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1.  Executive Summary 

The Caribbean Large Marine Ecosystem and Adjacent Project (the CLME Project) addresses two 

Large Marine Ecosystems (LMEs): the Caribbean LME and North Brazil Shelf LME. The 

Caribbean LME is a semi-enclosed tropical sea of about 3 million km
2
 bounded to the north by 

the Bahamas and the Florida Keys, to the west by Central America, to the south by South 

America and to the east by the Lesser and Greater Antilles Island chain. The CLME is also 

bordered by the Gulf of Mexico LME to the north and the North Brazil Shelf LME to the south. 

The North Brazil Shelf LME extends along the north eastern South American coast from the 

Parniba River in Brazil to the boundary of the Caribbean. The focus of the UNDP/GEF CLME 

Project is on assisting the Caribbean countries to improve the management of their shared living 

marine resources, most of which are experiencing overexploitation and degradation, through an 

ecosystem based approach. 

A number of unique features make the CLME of special global and regional significance. The 

region is the most geopolitically diverse and complex in the world. With 22 independent states 

and 17 dependent territories (USA, UK, France, and the Netherlands) the CLME has the highest 

number of maritime boundaries of any other LME. This presents a considerable challenge for the 

effective management of the region‘s living marine resources, especially as many of them are 

shared.  

An important component of the CLME project has been to undertake a Transboundary 

Diagnostic Analysis (TDA). A TDA is a widely-used tool within GEF International Waters 

Projects to provide a scientifically objective assessment of the causes of the main problems 

affecting transboundary and shared systems. In the project development phase (PDF-B) a 

preliminary TDA identified three priority transboundary problems that affect the CLME: 

unsustainable exploitation of fish and other living resources, habitat degradation and community 

modification, and pollution associated with three geographical areas (Insular Caribbean, 

Central/South America and Guianas/Brazil) within the Wider Caribbean Region (WCR). The 

PDF-B phase also highlighted the importance of having an effective governance regime to 

address the sustainability of the living marine resources of the WCR and the need to develop a 

specific framework targeted at interventions needed to bring about change in regional fisheries 

governance. 

This report is the revised and updated Regional TDA based on TDAs of three fisheries 

ecosystems of regional significance: the reef, pelagic and continental shelf fisheries ecosystems. 

This Regional TDA (supported by the three fisheries TDAs and a regional governance analysis) 

will serve as the science basis for development of an agreed program of interventions including 

fisheries management reforms, conservation measures and pollution control. A Strategic Action 

Programme (SAP) with a shared vision for the CLME will be developed, and required priority 

interventions, reforms and investments to address the main transboundary problems agreed to. 

To assist this process, the project will create an integrated information management system 

bringing together congruent fisheries, biological, pollution and socio-economic data and 

information as a powerful management tool. Similarly, a monitoring and evaluation framework 

within a Regional Monitoring Environmental Programme will be developed. Pilot projects and 

case studies on specific transboundary fisheries (spiny lobster, reef, flyingfish, large pelagic and, 

shrimp and groundfish fisheries) will trial governance models at the local, national and sub-
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regional levels and provide additional knowledge on means of applying ecosystem based 

approaches to fisheries management and determining the fisheries‘ socio-economic importance 

and sensitivities. 

The WCR ecosystem 

The CLME region has considerable ecosystem resources that both contribute to the socio-

economic growth of the region and offer ecological and biodiversity value. The WCR contains 

significant ecological features including: 

 Over 12,000 species reported by the Census of Marine Life,; 

 About 118 marine invasive species; 

 Over 185 species of water birds and over 350 species of North American migratory birds 

during the winter months; 

There is considerable spatial and seasonal heterogeneity in productivity throughout the WCR 

through interactions of open-ocean, coastal and ocean process and significant riverine inflows. 

High productivity is found in a range of coastal habitats such as coral reefs, mangrove forests 

and seagrass beds as well at ocean fronts and upwellings, and continental shelf influenced by 

river outflow.  

The WCR provides valuable ecosystem ‗services‘ (benefits derived from ecosystems), including 

through fisheries, tourism, coastal defences, and biodiversity support. These valuable systems are 

under growing threat from direct and indirect human activities, including climate change and 

variability. Marine ecosystems in the WCR have been treated in a fragmented manner, with 

individual habitats or fish stocks assessed and managed separately, with little consideration to 

preserving the overall health of the ecosystem. The focus of this TDA (this Regional TDA, and 

the detailed fisheries ecosystem TDAs) is to assess specific fisheries ecosystems and to identify 

the causes for their degradation that will lead to coherent management actions for the protection 

and sustainable exploitation of the living resources through the planned SAP. 

The marine resources of the Caribbean Sea are largely shared resources, and the effectiveness of 

any management initiative will depend on collaborative and cooperative actions at the regional 

level, or other appropriate scale, depending on the issue and the resource. A number of regional 

initiatives and organizations already exist, and the establishment of an appropriate governance 

mechanism or framework for management of Caribbean transboundary living marine resources 

should be urgently pursued. 
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Approach to developing this Regional TDA 

 

 

 

At a meeting of the Technical Task Team (TTT) and the Stakeholder Advisory Group (STAG) 

assembled to discuss the development of this TDA in Cartagena (January 2010), it was agreed to 

refocus the preliminary TDA undertaken in the PDF-B phase from three geographical sub-

regions (Insular Caribbean, Central/South America and Guianas/Brazil) to three ecosystems 

representing the key types of fisheries of the CLME (reef, pelagic and continental shelf fisheries 

ecosystems). The reorientation towards fishery ecosystems represents a significant and 

innovative advance for the CLME Project. Most coastal and marine fisheries in the WCR take 

place in one of these three ecosystem types. These ecosystems are also the basis for a variety of 

other non-fishing activities such as recreation, tourism and transportation. The three ecosystems 

TDAs form the basis of this regional TDA and will lead to specific management plans and 

interventions within the SAP. The TTT/STAG meeting also adopted the Ecosystem Based 

Management (EBM) approach to developing the TDA consistent with FAO‘s Ecosystem 

Approach to Fisheries. In the perspective on the Ecosystem Approach that appears to be 

preferred by the countries of the WCR, the full range of human uses and the tradeoffs among 

them must be considered. 

At the TTT/STAG meeting the Causal Chain Analysis (CCA) was also reviewed and updated for 

each of the three previously identified priority transboundary issues (unsustainable exploitation 

of fish and other living resources, habitat degradation and community modification, and 

pollution) for each fisheries ecosystem. The TTT/STAG meeting recommended the appointment 

of three international experts to develop detailed reports on the fisheries ecosystems and on 

regional governance that have been summarised by a forth expert into this Regional TDA. Over 

600 pages of detailed assessments and information are available in reports on Reef & Pelagic 

Fisheries ecosystems, Continental Shelf fisheries ecosystem and Regional Governance. These in-

depth reports (available on the project website) will be a prime reference for the subsequent 

development of SAPs for the three fisheries ecosystems including the regional governance of 

these ecosystems.
1
 

This Regional TDA summarises regional information on the socio-economic features and 

activities of the CLME, provides the key findings from the three fisheries ecosystems reports 

(including the CCAs) and the governance analysis and summarises the main recommendations to 

be further developed in the SAP. The TDAs utilizes existing information available from the 

previous TDA and available literature.  

Regional Socio-Economic Background 

The WCR countries range from the most to the least developed, and includes the poorest country 

in the western hemisphere as well as a number of SIDs and low lying coastal countries such as 

Belize and Guyana. Caribbean countries are considered middle- and high-income, except Haiti, 

                                                 
1 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 

This Regional TDA is based on the outputs of three fishery ecosystem TDAs and a detailed 

governance analysis. These source documents should be referred to for further detail and are 

available on the project website
1
. 
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which is classified as low-income. About 25% of the Caribbean population can be considered as 

poor, with more women than men living in poverty. The WCR countries have a high degree of 

vulnerability to climate change and associated phenomena. In the last decade, the region suffered 

from several large natural disasters (mainly hurricanes and earthquakes) that caused significant 

damage and economic losses, and a great number of human fatalities. 

The WCR is intensively used for fishing, tourism, shipping, and petroleum exploitation.  It is 

noted for its maritime industry, with the Panama Canal the world‘s leading maritime hub. 

Tourism and fisheries are heavily dependent on the living resources and are of considerable 

socio-economic importance in the region. Relative to its size, the Insular Caribbean is the most 

tourism-driven region in the world, with the economies of many of the islands very dependent on 

tourism.  Almost 25 million tourists travelled to the Caribbean during the year 2000. Although 

marine fisheries make only a small contribution to GDP, they represent a very important source 

of food, livelihoods, employment, income, and foreign exchange earnings in all the countries. In 

the 1970s and 1980s, many Caribbean countries embarked on large fisheries expansion 

programmes, mostly targeting offshore resources. Nevertheless, the fisheries remain 

predominantly small scale, with numerous artisanal fishers in coastal areas. It was estimated that 

over 5 million people are dependent on marine fisheries for their livelihoods in the region. In 

2006, the value of the total fisheries landings from the WCR is estimated at more than US$500 

million.  

The Fisheries Ecosystems 

The CLME Project has defined three fisheries ecosystems on which to prepare detailed TDAs 

that will form the scientific basis for the development of a SAP. 

 Reef Fisheries Ecosystem: is considered to include shallow water coral reefs as well as 

mangroves, seagrass beds, lagoons, estuaries and beaches, as well as coral banks and 

rocky outcrops in deep waters that support valuable fisheries resources. There is high 

connectivity among these different components, making it necessary to consider them as 

one large, interdependent marine ecosystem with shared biodiversity. The coral reef-

mangrove-seagrass complex is one of the most biologically diverse and productive 

systems in the world. They serve as habitat, feeding and nursery grounds for numerous 

commercially important fish and invertebrate species, including many with transboundary 

distribution. Among the major reef associated species that are exploited in the CLME are 

spiny lobster, queen conch, snappers and groupers, in addition to an immense variety of 

other reef fish species.  

Mangroves and seagrass are important carbon sinks, which is pertinent to the issue of 

concentration of greenhouse gases and global warming. Coral reefs contribute to the 

region‘s tourism industry and support important fisheries throughout the region. The 

annual value of ecosystem services provided by Caribbean coral reefs has been estimated 

at between US$3.1 billion and US$4.6 billion, with degradation by 2015 potentially 

costing between US$350 million and US$870 million per year.  

 Pelagic Fisheries Ecosystem:  considered as the epipelagic zone of the ocean, extending 

from the surface to a depth of about 200m. Areas of high productivity within the pelagic 

zone include coastal upwelling and ocean fronts.   



 

 Page 12 

 

 

The pelagic realm provides important habitats for adult and early life history stages of 

living marine resources as well as lower trophic levels (phyto and zooplankton) that are 

important in ocean food webs. The fish communities in the pelagic system include a wide 

range of small coastal pelagic species that are important components of the pelagic food 

web as well as large pelagic species such as mackerels, tunas, sharks and billfishes, and 

eggs and larvae of reef organisms.  

For the purposes of the pelagic ecosystem TDA, the focus is on the large pelagic fish 

stocks, which comprise two groups: large coastal pelagics (e.g. small tunas and 

mackerels); and the more widely distributed and highly migratory large oceanic species 

(e.g. yellowfin and skipjack tunas, swordfish and marlins). Many of these fisheries 

resources are transboundary as they are shared between countries with some even 

extending into international waters, and there is likely wide dispersal of larval stages 

across EEZs.  Over the last 15 - 20 years, the region‘s capacity for exploiting large 

pelagic resources has expanded considerably, especially through the development of 

longlining for oceanic pelagic species. The countries with well-developed fisheries for 

large pelagic resources include Barbados, Grenada, St. Lucia, Trinidad and Tobago, and 

Venezuela. 

 Continental Shelf Fisheries Ecosystem: The North Brazil Shelf Large Marine 

Ecosystem owes its definition to the influence of the North Brazil Current (NBC), which 

flows parallel to Brazil‘s coast. The hydrodynamics of this region is dominated by the 

North Brazil Current, which is an extension of the South Equatorial Current and its 

prolongation, the Guyana Current. The shrimp resources in the Continental Shelf Fishery 

Ecosystem supports one of the most important export oriented shrimp fisheries in the 

world while the groundfish resources are important for commercial and social reasons, 

with the red snapper being probably  the most important groundfish in the region because 

of its wide distribution range and export value.  There are lesser fisheries for shelf-based 

schooling pelagic resources such as mackerels and jacks and for sharks. 

Human activities along the coastlands have led to severe habitat modification in thes 

Continental Shelf Fishery Ecosystem, with mangroves, which dominate a major part of 

the shoreline, having been seriously depleted in some areas. Unsustainable fishing of the 

shrimp and groundfish resources of the Continental Shelf Fishery Ecosystem could result 

in considerable socio-economic consequences as these fisheries make significant 

contributions to food security, poverty alleviation, foreign exchange earnings and the 

development of coastal communities. 

Regional Fisheries Governance 

In addition to identifying the priority issues within the CLME region, the PDF-B phase 

highlighted the need to develop a WCR-tailored framework targeted at the interventions needed 

to bring about changes in regional governance. An assessment of the regional and fisheries 

ecosystem-specific stakeholders has been undertaken. 

In reviewing advances in ocean governance thinking since the PDF-B phase this TDA analysis 

summarises: key legal and policy-level advances at the international level, a growing awareness 

of ecosystem-based management, climate change impacts and specific projects focused on 
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regional governance. There have also been a number of global ocean governance initiatives 

contributing to an increased understanding of factors affecting governance and resilience 

thinking. Given the increasing recognition of the need to take an ecosystem approach to 

managing transboundary living resources and the cross-cutting effects of climate change, new 

players have been identified. Among these new players, representatives of the tourism and 

conservation sectors are prominent. 

Priority Transboundary Issues 

The three agreed key transboundary issues (unsustainable fisheries, habitat degradation and 

pollution) have been analysed with specific reference to each of the three fisheries ecosystems. 

Inevitably, due to the physical and ecological linkages between these ecosystems many of the 

causes of the transboundary issues are common to all three fisheries ecosystems. In addition, 

there are links between the three transboundary issues (for example, pollution is addressed as a 

key transboundary issue but is also a cause of the habitat degradation). In addition the biological 

(demographic) linkages between the three fisheries ecosystems (for example between fish 

spawning, juveniles etc.) have to be considered. The fisheries ecosystem reports identify the 

uncertainty, and concerns, that climate change and variability could have in the CLME region 

and acknowledges the cross-cutting nature of climate impacts and the need for more data and 

assessments to understand the vulnerability and potential means to adapt to climate change. 

The three identified transboundary issues that have an impact on the overall health and 

functioning of all three fisheries ecosystems. These impacts have a negative effect on the socio-

economic development and sustainability of the WCR reducing the benefits available from the 

ecosystem services. As these issues are of ‗transboundary‘ significance their impacts affect the 

WCR as a whole leading to the recommendation of a need for a coherent marine governance 

structure to protect and allow for sustainable development in the region. There are common 

aspects to the root causes of the three transboundary issues, for example; poor or inadequate 

governance, poverty, inadequate data and lack of public and governmental interest. The planned 

SAP will need to review the details of these causes and assess the potential options to address 

these. 

The three transboundary issues are: 

 Unsustainable Fisheries: applies to all three fisheries ecosystems with considerable 

similarity to the causes. There is significant evidence that overfishing or fishing close to 

maximum sustainable yields is impacting stock levels reflected in declining landings and 

collapsed stocks. Fishing is also having impacts at the ecosystem level, as evident in 

progressively declining mean trophic level of the catch, which signifies that larger 

predators are being depleted. illegal, unregulated and unreported (IUU) fishing is a 

regional problem and fishery regulations, where they exist, are poorly monitored and 

enforced.  This is especially so in the offshore pelagic fisheries mainly because of the 

high costs and complexity of monitoring vessels in the exclusive economic zones. In 

addition, vessels under flags of convenience contribute to the unsustainable exploitation 

of the region‘s fisheries. High bycatch levels are a common concern in all three fisheries 

ecosystems, particularly the Continental Shelf Fishery Ecosystem.  
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Over-fishing threatens more than 70% of Caribbean reefs. Large pelagic resources are 

also being exploited beyond sustainable levels, including dolphinfish, wahoo, blue and 

white marlin, sailfish and yellowfin tuna. The number of overexploited and collapsed 

stocks of large pelagic resources increased markedly from the late 1970s, with the 

proportion of collapsed stocks reaching almost 40% in 2006. In this year, about 60% of 

the pelagic stocks were overexploited and collapsed and about 10% rebuilding. These 

trends confirm the widespread reports of overexploited and collapsed stocks in the 

CLME, and are consistent with the unregulated expansion of fishing in previous decades.  

