits and to 
identify the nature of acoustic returns observed in seismic 
profiles. 

b. The scurce must be located near a market, because 
transportation costs rise quickly with distance hauled. There 
is considerable advantage to mining marine deposits, because 
barge transportation is much more economical than truck 
transportation, especially to markets in large coastal cities 
with port facilities. 

c. Sediment dynamics of the deposit must be known so 
that major environmental disruptions can be avoided, 

d. There must be indications that adequate quality of the 
resource can be maintained (quality means a low mixlure of 
fine-grained material, no difficulty with washing salt from the 
grains, adequate grain shape characteristics and composition 
for the intended market, etc.). Standards for concrete aggregate
must be fairly high, while standards for beach replenishment 
are lower because fine material will wash away. Angularity
and salt content are not concerns. Terrigenous sand is 
commonly considered to be preferable to carbonate sand for 
concrete aggregate. Clean quartzose sand may be used for 
glassmaking. 

3. Placer Deposits 

'lhe key to encouraging development of marine placer
deposits is to initiate low cost surveys of the continental 
shelves. As noted above, gold is not easily transported
because of its density and is dropped quickly when stream 
gradients decrease. Eroded coastal shelves, now below water, 
were exposed during the low sea levels associated with recent 
ice ages. The gradients of streams during that period would 
have decreased abruptly where coastal mountains are adjacent 

to these shelves, and gold deposits would have formed. Other 
heavy minerals would have been concentrated in beaches that 
could have formed anywhere on the shelves and could have 
been preserved as sea level rose after the ice ages (between 
15,000 years ago and the present). 

Exploration should include low-cost, high-resolution
seismic profiling surveys of the continental shelves to 
identify ancient drowned beaches and stream valleys. Coring 
to sample likely locations must follow in sites chosen on the 
basis of seismic data. Surveys to locate placer deposits are 
similar in ways those needed for sandmany to deposit
exploration, and the relevant geological expertise is closely
related. Heavy minerals may be separated from mined sand,
and co-production of heavy minerals and sand is likely to be a 
profitable undertaking if the deposit is near a suitable market. 

4. Pollution Control 

Plumes of turbid water from sand or placer mining can do 
significant damage if these impinge upon coral reefs. This 
possibility must te evaluated and controlled with 
consideration to the amount of fine sediments that would be 
released in the water, current directions and strengths, and the 
location of reefs relative to the mining operation. 

5. Non-conventional Energy 

There is an apparent lack of research and knowledge
concerning non-conventional energy sources in the Caribbean 
region. For this reason, development of such sources is 
highly dependent upon technological developments in the 
industrialized countries. Developing opportunities for non
conventional energy depends upon technology transfer 
programs and practical application of this technology to 
economic development. 

Ni 

Sediments releasedinto the 
waterfrom sand or placer 
minings can damage reefs. 
(Photo:Meriwether Wilson) 
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Reco mmendations 

1. SUPPORT SHOULD BE PROVIDED FOR BOTH 
LARGE SCALE AND SMALL SCALE GEOLOGIC 
MAPPING in the Caribbean region. This would encourage 
development of mineral resources, well support otheras as 
aspects of marine resource management in problems of marine 
pollution, coastal habitats, fisheries and human resources, 

2. A MAJOR CONCERN IN IMPLEMENTING A 
PROGRAM TO UNDERTAKE THIS TYPE OF MAPPING 
IS THE MAINTENANCE OF EQUIPMENT. The survey 
devices described above will be most productive and will only
be dependable if run frequently and maintained constantly. If 
allowed to remain unused, this equipment will deteriorate, 
From an operational point of view, a single Caribbean center 
for technicians and equipment would be best. Whether a 
single technical center is politically feasible is a question that 
we do not consider here. 

3. A DIFFERENT APPROACH TO OPERATING 
EQUIPMENT IN TIlE CARIBBEAN AREA WOULD BE 
TO DEVELOP COOPERATIVE PROGRAMS BETWEEN 
REGIONAL SCIENTISTS AND ACADEMIC OR 
GOVERNMENT SCIENTISTS IN THE UNITED STATES 
AND OTHER COUNTRIES. In such an effort it is 
necessary to have a commitment on the part of the 
responsible scientists to complete practical surveys, analyze 
the data in light of resource limitations, and make the results 
generally available. Such commitments are not always easy 
to secure. 

4. BROAD REGIONAL MAPPING CAN BENEFIT FROM 
SUPPORT TO THE INTERNATIONAL BATHYMETRIC 
CHART OF THE CARIBBEAN PROGRAM, sponsored by 
IOCARIBE. This activity also can benefit from satellite 
imagery such as LANDSAT, and new technology 
developments such as the Geological Long Range Inclincd 
Asdic (GLORIA), a long range sidescan sonar that can 
provide images of the seafloor along a swath N) kilometers 
wide. Such new methods provide large amounts of data very 
efficiently, make thc field work easier and are relatively 
inexpensive. Large parts of the Caribbean already have ben 
imaged by GLORIA. Application of this technology to 
development of geological resources in the Caribbean has 
recently been recommended by the National Academy of 
Sciences, Ocean Studies Board (Ross and Stewart, 1986). 

5. SATELLITE, AIRCRAFI', AND ACOUSTIC RENO'TE 
SENSING TECHNIQUES CAN BE USED FOR SUCH 
GEOLOGICAL REQUIREMENTS AS THE STUDY OF 
THE REMOVAL AND TRANSPORT OF SAND AND 
GRAVEL. Of particular interest to many island nations is 
the need for fresh water. Nearshore discharges of fresh water 
may be detectable from low-flying aircraft using passive 
microwave sensors. Bathymetry from airborne Lidar and 
shiplorne side scan sonar can provide tie primary source for 
acoustic information. 
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IV 

HUMAN RESOURCES:
 
Education, Training and Technical Support
 

Background 

The colonial history of most Caribbean countries has 
caused social, cultural, and economic systems to be based 
almost entirely upon land resources (agriculture, mining and 
bulk materials). Until very recently, the disinterest of 
European colonists in marine resources continued to be 
reflected in the priorities of contemporary Caribbean 
governments. Marine resource managers and developers are 
in a complex situation: governments are reluctant to expend 
limited human and financial resources on a sector which has 
not produced impressive benefits; but these benefits cannot be 
obtained unless such resources arc available. 

Current economic copditions, and in some cases new 
political independence, are causing more attention to increased 
use of all natural resources including the marine sector. Much 
of this interest, however, is focussed upon rapid economic 
benefits rather than sustainable development and resource 
management. Often, "development" and "progress" are equated
with emulation of more economically advantaged countries, 
despite fundamental differences in type and magnitude of 
available resources. 

These circumstances have obvious impact on marine 
science and related cducational resources. The low priority 
accorded to the marine sector results in limited employment
for professionals in the field. Salaries, advancement 
opportunities and prestige for marine scientists are well below 
comparative national standards for other professional
categories. The emphasis upon rapid economic benefit 
reduces interest and support for creative research. The general
perception is that it is simply necessary to learn to 

apply existing technology, not to develop new technologies
tailored to conditions of the Caribbean. 

Considering these limitations, there are a surprisingly
large number of marine scientists and marine science 
institutions in the Caribbean (Annex B). Still, the influence 
of the circumstances described above is evident: 

- about 85% of marine scientists in the region are biolo
gists .smost of the few jobs available in marine 
resources are in government fisheries units; 

- there are few educators, researchers, or technicians in 
physical oceanography, coastal dynamics, marine pollution
chemistry, or marine geology and geophysics; ocean or 
coastal engineers are virtually non-existent due to poor 
employment opportunities; 

- the marine science cadre has few advanced degree ho!d
ers (MS and PhD) and is consequently limited in exp
erience and preparation necessary to conduct meaningful 
independent research: and, 

- research capabilities are often constrained by inadequate
laboratories, instrumentation and equipmeni; po:'r capabilites 
for maintenance, repair and calibration; limited vessel 
facilities; poor reference collections and standards; and 
unsatisfactory library and literature holdings. 

These conditions represent major shortcomings. But it is 
unrealistic to expect small developing nations to invest 
heavily in advanced research when limited financial and human 
resources are already severely strained. At the same time, 
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marine resources offer significant potentials which can only 
be realized with improved technical capabilities, 
Development assistance agencies must encourage and support
activities that: 

- demonstrate tangible economic benefits from integrated 
management and development of marine resources; 

- strengthen human resources with he technical capabili-
ties needed for such activity; 

- build national and regional institutional capabilities to 
support economic development and management of marine 
resources; and, 

- increase the availability and dissemination of scientific lit
erature to individual institutions throughout the region. 

to Improving Hurnan 
and Institutional Resources 


Lack of National Commitment 

With few exceptions, the primary constraint to economic 
development and resource management in the marine sector is
the lack of substantial national commitment to these 
activities. Low priority, inadequate financial support,
shortage of trained personnel, and deficiencies in marine 
science institutions are all related to this fundamental problemof limited national commitment to the marine sector. 