Many of the demersal fisheries in the area are either fully or overexploited, with by-catch 

and discards being of concern throughout the area, especially for the trawl fisheries. IUU 

fishing poses a significant threat to fisheries management in the region.  

In general, all the shrimp species in the Continental Shelf Fishery Ecosystem are 

subjected to increasing trends in fishing mortality and the fisheries are generally 

overcapitalized. Despite the relatively stable catches, overexploitation was found to be 

severe, with there being evidence that some of the groundfish fisheries in this area may 

be fully or overexploited. 

Unsustainable exploitation leads to reduced stocks and reduced opportunities to sustain 

livelihoods in the WCR. The root causes identified by the CCA for unsustainable 

fisheries include: poor governance, unsustainable development models, inadequate 

knowledge and public awareness, lack of alternative food sources and employment. 

 Habitat degradation: The CLME habitats and their associated living resources are 

responsible for the valuable fisheries and tourism in the CLME. There are common 

concerns leading to habitat degradation across the fisheries ecosystems, e.g. shipping 

(and ship pollution), alien species introduction, climate change (including: acidification, 

increase storm damage, water temperature increases, pollution from land-based sources). 

Coastal habitats within the reef and continental shelf ecosystems are subject to impacts 

from destructive fishing methods, coastal development, watershed and marine pollution. 

Coastal environments are also more impacted from increasing sediment loads (for 

example from inappropriate land use in river basins, including forest clearance and 

agriculture) that can result in increased turbidity  and choking of sensitive reef 

environments. Due to their proximity to the land-based sources (e.g. wastewater, 

industry, mining, agriculture) pollution can be more significant with regards to habitat 

degradation (e.g. through eutrophic conditions) within the reef and continental shelf 

ecosystems. The threats to these coastal environments from the loss of reefs and 

mangroves (for example) are potentially very significant given the important ‗ecosystem 

services‘ these provide, for example, in supporting commercially important species and 

providing coastal defences against extreme weather events. 

Unsustainable exploitation has led to deterioration of reef condition in the Caribbean, as 

seen in the overgrowth of reefs by algae when the abundance of herbivorous fish (such as 

the Caribbean parrotfish) is reduced through overexploitation. This is of particular 

concern in areas where reefs have already been affected by the mass mortality of the 

spiny sea urchin, another important herbivore on coral reef. Valuable catches (for 
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example, conch and lobster) have declined. Impairment of ecosystem functioning by 

fishing is evident by the decline in trophic level and Fishing in Balance (FIB) indices.  

The root causes for habitat degradation include: poor governance, weak and ineffective 

legal and institutional frameworks, inadequate knowledge and public awareness. 

 Pollution:  affects all three fisheries ecosystems with coastal environments being 

potentially more impacted, although all ecosystems are subjected to marine discharges. 

Land-based sources (from tourism activities, wastewater, industry, agriculture, forestry, 

mining, oil exploration, etc.) leads to localized and dispersed pollution from nutrients, 

micro-biological species, persistent organic pesticides (POPs), hydrocarbons, heavy 

metals, for example. Soil erosion from forest clearances or agriculture can lead to greater 

sediment loads being discharged from the rivers to the CLME region. In addition to the 

habitat degradation concerns indicated above, sediments can have associated pollutants 

which can be slowly released. A global problem from land-based sources containing 

nutrients (e.g. from wastewater and agriculture) is eutrophication that result in oxygen 

depletion affecting mainly coastal areas that can further impact sensitive habitats. Land-

based sources in the WCR are under the Cartagena Convention LBS Protocol, which has 

recently (2010) come in to force.  

The root causes identified by the CCA for pollution include: poor governance, weak and 

ineffective legal and institutional frameworks, inadequate environmental quality 

standards, inadequate data, and limited financial resources. 

Towards the Strategic Action Programme 

The development of the SAP will be based on the root, underlying and immediate causes 

identified for the three fisheries ecosystem TDAs and Governance Analysis reports. The SAP 

will also be informed by the results of the pilot projects and case studies on specific fisheries that 

will provide practical experiences to guide the SAP. In the course of the preparation of the 

fisheries ecosystem TDA reports, potential regional actions that could offer solutions to the main 

Transboundary issues have been identified and over 60 are summarised, as examples, in this 

Regional TDA. These potential actions, together with additional options, will be the subject of a 

detailed assessment and evaluation by the SAP formulation team. 
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2. Introduction 

 

 

 

2.1. Background to the CLME Region 

2.1.1. Global and regional significance of the CLME 

The CLME is a semi-enclosed tropical sea bounded to the north by the Bahamas and the Florida 

Keys, to the west and south by Central and South America, and to the east by the Lesser and 

Greater Antilles Island chain (Figure 1). It is bordered by the Gulf of Mexico LME to the 

northwest and the North Brazil Shelf LME to the southeast. This distinct ecological region 

covers an area of about 3.3 million km
2
 (Sea Around Us Project 2010), making it the second 

largest sea in the world.  

The North Brazil Shelf LME extends along northeastern South America from the Parnaíba River 

estuary in Brazil to the boundary with the Caribbean Sea and has a surface area of about 1.1 

million km
2
.  

 

Figure 1. Map of the CLME 

A number of unique features make the CLME of special global and regional significance. The 

region is the most geopolitically diverse and complex in the world. The 26 independent states 

and 17 dependent territories (USA, UK, France, and the Netherlands) mean that the CLME has 

the highest number of maritime boundaries of any other LME. This presents a considerable 

challenge for the effective management of the region‘s living marine resources, especially as 

many of them are transboundary.  

The Sustainable Management of the Shared Living Marine Resources of the Caribbean Large 

Marine Ecosystem and Adjacent Areas Project (the CLME Project) covers two Large Marine 

Ecosystems (LMEs): the North Brazilian Shelf LME and the Caribbean Sea LME. Together these 

correspond to the geopolitical entity known as the Wider Caribbean Region. 
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These countries and territories range from the largest to the smallest in the world, and from the 

most developed – USA and European countries– to the least developed –Haiti. Another unique 

feature of the CLME is the number (over 20) of Small Island Developing States
2
 (SIDS), the 

largest number of SIDS in any of the world‘s LMEs.  

Box 1. States and Overseas Dependent Territories of the Caribbean Large Marine Ecosystem and 

Adjacent Areas Project (CLME Project) 

 

Continental 

States 
Independent Island States 

Overseas dependent territories 

(metropolitan countries) 

Belize* 

Brazil 

Colombia 

Costa Rica 

Guatemala 

Guyana* 

Honduras 

Panama 

Mexico 

Nicaragua 

Suriname 

Venezuela 

USA 

 

 

 

Antigua & Barbuda* 

Bahamas* 

Barbados* 

Cuba* 

Curaçao
1*

 

Dominica* 

Dominican Republic* 

Grenada* 

Haiti* 

Jamaica* 

St. Kitts & Nevis* 

St. Lucia* 

St. Maarten
1*

 

St. Vincent & the 

Grenadines* 

Trinidad & Tobago* 

Anguilla (U.K.)* 

Aruba (Netherlands)* 

British Virgin Islands (U.K.)* 

Cayman Islands (U.K.) 

French Guiana (France) 

Guadeloupe (France) 

Montserrat (U.K.)* 

Martinique (France) 

Puerto Rico (U.S.A.)* 

Netherlands Antilles (Netherlands): 

Bonaire, St. Eustatius, Saba* 

St. Barthélemy (France) 

St. Martin (France) 

Turks and Caicos (U.K.) 

U.S. Virgin Islands (U.S.A.)* 

 

1
Previously Dutch territories, became independent on 10 October 2010 

*SIDS and low-lying coastal countries 

 

The importance of the Caribbean Sea for sustainable development is recognized in a number of 

international (UN) declarations.  Among these are  

 The series of UN General Assembly (UNGA) resolutions based on the Caribbean Sea 

Initiative of the Association of Caribbean States beginning with Resolution 54/225 

―Promoting an integrated management approach to the Caribbean Sea area in the context 

of sustainable development‖, which was adopted by the 54
th

 Session of the UN General 

Assembly in February 2000 and continuing with subsequent updated resolutions at 

regular intervals the most recent being Resolution 65/155 ―Towards the sustainable 

development of the Caribbean Sea for present and future generations‖ adopted in 

December 2010; 

                                                 
2 Included in the UN list of SIDS 
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 Barbados Programme of Action for the Sustainable Development of SIDS (BPoA), which 

resulted from the UN Global Conference on the Sustainable Development of SIDS held 

in Barbados in 1994. This is accompanied by the Barbados Declaration, a statement of 

political will underpinning the agreements contained in the BPoA, which identifies 

actions required at the national, regional, and international levels for sustainable 

development in these countries and for reducing their vulnerability. The BPoA has been 

recently (2005) supplemented by the Mauritius Initiative
3
 

 Cartagena Convention for the Protection and Development of the Marine Environment in 

the Wider Caribbean Region, which was adopted in 1983. Unique to the region, the 

Cartagena Convention and its three protocols (Protocol Concerning Cooperation in 

Combating Oil Spills in the Wider Caribbean Region; Protocol Concerning Specially 

Protected Areas and Wildlife in the Wider Caribbean Region; and Protocol Concerning 

Marine Pollution from Land-Based Sources and Activities) constitute the first regional 

framework convention for the protection of the region‘s marine and coastal areas and 

wildlife. 

 MARPOL Special Area: From 1st May 2011 the Caribbean Sea will be designated a 

"Special Area" under provisions of the International Convention for the Prevention of 

Pollution from Ships (MARPOL)". 

2.1.2. Purpose of the Transboundary Diagnostic Analysis 

A Transboundary Diagnostic Analysis (TDA) is an objective assessment using best available 

verified scientific information to examine the state of the environment and the root causes for its 

degradation. The TDA provides the technical and scientific basis for the logical development of 

a Strategic Action Programme (SAP) that is based on a reasoned, holistic and multi-sectoral 

consideration of the problems associated with the state of and threats to transboundary water 

systems and resources. The SAP embodies specific actions (policy, legal, institutional reforms or 

investments) that can be adopted nationally, usually within a harmonized multinational context, 

to address the major priority transboundary concern(s), and over the longer term restore or 

protect a specific body of water or transboundary ecosystem.  

A TDA is also a valuable process for multilateral exchanges of perspectives and stakeholder 

consultation as a precursor to the eventual formulation of a SAP. The analysis is carried out in a 

cross-sectoral manner, focusing on transboundary issues without ignoring national concerns and 

priorities.  

2.2. Structure of Regional TDA 

The purpose of this Regional Transboundary Analysis is to provide an overview of the three 

priority transboundary issues (unsustainable fisheries, habitat degradation and pollution) and 

their environmental and socio-economic impacts and causes in the three fisheries ecosystems, 

providing sufficient levels of detail to give confidence in the analyses and recommendations for 

the future Strategic Action Programme. The Regional TDA has been prepared from information 

                                                 
3 Mauritius Strategy for the further Implementation of the Programme of Action for the Sustainable Development of Small Island Developing 

States. January 2005. http://www.un.org/special-rep/ohrlls/sid/MIM/A-conf.207-crp.7-Mauritius%20Strategy%20paper.pdf  

http://www.un.org/special-rep/ohrlls/sid/MIM/A-conf.207-crp.7-Mauritius%20Strategy%20paper.pdf
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in the three fisheries ecosystems reports and the governance assessment of the CLME region. 

These extensive and detailed reports provide the basis for the summary conclusions presented in 

the Regional TDA and are the main sources of reference for more information, and 

especially for developing the SAP.
 4

 

The Regional TDA is provided in the following format: 

 Section 3 - Methodology: provides an explanation of the approach adopted to collecting 

information, analysing it and assessing the situation in the three fisheries ecosystems 

including governance and stakeholder analysis within the CLME fisheries. 

 Section 4 – Regional Analysis: provides a summary of the common features across the 

three fisheries ecosystems, including climate, ecological features and socio-economic 

background to the WCR. An assessment of the regional ocean governance arrangements 

in the WCR is also included. 

 Section 5- The CLME Fisheries Ecosystems: the three fisheries ecosystems are described 

and analysed with an assessment of the current situation, impacts of the three 

transboundary concerns and governance specific issues. A summary of the key 

knowledge gaps is presented that will be a focus in the SAP development and pilot 

projects. Finally a synthesis of common and cross-cutting issues is presented, including 

climate change considerations. 

 Section 6 – Analysis of Root Causes: provides a summary of the detailed Causal Chain 

Analysis undertaken in the fisheries ecosystems reports and summarises the main root 

cause of the three transboundary issues impacting the fisheries ecosystems. 

 Section 7 – Priority Actions: summarises the key actions identified to be incorporated in 

the development of fisheries ecosystem specific SAPs. 

 Annex 1 - Detailed CCA diagrams from three fishery ecosystems and each priority 

transboundary issue. 

 Annex 2 - References and bibliography: an extensive list of publications is included 

providing further details and evidence of the conclusions summarised here based on the 

three fisheries ecosystems and governance reports. 

                                                 
4 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 
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3. Methodology 

3.1. Introduction  

An important activity of the CLME Project has included a Transboundary Diagnostic Analysis 

(TDA) to assess the sustainable use of transboundary living marine resources in the Wider 

Caribbean Region (WCR) that will lead to a Strategic Action Programme (SAP) for the 

sustainable use and management of these resources. A preliminary TDA was prepared during the 

preparation phase (2007) of this project and has been used for the basis of this updated TDA. 

3.2. Summary of the Preliminary TDA (2007) 

During the preparatory phase of the CLME project, a preliminary TDA was developed for three 

sub-regions (Insular Caribbean, Central/South America and Guianas/Brazil). The preliminary 

TDA identified and analysed three priority transboundary environmental problems  

 Unsustainable exploitation of living resources;  

 Habitat degradation and community modification, and; 

 Pollution. 

These priority transboundary issues are interlinked, not only because of their synergistic impacts 

on living marine resources, but also because in general they have the same underlying and socio-

economic, legal, and political root causes. Some of these underlying and root causes are also 

manifested at the regional level, for example, deficiencies in institutional, policy and legislative 

frameworks for transboundary management of the living marine resources of the CLME. 

The socio-economic dependence of the countries, particularly the SIDS, on the living and non-

living marine resources presents a considerable challenge for LME level governance that would 

result in sustainable management of the region‘s shared living marine resources. Sectoral 

decision-making at the national governmental level that seeks to enhance economic gain in one 

sector can often conflict with the achievement of economic, social and environmental goals set in 

other sectors. 

The marine resources of the Caribbean Sea are largely shared resources, and the effectiveness of 

any management initiative will depend on collaborative and cooperative actions at the regional 

level, or other appropriate scale, depending on the issue and the resource. A number of regional 

initiatives and organizations already exist, and the establishment of an appropriate governance 

mechanism or framework for management of Caribbean transboundary living marine resources 

should be urgently pursued by implementing a range of policy options that focus on:  

 Strengthening national capacity to participate in regional management processes; 

 Strengthening existing and emerging regional arrangements and organizations to play the 

role of ‗competent organizations‘ as defined by the UN Fish Stocks Agreement; and,  

 Developing linkages among these arrangements and organizations. 
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This strengthening must span the full range of activities required for collaborative management 

of shared living marine resources, including: information gathering and sharing, analysis and 

interpretation, provision of advice, management decision-making, implementation and 

reviewing/assessing progress. In most cases, there is adequate information for preliminary 

planning that identifies the strategic approach to be adopted, the associated information needs 

and interim management actions that can be taken while the information/advisory base is being 

strengthened. 

3.3. Approach adopted for the CLME TDA 

3.3.1. Background 

At a meeting (January 2010, Cartagena) of the TDA Technical Task Team (TTT) and the 

Stakeholder Advisory Group (STAG) a decision was taken to realign the approach of the CLME 

TDA based on specific fishery ecosystems rather  than geographical sub-regions followed in the 

preliminary TDA. The TTT and STAG considered this approach to be more consistent with the 

overall goal of the project.
5
 Three specific ecosystems (continental shelf, pelagic and reef 

ecosystems) were agreed as the focus of the revised TDA. In addition, draft Casual Chain 

Analyses (CCAs) for the three systems were prepared during the TDA-SAP workshop (January 

2010, Cartagena) and have been reviewed, validated and prioritized using the Global 

International Waters Assessment (GIWA) methodology.
 6

 

Using the preliminary TDA (2007) as a starting point, the TTT recommended the appointment of 

three international regionally-experienced experts to update the TDA (and the draft CCAs 

developed during the TDA-SAP workshop) on the basis of the agreed fisheries ecosystems and 

to update the regional governance report. The outputs from these experts 

(http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas) provide the 

substantive material for the conclusions and recommendations from this Regional TDA. 

At the TTT/STAG meeting the three transboundary problems were restated as: 

 Unsustainable fisheries; 

 Habitat degradation; and, 

 Pollution. 

3.3.2. Ecosystem approach to fisheries assessment and management 

The decision by the TTT and the STAG to adopt an Ecosystem Based Management (EBM) 

approach to the development of the TDA consistent with FAO‘s Ecosystem Approach to 

Fisheries (EAF) (see Box  1) resulted in the identification of the three fishery ecosystems (reef, 

pelagic and continental shelf) that are subject to three transboundary problems (unsustainable 

fisheries, habitat degradation and pollution). 

 

                                                 
5 The goal of the UNDP/GEF CLME Project is the sustainable provision of goods and services of the shared living marine resources in the 

Wider Caribbean through robust co-operative governance. 
6 www.unep,org/dewa/giwa 
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Box  1. Ecosystem-Based Management (EBM) and EAF 7 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The reorientation towards fishery ecosystems represents a significant and innovative advance for 

the CLME Project. Most coastal and marine fisheries in the WCR take place in one of these three 

ecosystem types. These ecosystems are also the basis for a variety of other non-fishing activities 

such as recreation, tourism and transportation. In the perspective on the Ecosystem Approach 

that appears to be preferred by the countries of the WCR, the full range of human uses and the 

tradeoffs among them must be considered.  

In all three fisheries ecosystem, species interactions are among the prominent ecosystem issues. 

There are interactions among the resources that are exploited and also among the various 

commercial and small-scale fisheries that exploit them. Interactions with the marine 

transportation sector (including cruise ships, recreational vessels, commercial freight, etc.) also 

pose a concern in terms of the sustainability of ecosystem services. Examples of such 

interactions with the habitat and living resources of the ecosystem include disposal of garbage at 

sea, ballast water discharges increasing the threats of alien invasive species, accidental spills of 

noxious substances from transiting ships and from possible hydrocarbon production and 

distribution infrastructure.  

                                                 
7
 http://www.ebmtools.org/ 

8 
 http://www.fao.org/ 

Ecosystem-Based Management (EBM) is a management approach that: 

 Integrates ecological, social, and economic goals and recognizes humans as key 

components of the ecosystem. 

 Considers ecological- not just political- boundaries. 

 Addresses the complexity of natural processes and social systems and uses an 

adaptive management approach in the face of resulting uncertainties. 

 Engages multiple stakeholders in a collaborative process to define problems and 

find solutions. 

 Incorporates understanding of ecosystem processes and how ecosystems respond to 

environmental perturbations. 

 Is concerned with the ecological integrity of coastal-marine systems and the 

sustainability of both human and ecological systems. 

FAO Ecosystem Approach to Fisheries: 

EAF's main purpose is to plan, develop and manage fisheries in a manner that addresses 

the multiple needs and desires of societies, without jeopardizing the options for future 

generations to benefit from the full range of goods and services provided by marine 

ecosystems. 

http://www.ebmtools.org/
http://www.fao.org/
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The three ecosystem types are characterized briefly in the following paragraphs to provide some 

perspective on the range of governance issues that must be addressed by the SAP that is to be 

developed. 

Coral reef ecosystems are clearly the most complex among those of the WCR. This stems both 

from its biological characteristics, the many human demands and impacts upon it. It includes 

coral reefs and related mangrove and seagrass habitats that are mainly coastal. It supports 

fisheries for reef fishes, spiny lobster and conch, which are three of the major fisheries of the 

region. There are also lesser fisheries for sea urchins, and small schooling coastal pelagics 

associated with the habitats of reef ecosystems. Coral reefs are ecologically among the most 

complex systems in the world owing to the variety of habitats and high biodiversity. Coastal 

areas with reefs are also the most popular for tourism development in the WCR owing to the 

white sand beaches, protected swimming and opportunities for marine recreational activities such 

as snorkeling and SCUBA diving. This leads to the competing economic demands and multiple 

marine and land-based impacts referred to above.  

The off-shelf or open sea pelagic ecosystem of the WCR (considered to the epipelagic zone 

extending 200 m in depth) is arguably the least complex of the three fisheries ecosystems. It 

supports a variety of fisheries for both regional and ocean-wide large pelagics (such as 

dolphinfish, billfishes and tunas) as well as for flyingfish. There are lesser fisheries for cetaceans 

as well. At the fisheries interaction level, this ecosystem is where interactions between 

commercial and recreational fisheries are likely to be of greatest concern; especially regarding 

the relative social and economic benefits of these types of fisheries.  

The continental shelf ecosystem supports the major shrimp and groundfish fisheries of the 

region. There are also lesser fisheries in these ecosystems for sharks, and for shelf-based 

schooling pelagic resources such as mackerels and jacks. Key ecosystem interactions are with 

coastal wetlands that serve as nursery habitats.  At the human interaction level, this ecosystem is 

where interactions with other marine sector users such as marine transportation, offshore energy 

and marine-related tourism could potentially increase and contribute to threatening the 

sustainability of the continental shelf ecosystem services. This ecosystem is probably 

intermediate in complexity between the pelagic and reef ecosystems. 

The implications of the EAF will be developed further in this report, however the above 

introduction has been provided to emphasise the point that although the term fishery ecosystems 

is being applied, there is the recognition that an ecosystem approach involves a balance among 

the many use and non-use services that ecosystems provide. It is also recognised that there are 

clear linkages and interactions between the three fishery ecosystems.  

Marine ecosystems are prolific providers of ecosystem services. The concept of ecosystem 

services has been developed to aid our understanding of the human use and management of 

natural resources. Our health and wellbeing depends upon the services provided by ecosystems 

and their components: water, soil, nutrients and organisms. Therefore, ecosystem services are the 

processes by which the environment produces resources utilised by humans such as clean air, 

water, food and materials. Ecosystem services can be defined in various ways. 
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The four types of ecosystem services defined by the Millennium Ecosystem Assessment and 

adopted for this TDA are:  

Provisioning 

services: 

The products people obtain from ecosystems, such as food, fuel, fibre, fresh 

water, and genetic resources. 

Regulating 

services: 

The benefits people obtain from the regulation of ecosystem processes, 

including air quality maintenance, climate regulation, erosion control, regulation 

of human diseases, water purification, and protection from extreme events such 

as storms and tidal surges. 

Cultural 

services: 

The non-material benefits people obtain from ecosystems through spiritual 

enrichment, cognitive development, reflection, recreation, and aesthetic 

experiences. 

Supporting 

services: 

Services that are necessary for the production of all other ecosystem services, 

such as primary production, production of oxygen, and soil formation. 

3.4. Governance and Stakeholder Analysis 

During the PDF-B phase, final selection and recommendation of key stakeholders was based 

upon their potential role(s) in contributing to the objectives of the CLME Project and position in 

the proposed project components‘ partnership diagrams/generic policy cycle. This was done 

based upon a review of each stakeholder‘s current mandate, roles and responsibilities and 

matching these with a list of key potential roles identified from the governance framework and 

key activities of the CLME Project.
 9

 

In an effort to further analyse the importance of the identified stakeholders in contributing to the 

success of the CLME project objectives, two additional refinements were made. The first 

refinement resulted in a categorization of the stakeholders in terms of their explicit role in each 

of the identified CLME project activities while the second refinement further categorized 

stakeholders in terms of their likelihood to be involved at a particular stage in the policy cycle 

for the particular CLME project activity.  These were listed as focusing on shrimp and 

groundfish in the continental shelf ecosystem, reef fisheries and biodiversity, as well as lobster 

found in the reefs ecosystem, and large pelagic fishes in the open sea pelagic ecosystem.  

3.5. Identification and analysis of transboundary environmental issues and root causes  

Causal Chain Analysis (CCA) traces the cause-effect pathways of a problem from the 

environmental and socioeconomic impacts back to its root causes. Its purpose is to identify the 

most important causes of priority problems in international waters in order to target them by 

appropriate policy measures for remediation or mitigation. By understanding the linkages 

between issues affecting the transboundary aquatic environment and their causes, stakeholders 

and decision makers will be better placed to support sustainable and cost-effective interventions.  

                                                 
9
 See report entitled “Key Institutional Players at the Local, National, Sub-Regional, Regional and International Levels in the Caribbean Sea 

Large Marine Ecosystem” prepared for the CLME Project Implementation Unit by K. Parsram (2007). 
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The components of a CCA include:  

Socio-economic 

impacts: 

The adverse effect of an issue on human welfare (e.g. increased costs of water 

treatment or illnesses due to pollution). 

Environmental 

impacts: 

The adverse effects of an issue on the integrity of an aquatic ecosystem (e.g. loss of 

aquatic life as a result of eutrophication). 

Immediate 

causes: 

The physical, biological or chemical variables that have a direct impact on an issue; 

for example, enhanced nutrient inputs in the case of eutrophication. 

Sector  

activities: 

Include two components- the activities in the different economic sectors that 

provoke the immediate cause (e.g. in the agricultural sector, the excessive 

application of certain kinds of pesticides) and the decisions made by firms, farmers, 

fishermen, households, government officials or politicians (socio-economic agents 

in general) that directly or indirectly produce the negative impact (e.g. farmers´ 

decision to use a highly persistent pesticide). 

Underlying 

causes: 
Includes two components - Resource uses and practices; and Social, economic, legal 

and political causes. 

Root causes: The key factors, trends, processes or institutions that influence a situation, issue, or 

decision that propel the system forward, and determine a scenario‘s outcome (e.g. 

governance and culture). 

The CCA presented for the three priority transboundary issues in the CLME are based on the 

previous thematic reports (preliminary TDA, 2007) and on the review of these by the TTT in 

January 2010.  Full details of the CCA for each of the fisheries ecosystems are presented on the 

CLME project website
10

 within the three fisheries ecosystems TDAs. A summary of the 

immediate, underlying and root causes are presented in Section 6 of this Regional TDA and the 

detailed CCA diagrams from the three fisheries ecosystems TDAs are presented in Annex 1 

                                                 
10 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 
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4. Regional Analysis 

4.1. CLME climate and oceanography 

Meteorologically, the region is dominated by a tropical climate, with distinct wet (roughly June – 

November) and dry seasons (December – May), moderate air temperature ranges, and persistent 

trade winds. Annual rainfall varies between 50 - 1,250 mm. The seasonal variations of the 

meteorological conditions are caused by north-south migrations of the Intertropical Convergence 

Zone, which is found near the equator in winter and at about 10°N at the end of summer. The wet 

season is associated with a continuous series of tropical waves that move westward, some 

developing into depressions, tropical storms, and hurricanes. A distinctive hurricane season 

extends from June to November.  

The North Brazil Shelf LME owes its definition to the influence of the North Brazil Current 

(NBC), which flows parallel to Brazil‘s coast. The hydrodynamics of this region is dominated by 

the North Brazil Current, which is an extension of the South Equatorial Current and its 

prolongation, the Guyana Current. 

Water flows into the Caribbean Sea from the Atlantic Ocean mostly through the Grenada, St. 

Vincent, and St. Lucia Passages (Johns et al 2002) (Figure 2). It then continues westward as the 

Caribbean Current, the main surface circulation in the Caribbean Sea. The sources of the 

Caribbean Current are the South Equatorial current which splits at the eastern tip of Brazil into a 

southern branch that flows south and a northern current that becomes the NBC. The NBC then 

merges with the Northern Equatorial Current which is then the main source of water flowing into 

the Caribbean. Significant amounts of water is transported northwestward by the Caribbean 

Current, which turns sharply westward as it crosses the Cayman Basin and enters the Gulf of 

Mexico as a narrow boundary current, the Yucatan Current (Fratantoni 2001). The circulation in 

the Caribbean Sea experiences much variation in both space and time, some of it in the form of 

mesoscale eddies and meanders (Molinari et al 1981). The ocean circulation patterns in the 

Caribbean Sea and the transboundary nature of its living marine resources give rise to significant 

linkages among the region‘s coastal and marine areas and living marine resources. 

Oceanic fronts in the region are generated by coastal wind-induced upwelling off Venezuela and 

Colombia (Belkin et al 2009). A front of about 100 km long dissects the Gulf of Venezuela along 

70°40‘W, likely caused by the brackish outflow from Lake Maracaibo combined with coastal 

upwelling. A 200 km-long front in the Gulf of Honduras peaks in winter, likely related to a 

salinity differential between the Gulf‘s apex and offshore waters caused by high precipitation in 

southern Belize (Heyman and Kjerfve 1999). 

A dominant feature of the CLME is the massive quantities of fresh water and sediments entering 

from three great South American river systems: the Amazon, Orinoco, and Magdalena Rivers. 
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Figure 2. Caribbean Sea circulation pattern 

4.2. CLME ecological features 

The Caribbean Sea is generally considered oligotrophic, mostly comprised of clear, nutrient-poor 

waters. Based on SeaWiFS global primary productivity estimates, the Caribbean Sea is 

considered a low productivity ecosystem (<150 g C m
-2

 yr
-1

) (NOAA 2003). Depending on the 

time of year, however, the Caribbean Sea can be better defined as mesotrophic (Gilbes and 

Armstrong 2004). Surface waters, enriched by upwelling and by discharges from the Orinoco 

River, are advected northwards into the region, especially during the rainy season. The intrusion 

of the Orinoco River during autumn promotes large concentrations of chlorophyll a in the eastern 

Caribbean, which can be carried as far as Puerto Rico (Müller-Karger et al 1989). Moreover, 

strong trade winds during winter and spring generate coastal upwelling along much of the 

coastline of northeast Colombia and Venezuela, bringing nutrients to the surface and increasing 

primary production in that area (Andrade and Barton 2000, Müller-Karger and Castro 1994).  

The Caribbean Sea has been critically assessed and ranked by expert consensus as having marine 

ecosystems with the highest priority for conservation in the whole of Latin America and the 

Caribbean (Sealey and Bustamante 1999).  

The North Brazil Shelf LME is considered a Class I, highly productive ecosystem (>300 gCm-

2yr-1), with the Amazon River and its extensive plume being the main source of nutrients. 

Primary production is limited by low light penetration in turbid waters influenced by the 

Amazon, while it is nutrient-limited in the clearer offshore waters. Primary productivity on the 

continental shelf has been found to be greatest in the transition zone between these two types of 
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waters, occasionally exceeding 8 gCm-2day-1. The North Brazil Shelf LME has a high number 

of amphibians, birds and reptile species. In addition to high production, the food webs in this 

LME are moderately diverse. Brazil‘s coral fauna is notable for having low species diversity yet 

a high degree of endemism (Heileman, 2008, 2010 and LME 17: North Brazil Shelf). The Gulf 

of Paria is a brackish water body, with wet season salinities being below 23 ppt. The extensive 

mangroves along the Venezuelan and Trinidadian coastlines are an important wildlife habitat and 

probably play a crucial role in regional fisheries
11

.  