Uncoordinated Development Activity 

In the past five years, international activity related to the 
Caribbean marine sector has dramatically increased. At 
present there are at least 48 separate projects dealing with 
environmental affairs, most of which include marine 
components. Ideally, these efforts should be dirccted toward 

meeting goals and supporting programs articulated by the 

Caribbean nations. In reality, most of these projects have had

minimal local participation in their development, but all place 

significant demands upon local counterpart personnel.

Conceptually, all of these efforts are valid and necessary (andin any case, developing nations are unlikely to reject any offer 

in asnycedeve 
 g ati situnlioneh to ec tanof assistance). 

aret
But the present situation has two important 


implications:
 

- marine sector personnel rnay be almost totally occupied 

with a variety of uncoordinated projects, particularly in the 
smaller countries; and, 

- there is little incentive for preparation of the comprehen

sive resource development and management programs needed 
for long-term progress in the Caribbean marine sector. 

In short, there is danger that chronic personnel shortages 
are being exacerbated, while the fundamental need for long
range development and management strategies remains unmet. 

Current Needs
 
and Opportunities for
 

p - and

I r i H ana
Institutional Resources 

The level of current activity described above does not 
impiy that additional development assistance is unnecessary;more than ever, assistance is needed to strengthen human and 
institutional resourccs for development and managementmarine resources. The potertials described 

of 
in previous


chapters indicates a riced for a variety of technical skills,
 

- resource management: MS-level training in management 
policy, population biology, statistics; 

- extension service and education: training in instructional
 
techniques, infonnation access, and public education methods;
 

- applied research: MS-level training in survey and analyt
ical methods, pollution research and monitoring, geological

techniques, aquaculture, development of techniques for
 
resource enhancement;
 

- training in techniques for underutili
harvest technology: 

zed species, and means for increased efficiency in small-scale
 
fisheries;
 

- processing technology: training for preservation andepro
cessing of selected fishery stocks for local and export 
markets; 

- marketing: training in market identification, consumer 
information, and basic marketing practices; 

- remote sensing: training in these environmental monitor
ing tr a llow locaes i ent a l itor

ing technologies would allow localdevelop future prodlucts for specific needs;scientists the ability tothe feasibility of 
remote sensing data processing would be more realisticcomputer linking between research institutions; and, with 

- scientific literature: increased availability of pertinent sci
entific journals, texts and technical reports to reserchers
 
and university students.
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The diversity of institutions described in Annex B, as 
well as the varied short-term projects referred to above, offer 
opportunities for meeting these needs. For example, the 
Caribbean Fisheries Training and Development Institute 
(Trinidad) is providing training in some aspects of fisheries 
extension; the Caribbean Environmental Health Institute 
offers training in pollution monitoring; the University of 
Puerto Rico and College of tie Virgin Islands offer marine 
advisory services; IOCARIBE proposes to develop a network 
of educational and research institutions within the Caribbear, 
the University of the West Indies is developing the use of 
satellite television and video cassettes for multi-island off-
campus instruction, 

But improvement of human and institutional resources 
does not depend solely upon training and material support; 
many training efforts have been undertaken in the past 
without (tie regard for how trainees will be able to apply their 
new skills ,.he.n training is completed. Improvements are 
also needed in the overall context within which human and 
institutional resources must operate. It is clear that the 
central issue of national commitment cannot Ib resolved 
through external effort alone. It is also clear that the need for 
increased support to human and institutional resources is 
growing more rapidly than the commitmernt to provide such 
SiippOrt. 

The historical background described above suggests that 
national commitment to develop and manage marine resources 
may grow gradually in response to perceived benefits froin 
these resources. In the meantime, training programs are 
likely to face continued frustration with the lack of 
opportunity and support for individuals who complete such 
programs. 

Requirements 
for Improving Human 
and Institutional Resources 

To deal with this problem, institutional and human ic
source development efforts must be based upon: 

1. 	 The economic realities of the nations which these 
efforts are intended to serve. 

It is generally not desirable for Caribbean governments to 
increase their recurrent budgets by expanding the civil service. 
This means that requirements for developing and managing 
marine resources must be met by improving the capabilities 
and efficiency of existing staff positions. 

2. Provision for follow-up support on an interim basis. 

National commitment should result in continuing 
support for individuals who receive technical training and for 
marine-related institutions, but this does not happen for 
reasons dcscrib.d above. Recognizing that such commitment 
requires both time and visible results, projects to improve 
human and institutional resources should include provision for 
continuing follow-up spl×x)rt. 

Formulaiion of activities along these lines should bcgin 
with articulation of comprehensive programs for marine 
resource management andI development at the national level. 
These programs should not be limited to statements of broad 
goals and objectives, hut should specify: 

- rncessary activities to achieve goals and objectives; 
- what thes activities will cost;
 
- what facilities are needed to undertake these activities;
 
- needed personnel skills to underuike these activities;
 
- what training is necessary to acquire then:e skills;
 
- how support will be maintained for requisite personnel;
 
- what opportunities exist to meet these requirements; and,
 
- what additional assistance is needed.
 

This procedure will: 

- focus government attention ujX)il the marine sector; 
- help to ensure that specific activities and projects are 

compatible with local realities and perspectives; 
- help to ensure that training activities are targeted toward 

actual needs and that follow-up support and emlmloIcnt 
opportunities will bc available; ant, 

-provide a framework for the coordination and direction of 
externally-driven projects. 

.":
 

Caribbeanaiuents observing marine organismsin 
aquariaof researchlaboratory. (Photo: RARE) 
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Recommendations
 

I. DEVELOPMENT ASSISTANCE AGENCIES SHOULD 
ENCOURAGE NATIONAL COMMITMENT TO MARINE 
RESOURCES MANAGEMENT by supporting the 
formulation of comprehensive management programs and 
activities that demonstrate the economic importance of these 
marine resources through tangible, sustainable benefits. 
Encouragement may be provided in a variety of ways, such as 
requiring approval of such programs prior to funding specific 
activities, or by providing technical assistance to Caribbean 
countries for dhe formulation of national programs. 

2. DEVELOPMENT ASSISTANCE AGENCIES SHOULD 
SUPPORT COLLABORATIVE EFFORTS AMONG 
REGIONAL INSTITUTIONS. Training and follow-up efforts 
should be directed toward meeting the needs of national 
)rogramis. University-to-university partnerships should be 
encouraged, but exclusivity should be avoided. At present, 
many U.S. institutions with diverse capabilities are seeking 
greater involvement in the Caribbean. This diversity is 
generally healthy, though substantial guidance often appears 
needed to avoid previous mistakes and to achieve maximum 
effectiveness. 

3. SUPPORT SHtOULD 13E PROVIDED TO REGIONAL 
ACTIVITIES TI-AT CANNOT BE MET ATA NATIONAL 
LEVEL. An example of this type of need is geologic 
mapping of offshore resources. Support may include funds 
for upgrading facilities involving scientific equipment, 

vessels, and laboratories where these are clearly relevant to 
regional needs. Considering the importance of continuing 
commitment, it is highly desirable that such support be 
provided jointly by development assistance agencies and the 
cooperating nations and institutions. 

4. TRAINING SHOULD TAKE PLACE IN THE CON-
TEXT OF PROJECTS RELATED TO NATIONAL 
PROGRAMS whenever possible. This will help ensure 
maximum relevance of the training as well as the opportunity 
to apply the skills acquired. In particular, opportunities exists
for educational institutions to develop certifiable in-service 
training projects and workshops, so that academic credit can 
be accumulated for such activities. 

5. SPECIFIC PROVISION SHOULD BE MADE IN ALL 
PROJECTS FOR PUBLIC AWARENESS AND 
INFORMATION. Use should be made of various available 
media for this purpose, including television, radio, and local 
or regional newspapers. 

6. DEVELOPMENT ASSSTANCE AGENCIES SHOULD 
SUPPORT EFFORTS TO INCREASE LIBRARY 
HOLDINGS IN MARINE SCIENCE INSTITUTIONS. 
Increased communication, and literature sharing between 
scientists and institutions could be achieved by the 
establishment of a regional electronic mail network. 

Coral reef research is being conducted at a nurmber of regional institutions 
in collaboration with U. S. and Caribbean scientists. (Photo: RARE) 
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ANNEX A
 

Institutions
 

There are numerous institutions throughout the Caribbean 
which focus their efforts on regional fisheries and resource 
management issues. These institutions are sponsored by local 
governments, inter-governmental c(X)perativC bodies, 
memberships at-laige, and the United Nations. As diverse as 
thesc institutions arc in their origin, they are equally diverse 
in their influncc on the fisheries affairs of the Caribbean 
community. 