There is a high diversity of habitat types and primary producers (e.g., coral reefs, mangroves, sea 

grasses, macro algae, benthic and epiphytic algae, phytoplankton). Within the CLME is found 

the longest barrier reef in the Western Hemisphere – the 220 km long MesoAmerican Reef 

(MAR) system– which extends from the Yucatan Peninsula to Honduras.  

High productivity is found in these habitats, which naturally dominate the coastal margins of the 

CLME. These three types of habitats often exist together within a tightly-coupled ecological 

complex and provide important ecological services. For instance, coral reefs, mangroves, and 

seagrass beds function as spawning and nursery grounds for fish and invertebrates. They provide 

coastal protection against waves and storm surges, and coastal stabilization. Mangroves 

influence the productivity of coastal areas by contributing nutrients and acting as sediment traps 

in estuarine waters, thereby protecting coral reefs from sedimentation. Seagrass habitats are 

important for fishery production, and as a food source for certain threatened animal species.  

The Census of Marine Life programme in the Caribbean region found at least 12,046 species 

have been reported to occur in the Caribbean Sea (Miloslavich et al 2010). About 45% of the fish 

species are considered Caribbean endemics.  

At least 34 species of marine mammals (31 cetacean, 2 pinnipeds, and 1 sirenian) are known to 

inhabit the waters of the Caribbean Sea, seasonally or year-round (UNEP-CEP/RCU 2001). The 

cetacean species include seven species of baleen whales and 24 species of toothed whales. Of the 

two pinnipeds, the West Indian monk seal (Monachus tropicalis) is now generally considered 

extinct. For many marine mammal species, Caribbean waters are primary habitat for critical 

activities including feeding, mating and calving. 

The Caribbean is noted for the annual aggregation of the world‘s biggest fish – the whale shark 

(Rhincodon typus). The WCR includes nesting and foraging grounds, as well as important 

migration corridors, for six of seven extant marine turtle species: leatherback (Dermochelys 

coriacea), green (Chelonia mydas mydas), loggerhead (Caretta caretta), hawksbill 

(Eretmochelys imbricate), olive ridley (Lepidochelys olivacea), and kemp‘s ridley (L. kempii). 

All six species are included in the IUCN Red List of Threatened Species.  

Turtles may travel significant distances through multiple political jurisdictions during the 

estimated one to four decades required to reach sexual maturity. The largest green turtle nesting 

colonies in the WCR are found at Tortuguero, Costa Rica (the largest in the Western Hemisphere 

and one of the two largest remaining in the world) and Aves Island, Venezuela (Carr et al 1982, 

Bräutigam and Eckert 2006). The largest leatherback nesting colonies in the region are located in 

Trinidad and the Guianas (primarily French Guiana and Suriname). The former is the world‘s 

largest insular nesting leatherback colony. Marine turtles are popular subjects for dive and nature 

                                                 
11 (http://en.wikipedia.org/wiki/Gulf_of_Paria) 

http://en.wikipedia.org/wiki/Wet_season
http://en.wikipedia.org/wiki/Salinity
http://en.wikipedia.org/wiki/Mangrove
http://en.wikipedia.org/wiki/Gulf_of_Paria
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tourism and, in this context, are increasingly becoming a source of revenue for coastal 

communities in the region, such as in Costa Rica, Grenada, St. Lucia, and Trinidad and Tobago. 

Over 185 species of waterbird (seabirds, wading birds, marshbirds, waterfowl and shorebirds), 

including a number of endemic and globally threatened species, make their home in the 

Caribbean (Clay et al 2005). Millions of birds representing approximately 350 species that breed 

in North America migrate each year to spend the winter in Latin America and the Caribbean. 

Caribbean marine biodiversity is under increasing threat from invasive species. Two well-known 

marine invasive species that have significant impacts in the region are: the Indo-Pacific green 

mussel (Perna viridis), which was introduced in Trinidad in 1990 and has since spread to a 

number of locations throughout the Caribbean Sea (Agard et al. 1992); and the red lionfish 

(Pterois volitans), which can cause severe disruption to coral reef communities. 

4.3. Water quality issues in the WCR 

Seawater in the WCR is impacted by a range of land and water based pollution sources. The key 

concerns are from nutrients (leading to eutrophic conditions), hazardous organic substances from 

industry and oil processing plants, oils spillage, and heavy metals from land based mining 

operations.  

Sewage is regarded as one of the most important and widespread causes of deterioration of the 

coastal environment in the Caribbean. While sewage contains a number of substances, of 

particular concern is its high content of nutrients and microbes. Nutrients have given rise to 

widespread eutrophication (over-enrichment of water by nutrients such as nitrogen and 

phosphorus). Suspended sediments also impair water quality by blocking light penetration and 

introducing attached chemical compounds and pathogens. It is estimated that less than 20% of 

sewage is treated in the LAC region (UNEP 2003), with most of it flowing untreated to rivers 

and the sea (Martinelli et al 2006, PNUMA 2007). 

In 2005, CLME countries used more than 1.7 million tonnes of fertilizers (UNEP-RCU/CEP 

2011). Sediments, sewage, and nutrient pollution from agricultural sources constitute the largest 

pollution threat to critical coastal habitats. It is therefore essential for WCR countries to prevent, 

reduce, and control these sources of pollution under the LBS Protocol and other measures such 

as IWCAM in order to protect human health and living marine resources.  

Notable is the increase in loads from watersheds (nutrients and sediments), which could severely 

affect coastal ecosystems. Estimates indicate that the CLME receives substantial DIN loads, 

between 750,000 to 1 million tonnes per year.  

Oxygen depletion caused by eutrophication can lead to fish kills in the water column in some 

localized areas (UNEP 2004a, 2004b). These transboundary impacts are likely to be more 

pronounced during the rainy season. 

Table 1 shows the total annual loads of BOD5, COD, TSS, TN, and TP discharged into the four 

sub-regions of the Caribbean Sea from urban and industrial activity and watersheds inflows 

according to the available information (UNEP-RCU/CEP 2010).The largest total contribution of 

nutrients comes from the Southern Caribbean with much of this attributed to the Magdalena 

River of Colombia (CARSEA 2007).  
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An estimated 90% of the hydrocarbon pollution in the WCR originates from land-based 

industrial sources and activities (UNEP-RCU/CEP 2011).  

Table 1.Wastewater flow and total annual pollution loads discharged into the 

Caribbean Sea 

Sub-region 
Drainage 

area (km
2
)  

Waste-water 

flow 
12 

(m
3
.sec

-
) 

Average annual load (tonnes.yr
-1

) x 10
3
 

BOD5 COD TSS 
 

TN  TP 

Western 

Caribbean 
291,439 3,004 427 1,851 5,819 15 5 

Southern 

Caribbean 
1, 278,743 3,364 3,364

13
 14,670

14
  202,383 644 125 

15
 

Eastern 

Caribbean 
105,242 1,004 210 389 56 3 1 

North-east 

and Central 
378,871 3,055 722 2,780 7,688 36 13 

4.4. Socio-economic background 

The CLME Region is the most geopolitically diverse and complex region in the world, with great 

cultural and economic diversity among its countries. Five hundred years of settlement by 

Europeans, Africans, Asians, and people from other parts of the Americas has resulted in a 

patchwork of independent states and colonies of governments in different regions  (Box 1). This 

presents unique challenges to the establishment of the co-operative approaches needed to 

sustainably manage this ecosystem for the common good (CARSEA 2007).  

The total population of the CLME countries and territories listed in Table 2for which data are 

available is approximately 225,000 million (including Mexico). If Mexico is excluded (most of 

its population is located in the Gulf of Mexico LME), this estimate is about 113.4 million, of 

which about 36% are located in the Insular Caribbean. Caribbean countries are considered 

middle- and high-income, except Haiti, which is classified as low-income. It is noteworthy that 

the countries with the four highest GDP/capita in the region are SIDs (Bahamas, Trinidad and 

Tobago, Barbados, and Antigua and Barbuda, in descending order). Among the Central/South 

American countries, Mexico has the highest GDP/capita, followed by Venezuela. After near-zero 

economic growth in 2000 and 2001, the region has been experiencing positive growth rates since 

2003 (UN-ECLAC 2007). High levels of economic growth, however, mask persistent and in 

some cases increasing poverty. Studies carried out in 2003 showed that 25% of the Caribbean 

population can be considered as poor, with more women than men living in poverty (Trotz 

2003). Significant variation exists among the countries with respect to poverty, with the highest 

proportion (65%) of population below the national poverty line being in Haiti (UNDP 2006). 

                                                 
12 The industrial wastewater flow is not included because of the lack of information. 
13 Organic loadings and phosphorous from Rio Orinoco watersheds are not included because of the lack of information. 
14 Same as previous footnote. 
15 Same as previous footnote. 
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Additional social indicators provided by UN-ECLAC (2010) show that life expectancy at birth 

for Latin America is 74.6 and the Caribbean 72.4 years; for the Latin America and Caribbean 

(LAC) region, illiteracy rate (above 15 years old) was 8.3% in 2010; this was higher among 

women (8.8%) than men (7.7%); the proportion of the population with an improve drinking 

water source in 2008 was 93% and improved sanitation facilities 79%. 

 

Table 2. Selected socio-economic data for the CLME region: Total population, 

GDP/Capita, Human Development Index), contribution of fisheries and aquaculture to 

national GDP, and travel and tourism to national GDP of CLME countries 

(blank cells: no data available from sources consulted)  

Country 

Total pop 16 

(000) 

(2011) 

GDP/Capita 17 

(2008 PPP US$) 

HDI 18 

(rank) 

% Fisheries & 

aquaculture 

Contribution to GDP 
19 20 

Travel & tourism 

% Contribution 

to GDP (2010) 21 

Antigua & Barbuda 89 19,117 47 1.3 78.5 

Aruba 108     

Bahamas 350 25,887 43 1.6 46.5 

Barbados 257 22,794 42 8% agri GDP 48 

Belize 319 6,460 78 4.15 28.2 

Brazil 195,400 10,900 73 0.4  

Colombia 46,930 8,959 79 3.86 5.3 

Costa Rica 4,703 11,143 62 1.38 14.0 

Cuba 11,205  51 6.8 5.9 

Curaçao      

Dominica 66 8,967 73  23.3 

Dominican Republic 10,026 8,616 88  15.9 

French Guiana 195 8,300    

Grenada 105 8,424 74 1.76 24.3 

Guatemala 14,729 4,761 116 0.44 7.6 

Guyana 761 6,800 104 6.0  

Haiti 10,253 1,040 145  7.0 

Honduras 7,773 3,845 106 5.25 9.5 

Jamaica 2,741 7,547 80 6.0 (agric GDP) 25.3 

                                                 
16 UN-ECLAC 2010. 
17 UNDP International Human Development Indicators: http://hdr.undp.org/en/data/profiles/, based on UN DESA (2009). 
18 UNDP Human Development Report 2009. 
19 FIINPESCA–OSPESCA/FAO/SUECIA 2009. 
20 FAO Fishery Country profiles (http://www.fao.org/countryprofiles/default.asp?lang=en) 
21 World Travel & Tourism Council 2010 (http://www.wttc.org/eng/Tourism_Research/Economic_Data_Search_Tool/index.php) 

http://hdr.undp.org/en/data/profiles/
http://www.wttc.org/eng/Tourism_Research/Economic_Data_Search_Tool/index.php
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Country 

Total pop 16 

(000) 

(2011) 

GDP/Capita 17 

(2008 PPP US$) 

HDI 18 

(rank) 

% Fisheries & 

aquaculture 

Contribution to GDP 
19 20 

Travel & tourism 

% Contribution 

to GDP (2010) 21 

Mexico 111,738 14,192 56 0.8 12.7 

Netherlands Antilles 203     

Nicaragua 5,896 2,632 115 5.62 7.2 

Panama 3,562 13,210 54 2.49 13.7 

Puerto Rico & US 

Virgin IsI. 

4,123     

St. Kitts & Nevis 53 15,092 62 3.8 30.5 

St. Lucia 176 9,431 69 7.3 (agri) 35.1 

St Vincent & the 

Grenadines 

109 8,967 91 2.0 26.5 

Suriname  534 9,900 94   

Trinidad & Tobago 1,349 25,162 59 0.09 36.8 

Venezuela 29,499 11,820 75 4.5 (agri) 7.1 

French Territories      

UK Territories 136     

 2007- GDP in the primary sector "Agriculture, forestry, hunting and fishing" 2000 - 2007 (at current prices in millions of 

U.S. dollars). 

 Other Sources: CIA World Factbook; Food and Agriculture Organization Website; UNDP Website; World Bank Website; 

CRFM Website 

 

The LAC region is the most urbanized region in the developing world, with 77% of its 

population living in cities (UN Habitat 2008). About 116 million live within 100 km of the coast 

in the region, with nearly three-quarters of the population in coastal zones being urban 

inhabitants (UN Habitat 2008). The region will continue urbanizing over the next two decades, 

with the proportion of the urban population reaching 85%. Many of these cities are in the 

vulnerable, low elevation coastal zone. 

Cities embody some of society‘s most pressing challenges, from pollution and disease to 

unemployment and lack of adequate shelter and sanitation. Location in the coastal zone makes 

these cities very vulnerable to extreme meteorological events such as storms and hurricanes. The 

CLME region has a long history of natural disasters caused by storms and hurricanes, floods, 

volcanic eruptions, landslides and earthquakes. In the last decade, the region suffered from 

several large natural disasters whose magnitude, in terms of fatalities and damages, has been 

significant. For example, between 2002 and 2009, the LAC region experienced 69 storms (29 in 

the Caribbean), which caused a total of 6,483 deaths (62% in the Caribbean) and affected 11.3 

million people (47% in the Caribbean) (UN-ECLAC 2010) 

The most notorious recent hurricane was Hurricane Ivan in 2004, which devastated nearly the 

entire island of Grenada and caused widespread damage in other islands such as Barbados, 
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Jamaica, and Tobago. The 2004 hurricanes caused about US$2.8 billion in damages in Cuba, 

Dominican Republic, Grenada, Haiti, and Jamaica (CRED 2005). 

The annual average cost associated with natural disasters between 1970 and 1999 ranged 

between $700 million and $3.3 billion (Charvériat 2000). Although economic damages from 

meteorological disasters in the Americas decreased in 2009 compared to the 2000-2008 annual 

average, they were still the most costly disasters compared to other disaster types in 2009
22

.  

This underscores the importance of the region‘s coastal habitats for their coastal stabilization and 

protective function.   

Of particular concern is the effect of global warming, which is projected to lead to an increase in 

the frequency and severity of tropical storms (IPCC 2001). Based on global projections and 

studies in other regions, sea-level rise of 30 -55 cm for the Caribbean over the next 50 years is 

considered a reasonable projection. A rise of this magnitude is expected to have severe 

implications for the social and economic development of many Caribbean States (IPCC 2001). It 

has been suggested that land loss from sea-level rise, especially on the low limestone islands, is 

likely to be of a magnitude that would disrupt virtually all economic and social sectors 

(Leatherman 1997). This is of grave concern among the Insular Caribbean countries. The SIDS 

show particularly high environmental and socio-economic vulnerability to external perturbations.  

The high dependence of the CLME countries on the marine environment and living marine 

resources, combined with their high environmental vulnerability underscores the importance of 

conserving this environment and sustainably exploiting these resources, especially with regard to 

a changing global climate over which these countries have little or no control. The main 

economic activities of Caribbean countries include tourism, construction (much of which is 

tourism-related), mining and oil extraction (Brown et al 2007). The petroleum industry is a major 

economic sector in Venezuela, Mexico, and Trinidad and Tobago, the region‘s three largest oil 

exporters. 

4.4.1. Fishing industry in the CLME 

The Caribbean fishing industry showed little expansion until the second half of 20th Century 

(Christy 1997). Prior to this, the fisheries were limited to subsistence and artisanal levels. In the 

1970s, especially after the declaration of the Exclusive Economic Zone (EEZ) regime, several 

countries (e.g. Mexico, Cuba, Colombia, Nicaragua, Panama, and Venezuela) implemented 

government-sponsored fisheries expansion programmes. 

The fisheries of the Caribbean Sea are predominantly multi-species, multi-gear, small-scale or 

artisanal fisheries. In Central America, for example, 90% of the fishers and 97% of the sub-

regional fishing effort are artisanal. Caribbean fisheries are conducted by low-capital, labour-

intensive operators, with the main exceptions being the industrial shrimp and tuna fisheries, as 

well as fisheries for high-value reef species such as conch, lobster, snapper, and grouper. 

Table 2 shows the contribution of fisheries to GDP (for some countries this is combined with 

aquaculture and for others included in agricultural GDP) as well as travel and tourism to GDP.  It 

is evident that compared to tourism fisheries do not play a very significant role in terms of 

                                                 
22 CRED Americas http://cred.be/sites/default/files/ADSR_2009.pdf 

http://cred.be/sites/default/files/ADSR_2009.pdf
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national wealth generation. Despite the relatively low contribution to GDP, however, the impact 

of fisheries is considerable. Marine fisheries constitute an important economic sector in the 

region, providing foreign exchange earnings, employment, incomes, and animal protein. A 

significant portion of the region‘s population depends upon fishing for its survival and is unable 

to substitute fish for other sources of animal protein. 

Small-scale fisheries in particular are widely recognized as an integral part of the fisheries sector 

in all CLME countries and play an important role in sustainable development, especially with 

respect to key issues such as poverty reduction, food nutrition, and livelihood security, wealth 

creation, foreign exchange earnings, and coastal-rural development (CARSEA 2007). The 

fisheries sector is primarily seen as an ―economic safety net‖ to complement other employment 

activities (e.g. the construction and tourism sectors).  

Data compiled for the Regional TDA (see detailed fisheries ecosystem TDAs
23

)indicate at least 

one million persons are employed in fishing and related activities
24

 . Based on the CARSEA 

estimate of five dependants for each person employed in this sector, the number of persons in the 

Caribbean who rely on fisheries for their livelihoods is at least 5 million. People engaged in 

fishing often have low levels of formal education, limited access to capital, and limited 

occupational and geographic mobility. Therefore, they will be highly impacted by declines in 

living marine resources.   

Data compiled for these TDAs show that the region‘s fishing fleet consists of about 34,000 boats 

(excluding Mexico because of the relatively small proportion of its coastline in the CLME and 

unknown number of boats in this area, and a few countries for which data were unavailable). 

CARSEA (2007) reported a total of 31,500 boats (approximately 25,000 artisanal. In general, 

fish consumption per capita is higher in the Insular Caribbean compared to the continental states, 

which demonstrates the dependence of the islands‘ population on the CLME fish resources. Fish 

protein supply per capita exceeds the world average of 4.5 g/day in 11 of the countries, 10 of 

which are in the Insular Caribbean (Table 3). Fish protein as a percentage of total animal protein 

exceeds the world average in eight countries, all of which are in the Insular Caribbean. In 

addition, a high demand for fish is seen in the tourism sector, both for direct consumption and 

recreational fishing. 

Despite the large number of countries that exploit the fisheries resources of the CLME, the catch 

is dominated by only a few countries, with Venezuela, Cuba, Mexico, and Jamaica accounting 

for nearly 80% of the total catch of about 364,000 tonnes in 2006. In 2006, the value of the total 

landings was about US$533 million, 65% of which was attributed to only five countries 

(Bahamas, Cuba, Jamaica, Nicaragua, and Venezuela). Significant proportions of high-value 

species such as lobster, conch, and tunas in the landings of these countries account for the 

relatively high value. 

 

                                                 
23 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 
24 Some countries report only numbers of fishers, while others report a combined total of fishers and employment in processing and marketing  
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Table 3. Socio-economic importance of the fisheries sector in CLME countries 

Country 
1,2

No. employed in 

fisheries 
1,2

No. vessels 

3 
Fish protein 

supply per capita 

(g/day) 

3
Fish/animal 

protein % 

3
Fish Imports 

value (000 

US$) 

3
Fish exports 

value (000 

US$) 

Antigua and 

Barbuda 
1,193  14.1 24.6 7,882 327 

Aruba        

Bahamas 9,300 4,000 (reef mainly) 7.7 12.6 17,806 83,367 

Barbados 2,825 

485 (reef, coastal); 300  

(flyingfish & large 

pelagics); 30 longliners 

11.3 22.0 18,847 899 

Belize 3,843 593 (artisanal) 3.5 11.6 1,541 20,866 

Brazil  243 (industrial)   297,221 238,602 

Colombia 

 

28,485 (industrial); 

26,700 (aquaculture); 

66,000 (smallscale 

marine and inland) 

 

1.6 5.4 174,105 188,690 

Costa Rica 

 
1,210 242 2.1 6.3 44,972 107,255 

Cuba 16,710 1,306 2.2 9.7 49,188 81,000 

Curacao       

Dominica 2,903 >1,100 (10 tuna longliners) 8.3 16.7 1,815 6 

Dominican 

Republic 
 3,752 2.8 10.3 102,195 4,937 

French Guiana 128      

Grenada 
2,800 

(
4
2,515) 

480 (pelagic); 130 (reef-

fish); 50 (bait); 100 

(lobsters, conch) 

(
4
1695 registered vessels) 

11.1 22.1 4,701 4,115 

1  
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Country 
1,2

No. employed in 

fisheries 
1,2

No. vessels 

3 
Fish protein 

supply per capita 

(g/day) 

3
Fish/animal 

protein % 

3
Fish Imports 

value (000 

US$) 

3
Fish exports 

value (000 

US$) 

Guatemala 1,420 465 0.7 4.7 43,852 89,640 

Guyana 5000 1347   1.07 54.2 

Haiti   0.8 10.1 17,014 4,879 

Honduras 
10,766 

(artisanal) 
5,383 (artisanal) 0.9 3.4 19,080 186,934 

Jamaica 20,480 4,154 7.6 19.0 94,406 9,231 

Mexico 268,727 (primary sector) 106,425 3.3 8.0 540,423 830,207 

Nicaragua 5,676 (artisanal) 1,892 (artisanal) 1.1 6.2 6,599 96,448 

Panama 2,280 (artisanal) 760 (artisanal) 3.9 10.5 24,999 362,304 

St. Kitts & Nevis 
600 (primary sector); 

>75%  in reef fisheries 
 8.7 16.7 3,927 434 

St. Lucia 2,339 690 12.6 21.4 6,810 11 

St Vincent & the 

Grenadines 

2,050  

(
4
900 registered fishers) 

600  

(
4
745 registered vessels) 

4.9 12.2 1,260 362 

Suriname  1032     

Trinidad & Tobago 7,085 2,264 6.1 19.7 25,655 8,723 

Venezuela 786,600 65 (tuna)  4.8 14.0 187,244 33,018 

French Territories       

UK Territories       

  
 

4.5  

(World) 

15.6 

(World) 
  

1FAO Fishery Country profiles (http://www.fao.org/countryprofiles/default.asp?lang=en) 
2FIINPESCA–OSPESCA/FAO/SUECIA 2009.  
3FAO (2009). Yearbook of Fisheries and Aquaculture Statistics 2007. FAO, Rome. 
4Data provided by countries in response to survey by CLME project. 
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4.4.2. Aquaculture 

Overall, the aquaculture industry is well-developed in only a few countries. The industry is 

primarily based on the production of white shrimp (Litopenaeus vannamei) and Tilapia, although 

a number of other species are commercially farmed. In the Insular Caribbean, there is some 

small-scale production of tilapia and seaweeds (Gracilaria). The culture of marine fish is limited 

to experimental production of species such as cobia in Colombia and Cuba, and conch in Turks 

and Caicos. 

In Central America, Panama and Honduras have the highest fisheries landings and number of 

boats and jobs, although the per capita fish consumption is very low in Honduras compared with 

Panama. In this sub-region, aquaculture production, mainly of shrimp and tilapia, surpasses fish 

capture production in four out of the six countries that border the CLME. This trend is most 

pronounced in Honduras where aquaculture production in 2007 amounted to about 17 times 

more than capture production. Honduras is also the sub-region‘s biggest aquaculture producer, 

followed by Costa Rica (Table 4). Aquaculture is one of the fastest growing industries in Belize 

and over the last five years has surpassed the earnings from lobster and conch that have been 

Belize‘s most important fisheries revenue earners. While the culture of aquatic organisms 

consists largely of freshwater species, this can have deleterious impacts on coastal habitats when 

waste and contaminated effluents are disposed of in coastal areas.  

Table 4. Aquaculture production (tonnes) in Central America 

Species/Country Belize 
Costa 

Rica 
Guatemala Honduras Nicaragua Panamá 

Shrimp 2,472.37 5,274 13,500 30,367 11,097.5 8,263 

Tilapia 165 19,489 2,900 12,820 333.7 46.6 

 Trout  536     

Source: FIINPESCA – OSPESCA/FAO/SUECIA 2009. 

In Brazil, aquaculture began in the early twentieth century. In the 1990s, total aquaculture 

production increased from approximately 30,000 tonnes at the beginning of the decade to 

176,531 tonnes by 2000 and 246,183 tonnes by 2002. It is predominately based on small-scale 

farming units, with an estimated 100 000 farms occupying an area of 80,000 hectares in 1998. In 

2002, finfish species comprised 69 percent of Brazilian production with 169,858 tonnes, 

followed by crustaceans with 26 percent or 64,043 tonnes, molluscs 4.7 percent or 11,685 tonnes 

and frogs 0.2 percent or 597 tonnes.  

Aquaculture in French Guiana is aimed mainly at the production of freshwater shrimp 

(Macrobrachium rosenbergii) with direct employment for 12 persons
25

. In Suriname, the main 

geographical area of industrial aquaculture is the Commewijne district, located in the coastal 

area, while the main areas of small-scale aquaculture are in Nickerie, Saramacca and Paramaribo. 

                                                 
25 http://www.iim.csic.es/pesquerias/Pesca/EU/regional%20socio-economic.pdf 

http://www.iim.csic.es/pesquerias/Pesca/EU/regional%20socio-economic.pdf
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In Suriname, industrial production was 310 t in 2003 and 288 t in 2004, with no data being 

available for small-scale aquaculture production.  

In Guyana, the people on the Corentyne Coast have practiced a form of fisheries enhancement 

that is similar to aquaculture for over 100 years. Aquaculture activities can be divided into 

freshwater and brackish water, almost all of which are practiced on the coastal plains.  The 

species farmed using semi-intensive pond rearing practices are the Mozambique tilapia 

(Oreochromis mossambicus), Nile tilapia (Oreochromis niloticus), Jamaican red tilapia, giant 

river prawn (Macrobrachium rosenbergii), armoured catfish or atipa (Hoplosternum littorale) 

and the salmon shrimp (Mesopenaeus tropicalis).These products are mainly sold in local 

domestic markets situated along the coast of the country, with farmers usually selling directly to 

consumers.  

In Venezuela, aquaculture development began relatively recently with the cultivation of shrimp 

(Penaeus sp.) in the 1980s. The main markets and consumption centres for the fish products of 

native species such as tambaqui, bocachico, and catfish, are located in the country‘s interior 

regions The main export species is marine shrimp, 80 percent of which is destined to the North 

American market, followed by exports of inland fish to the Republic of Colombia through the 

border town of Cúcuta.  

In Trinidad and Tobago, with the coastal marine resources being viewed as heavily exploited or 

over-exploited, aquaculture is considered to be one of the avenues to supplementing the 

declining marine resources in an effort to meet the increasing demand for protein through fish 

and fish products. It is practiced at the subsistence and semi-commercial levels by approximately 

53 farmers. There are about three aquaculture farmers of some significance. Their production of 

tilapia fingerlings and market size tilapia between 2000 and 2004 being estimated at 701,500 

fingerlings and 45,000 kg respectively.  

4.4.3. Tourism in the CLME region 

Another economic sector that is highly dependent on the amenity value or cultural ecosystem 

services of the CLME is tourism. The dependence of tourism on coastal and marine areas and 

living marine resources as well as the concentration of tourism infrastructure and activities on the 

coast causes major environmental problems for the very living resources that support tourism. 

Tourism is an important sector in a number of the countries, especially in the Insular Caribbean.  

Tourism has become one of the principal industries and the fastest growing economic sector in 

the sub-region (CARICOM Secretariat 2003). The high dependence of the economies of some of 

the countries on tourism is evident in its contribution to GDP, which reaches nearly 79% in 

Antigua and Barbuda and over 30% in the Bahamas, Barbados, St. Kitts and Nevis, St. Lucia, 

and Trinidad and Tobago.  

According to data from the Caribbean Tourism Organization  in 2000 almost 25 million tourists 

travelled to the Caribbean. The hotel sector, however, is rivalled in bed/berth capacity by the 

cruise ship sector, the fastest-growing tourism segment (McElroy 2004). The total number of 

cruise-ship passenger arrivals in the Caribbean was 14.6 million, with the most frequent ports of 

call being in the Bahamas (2.5 million), U.S. Virgin Islands (1.8 million), Cozumel, Mexico (1.5 

million), Puerto Rico (1.3 million), and Cayman Islands (1.0 million). 
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Of particular interest is that in the Caribbean Islands, travel and tourism rank first in relative 

contribution to national economies, with real GDP growth of 4.1% per annum over the coming 

10 years. Relative to its size, the Insular Caribbean is the most tourism-driven region in the 

world. In terms of jobs and export income, the contribution of tourism is nearly double that of 

the global average, and accounts for more than a fifth of all capital investment in the region 

(CARSEA 2007). 

For the Latin American countries, travel and tourism rank 13
th

 in relative contribution to national 

economies, with real GDP growth of 5.1% per annum over the coming 10 years. In the 

continental countries, while tourism makes a lower contribution to GDP than in the Insular 

Caribbean countries, the number of jobs in this sector is at least ten times more as a result of their 

larger population sizes. In terms of the proportion of total employment, however, jobs in the 

tourism sector in the Insular Caribbean has a higher proportion of all jobs (10.8%) compared 

with the continental countries (6%). 

The expected growth in tourism, much of which is associated with coastal and marine areas, will 

put increasing pressures on the Caribbean Sea ecosystem and living resources. 

4.4.4. Land-based coastal activities 

Pollution is a key concern within the CLME region. Sources from land-based activities (e.g. 

agriculture, industry, wastewater etc.), riverine discharges (including sediments), shipping (e.g. 

ports) are all considered to have an impact on the fisheries ecosystems.  

Land-based activities represent a major source of pollution affecting all three ecosystems which 

has been recognised through the LBA protocol to the Cartagena Convention addressing this 

issue. Sources include untreated wastewater from municipalities and industry, point and diffuse 

agricultural inputs, erosion due to inappropriate land use, forestry, mining and accidental 

pollution. 

Human activities in includes agriculture, aquaculture, industry (including mining and oil), and 

urbanisation and tourism (including issues of inadequate wastewater treatment). 

4.4.5. Offshore energy operations 

Much of the oil exploration, extraction, refining, and transportation activities take place in 

marine and coastal areas of the CLME. The CLME has major oil producing countries (Mexico, 

Colombia, Venezuela, USA, and Trinidad & Tobago) and important ports for oil refining. A 

large number of offshore oil platforms operate in the region (e.g. off Venezuela, Trinidad and 

Tobago, Colombia), with offshore drilling explorations in other areas such as off Cuba and 

Jamaica. These offshore platforms are potential sources of pollution from oil and other substances.  

4.4.6. Marine transport operations 

The Caribbean Sea is noted for its maritime industry, with tens of thousands of cargo vessels, 

cruise ships, fishing and recreational vessels plying the waters of the Caribbean Sea each year. 