Issues of regional concern throughout the Caribbean 
community are often addressed by international institutions. 
These multilateral bodies encourage communication and 
cooperation among member countries, and provide assistance 
to the region for expanded development and technology. They 
are capable of directing funds for development, assigning
personnel with expertise to training and advisory functions, 
and developing a regional strategy for addressing fisheries 
issues. The headquarters for many of these institutions are 
located in international centers such as Paris or Washington, 
D.C. with local representatives operating in specific
Caribbean countries. While not exclusively dcdi-ated to 
fisheries, these institutions commonly include fisheries issues 
on their agendas for discussion and programming. 

The scientific community is well established in the 
Caribbean. Scientists and academic institutions in the region
often concentrate their efforts on biological research, and are 

not often involved with development assistance or the study 
of Caribbean fisheries per se. This section lists country
specific institutions that have a marine research focus. Many 
academic institutions in the region have the equipment and 
human resources to conduct investigations and experiments 
dealing with marine biology, marine ecology, and marine 
resource management. 

Governments in the region have established ministries or
departments to deal with fisheries regulations. research, and 
industry development. These departments vary markedly in 
their abilities and expertise. Specific fisheries and marine-
related governmental departments are not included unless 
associated with a research insilitution. For a detailed directory 

of research and governmental marine dcpartncnts (including 
addresses, laboratory equipment and staff capabilities) consult 
the following reference: UNEP/FAO, 1985, Directory of 
Marine Environmental Centers in the Caribbean. 

Together, these institutions form a potentially large pool 
of human resources and expertise, as well as scientific data and 
equipment, that can and should be used by foreign donors and 
development agencies during programming and planning for
marine resource development and management. 

REGIONAL 
INSTITUTIONS
and PROGRAMS 

CaribbeanCommunity (CARICOM) 

An intergovernmental body of Caribbean nations for 
economic cooperation, coordination of foreign policy, andcooperation in health, education, culture, communications, 
and industrial relations. CARICOM is to receive funds 
within the next two years from the Canadian International 
Development Agency for activities related to marine resource 
development. Member states arc: Antigua and Barbuda, the 
Bahamas, Barbados, Belize, Dominica, Grenada, Guyana, 
Jamaica, Montserrat, St.Christophcr and Nevis, St. Lucia, St 
Vincent and the Grenadines, and Trinidad and Tobago. 

CaribbeanFishery Management Council 
(CFMC) 

Established in 1976 by the Magnuson Fishery
Conservation and Management Act, it is to recommend 
fishery management and conservation measures to the U.S. 
Government for Puerto Rico and the U.S. Virgin Islands. 
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CaribbeanMarinePollutionResearch and 
Monitoring Program(CARIPOL) 

A long-range scientific effort established under the 
Intergovemmental Oceanographic Commission's Regiona! 
Sub-Commission for the Caribbean and Adjacent Regions
(IOC/IOCARIBEJ to carry out research and monitoring 
programs related to pollution in the Caribbean. Acts as a 
regional component of IOC's Global Investigation of 
Pollution in the Marine Environment (GIPME) conducted 
cooperatively \viti the United Nations Environment Program.
Vice-chairmen are responsible for implementation of mussel 
wutchcs, petroleum moniLoring, and data archiving, 

GCuif andCaribbeanI'isheriesInstitute 
((;Ct7) 

A non-profit organization founded to increase 
conmlunicatiOn and exchange of information on development 
and managenent or fisheries and aquaculture resources; now 
olciting through the South Carolina1 Sea Grant Consortium.
Annual meetings are held in varying Caribbean locations that 
fCatuire technical sessions, workshops, and demonstrations 
which are attended by fishermen, fisheries administrators, and 
scientisLs from countries throughout the Caribbean. A 
journal of proceedings is published annually. 

ItntergoverninentalOceanographic 
Commission (IOC) 

An autonomous body established by UNESCO, in Paris, 
to promote scientific investigations by its member suites of 
[ie nature and resources of the ocean. Functions include 
dcvclopnlicl and c(rdination of scientific investigations, 
interaction with other inter-governmental organizations, 
exchange of oceanographic data, recommendations for 
education and training, and assistance programs in marine 
science and technology (see CARIPOL). 

IOC Subconmuissionfor Caribbean 
and Adjacent Regions (IOCARIBE) 

Serves as the regional body to coordinate and implement 
IOC program activities of particular interest to the region (see 
CARIPOL). 

Organizationof Eastern CaribbeanStates 
(OECS) 

An intergovernmental body established to promote
regional cooperation among its member states, now based in 
Castries, St. Lucia. It has served as the focal point for FAO-
sponsored workshops for regional harmonization of fisheries 
legislation. A fisheries desk is being established with funds 
from the International Centre for Ocean Development 
(Canada), consisting of one officer responsible for fisheries 
policy and another for data collection and exchange. Member 

states are Antigua and Barbuda, the British Virgin Islands, 
Dominica, Grenada, Montserrat, St.Christopher and Nevis, 
St. Lucia, St. Vincent and the Grenadines. 

UnitedNations Development Programme 
(UNDP) 

Assists lesser developed countries with establishing and 
expanding technological capabilities. The headquarters 
are in New York, N.Y. It operates research vessels suitable 
for fisheries research and technology development. It 
undertook Caribbean fisheries development projects jointly 
with FAO from 1965 to 1971. 

UnitedNations EnvironmentProgramine 
(UNEP) 

Operates Regional Seas Program in Latin America and the 
Wider Caribbean. The headquarters are in Nairobi, Kenya, and 
there are member representatives in the Caribbeq region. 
UNEP collaborated with the Economic Commission for Latin
America and the Caribbean in the development of an action 
plan for the Caribbean region. Objectives of the plan inlcude: 
identification and development of programs to minimize 
narine environmental problems; development of a framework 
for activities that reluire regional cooperation for 
implementing sound environmental management of marine 
resources (UNEP, 1983). Between 1976 and 1934, with other 
United Nations specialized agencies, workshops vcre 
convened in Trinidad to identify the highest priority marine 
pollution problems and to consider specific proposals to 
counter thom. This has stimulated preparation of oil spill
contingency plans in Trinidad and Tobago, St. Lucia, Haiti, 
the British Virgin Islands, Antigua, Turks and Caicos, and 
Grenada; similar work is under way in Mexico and Central 
American nations. 

Western CentralAtlantic Fisheries
Commission (WECAFPC) 

An advisory body of the United Nations Food and 
Agriculture Organization (FAO) currently with 28 member 
countries from Latin America and the Caribbean. FAO is 
based in Rome. Meetings are held every two years to discuss 
fishery matters. Working parties on resources assessment 
and statistics have been established. They meet annually. 

Association of IslandMarine Laboratories 
of the Caribbean 

It coordinates programs of common interest to marine 
laboratories in the Caribbean region. Annual meetings are 
held throughout the Caribbean, yet most of the activites are 
handled through correspondence. A proposal for a regional
research project, Caribbean Coastal Marine Productivity 
(CARICOMP), is under consideration. 
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NATIONAL 

INSTITUTIONS 
 _Academy. 

BAIAMAS 

Caribbean Marine Research Center (CMRC) 
Lee Stocking Island, Exuma, Bahamas 

Private institution operated by the Bahamas Undersea 
Research Foundation and the Perry Foundation. Conducts 
studies on tropical and subtropical ecosystems, aquaculture, 
and supports activities to foster marine education. 

Morton Salt Company (MSC) 

Private institution set up to incorporate mariculture with 
solar salt operations. Projects include the development of a 
grow-out facility and hatchery for penaeid shrimp. Also 
conducts algal culture research. 

BARBADOS 

Bellairs Research Institute of McGill University 
lioletown, St. James 

Private institution with undergraduate and graduate 
programs in applied tropical ecology, marine biology and 
geology, fisheries biology and pollution effects on coral reef 
ecosystems. 

University of the West Indies 
Cave lill Campus 

It conducts undergraduate programs in marine biology. A 
Center for Environmental and Resource Management Studies 
has recently been started. Plans are to develop long and short
term training programs, begin research, promote public 
awareness of environmental concerns, and establish a regional 
information center for resource development projects. 

COLOMBIA 

Centro de Investigaciones Oceanograficas 
e Hidrograficas (CIOII) 
Cartagena 

Governmental institution for research, principally in 
oceanography and hydrography. It has participated in 
cooperative research programs with Harvard University, the 
University of Miami, Woods Hole Oceanographic Institution 

and other academic institutions. Physical oceanography 
courses are offered to cadets at the Colombian Naval 

Facultad de Biologia Marina, 
Fundacion Universidad de Bogota, 
Jorge Tadeo Lozano (UJTL) 
Cartagena 

Private institution with undergraduate training in marine 
biology; research principally in marine biology, fisheries 

science, aquaculture and marine pollution.
 