The Panama Canal makes the Caribbean Sea, particularly in the north, an area of intense 

maritime cargo freight traffic between the Atlantic and Pacific Oceans. With between 10 - 15 
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thousand ship crossings annually, the Panama Canal is the world‘s leading maritime hub and 

accounts for about 30% of Panama‘s GDP. The Canal is currently undergoing a US$5.25 billion 

expansion that will allow it to accommodate larger ships. A total movement of about 104,000 

ships and averages of over 8,500 ships per month and approximately 300 ships per day have 

been reported in the CLME and adjacent regions (Vila et al 2004). The three areas with the 

highest number of movements were all within the CLME, with the highest movement taking 

place on the Atlantic Coast of South America with 28,392 ships per year (Figure 3), associated 

mainly with the Panama Canal. Much of the ship traffic in the Caribbean Sea is related to oil 

transportation with the Caribbean Sea second in oil traffic only to the Persian Gulf. 

Shipping accounts for the introduction of significant quantities of ballast water (see Box 3) into 

the Caribbean Sea. In 2005, six million tonnes of ballast water were poured into the Caribbean 

Sea, of which 84% came from international shipping. About 7 million barrels of oil are 

discharged annually from tank washings. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Daily and yearly ship movement in the five areas in the 

Wider Caribbean in 2003 
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Box  2. GloBallast Programme 
26

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5. Governance Analysis 

4.5.1. Regional Governance  

 

 

Given the emphasis on governance in this project a brief introduction to the term and its 

application in this project is included here. 
27

 Current thinking on governance is largely about 

interactions among players (actors or stakeholders), the institutions, whether formal or informal, 

that shape these interactions, and the visions and principles that guide these institutions and 

interactions 
28

. This is the broad perspective taken on governance in the CLME Project. 

Much of this broadening of the scope of governance has been due to the recognition that 

hierarchical command and control approaches have not worked well for Social-Ecological-

Systems (SESs). This is considered to be due largely to the complexity, diversity, and dynamics 

of SESs arising from many sources, not the least the multi-scale nature of both ecosystems and 

governance systems in a globalizing world. Thus SESs tend to be characterised by high 

uncertainty and low controllability. Much of the current discussion on governance is about how 

to deal with these characteristics. In addition to the implications of SES complexity, there is 

increasing concern with a suite of principles that broaden the range of issues that is being taken 

                                                 
26 http://globallast.imo.org/index.asp?page=GBPintro.html&menu=true 
27 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 
28 Hence the recent definition of governance from Kooiman et al (2005) “Governance is the whole of public as well as private interactions taken 

to solve societal problems and create societal opportunities. It includes the formulation and application of principles guiding those interactions 
and care for institutions that enable them.” Similar perspectives are espoused by most groups working on governance of natural resources 
(Biermann et al 2009, Armitage et al 2008). 

Based on the success of the GloBallast Programme, the IMO has once more partnered with the GEF, 

UNDP, member governments and the shipping industry to assist less-industrialized countries to tackle 

the ballast water problem under a project entitled:  Building Partnerships to Assist Developing 

Countries to Reduce the Transfer of Harmful Aquatic Organisms in Ships’ Ballast Water. It is also 

referred to as GloBallast Partnerships. The partnership effort is three-tiered, involving global, regional 

and country-specific partners that represent government, industry and non-governmental 

organizations. Private sector participation will be achieved through establishing a GloBallast Industry 

Alliance with partners from major maritime companies.  

The overall goal of the GloBallast Partnerships Project is to reduce the risks and impacts of marine 

bio-invasions caused by international shipping, with the specific objective being to assist vulnerable 

developing states and regions to implement sustainable, risk-based mechanisms for the management 

and control of ships‘ ballast water and sediments in order to minimize the adverse impacts of aquatic 

invasive species transferred by ships. 

 

A comprehensive and detailed governance analysis for the WCR has been prepared and should 

be referred to for more details. 
27

 

http://globallast.imo.org/index.asp?page=GBPintro.html&menu=true
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into consideration by governance of SESs. These are primarily human rights issues, such as 

rights of access, the right to have the opportunity to rise above poverty and the right to self-

determination by participation in decisions that affect one (Kooiman et al 2005). Thus the 

business of governance itself has become more complex. 

Key concepts emerging in response to the above circumstances relating to natural resource 

governance at national and local levels are the capacity to adapt to changing conditions either by 

buffering against them (Berkes et al 2001) -  resilience -  or by changing with them in the most 

advantageous way possible – transformation (Olsson et al 2004, Mahon et al 2008). The capacity 

to detect changing situations, learn from past experience and innovate is increasingly recognised 

as a valuable set of assets for complex, diverse and dynamic SESs (Folke et al. 2002). Enabling 

this type of capacity is seen as the way to deal with situations of high uncertainty and low 

controllability. At the regional and international levels, which are the focus of the CLME Project, 

attention is also focussed on enabling governance systems that also have capacity for adaptation 

and transformation (Bierman et al 2009, Young 2010).  

The reassessment of the LMR governance situation in the WCR in the light of the orientation 

towards fishery ecosystems, as well as with reference to changes in the governance arrangements 

in the region since the PDF-B, suggests that a network approach to governance that links existing 

LMR governance arrangements, seeks to strengthen them and to build upon their existing 

strengths is still appropriate. Indeed, the above changes and advances are such that the suggested 

approach appears to be even more appropriate at the present. Increasing awareness of the 

uncertainty that will result from climate change will demand an approach that seeks to build 

resilience and adaptive capacity. At the same time, the increasing diversity of regional 

stakeholders with interests in LMR that is necessitated by adopting an ecosystem approach and 

by including climate change consideration speaks to the need for interaction and networking that 

is flexible and demand driven. 

A shift towards an ecosystem approach in the WCR such as that developed by stakeholders at the 

2008 EBM Symposium is highly consistent with the FAO EAF as well as the CBD principles in 

its recognition of the diversity of issues that must be considered in LMR governance in the 

WCR, including social justice issues. It is also a recognition that agreed principles and processes 

must underlie effective governance. In such a diverse system, functional linkages, processes and 

interactions are fundamental to moving forward. Solutions can no longer be assumed to be 

available off-the-shelf. They must be developed rapidly, as demand arises, with the best 

information available and with the understanding and engagement of all concerned. As 

circumstances arise and change, good governance will require increased attention to the roles 

that are essential for responsiveness and adaptation. These will include people and institutions 

that facilitate process, connections and information flow.  

The Large Marine Ecosystem Governance Framework that was developed in the PDF-B for the 

WCR is an attempt to capture the essential characteristics of the current regional governance 

arrangements and to portray them is a way that allows for them to be broken into their 

component parts to facilitate interventions aimed at improving the arrangements and enhancing 

the overall framework. This framework is based on linked policy cycles at multiple levels, from 

local to international (Fanning et al 2007). The cycles have a common structure but may vary in 

nature at various levels and from location to location at any given level (Figure 4 and Figure 5). 
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However, they must be complete in order for there to be effective governance at the level or 

location in question. Cycles must also be linked vertically with two-way flows if they are to be 

effectively connected with the remainder of the framework (Figure 4). Incompleteness and 

disconnectedness are two common problems in WCR living marine resource governance. As 

such, it is also important for vertical linkages to be established among the decision-making 

stages of the various cycles. Linkages across policy cycles at other stages, such as the technical 

ones more common among scientific communities, are necessary but not sufficient for effective 

governance. Finally, lateral linkages are also important as they serve to promote shared learning 

across policy cycles occurring at the same jurisdictional or geographic level, as for example, 

national level cycles taking place in different countries across the region. 

With reference to this framework, the long-term ocean governance goal for the CLME Project 

area is ‗fully-functional policy cycles at all appropriate levels with the appropriate vertical and 

lateral linkages‘. This long-term goal can be approached incrementally with targeted 

interventions specifically aimed at: 

 Establishing or completing policy cycles, 

 Building or enhancing linkages. 

 

 

 

 

 

 

 

 

 

Figure 4. The generic policy cycle used as the basis for the CLME-

approved LME governance framework (Fanning et al. 2007) 
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Figure 5 illustrates the potential for engaging stakeholders in the process of governance as is 

considered to be essential for an ecosystem approach 

 

 

Figure 5. The diversity of stakeholders in the policy cycle depending on stage and scale 

level (Fanning et al. 2007) 

The LME governance framework as designed for the WCR is sufficiently flexible to 

accommodate: 

 A diversity of policy cycle arrangements and linkages that can include the full range of 

stakeholders (e.g. Figure 5); 

 The diversity of ecosystem approaches that currently exist; and, 

 Existing organizations within the region, but its adoption by these entities will require 

that they review and adjust their modes of operation. 

The various pilot projects and case studies comprising the CLME FSP were developed explicitly 

to explore the CLME Governance Framework described above and to determine the best way 

forward with strengthening it towards achievement of the long-term goal. 

 

 

DATA AND 
INFORM

-ATION 

ANALYSIS

AND 

ADVICE 

 

REVIEW 

AND 
EVALUATION 

 

IMPLEMENT

-ATION

DECISION 
MAKING

 
 

 

 

All kinds of research and assessment 

including Traditional or Local Ecological 

Knowledge, participatory research, 

oceanography, stock assessment, resource 

mapping, sociology and economics at all 

scale levels  

All kinds of analysis that is focused on addressing 

fishery and environmental management problems and 

that can lead to advice that is useable by decision 

makers: local groups, national committees, regional 

scientific bodies and NGOs 

Bodies with a mandate to review 

advice and make decisions, 

preferably binding, regarding what 

should be implemented to achieve 

sustainability in fisheries or 

environmental use: local NGOs 

and CBOs, Ministries or Cabinet, 

regional/international political 

bodies. Primarily national and local agencies with a 

mandate to put decisions into action, whether 

this is via capacity building, new legislation or 

direct enforcement. 

Similar bodies to those that are 

responsible for analysis and advice 

and that often oversee the policy 

cycle 
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Figure 6. The conceptualized multi-scale component of the proposed LME Governance 

Framework with vertical and horizontal linkages among the different policy cycles 

(horizontal ellipses). The multi-level linkages do not necessarily imply a controlling 

function (Fanning et al.  2007 

4.5.2. Stakeholders in governance 

Stakeholder engagement and participation are recognized as a key component of an ecosystem 

approach. As indicated above, the development of an effective framework of governance 

arrangements covering key marine ecosystems and their transboundary LMRs requires knowing 

who the stakeholders are and how they currently fit, or should fit, into the framework. Therefore, 

stakeholder identification was seen as a critical step in setting the stage for stakeholder 

participation in the Full Project. Recognizing that the CLME project covers some 26 countries 

and the need for the project to identify stakeholders that will affect and be affected by the project 

(academic, resource users, managers, NGOs, Government, community-based organizations, 

donors, fishers and fishers‘ organization), considerable effort was expended during the PDF-B 

phase to identify these players.  

The approach to assessment of stakeholders was to explore their actual and potential roles in the 

stages of the policy cycles that comprise the governance arrangements for various ecosystems 

and LME issues. As already indicated there is a huge diversity of organisational stakeholders that 

may have a variety of potential roles (Table 1). These are constantly changing. Knowing who 

they are and keeping them engaged is a dynamic iterative part of the governance process that 

must be built in as efforts at strengthening the framework proceed. There is also the need to 

identify the appropriate subsets for various issues.  

  

Local

National

Global

Regional
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This was done in the PDF-B for a number of different transboundary LMRs as well as other 

aspects of the framework. The example for the reef fishery ecosystem is shown in Figure 7 and 

the subcomponents for which stakeholders were identified separately in this way are listed 

below: 

 

Reef fish fishery Lobster fishery = Reef fishery ecosystem 

Shrimp and groundfish  = Continental shelf ecosystem 

Flyingfish fishery Large pelagic fishery = Open ocean (offshore) ecosystem 

Regional monitoring and reporting system 

Regional ocean/CSI 
= Regional governance framework 

Since the PDF-B phase, some of the stakeholders have increased in prominence while others 

have declined. Given the increasing recognition of the need to take an ecosystem approach to 

managing transboundary living resources and the cross-cutting effects of climate change, new 

categories of likely actors have been identified. Among these representatives of the tourism and 

conservation sectors are prominent. 
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Table 5. Selected key institutional players in the CLME project area at the local, national, sub-regional/regional and 

international levels identified in the PDF-B phase of the project based on their potential role in CLME Project activities 

(Source: Parsram (2007) 

 

Potential Role(s) in CLME 
Levels of 

interaction 
Organizations 

Technical assistance in filling knowledge 

gaps and sharing data and information. 

 

 

 

Participating in the TDA analysis and 

development of the Strategic Action 

Programme 

 

Local 

Fisher folk Organizations, Fish processors, MPA Authorities (e.g. 

SMMA, Buccoo Reef Trust, TCMP, CORALINA etc), NGOs 

(Environmental Awareness Group, Barbuda Council, GRENCODA,  

FUNDAECO, CONAP, GMTCS, NCRPS, BREEF, SMMA etc.) 

National 

National Fisheries Departments and special committees, Fisheries 

Advisory Committees, 

Universities, Research Institutions (e.g. CARICOMP, Center for Marine 

Sciences, INVEMAR) IDO, CIP, Aquario Nacional de Cuba, CIBIMA, 

ECOSUR, IMA, Maritime Authorities, CZMUs, National Fisherfolk 

Organizations 

Sub-regional/ 

Regional 

CARSEA, CRFM, WECAFC, CERMES, MarGov, MBRS, IOCARIBE, 

UNEP CAR/RCU, GCFI, OPSPESCA, OLDEPESCA, FAO LAPE, 

IFREMER, CANARI, INCOPESCA, SPAW/RAC, CCDC, UWI CMS, 

CFMC, OECS 

International 
Reef Check, AGRRA, NOAA, FAO, ICAAT, ICRAN, COML, University 

of Miami RSMAS, CINTOO, IUCN, TNC, WWF, WRI 

Potential for co-financing; 

Implementation of necessary institutional, 

legal and policy governance reforms at the 

national and regional levels; CLME project 

Local 

Primary Fisherfolk Organizations, NGOs, SMMA, Buccoo Reef Trust, 

TCMP, CORALINA, Environmental Awareness Group, Barbuda Council, 

Barbados Marine Trust, CEC, GRENCODA, ART, FUNDAECO, 

CONAP, GMTCS, NCRPS, NEPT, NEST, BREEF, Dive Operators, Tour 

Operators, 
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Potential Role(s) in CLME 
Levels of 

interaction 
Organizations 

promotion, specifically with respect to 

advancing the achievement of the 

components of the project; Building cross-

sectoral linkages and partnerships among 

advisory and decision-making bodies at the 

national, sub-regional and regional levels; 

Encouraging increased ratification and 

implementation of relevant international 

agreements 

Public education, outreach, disseminate 

and share project results, best practices and 

lessons learnt; Capacity building for and 

implementation of management measures 

and legal, policy and regulatory reforms. 