Facultad de Ingenieria Pesqera
 

u ad lnenoeria eq dera.
 
Universidad Tecnologica de lagdalenv (UTM) 
Santa Maria, Magdalena 

Public university for professional training in tie capture, 
processing and marketing of fishes and fish products. Research 
emphasis is on fish diseases, new methods of fish processing, 
and aquaculture; courses in fisheries and in marine geology. 

lnstituto de Investigaciones Marinas 
de Punta de Betin (INVEMAR) 
Santa Marta, Magdalena 

Governmental facility for basic and applied research wil 
marine and estuarine resources. Emphases are on dcmersal 
fishes, mangrove ecosystems, preservation of marine areas, 
and aquaculture. There are short extension courses in marine 
biology and there is a two-year graduate program in 
cooperation with the National University of Colombia. 

Laboratorio del Instituto Nacional de los 
Recursos Naturales Renovables y del Anibiente 
(INDERENA) 
Cartagena 

Government research institution with responsibilities for 
resources management and enforcement, including fisheries, 
parks and water pollution monitoring. 

COSTA RICA 

Centro de Investig-.cion en Ciencias del Mar y
Limnologia, Universidad de Costa Rica (CIMAR) 
San Pedro de Montes de Oca 

One of 21 research institutes attached to various faculties 
and schools of the University of Costa Rica with 
undergraduate and graduate degrees in marine sciences. The 
research program includes studies in ecology and fisheries, 
oceanographic applications of remote sensing, pollution of 
coastal waters, marine biology, marine geology, and 
evaluation of Costa Rican fishery resources. 
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Cooperative programs are carried out with a number of foreign
universities, including the Universidad Nacional Autonoma de
Mexico, the University of Delaware and the University of 
Southern California. 

Escuela de Ciencias Biologicas, Facultad de Cien-

cias Exactas y Naturales, Universidad Nacional 

Ileredia
 

Bachelors and five-year degrees in marine biology with 
concentration on aquaculture. Emphases on aquaculture,
marine biology, physical oceanography and fish genetics. 

Laboratorio de Investigaciones Marinas 

de Punta Morales (LIM) 

San ,Jose 


Governmental research facility with Slecializations in 
aluacuhture and marine fisheries. 

CUBA 

Centro de Investigaciones Marinas (CIM) 

Havana
 

Research and educational institution oflering undergraduate
and graduate training in marine biology and some marine 
biological specialties. There are research emphases on fishesand crustaceans of commercial importance to Cuba,
aquaculture of lobsters and tilapia, and marine ecosystems of 
Cuban coastal waters. Cooperative programs exist with 
institutions in the USSR, Rumania, Mexico and Panama. 

Centro de Investigaciones Pesqueras (CIP)

Havana 


Research center involved in education, fisheries research 

and assistance to the fishing industry. Research emphases on 

shrimp, lobsters, tuna, and estuarine and 
 coral reef fishes; 
graduate courses in fisheries and marine biology, 

Instituto de Oceanologia (10)
Ilavana 

Research and graduate education institution for 
oceanography, fisheries and marine ecology. There is a two-
year program for the training of oceanographic technicians andgraduate courses in biological, chemical and geological
oceanography. The research emphasis is on the ecology of 
Golfo de Batabano and decontamination of Havana Bay. 

DOMINICAN REPUBLIC 

Centro de Investigaciones de Biologia Marina 
Santo Domingo (CIBIMA) 

Center within the Universidad Autonoma de Santo 
Domingo; offers courses, seminars, conferences, and 
supervision of student research projects in marine biology and 
related fields. The research emphases are on the biology of 
aquatic animals, fisheries development, aquaculture, hydrology
and oceanography, marine pharmacology, and an inN entory of 
marine flora and fauna. 

GUADELOUPE 

Institut national de la recherche agronomique 

(INRA)
 
Petit-Bourg
 

Governmenal research institute and one of the regional
centers of the Paris-based agronomy institute. Researchemphases in tropical bioagronomy, including aquaculture,
tropical ecology, mangrove ecosystems, and analysis of 
agricultural impacts. Offers instructional programs to train 
technicians, agronomy engineers, and doctoral level scientists. 

GUATEMALA 

Centro de Estudios del Mar y Acuacultura,Universidad de San Carho- de Guatemala (CEMA)

Ciudad de Guatemala
 

Small private research institution and educational facility
including extension services. Focus on shrimp and lobster 
culture studies and pelagic fisheries research. 

Direccion Tecnica de Pesca y Acuicultura,
(DITEPESCA) 
Ciudad de Guatemala 

A small research facility which also oversees the 
untilization of marine resources including, research on penaeid
and freshwater shrimp, and specialization in marine demersal 
and pelagic fishes. 

GUYANA 

Department of Biology, University of Guyana 
Georgetown (UG) 

Undergraduate and graduate training for teaching, research,
industry, agriculture, health and administration; some research 
in limnology and cytogenetics. 

JAMAICA 

Discovery Bay Marine Laboratory (DBML) 
Discovery Bay, St. Ann 
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A field station for the University of the West Indies. A 
variety of research projects are carried out by visiting 
investigators from North America and Europe. Has developed 
a recent research emphasis on coral reef ecosystems, 
sedimentology, water chemistry, physiology, behavior and 
ecology of reef organisms. Offers an intema'ional graduate 
level course each summer on some aspect of marine science. 

Port Royal Marine Laboratory 
Kingston 

Part of the zoology department of the University of the 
West Indies with undergraduate and graduate zoology degrees. 
Research and training programs emphasize marine ecology, 
coastal management, fisheries biology and aquaculture. 

MARTINIQUE 

Institut francaks de recherche pour l'exploitation 
de la mer, Station du Robert (IFREMER) 
Pointe Fort, Le Robert 

Government research institution exclusive to aquaculture 
and fisheries work, focusing on primary productivity studies. 

MEXICO 

Centro de Investigacion y de Estudios 
Avanzados del Instituto Politecnico Nacional, 
Unidad Merida (CINVESTAV) 
Merida, Yucatan 

Research center integrating work of departments of 
biochemistry, physics, mathematics, genetics, molecular 
biology, biotechnology, neuro-sciences and others of the 
Instituto Politccnico Nacional. There are research 
opportunities and graduate instruction in marine biology with 
research emphases on exploitable resources of the Yucatan, 
fisheries and aquaculture. 

Centro de Investigation y Entrenamiento para 
Control de Ia Calidad del Agua (CIECCA) 
Mexico City 

Government research institution focusing on limnology, 
pelagic fisheries and technology transfer. 

Instituto de Biologia, Universidad National 
Autonoma de Mexico (UNAM) 
Mexico City 

Institute of UNAM with undergraduate and graduate 
training. Recent research in biology and geochemistry, 
coastal lagoons, studies of fishes and crustaceans, aquaculture, 
fisheries ecology, fish parasites, and plankton. 

Centro de Ciencias del Mar y Limnologia 
(CCML) 

Established at UNAM with installations at the main 
UNAM campus in Mexico City, El Carmen Station, Puerto 
Morelos Station, and Mazatlan Station. The principal areas 
of research include physical oceanography, chemical 
oceanography and pollution, geological and geophysical 
oceanography, biological oceanography and fisheries biology, 
and limnology. About twelve graduate students are admitted 
each year from UNAM, other Mexican universities, and from 
many Latin American countries. The CCML has participated 
in international cooperative projects with univercities and 
research institutions in the United States, the United 
Kingdom, France, Costa Rica and other countries. 

Instituto Nacional de la Pesca (INP) 
Mexico City 

Government research institution responsible for 
monitoring Mexican fisheries resources. Research emphases 
on fisheries biology of commercially important species, fish 
harvesting methods, fisheries product technology, and 
oceanography. Offers graduate courses in fisheries sciences. 

Universidad Autonoma Metropolitana,
 
(Unidad Ixtapalapa) Departmento de Zootecnica,
 
Division Ciencias Biologicas y de la Salud
 
(11AM), Mexico City
 

Private education and research facility, focusing on marine 
fisheries limnology, and aquaculture. 

Instituto Tecnologico y de Estudios Superiores 
de Monterrey (ITESM) 
Gyuamas Campus 

Private institution offering undergraduate and graduate 
level training inmarine biology and food technology. 
Research in aquaculture, marine mammals and shrimp by
catch utilization in collaboration with U. S., Japanese and 
other institutions. 

NETHERLANDS ANTILLES 

Foundaction Carmabi 
Willemstad, Curacao 

Private research foundation; formerly the Ca,"bbean 
Marine Biological Institute. Research emphasis on fisheries, 
coral reef ecology, and marine resource management. Has 
facilities for visiting scientists and students. 

73 



NICARAGUA 

Centro de Investigaciones Pesqueras, (CIP) 
Instituto Nicaraguense de la Pesca, Managua 

Fisheries research institute for aquaculture studies,
principally in stock assessment and the determination of 
resource abundance and distribution. 