National 

National fisheries authorities, Fish Processors and traders, Maritime 

Authorities, Naval Forces/Coast Guard, Ministries of Environment, 

Ministries of Agriculture, Ministries of Trade and Commerce, National 

Trust, NGOs, CZMUs, UNIPESCA, FENICPESCA, DIGIPESCA, 

CONAPESCA 

Sub-regional/ 

Regional 

CARSEA/Cropper Foundation, OECS, CRFM, CERMES, MarGov, ACS, 

CARICOM, SICA, CTO, CHA, OSPESCA/SICA, CFMC, WECAFC, 

IFREMER, UNEP-CEP, SPAW/RAC, IOCARIBE, ECLAC, 

OLDEPESCA, INVEMAR, Research Institutions, CaMPAM, CCA 

International 

OAS, FAO, UNDOALOS, ICAAT, CTA, IDRC, OAK, Ocean 

Foundation, Bill Fish Foundation, IUCN, WW2BW, IOI, UNFSA, 

ICRAN, NOAA, TNC, WWF 

Participate in developing and implement 

pilot projects (Flyingfish, Reef Fisheries, 

Lobster, Shrimp and Ground Fish) 

Local 

Fishermen Organizations, Fishing Companies, NGOs, CORALINA, Coral 

Cay Conservation, TCMP, SMMA, Bucco Reef Trust, NCRPS, Diving 

Associations, MPAs 

National 

Fisheries Departments/Divisions/Commissions, Research Institutes, 

CARICOMP, UWI CMS, IMA, EMA, CZMUs, IBAMA, ACML, Naval 

Forces/Coast Guard, UNIPESCA, FENICPESCA, DIGIPESCA, 

CONAPESCA 

Sub-regional/ 

Regional 

CRFM, WECAFC, UNEP CEP, MBRS, SICA, OSPESCA/SICA, AECI, 

GCFI, CONFEPESCA, OLDEPESCA, INVEMAR, CERMES, MarGov, 

UWI CMS, CCCCC, CFMC, CEHI, CANARI 

International FAO, UNEP, WWF, WRI, AGRRA, Reef Check, TNC, ICRAN 
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Figure 7. CLME stakeholders by policy cycle stage for the Reef Fisheries and Biodiversity 

pilot project as identified in the PDF-B phase of the project (Parsram 2007). 

 

 

 

The following figure represents the many regional fisheries organisations in the WCR showing 

the countries party to these organisations. 

(Buccoo Reef Trust), Fishers/Fishers 

Org. TCMP, SMMA, Government 

departments, IMA, CZMU, CRFM, 

WECAFC, UWI & Academic 

Institutions, CANARI, Association of 

Caribbean Marine Laboratories, TNC. 

NGOs (Coral Cay Conservation, 

Coralina, TNC, WWF, WRI, Reef 

Check, AGGRA, CARICOMP, 

CZMUs, USG, Center for Climate 

Change), Universities & Research 

institutions (UWI, CERMES, ORE 

MU, INVEMAR, Center for 

Marine Sciences, CEHI), 

Fishers/Fishers org., Government 

Departments (e.g. environment, 

fisheries), CFMC, Databases (e.g. 

IABIN, SERVERE, GCRM), 

CCA, IFREMER. CTO, CRFM, 

MBRS, ICRAN, MAR, ICRAN, 

GCFI, Diving associations, UNEP-

CAR/RCU, OSPESCA, Local 

MPA sites (SMMA, Buccoo Reef 

Trust, Sandy Island, TCMP). 

Government, 

CARICOM, ACS, 

OECS, 

CARIFORUM, 

CITES, Private sector 

(seafood industry), 

Fishers organizations, 

FAO, UNEP, CCAD. 

 

CBO‘s, NGO‘s, Fishers cooperatives, Local 

governance, TCMP, SMMA, Buccoo Reef trust, 

Government organizations, private sector 

(hotels, seafood industry, diving), Enforcement 

& legal entities, Donors (facilitating 

implementation). 

(Buccoo Reef Trust), Fishers/Fishers Org. TCMP, 

SMMA Government departments, IMA, CZMU, 

CRFM, WECAFC, UWI & Academic Institutions, 

CANARI, Association of Caribbean Marine 

Laboratories, TNC 
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Figure 8. The overlapping and nested fisheries related organisations in the Caribbean Sea 
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5. The CLME Fisheries Ecosystems 

 

 

 

This section provides an overview of the key issues based on the main findings from the three 

fishery ecosystem and governance reports. 
29

A common approach is taken to presenting the 

summarised information for the reef, pelagic and continental shelf ecosystems under the 

following sub-headings: 

 

a) Introduction Highlighting the key features of the fishery ecosystem 

b) Services A summary of the main services provided by the fisheries ecosystem 

adopted by the MEA approach (provisioning services, regulating 

services, cultural services and supporting services) 

c) Description of the 

fishery ecosystem 

Summarising the important species and fisheries 

d) Analysis of the 

current situation 

Summarising the main concerns associated with the three 

transboundary problems agreed by the Technical Task Team 

(unsustainable fisheries, habitat degradation and pollution) and the 

environmental and socio-economic consequences caused by the 

problems on the fishery ecosystems 

e) Governance Issues related to the specific fishery ecosystem 

 

The section concludes with a summary of the key information and knowledge gaps associated 

with the CLME fishery ecosystems and a cross-cutting assessment of issues common to all three 

ecosystems (including climate impacts) that will be addressed in a coherent way under the SAP. 

The analysis in this TDA of the three fishery ecosystems rather than by region presents an 

innovative approach to undertaking a TDA, however the need to provide a comprehensive 

analysis of each fishery which are inherently linked does lead to some repetition in the 

observations. The advantage is that the information presented will be readily accessible and 

useable during the SAP formulation/implementation stages of the CLME project where it is 

anticipated that three specific SAPs will be prepared to address the problems identified for each 

ecosystem fishery. 

  

                                                 
29 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 

Full details of the analyses for three fisheries ecosystems are presented in the detailed TDAs 

available on the project website. 
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5.1. Reef Ecosystem  

5.1.1. Introduction to the Reef Ecosystem 

For the purposes of the CLME TDA, the reef ecosystem is considered to comprise the following: 

 Coral reefs (shallow water) 

 Estuaries and lagoons 

 Mangroves  

 Seagrass beds 

 Beaches 

 Deep water reefs and rocky outcrops along 

continental shelf edge and slope).  

Caribbean marine ecosystems are inextricably linked through the movement of living organisms 

as well as pollutants, nutrients, diseases, and other stressors (Grober-Dunsmore and Keller 2008). 

Coral reefs, mangroves, and seagrass beds represent an integrated and interacting set of 

ecosystems (Mumby and Hastings 2008), with high connectivity between them. Of particular 

interest is demographic connectivity, defined by Mora and Sale (2002) as the demographic 

connection between populations due to the migration of individuals (especially larvae) between 

them.
 30

 

Connectivity considerations have great importance for the management of Caribbean coral reefs 

and may increase the resilience to external perturbations including climate-induced changes such 

as hurricane disturbance and coral bleaching. Mangroves and seagrass beds function as nursery 

habitats for many reef-dwelling organisms such as lobsters and reef fishes, particularly in the 

Caribbean (Steneck et al 2009), and are considered essential and critical fish habitats.
 31

 

Yet, throughout the region these habitats are often considered as separate systems although they 

should be considered together as one large, interdependent marine ecosystem with shared 

biodiversity for management purposes (e.g., in design and management of MPAs).  

Caribbean coral reef habitats, seagrass beds and mangroves provide important ecosystem 

services both individually and through functional linkages. The health of these ecosystems is 

critical to maintaining the ecosystem services they produce (see following section), yet they are 

increasingly subjected to anthropogenic pressures from both land and sea based sources as well 

as to the impacts of climate change. 

Deep water coral reefs also support valuable fisheries for snappers and similar species 

throughout the CLME. These are not independent, however, of coastal ecosystems. 

 Coral Reefs: Estimates of the percentage of the world‘s coral reefs that occur in the 

CLME range from 7% (Burke and Maidens 2004) to 9.5 % (Sea Around Us Project 

2010). The entire Caribbean region contains only two true barrier reefs. Extending 220 

                                                 
30 Connectivity can be broadly defined as the exchange of materials, organisms, and genes and can be divided into: 1) genetic or evolutionary 

connectivity that concerns the exchange of organisms and genes, 2) demographic connectivity, which is the exchange of individuals among 
local groups, and 3) oceanographic connectivity, which includes flow of materials and circulation patterns and variability that underpin much 

of all these exchanges (Grober-Dunsmore and B.D. Keller, eds. 2008). 
31 Essential and critical habitat as been defined by U. S. Congress as those waters and substrate necessary to fish for spawning, breeding, 

feeding or growth to maturity. 
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km from the southern part of the Yucatan Peninsula to the Bay Islands of Honduras, the 

MesoAmerican Reef system is the longest barrier reef in the Western Hemisphere. A 

smaller barrier reef lies north of Providencia Island (Colombia). Coral reefs harbour high 

biological diversity and numerous commercially important fish and invertebrate species. 

 Coastal Lagoons: Coastal lagoons play a key role in regulating coastal productivity and 

are favorable habitats for primary producers (phytoplankton and aquatic plants). These 

habitats play a critical role in the life cycle of numerous finfish and shellfish species in 

the Caribbean. 

 Seagrass Beds: The two main seagrass species in the Caribbean are the turtle grass 

(Thalassia testudinum) and the manatee grass (Syringodium filiforme). Seagrass beds are 

highly productive  habitats and  support a considerable biomass and species diversity. 

Various species of fish, as well as conch, lobster, turtles, sea urchins, and manatees use 

seagrass habitats as feeding and nursery grounds.  Seagrasses filter out sediments, 

stabilize the bottom sediments, and help to absorb excess nutrients from land run-off. 

Thus they play an important role in maintaining the health of adjacent coral reefs. 

 Mangroves: The four dominant mangrove species  in the CLME are red mangrove 

(Rhizophora mangle), black mangrove (Avicennia germinans), white mangrove 

(Laguncularia racemosa) and the buttonwood (Conocarpus erectus). Mangrove forests 

are among the world‘s most productive ecosystems and are key to major food webs in 

coastal areas.   They also provide nursery grounds and refuge for commercially important 

marine fish and invertebrates. In the Caribbean, the presence of prolific mangroves in the 

vicinity of coral reefs was found to exert a profound impact on the community structure 

of 162 species of reef fish and greatly elevated the total adult biomass of several species, 

many of which are economically and/or ecologically important (Mumby et al. 2004). 

Mangrove forests also serve as over-wintering habitat for a number of species of neo-

tropical migrant birds. These habitats also act as buffers against hurricanes and tidal 

surges, and filter terrestrial sediment, pollutants, and nutrients,  minimizing their input 

into more sensitive habitats such as seagrass beds and coral reefs 

 Beaches: Caribbean beaches are of great importance to tourism, attracting foreign visitors 

and local people throughout the region. Beaches are also important nesting  sites for sea 

turtles American crocodile (Crocodylus acutus), as well as for birds. They also provide 

feeding areas for birds and other animals. 

 Deep water reefs and rocky outcrops: The Caribbean Sea includes large expanses of 

deep water reefs and rocky outcrops that harbour a wide variety of deep-sea coralsand 

commercially important fish species (Lutz and Ginsberg 2007). Two of the more 

significant deep-sea coral species are Lophelia pertusa and Oculina varicosa,  which 

form extensive deep-water communities that harbour commercially important fish 

species, making them susceptible to destructive bottom trawling practices (Reed 2002). 

The unique and vulnerable deepwater coral (Oculina) habitats off the southeastern USA 

have been identified as essential fish habitat for Federally managed species in the USA 

(Lutz and Ginsburg 2007, Ross and Nizinski 2007). 

. 
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5.1.2. Reef Ecosystem services 

The major ecosystem services provided by coral reef and other coastal ecosystems are listed under the four categories of services 

in the table below (adapted from UNEP 2005, CARSEA 2007, World Resources Institute 2009 and others) 

Table 6. Ecosystem services provided by coastal ecosystems 

 

ECOSYSTEMS 
ECOSYSTEM SERVICES 

Provisioning Regulating Cultural Supporting 

C
o
ra

l 
re

ef
s 

 Food (fish and shellfish) 

 Ornamental fish and corals  

 Material such as seashells for 

use in handicraft 

 Construction material 

 Natural medicines and 

pharmaceutical products 

 Genetic resources 

 Hydrodynamic barrier to 

wave energy (protection of 

shorelines from erosion, 

storms) 

 

 Recreational and 

 tourism value 

 Knowledge systems 

 and educational value 

 Spiritual and 

inspirational value 

 Habitat for fish and 

shellfish 

 Material for the 

formation and 

maintenance of 

sandy beaches  

 

M
a

n
g

ro
v
es

 

 Food (fish and shellfish 

stocks) 

 Fuelwood 

 Construction material  

 Natural medicines and 

pharmaceutical products 

 

 

 

 Stabilization of coastlines 

(buffer between land and sea) 

 Protection of adjacent coral 

reefs from suspended solids, 

pollutants and drastic changes 

in salinity due to inflow of 

freshwater 

 Removal of contaminants 

from surface inflows 

 Nutrient retention and 

removal 

 Protection from erosion and 

storm surges 

 Recreational and 

tourism value 

 Knowledge systems  

 educational value 

 Habitats for a wide 

array of terrestrial 

and aquatic species 

 Feeding, nursery 

and breeding areas 

for fish and other 

species 

 Carbon 

sequestration (blue 

carbon) 

 Nutrients to other 

ecosystems such as 

coral reefs and 

seagrass beds 
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ECOSYSTEMS 
ECOSYSTEM SERVICES 

Provisioning Regulating Cultural Supporting 

S
ea

g
ra

ss
 b

ed
s 

 Fish and shellfish  

 Natural medicines and 

pharmaceutical products 

 

 Settlement and binding 

of suspended sediments 

and encouragement of 

accretion 

 Nutrient cycling 

 Reduction of wave 

energy 

 Recreational and tourism 

value 

 Knowledge systems 

 educational value 

 Habitats for a wide 

array of aquatic 

species 

 Nursery and feeding 

areas and shelter for 

fish and crustaceans 

 Detritus to reef system 

 Food (detritus) to 

offshore habitats 

 Beach sand (from 

calcareous skeletons of 

organisms (e.g. 

molluscs, crustaceans, 

calcareous algae) 

B
ea

ch
es

  Construction material 

 Base for small-scale 

fisheries, tourism and 

recreational activities 

 

 Recreational and tourism 

value 

 

 Knowledge systems 

 educational value 

 Habitats and nesting 

sites for fauna such as 

sea turtles 

 Coastline protection 

 Stabilization of 

sediments 

 

 

 

 

 

 



 

 Page 56 

 

 

Estimates of the annual economic value of ecosystem services provided by Caribbean coral reefs 

are between US$3.1 billion and US$4.6 billion, with degradation by 2015 potentially costing 

between US$350 million and US$870 million per year (Burke and Maidens 2004). More 

recently, the total economic value of three key coral reef-associated services (fisheries, tourism 

and recreation, and shoreline protection) was estimated in Trinidad and Tobago and St. Lucia 

(Burke et al 2008); Belize, which also included the contribution of coastal mangroves (Cooper et 

al 2009); and the Dominican Republic (Wielgus et al 2010). As shown in Table 6, the annual 

economic contribution of coral reefs is substantial, with tourism and shoreline protection the 

most important. 

Table 7. Annual economic contribution (million US$) of ecosystem services of coral reefs 

for Tobago and St. Lucia and coral reefs and mangroves for Belize 

 

Ecosystem service Tobago St. Lucia Belize 

Coral Reef-associated Tourism and 

Recreation 

$101- $130  $160- $194  $149.9 - $195.7 

Coral Reef-associated Fisheries $0.8 – $1.3  $0.5 – $0.8  $14.2 - $15.9 

Shoreline Protection - Potentially 

Avoided Damages (annual value for 

2007) 

$18 -$33  $28 -$50  $231 – $347 

TOTAL $119.8 -$164.3 $188.5- $244.8 $395 – $559 

5.1.3. Description of the current reef fisheries 

Caribbean fisheries are predominately dependent on nearshore coral reef ecosystems. Owing to 

the circulation patterns as well as the close proximity and ecological similarity among the 

countries, dispersal of planktonic larvae across EEZs is not unlikely. Therefore, even the coastal 

resources have an important transboundary component to their management. 

Reef resources, which dominate the landings in many CLME countries and territories,  provide 

an important source of food, employment, and livelihoods for coastal communities. Within the 

reef system, the coral reefs are the most intensely exploited by large numbers of fishers,  the 

majority of  whom are considered small-scale and artisanal, while a small proportion are 

industrial (commercial).  