PANAMA 

Centro de Ciencias del Mar y Limnologia
(CCML) 
Panama City 

Center of the University of Panama with research,
technical training and technology transfer programs in marine
science. Research emphases on chemistry, sediments, primary 
productivity and fisheries resources of the Gulf of Panama.
H-las participated in cooperative projects with Smithsonian 
Tropical Research Institute, the University of Havana, and the 
University of Delaware. Offers undergraduate courses in 
maiine biology, oceanography, ichthyology and marine 
ecology, 

Smithsonian Tropical Research Institute (STRI) 
Balba 

Center for advanced tropical studies on basic biological 
processes and conservation with the support of advanced 
training and tropical research by scientists from other 
institutions. Has an environmental sciences program at the 
Galeta Marine Laboratory on the Caribbean which monitors 
:,r and sea conditions, and distribution, abundance and 
diversity of reef plants and animals. About 200 visiting
scientists and students use the facilities each year. There are 
fellowships for students to conduct independent research 
projects under the direction of resident staff. Assistantships
provide students and recent graduates with the opportunity for 
field experience. Qualified students from Latin America and 
elsewhere are eligible to participate. Research projects have
been carried out in collaboration with many institutions in 
Europe and the Americas. 

PUERTO RICO 

Departmento de Ciencias Marinas, 
Universidad de Puerto Rico (DCM)
Mayaquez 

Government research institution with academic programs
at the graduate level. Participates in NOAA's Sea Grant 
extension program. Offers courses and research opportunitiesin aquaculture, biological oceanography, demersal and pelagic
fisheries. 

SAINT LUCIA 

Caribbean Environmental Health Institute (CEHI)
 
Castries
 

Inter-governmental organization established by
CARICOM in 1981 to coordinate all aspects of 
environmental health activities with member states. 
Conducting waste management studies and marine pollution
monitoring network. Currently studying bacterial and
chemical pollution and their effects on St. Lucia. 

TRINIDAD AND TOBAGO 

Institute of Marine Affairs (IMA)

Carenage
 

Founded as a joint project of the Government of Trinidad 
and Tobago and the United Nations. Offers graduate courses
in marine biology and fisheries. Conducts research and 
monitoring studies on water quality, stock assessment of 
commercially important fish species, and coastal erosion. 
Personnel perform instructional, research and extension 
functions similar to a university; several staff members are 
associate faculty at the University of the West Indies. 

U.S. VIRGIN ISLANDS 

West Indies Laboratory,
 
Fairleigh Dickinson University (WIL)
 
Teague Bay, Christiansted, St. Croix
 

Private research and teaching facility with graduate and
 
undergraduate courses in tropical marine ecology. 
 Site of
 
NOAA Hydrolab facility for advanced underwater and marine
 
research.
 

VENEZUELA 

Centro de Investigaciones Biologicas,
 
Facultad de Humanidades y Educacion,
 
Universidad de Zulia (CIB)
 
Maracaibo, Zulia
 

Private education and research facility, focusing on marine
fisheries limnology, and aquaculture. 

Estacion de Investigaciones Marinas de Margarita,
 
Fundac>,)n La Salle de Ciencias Naturales,
 
Campus de Margarita (EDIMAR)

Nueva Esparta
 

Private institution with extensive curricula and research in 
marine biology, fisheries biology, and aquaculture. 
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Instituto Oceanog.'arico (10) 

Cumana, Sucre 

Government research institution; diverse fisheries studies. 

Instituto para el Control y la Conservacion de la 
Cuenca del Lago de Maracaibo (ICLANI) 
Maracaibo, Zulia 

Government research institution; fisheries, limnology, 
aquaculture. 

Togehwr the variety of institutions throughout the Caribbeanform a wealth of expertise, which may be 
able to develop a balanced approachfor integratingfisheries development with other marine resources. 

(Photo:M. W. Williams) 
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ANNEX B 

Country Notes 

No attempt has been made to produce a systematic 
marine resource "profile" for each Caribbean country. In the 
course of preparing this report, some country-specific
information has been obtained that is relevant to the 
discussions in the proceeding chapters. This information is 
summarized below. The general absence of specific
information on underexploited fisheryand geological resources 
underscores the need for better data in support of dc 'lopment 
of the Caribbean marine sector. This dirth of information 
impedes the preparation of the comprehensive marine resource 
development and management plans that are needed 
throtughout the region. 

Antigua and Barbuda 

Both islands rest on coral platforms, and are surrounded 
by relatively large submarine shelves. The fishing industry is 
small, and the country imports roughly half of the fishes 
consumed. Tourism is the mainstay of the economy with 
attendant problems for nearshore habitats. Large quantities of 
sand are mined in Barbuda for shipment to the U.S. Virgin
Islands. Offshore oil leases have been granted within Antigua 
and Barbuda territory. 

Aruba 

As of January 1986, Aruba has acquired autonomous 
status within the Kingdom of the Netherlands and now has 
equal and separate status from the Netherlands Antilles. The 
island is located 24 kilometers from the Venezuelan coast. 
The island is arid and agriculture is relatively unimportant. 
Fisheries are primarily demrsal due to proximity to the 
South American coast. Tourism is a significant source of 
revenue, and reefs, mangroves, and scagrass beds apparently 
are flourishing. Fisheries are underdeveloped, and there is 
potential for high-density mariculture. Solid waste and 
sewage disposal pose potential problems in urban areas, 

Barbados
 

Based on a coral platform, Barbados is ringed by san(
bcaches and coral reefs. Tourism is the primary industry, 
followed by light manufacturing and suar. The coastal shelf 
is narrow, and the major fisheries afe oceanic pelagic and 
offshore demersal species. Nearshore fisheries have been 
overexploited, and stock depletion is aggravated by 
deteriorating water quality in coastal areas. Problems of 
coastal erosion are worsened by stress on coral reefs resulting 
from pollution from sewage, solid waste, fertilizers, industrial 
effluents, and suspcnded sediments. 

Belize 

This 257 kilometer long chain of islands and coral 
heads fo,-m the largest continuous barrier reef in the northern 
hemisphern. Miles of white sand beaches and protected waters 
offer sub-,antial but undeveloped potential for tourism. There 
is a well-established and economically important fishing 
industry for lobster, conch, fiilfishes, shrimp, and turtles. Oil 
pollution and garbage disposal are major problems of 
immediate concern. A management plan has been drafted for 
creation of the first multi-use marine park in the barrier reef, 
near Ambergis Caye. 

British Virgin Islands 

These 36 i.slands are characterized by coral reefs, 
mangroves, white sand beaches, and salt ponds. Tourism 
accounts for seventy percent of the territory's GNP, as well 
as for many of its major coastal problems. Examples of 
tourism related impacts include the clearing of mangrove
forests for construction, and damage to marine habitats by 
boat ;'nchors and divers. Coastal pollution problems are 
expected to increase as the tourist industry continues to 
expand.
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Colombia 

The coastal area of Colombia represents a small proportion
of the total national territory, but early industrial growth was 
concentrated around natural harbors at Barranquilla, Cartagena, 
and Santa Marta. Coastal tourism has less economic 
importance than the industrial and port sector, though 
government plans call for increased tourist activity along the 
Atlantic coast and in Colombia's Caribbean islands. Fishery 
resources are )elieved to be underutilized, but development is 
hampered by inadequate assessment of these resources. Highly 
destructive extraction methods of fisheries exploitation, such 
as dynamiting the shallow reefs, coastal pollution and 
sedimentation, are threatening the productivity of fisheries 
and destroying coral reefs. Comprehensive development and 
management plans are needed for coastal areas. 

Costa Rica 

Historically, coastal activities have been oriented toward 
the Pacific coast. In the past decade, there has been 
intensification of agricultural, industrial, petroleum-related, 
and tourist activity along the Caribbean coast. The 
documented impacts of these activities include siltation, 
increasing pesticide levels, eutrophication, and pollution from 
petroleum hydrocarbons. Research and monitoring
investigac these impacts are underway. Information on the 

to 

extent of coastal and fishery resources is lacking. 

Dominica 

The coastal shelf is extremely narrow, with few protected 
bays or beaches. Coral reefs are not extensive, and consist 
primarily of coral veneers on rock substrates. Tourism is not 
heavily developed, and there has been substantial emphasis 
upon agriculture. The fishing industry is small, and 

concentrates primarily upon pelagic resources. Nearshore 

stocks have been heavily exploited and may be overfished.
 
Domestic refuse, sewage, pesticides, and waste from light

industry cause stress to limited nearshore habitats. 
 Coastal 
erosion has been exacerbated by removal of beach stones for
rm;ad construction. 

Dominican Republic 

A narrow shelf, low productivity of nearshore waters, and 
the lack of fishery tradition combine to make the country 
dependent upon imports for seventy percent of fishes 
consumed. A variety of incentives and tax privileges have 
been provided to encourage fisheries and aquaculture
development, resulting in a seventy percent increase ia,
domestic production since 1983. Emphasis on aquaculture ;s
resulting in significant production of freshwater prawns and 
penaeid shrimp. Lack of adequate information on size of 
fishery stocks and location of critical habitats are major 

constraints to development. Inadequate enforcement of fishery 
legislation has led to possible overfishing of the spiny
lobster. Problems with ciguatera have impeded the 
development of reef fisheries. The first offshore marine 
sanctuary has been declared on the Silver Banks for breeding
humpback whales. The largest mangrove forest in tie 
country (at the head of Samana Bay) is threatened by
developmnei of rice agriculture. High priority has been 
assigned to development of tourism, raising concern for 
adequate waste disposal, beach protection, and collection of 
curios (coral and ornamental shells). 

Grenada 

A large submarine shelf to the southwest combined 
with a portion of the Grenadine shelf provide Grenada with 
substantial fishery resources. Artisanal fisheries are relatively
well-developed, and a successful fisheries improvement 
program hs been in operation for several years. Coastal 
erosion, aggravated by sand mining and possibly pollution (in
the case of Grand Anse beach) is a serious problem. Shallow
water fisheries are approaching limits of sustainable 
exploitation. Lobster and conch may be overexploited, and 
information is needed on underutilized deep water resources. 

Guatemala 

The Caribbean coast consist- of two zones: the Bay of 
Amatique is characterized by wide, low-energy beaches, 
seagrass beds and shrub-like vegetation; while the open water 
zone ha,,, smaller medium-energy beaches and swamp areas

with mangrove stands. Fisheries are small and underdeveloped.
 
A small amount of lobstci is exported, but there is signficant

potential for expanded shrimp, tuna and snapper fisheries 
as
 
well as aquaculture in estuarine areas. Oil pollution is the
 
most significant environmental threat, both to fisheries and
 
the developing tourist industry.
 

Haiti 

Haiti has an extensive coastline with mangrove forests, 
lagoons, seagrass beds, coral reefs, sand beaches, estuaries,
and protected bays. It is assumed that these systems are 
generally healthy except in areas affected by pollution (near
Port-au-Prince) and sedimentation from agricultural runoff. 
Nearshore reef fisheries are overexploited, however, and there 
is a substantial export trade in coral, turle shell, aquaritum 
fishes, and ornamental shells. Stock assessments, 
improvements in fishing technology and marketing studies are 
needed to expand fishery activity offshore and to manage
nearshore resources. Substantial opportunity exists for 
marine-based tourist activities including SCUBA and deep-sea 
fishing. 
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Honduras 

Agriculture is a principal industry. The continental shelf 
varies in width from 19 to 238 kilometers, and offers 
significant development potential. Fishing activities are 
concentrated on lobster and shrimp for export, with little 
harvest for domestic constimption. Coral reefs, seagrass beds, 
mangrove forests, and white sand beaches are characteristic of 
the coast. The Bay Islands (including Roatan, Utila, and 
Guanaja) are the center of commercial fishing activity and are 
favored vacation spots. An oil refinery at Puerto Cortes poses 
potential environmental problems, as does expanding tourism,
There are no environmentally sensitive development 
guidelines or compreheiisive plans. The shortage of trained 
personnel and rational development and management plans are 
major constraints to securing optimum economic benefits 
from marine resources. 

Jamaica 

The shelf of the northern coast of the island is only
about 1 kilometer wide, yet supports a well-developed system 
of fringing reefs. Traditional fishing grounds are located on 
banks to the south and east in the vicinity of Morant and 
Pedro Cays. The most pressing coastal area problems are: 

- stock depletion due to overfishing and .',gradation of 
nursery areas; 

- severe pollution from domestic sewage, pesticides, and 
wastes from petroleum, breweries, tanneries, rum, soap, 
bauxite, sugar, and food processing industries; 

- high sediment loading from poor land management and 
bauxite mining; 

- coastal erosion from indiscriminate removal of bcach 
sand and construction; and, 

- tourism-related damage to reefs including removal of 
coral, meclnical damage by divers, and local selling of 
corals. 

Mexico 

The Caribbean coast lies entircly within the state of 
Quintana Roo on the Yucatan Peninsula. A continuous 
fringing and barrier reef system extends from the Belize border 
to Cancun. Mangroves and seagrass beds are found along the 
coast, and are presently in pristine condition. The extent of 
marine resources is not known, but concern exists for high
value species, for example, spiny lobster and conch, which are 
increasingly harvested as tourism rapidly develops. Shrimp 
fisheries, supported by extensive mangrove wetlands, are 
prevalent along the Gulf of Mexico and in the Yucatan 

Netherlands Antilles 

This autonomous federation consists of two groups of 
islands: Curacao and Bonaire near the coast of Venezuela; and 
Saint Maarten, Saint Eustatius, and Saba to the north of St. 
Christopher. The southerly islands have extensive fringing
reefs and white sand beaches. Because of the relatively narrow 
coastal shelf, the fisheries are almost wholly pelagic. 
Seagrass beds and mangroves have suffered from some human 
activity, but portions of the Curacao coast and all of the 
Bonaire underwater environment are managed as parks. The 
northern islands are characterized by fringing reefs and white
sand beaches which make tourism a primary industry. Marine 
habitats are generally in good condition, but there is strong 
likelihood that the Saba Banks (widely reported in the 1960s 
to be promising fishing grounds) are being overfished by
fleets from a variety of nations. Regulation of fishing access 
is -,pressing need for protection of these resources. 

Nicaragua 

Highly productive ecosystems are located along the 
Caribbean coast on a relatively large (average width of 112 
kilometers) continental shelf shared with Honduras. 
Extensive seagrass beds, mangrove swamps and lagoons are 
relatively undisturbed because of heavy rainfall and insect 
pests. No tourism or industrial activity occurs on the 
Caribbean coast. The extent and characteristics of Caribbean 
marine resources are virtually unknown and probably offer 
significant potential for economic development. 

Panama 

Because of the importance of shipping and international 
finance to the economy of the country, relatively little 
emphasis has been placed upon development of coastal 
resources. Fisheries are artisanal and small, consisting
primarily of lobster and green turtles. There are extensive 
mangrove forests on both the Pacific and Atlantic coasts, and 
coral reefs along the northern coast, which have been given 
priority for tourism development by the Panamanian 
government. There has been some overfishing of lobsters in 
the Caribbean waters and shrimp in the Pacific, but sharks and 
snapper may have potential for development. Inadequate 
information on coastal and fishery resources is a major 
impediment to reasonable development planning. 

St. Christopher and Nevis 

Both islands are volcanic, with narrow coastal shelves and 
scattered seagrass beds and coral reefs. Nearshore resources are 
heavily exploited, but a fisheries development program is 
being instituted which features exploration of deepwater 

79 



stocks, small-scale mariculture, and improved management of 
nearshore stocks and habitats. Coastal erosion is a widespread
problem aggravated by sand removal for construction. 
Industrial pollution due to sugar factory waste, has been 
confined to Basseterre Bay, but problems with sewage 
disposal are expected to increase with the development of 
tourism. 

St. Lucia 

The island is volcanic with few beaches. There i.Qan 
extensive seagrass and coral reef system on the southeastern 
coast, and isolated reefs on the western coast which are 
significant tourist attractions. Of the Eastern Caribbean 
governments, St. Lucia's has indicated the greatest interest and 
commitment to fisheries developm,'nt. Pelagic fisheries 
account for the majority of landings and are the primary target
of development plans. Erosion is the most significant coastal 
problem, and has destroyed several beaches, coral reefs, and 
turtle nesting habitats. Natural erosion processes have been 
augmented by clearing of forests, sand mining, and poorly
planned reclamation projects. 

St. Vincent and the Grenadines 

These islands are volcanic, but while St. Vincent has 
little coastal shelf, the Grenadines rest upon one of the largest
shelves in the Lesser Antilles. Extensive coral reefs, seagrass
habitats, and white sand beaches are found throughout the 
Grenadines and are the focus of significant tourist activity,
Shallow-water fisheries have been overexploited, a 
development which has been encouraged by lucrative markets 
for fishes in the French Antilles. Beach tar from seaborne 
pollution is a growing problem for recreational beaches,
aggravated by solid waste from peasure yachts. Removal of 
sand and stone for -' nstruction aggregate has caused 
significant erosion on the west coast of St. Vincent. There is 
a possibility of developing alternative sources at the Brighton
and Diamond sand dunes, but such development requires
adequate advanced impact assessment. St. Vincent expects to 

receive major funding from the Canadian Government for 
fisheries development in the near future. 

Trinidad and Tobago 

These islands are geologically part of South America,
and have one of the highest gross domestic products in the 
region derived largely from petroleum production and refining.
Trinidad has extensive tropical forests and large swamps, as 
well aq numerous coral reefs and white sand beaches. Fishing
is primarily artisanal, and appears to have little effect upon
the available resource. There is a brisk export trade in tropical
fishes and ornamental shells. Tobago, where tourism is the 
second largest source of foreign exchange, has a modest 
charter fishing fleet, but no such service exists in Trinidad. 
While the Government has established the Caroni Swamp as a 
national park, there is no comprehensive plan for coastal 
management or fisheries development. Inadequate marketing 
structure for fishes and inadequate information on resources are 
major disincentives to such planning. 

Venezuela 

Venezuela is a major producer and exporter of oil, and 
large-scale steel and petrochemical industries are being
developed in Zulia, which is also the site of roughly 40% of 
the nation's fishing industry. The largest urban and industrial 
concentrations lie along the coast, including commercial 
fisheries, heavy industry, petroleum recovery, ports, domestic 
housing and tourism. The latter industry is increasing
rapidly, but is relatively unimportant to the gross national 
product. Pollution near Caracas has caused some beaches to 
be closed to recreational use. Oil spills, other hydrocarbons, 
mercury residues, and thermal discharges have led to the 
disappearance of marine species (including mollusks, 
mangroves, and corals) in some areas. Removal of mangroves
and dredging associated with coastal construction have 
increased erosion problems and sediment loading. A variety
of marine species including shrimp, prawns and crabs are 
threatened and the Caribbean Monk Seal may be extinct. 
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ANNEX C
 

Threatened Taxa
 

This Annex provides a country-specific list of threatened coastal and marine animal taxa in the Caribbean region. 
The information here was provided by the International Union for the Conservation of Nature and Natural Resources 
(IUCN)/Cambridge Monitoring Centre (CMC), located in Cambridge, England. Species identified as threatened by 
IUCN are assigned a caiagory indicating the degree of threat. Definitions are as follows: 

EXTINCT (Ex): Species not definitely located in the wild during the past 50 years (criterion as used by the 
Convention on Intemational Trade in Endangered Species of Wild Fauna and Flora). 

ENDANGERED (E): Taxa in danger of extinction and whose survival is unlikely if the casual factors continue 
operating. 

VULNERABLE (V): Taxa believed likely to move in to the "Endangered" catagory in the near future if the 
causal factors continue operating. Included are taxa of which most or all the populations are decreasing because of 
over-exploitation, extensive destruction of habitat or other environmental disturbance; taxa with populations that 
have been seriously depleted and whose ultimate security has not yet been assured; and taxa with populations that are 
still abundant but are under threat from severe adverse factors throughout their range. 

("Endangered" and "Vulnerable" catagories may include, temporarily, taxa whose populations are begining to recover 
as a result of remedial action, but whose recovery is insufficient to justify their transfer to another catagory.) 

RARE (R): Taxa with small world populations that are not at present "Endangered" or "Vulnerable", but are at 
risk. These taxa are usually localised within restricted geographical areas or habitats or are thinly scattered over a 
more extensive range. 

INDETERMINATE (I): Taxa known to be "Endangered", "Vulnerable" or "Rare" but where there is not enough 
information to say which of the three catagories is appropriate. 

INSUFFICIENTLY KNOWN (K): Taxa that are suspected but not definitely known to belong to any of the 
above catagories, because of lack of information. 

THREATENED (T): Threatened is a general term to denote species which are "Endangered", "Vulnerable", 
"Rare", "Indeterminate", or "Insufficiently Known" and should not be confused with the use of the same term by the 
U.S. Office of Endangered Species. In this document it is used to identify taxa comprised of several sub-taxa which 
have differing status catagories. 

COMMERCIALLY THREATENED (CT): Taxa not currently threatened with extinction, but most of all of 
whose populations are threatened as a sustainable commercial resource, or will become so, unless their exploitation 
is regulated. This catagory applies only to taxa whose populations are assumed to be relatively large. In practice, 
this catagory has only been used for marine species of commercial importance that are being overfished in several 
parts of their ranges. 
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TAXON NAME 

Class REPTILIA
 
Order TESTUDINES
 
Family Cheloniidae
 

Caretta caretta 
Chelonia mydas 
Eretmochelys imbricata 
Lepidochelys olivacea 

Order CROCODYLIA 
Family Crocodylidae 

Crocodylusacutus 

Phylum CNIDARIA 
Order ANTI PATIIARIA 
Family Anthipathidae 

Phylum MOLLUSCA 
Order ARCIIAEOGASTROPODA 
Family Strombidae 

Strombustgigas 

Sub-Phylum CRUSTACEA 
Order DECAPODA 
Family Palinuridae 

Panilurus argus 
Panilurus guttatus 

Class REPTILIA
 
Order TESTUDINES
 
Family Cleloniidae
 

Carettacaretta 

Chelonia mydas 

Eretnochelys imbricata 

Class MAMMALIA 
Order PINNIPEDIA 
Family Plocidae 

Monachus tropicalis 

Order SIRENIA 
Family Trichechidae 

Trichechusmanatus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloridae 

Caretta caretta 
Chelonia mydas 
Eretmochwlys imbricata 

COMMON NAME 

CARIBBEAN REGION 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

American Crocodile, Crocodilo, Lagarto Negro E 

Black Corals CT 

Queen Conch CT 

Spiny Lobster CT
Spotted Spiny Lobster CT 

ANTIGUA and BARBUDA 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
Hlawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

BAHAMAS 

Caribbean Monk Seal, West Indian Seal E 

Caribbean Manatee, North American Manatee, American Manatee 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

V 
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Order CROCODYLIA
 
Family Crocodylidae
 

Crocodylus acutu 


Class MAMMALIA
 
Order SIRENIA
 
Family Trichechidae
 

Trichechus maru 

Class REPTILIA
 
Order TESTUDINES
 
Fanily Cheloniidae
 

Caretta carena 
Chelonia mydas 
Eretmochelys ianhricata 
Lepidochely, olivacea 

Family Derntenyidae 
Dermatemys mawii 

Family Dcrnochelyidae 
Dermochelys coriacea 

Order CROCDYLIA 
Family Crocodylidae 

Crocodylus acutus 

Class REPTILIA 
Order TESTUDINES 
Family Chelonidae 

Chelonia mydas 
Eretmochelysimbricata 

Order CROCODYLIA 
Family Crocodylidae 

Crocodylus acutus 

Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus inunguis 

Trichechusmanatu. 


Class REPTILIA 
Order TESTUDINES 
Family Chelonidae 

Caretta caretia 
Chelonia mrydas 
Eremochelys imbricata 
Lepidochelys olivacea 

Family Dermochelyidae 
Dermochelys coriacea 

American Crocodile, Crccodilo, Lagarto Negro E 

BELIZE 

Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Central American River Turtle V 

Leatherback, Leathery Turtle, Luth, Tortuga Tom, Barriguda, Tartaruga E 

American Crocodile, Crocodilo, Lagarto Negr, E 

CAYMAN ISLANDS 

Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

American Crocodile, Crocu.- Jlo, Lagarto Negro E 

COLOMBIA 

Amazonian Manatee, South American Manatee V 
Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtt'ga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tarnaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Leatherback, Leathery Turtle, Luth, Tortuga, Tom, Barriguda, Tartaruga E 
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Order CROCDYLIA 
Family Alligatoridae


Caiman crocodiluscrocodilus Spectacled Caiman 
 V
Caiman crocodilusfuscus Brown Caiman V 

Family Crocodylidae
Crocodylusacutus American Crocodile, Crocodilo, Lagarto Negro E 

BRITISH VIRGIN ISLANDS 
Class REPTILIA 
Order TESTUDINES 
Family Dermochelyidae

Dermochelys coriacea Leaiherback, Leathery Turtle, Luth, Tortuga Tom, Barriguda, Tartaruga E 

CUBA 
Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus manatus Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Clieloniidae 

Caretta caretta Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana VEretmochelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente ELepidochelys olivacea Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Order CROCODYLIA
 
Family Alligatoridae
 

Caiman crocodilusfuscus Brown Caiman 
 V 
Family Crocodylidae

Crocodyllus acutus American Crocodile, Crocodilo, Largato Negro E 

DOMINICA 
ClassREPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Chelonia mydas Green Sea Turtle, Tortuga Verde del Adantico and Pacifico, Torgtuga Blanca EEretnochelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

DOMINICAN REPUBLIC 
Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus manatus Caribbean Manatee, North American Manatee, Am. Manatee V 
Class REPTILIA 
Order TESTUDINES 
Family Chelonidae 

Caretia carcita Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana VCheloniamydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca EEretmochtelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Family Dermoclelyidae

Dermochelys coriacea Leatherback, Leathery Turtle, Luth, Tortuga Tom, Barriguda, Tartaruga E 
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Order CROCODYLIA 
Family Crocodylidae 

Crocodyllus acutus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Chelonia mydas 
Eretmochelys imbricata 

Class REP'TIJA 
Order TES I UDINES 
Family Dermochelyidae

Dermochelys coriacea 

Class REPTILIA 
Order TESTIDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mydas 
Eretmochelys imbricata 

Family Dermochlelyidae 
Dermochelys coriacea 

Class MAMMALIA 
Order SIRENIA 
Family Triclechidoe 

Trichechu.s"manatus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mydas 
Eretmochelys imbricata 
Lepidochelys olivacea 

Family Dermatenyidae 
Dernaernysmawii 

Order CROCDYLIA 
Family Crocodylidae 

Crocodylus 'icutus 

Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus manatus 

American Crocodile, Crocodilo, Largato Negro E 

GRENADA 

Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

TIIE GRENADINES 

Leatherback, Leathery Turtle, Luth, Tortuga Tora, Barriguda, Tartaruga E 

GUADELOUPE 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

Leatherback, Leathery Turtle, Luth, Tortuga Tora, Barfiguda, Tartaruga E 

GUATEMALA 

Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Palama E 

Central American River Turtle V 

American Crocodile, Crocodilo, Lagarto Negro E 

HAITI 

Caribbean Manatee, North American Manatee, American Manatee V 
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V 

Class A VES 
Order PROCELLARIIFORMES 
Family Procellariidae 

Pierodronahasitata 

Class REPTILIA 
Order TESTUDINES 
Family Clwloniidae 

Cheloniamydas 
Eretnochelys itnbricata 

Order CROCODYLIA 
Family Crocodylidae 

Crocodyllus acutus 

Class MAMMAIJA 
Order SIRENIA 
Family Trictuclzidae 

Trichechus mnanatus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 

Chelonia mydas 
Eretochelys imb)ricata 
Lepidochelys olivacea 

Faimily Dermaieinyidae 
Dermatemys rmawii 

Order CROCDYLIA 
Family Crocodylidae 

Crocodylus acutus 

Class MAMMALIA 
Order SIRENIA 
Family Trichechidac 

Tiichechu. nmnatus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mnydas 
Eretochelys imbricata 

Order CROCODYLIA 
Family Crocodylidae 

Crocodyllus acutus 

Class REPTILIA 
Order TESTUDINES 

Black-capped Petrel, Diablotin 

Green Sea Turtle,Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E
 

American Crocodile, Crocodilo, Largato Negro E 

HONDURAS
 

Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Central American River Turtle V 

American Crocodile, Crocodilo, Lagarto Negro E 

JAMAICA 

Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
lHawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

American Crocodile, Crocodilo, Largato Negro E 

MARTINIQUE
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Family Cheloniidae 
Cheinniamydas 
Eretmochelys imbricata 

Class MAMMALIA 
Order PINNIPEDIA 
Family Phocidae 

Monachus tropicalis 

Order SIRENIA 
Family Trichechidoe 

Trichechus manatus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mydas 
Eretmochelys imbricata 
Lepidochelys olivacea 
Lepidochelys kempii 

Family Dermatemyidae 
Dermatemys miawii 

Family Derinochelyidae 
Dermochelys coriacea 

Order CROCDYLIA 
Family Crocodylidae 

Crocodylus acwu 
Family Alligatoridae 

Caiman crocodilusvfucus 

Class REPTALIA 
Order TESTUDINES 
Family Chelonfidae 

Eretmochelys imbricata 

Class REPTILIA 
Order CROCODYLIA 
Family Crocodylidae 

Crocodyllu acutus 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E
 

MEXICO 

Caribbean Monk Seal, West Indian Seal E 

Caribbean Manatee, North American Manatee, American Manatee V 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico andPacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeirm and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 
Kemp's Ridley, Atlantic Ridley Sea Turtle, Tortuga Lora E 

Central American River Turtle V 

Leatherback, Leathcry Turtle, Luth, Tortuga Tora, Barriguda, Tartaruga E 

American Crocodile, Crocodilo, Lagarto Negro E 

Brown Caiman V 

MONSERRAT 

Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeia and de pente E 

NETHERLANDS ANTILLES 

American Crocodile, Crocodilo, Largato Negro E 

NETHERLANDS LEEWARD ISLANDS 

Carettacareita Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Chelonia mydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Eretmochelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de pente E 
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Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus manatuis 

NICARAGUA 

Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mydas 
Eretmochelys imbricata 
Lepidochelys olivacea 

Family Dermochelyidae 
Dermochelys coriacea 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Leatherback, Leathery Turtle, Luth, Tortuga, Torn, Barriguda, Tartaruga E 

Order CROCDYLIA 
Family Alligatoridae 

Caiman crocodilu.sfuscus 
Family Crocodylidae 

Crocodylus acutus 

Brown Caiman 

American Crocodile, Crocodilo, Lagarto Negro 

V 

E 

Class MAMMAIJA 
Order SIRENIA 
Family Trichechidae 

Trichechus nanatus 

PANAMA 

Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta caretta 
Chelonia mydas 
Erettnochelys imbricata 
Lepidochelys olivacea 

Family Dermochelyidae
Dermochelys coriacea 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uniana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
Ilawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Leatherback, Leathery Turtle, Luth, Tortuga, Tom, Barriguda, Tartaruga E 

Order CROCDYLIA 
Family Alligatoridae 

Caiman crocodilusfuscus 
Family Crocodylidae 

Crocodylus aciaus 

Brown Caiman 

American Crocodile, Crocodilo, Lagarto Negro 

V 

E 

Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus manalus 

PUERTO RICO 

Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Carettacaretta 
Chelonia mydas 

Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uniana, Suruana V 
Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
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Eretmochelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Lepidochelys olivacea Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Family Dermochelyidae 
Dernochelys coriacea Leatherback, Leathery Turtle, Luth, Tortuga Tom, Barriguda, Tartaruga E 

ST. LUCIA 
Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Chelonia mydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Eretmochelys indbricata Hawksbill Turtle, Carey, Tortuga Carey, Tantaruga verdadeira and de Pente E 

ST. VINCENT 
Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Chelonia mnydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Eretmochelys imbricata Hawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

TRINIDAD and TOBAGO 
Class MAMMALA 
Order SIRENIA 
Family Trichechidae 

Trichechu.s manatus Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Chelonidae 

Caretta caretia Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V 
Chelonia mydas Green Sea Turtle, Tortuga Verds del Atlantico and Pacifico, Torgtuga Blanca E 
Eretmoctelys ird)ricata I-lawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 
Lepidochelys olivacea Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Family Derrnochelyidae 
Dermochelys coriacea Leatherback, Leathery Turtle, Luth, Tortuga Tom, Barriguda, Tartaruga E 

Order CROCODYLIA 
Family Alligatoridae 

Caiman crocodilus crocodilus Spectacled Caiman V 

UNITED STATES VIRGIN ISLANDS 
Class REPTILIA 
Order TESTUDINES 
Family Cleloniidae 

Cheloniamydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E 
Eretmochelys imbricata l-lawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E 

Family Dermochelyidae 
Dermochelys coriacea Leatherback, Leathery Turtle, Luth, Tortuga Tora, Barriguda, Tartaruga E 

Order SAURIA 
Family Teiidae 

Ameiva polops St. Croix Ground Lizard E 
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VENEZUELA 

Class MAMMALIA 
Order SIRENIA 
Family Trichechidae 

Trichechus inunguis Amazonian Manatee, South American Manatee V 
Trichechus manatus Caribbean Manatee, North American Manatee, American Manatee V 

Class REPTILIA 
Order TESTUDINES 
Family Cheloniidae 

Caretta (.aretta Loggerhead Turtle, Tortuga de mar, Cares, Tartaruga domar, Uruana, Suruana V
Chelonia mnydas Green Sea Turtle, Tortuga Verde del Atlantico and Pacifico, Torgtuga Blanca E
Eretmochelys imbricata l-lawksbill Turtle, Carey, Tortuga Carey, Tartaruga verdadeira and de Pente E
Lepidochelys olivacea Olive Ridley Turtle, Pacific Ridley Turtle, Tortuga verde, Parlama E 

Family Dermochelyidae 
Dermochelys coriacea Leatherback, Leathery Turtle, Luth, Tortuga, Tor, , Barriguda,Tartaruga E 

Order CROCDYLIA 
Family Alligatoridae 

Caiman crocodilus crocodilus Spectacled Caiman V
Caiman crocodihtfuscus Brown Caiman V 

Faily Crocodylidae 
Crocodylus acutus American Crocodile, Crocodilo, Lagarto Negro E 

90 



"lhave iis inpetus to continuefishin' 'til Idie.
 
You will neverfind me for de rest of my life withoutfishin' tackle."
 

(Quotefrom Jamaicanfisherman; Photo:FAQ)
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