Both the artisanal and industrial fisheries target high-value reef species, although a large 

diversity of species can be caught. Among the dominant reef resources are Caribbean spiny 

lobster (Panulirus argus), queen conch (Eustrombus gigas), and several species of snappers 

(Lutjanidae), groupers (Serranidae), and grunts (Haemulidae). Although the landings (by weight) 

of reef species constitute a small fraction of the region‘s total landings, their economic value 

(particularly of lobster and conch) makes up a very substantial proportion of the value of the total 

landings (Figure 9). Despite their socio-economic importance, significant data and information 

gaps persist for the regional fisheries, even for the more valuable stocks that have been the 

subject of numerous studies (e.g. lobsters, conch, snappers, and groupers). 
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Figure 9. Value of reported annual landings of major species in the CLME 

 

 

The fisheries for the major reef resources are described in the following. 

 Spiny lobster:  Fisheries for lobster developed from smallscale operations in the early 

1960s to fully overcapitalized, export-oriented industries in the 2000s. Landings of spiny 

lobster rose steadily to peak in 1999 at about 25.5 thousand tonnes valued at nearly 

US$220 million. In the CLME, the greatest spiny lobster production comes from areas 

with large shallow coastal zones with suitable habitat for settlement of larvae and juvenile 

lobsters. The protection of shallow-water nursery habitats is therefore critical for 

sustaining viable lobster fisheries. A sub-regional initiative to harmonize management of 

lobsters in Central America has been developed by OSPESCA/SICA. 

 Conch: Historically, the fishery for queen conch has been one of the most economically 

and culturally important in the Caribbean. Landings of conch rose steadily from 1950 to 

peak in 1994 at about 31,000 tonnes, following which it declined to about 13,000 tonnes 

in 2002 with slight increases thereafter). In 1992 the queen conch was listed under 

Appendix II of CITES, signifying that it is threatened by international trade if this is not 

strictly controlled. 

 Reef Fishes: The most valuable reef fisheries are for snappers including queen snapper 

(Etelis oculatus); silk snapper (Lutjanus vivanus), blackfin snapper (L. buccanella), black 

snapper (Apsilus dentatus) and vermilion snapper (Rhomboplites aurorubens); and 

groupers including Nassau grouper (Epinephelus striatus), red grouper (E. morio), black 

grouper (Mycteroperca bonaci), yellowfin grouper (M. venenosa), and tiger grouper (M. 

tigris). Many Caribbean reef dish species form dense spawning aggregations which are 

heavily fished throughout the region. In addition, fisheries for mixed shallow-water reef 

fish are the mainstay of small-scale fisheries throughout the region and a major reason for 
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reef degradation. These are of significant importance to sustaining the livelihoods of local 

fishers for food and income. 

 Marine Turtles: : In a number of countries important exemptions to otherwise complete 

legal protection exist, for example, for the extraction of eggs (Guatemala), of turtles for 

indigenous use (Honduras), and turtles for subsistence use (Colombia) (Bräutigam and 

Eckert 2006). The exploitation and subsistence consumption of the green turtle is an 

ancient tradition in Central America, where turtle hunting (tortuguear) for eggs and meat  

play an important cultural role. 

5.1.4. Analysis of the Current Situation 

The Reefs at Risk Threat Index developed by Burke and Maidens (2004) showed that about two-

thirds of the region‘s reefs were threatened by human activities. A recent update of this 

assessment reveals that this proportion has increased to 75% (Burke et al 2011). The updated 

assessment found that fishing is the most pervasive threat. Other threats include marine-based 

pollution, coastal development, and watershed-based pollution. These pressures work 

individually and synergistically to cause significant large-scale loss of coral cover and marine 

biodiversity. 

Although some reefs have survived heavy over-fishing, the combination of this threat with coral 

diseases, hurricanes, pollution, and coral bleaching has been devastating for countries such as 

Jamaica and for many areas in the Lesser Antilles (Burke et al 2011). Climate change has 

become a major pervasive force affecting the region‘s marine habitats, especially coral reefs. 

Increasing sea surface temperatures (SST) cause bleaching in corals, and increasing acidification 

(as the concentration of carbon dioxide rises in sea water) dissolves or impairs formation of 

carbonate skeletons in corals and other calcareous organisms, in addition storms and hurricanes, 

which are predicted to become more Mangrove and seagrass habitats are increasingly being 

converted to other uses such as urban and tourism infrastructure and aquaculture ponds.  

Throughout the region, reef fish and invertebrates have been heavily exploited, especially in 

nearshore areas. As a result of intense historical exploitation, the trend over the past few decades 

has been of declining catch accompanied by changes in fish communities towards smaller, low 

valued species. Also alarming is the decrease of herbivorous fish such as parrotfish in many reef 

areas, which has contributed to regime shifts from coral to algal dominated reef habitats that is 

becoming widespread in the CLME. As nearshore habitats and resources are degraded and 

depleted, exploitation is shifting towards offshore areas. In the absence of appropriate 

management interventions to recover inshore habitats and living marine resources and protect 

those in offshore areas, these negative trends are likely to continue. 

5.1.4.1. Unsustainable fisheries 

Unsustainable fisheries is of major transboundary significance owing to the shared and/or 

migratory nature of some of these species. Overfishing is rated as the most pervasive threat to the 

region‘s reefs, affecting almost 70% of reefs; in reality this could be even higher (Burke et al 

2011). 
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Since the mid-1970s, annual reported landings of CLME reef resources have showed a general 

declining trend (Figure 10 and Figure 11) 

Queen conch populations in a several countries are partially, fully, or severely overfished. 

Overfishing of conch, fuelled primarily by international demand for meat and conch pearls, has 

reduced most stocks throughout the region and has resulted in declining annual harvests 

(Appeldoorn et al, in press).  

 

Figure 10. Annual reported landings on reef resources in the CLME 

 

Figure 11. Trends in annual catches of major reef associated resources 

in the CLME from 1950 – 2006 
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Spawning aggregations are important for the maintenance of reef fish populations through larval 

connectivity (Heyman et al 2008). These aggregations have a high vulnerability to overfishing 

and are heavily exploited in the Caribbean, with some having become extinct in several 

localities. 

Annual trends (from 1950 to 2006) in the overall status of reef resources in the CLME is 

represented by the Stock Status Plots
32

 (Figure 12). These plots assess the status of stocks by 

number of stocks (top) and by catch biomass (3-year running average values; bottom) since 1950 

(Sea Around Us Project 2011). As can be seen in the top panel, the number of overexploited 

stocks increased markedly from the mid-1970s and the number of collapsed stocks from the late 

1980s. In 2006, about 20% of the commercially exploited reef fish stocks were overexploited and 

nearly 20% had collapsed (Figure 12, top). Slightly less than 20% of the catch in 2006 came 

from overexploited stocks (decreasing from about 40% in 2002), with negligible catches from 

collapsed, developing or rebuilding stocks (Figure 12, bottom). These trends are consistent with 

the unregulated expansion of fishing in earlier decades in the CLME.  

Analyses carried out by the UBC Sea Around Us Project for the CLME project showed that the 

Marine Trophic Index (MTI) 
33

  of the annual catches of reef fish declined steadily between 1950 

and 2006 (Figure 13). These analyses relied upon the global database of fish landing assembled 

and maintained by the FAO. The observed decline in MTI could be attributed to the progressive 

depletion of top predatory reef fish such as snappers and groupers.  

An indicator of the ecosystem impacts of unsustainable fishing is a change in the structure of the 

marine food web. This is reflected in decline in the mean trophic level of the catch, as 

represented by the MTI. This phenomenon - ‗fishing down the food web‘- occurs with depletion 

of large predators (high trophic level species), leading to a predominance of smaller, low-trophic 

level species (Pauly et al. 1998). Analyses carried out by the UBC Sea Around Us Project 

showed that the MTI of the annual catches of reef fish declined steadily between 1950 and 2006 

(Figure 13). The observed decline in MTI could be attributed to the progressive depletion of top 

predatory reef fish such as snappers and groupers, large individuals of which are now rare 

throughout the region (Burke et al 2011). Commercial fishing has also significantly depleted 

members of the snapper-grouper complex on deep water reefs (Koenig et al 2005).  

As shown in Figure 13, the initial increasing trend in the Fishing in Balance (FiB)
34

 Index for the 

CLME reef fisheries might have been caused by expansion of these fisheries.  The decline in the 

FiB Index for CLME reef fish, especially from the 1980s accompanied by a steady decrease in 

annual landings are alarming trends that reflect the impairment of ecosystem functioning of 

Caribbean reefs. The results of these analyses are very useful in providing a holistic picture of 

the status of the reef resources. They convey strong messages about the need to reverse or 

prevent further declines before they become irreversible.   

                                                 
32 These analyses and plots for reef and pelagic stocks were provided for the CLME project by the University of British Colombia Sea Around 

Us project (the analyses are usually carried out for combined stocks)    
33 The MTI is one of the eight indicators that the Conference of the Parties of the CBD identified for “immediate testing” of their ability to 

measure progress towards the 2010 target. The MTI is the CBD’s name for the mean trophic level of fisheries landings, originally used by 
Pauly et al. (1998) to demonstrate that fisheries, since 1950, are increasingly relying on the smaller, short-lived fish and on the invertebrates 
from the lower parts of both marine and freshwater food webs. 

34 This index has the property of increasing if catches increase faster than would be predicted by TL declines, and to decrease if increasing 

catches fail to compensate for a decrease in TL.  
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Figure 12. Stock Status Plots for reef fish in the CLME 
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Figure 13. Marine Trophic Index (MTI) and Fishing-in-Balance Index 

(FiB) for reef species in the CLME 

Fishing has also threatened biodiversity, with some species currently on the IUCN Red List. For 

example, the Nassau grouper is now included on the IUCN Red List of Endangered Species 

(IUCN 2007), which is attributed to an estimated decline in population abundance of 40% within 

its distributional range. The Goliath grouper, Epinephelus itajara (previously called jewfish), is 

listed as critically endangered and face an extremely high risk of extinction in the wild. 

According to the IUCN Red List of Threatened Species, persistent over-exploitation, especially 

of adult females on nesting beaches and the widespread collection of eggs are largely responsible 

for the depleted status of all six Caribbean sea turtle species. Marine mammal populations have 

also been affected by unsustainable fishing. 

Overfishing, particularly of herbivorous species, has been identified as a key-controlling agent 

on Caribbean reefs, leading to shifts in species dominance (Aronson and Precht 2000). The 

impact of overfishing on habitats is clearly demonstrated by the effect of the reduction in the 

population of herbivorous fish on reef health. Feeding by large herbivores is usually responsible 

for reducing algal biomass and, in some cases, enhancing coral cover. The grazing function of 

these herbivores is particularly important in areas in which the population of the herbivorous 

long-spined sea urchin (Diadema antillarum) has been decimated during its Caribbean-wide 

mass mortality in 1983 (Lessios et al. 1984). The population of the Caribbean parrotfish (S. 

guacamaia), usually the most important grazer on Caribbean reefs (Steneck 1994),  has declined 

in many areas throughout the CLME, which has serious consequences for the health of the 

region‘s coral reefs.  

In summary, the major transboundary impacts from unsustainable fisheries practices include: 

 Reduced abundance of stocks (as evident in decreasing total catches and catch per unit 

effort and collapsed stocks). All the major reef fishery resources of the CLME (spiny 

lobsters, conch, snappers, and groupers) are overexploited or exploited close to their 

maximum sustainable yield, and a number of stocks have already collapsed.  
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 Change in trophic structure of fish populations Excessive fishing pressure has reduced 

the abundance of top predators on reefs throughout the region. The decline in both the 

MTI and the FiB Index reveal that fishing has impaired the functioning of Caribbean 

reefs and their provisioning of ecosystem services.  

 Threats to biodiversity. Unsustainable fishing has contributed to changes in reef 

biodiversity and the threatened status of a number of species including groupers, 

snappers, and turtles. Several of these are of transboundary importance. 

 Degradation of habitats. Most of the region‘s reefs are threatened by overfishing and 

destructive fishing practices. Commercial fishing on deep water reefs has caused 

extensive damage to corals (Koenig et al 2005). Fishing can impact reef habitats through 

direct damage as well as by depletion of certain trophic groups such as herbivores, which 

has promoted the overgrowth of coral reefs by algae throughout the region. 

The ecosystem impacts from unsustainable fisheries practices will have socio-economic 

consequences throughout the region, potentially including: 

 Disruption of trade and reduction  of foreign exchange earnings (as demonstrated by the 

CITES trade embargo on queen conch). 

 Loss of employment and income, and reduced food security in communities that depend 

on fishing.  

 Erosion of livelihoods and loss of employment in the fisheries sector could lead to 

increase in criminal activities and migration towards big cities. 

 Reduced inshore resources also lead to increasing operational expenses, since fishers 

have to extend their fishing range offshore.  

 Negative consequences for dive tourism  and for recreational fishing. 

 A positive outcome from unsustainable exploitation is that the ensuing unprofitability 

could force fishers out of this sector and encourage the development of alternate, more 

sustainable forms of employment such as ecotourism 

5.1.4.2. Habitat degradation  

Burke and Maidens (2004) integrated four major threats to Caribbean reefs (coastal 

development, marine-based threats, overfishing, land-based sediment and pollution) into the 

Reefs at Risk Threat Index, which showed that nearly two-thirds of the region‘s coral reefs are 

threatened by human activities, with overfishing being the major threat. An update of this 

assessment
35

 (based on overfishing and destructive fishing, coastal development, watershed-

based pollution and marine-based pollution and damage) has revealed an increase in the 

proportion of Caribbean reefs threatened by human activities to more than 75%, with more than 

30% in the high and very high threat categories (Burke et al. 2011). Climate-related threats are 

projected to push the proportion of reefs at risk in the Caribbean to 90% in the year 2030, and up 

to 100%, with about 85 % at high, very high, or critical levels, by 2050.  

                                                 
35 Reefs at Risk Revisited. 
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The Insular Caribbean is particularly threatened. From Jamaica through to the Lesser Antilles, 

more than 90% of all reefs are threatened, with nearly 70% classified as at high or very high 

threat, with coastal development and watershed-based pollution the most severe.  

Coral reefs in particular are under very high threat from global climate change and unsuitable 

aquatic tourism practices. The overall threat is very high for coral reefs and high for the other 

four habitats (the Nature Conservancy‘s Mesoamerican Reef Programme). 

The high level of international shipping traffic in the Caribbean Sea poses a potential danger to 

the ecosystem from exotic species.  Known examples of invasive species that were introduced 

through shipping are the red lionfish (Pterois volitans), native to the Pacific Ocean, and the Indo-

Pacific green mussel (Perna viridis). In 2004 recreational divers first reported seeing lionfish, 

whose range is expanding rapidly throughout the Caribbean. Due to their population explosion 

and aggressive behavior, this species can drastically reduce the abundance of coral reef fishes, 

leaving behind a devastated ecosystem. The loss of herbivorous fish through predation by 

lionfish promotes overgrowth of corals by algae. Potential negative impacts of the green mussel 

on marine living resources include competition with the oyster fishery, displacement of native 

mussels, and carriers of diseases and parasites harmful to native species. 

In summary, the key transboundary impacts from habitat degradation include: 

 Loss of ecosystem structure and function; Recent studies have revealed a trend of 

serious and continuing long-term decline in the health of the region‘s coral reefs 

(Wilkinson 2002, Gardner et al 2003, Kramer 2003). In some areas, up to 80% of 

shallow-water reefs have been destroyed and coral diseases have contributed to the 

extensive loss of two important reef-building corals. In some areas throughout the 

Caribbean, up to 100% of corals have been affected by bleaching. The widespread loss of 

reef rugosity is likely to have serious consequences for reef biodiversity, ecosystem 

functioning and associated ecosystem services. With the loss of reef herbivores such as 

sea urchins and parrot fish, coral reefs are increasingly being overgrown by algae, which 

impairs reef structure and functioning. 

 Reduction/loss of biodiversity. Coastal habitats are critical for marine biodiversity, 

serving as essential habitats for many fish, molluscs, crustaceans, sea turtles as well as 

some marine mammals. Over the past two decades, a combination of anthropogenic and 

natural stressors has caused a reduction in marine biodiversity. Staghorn and elkhorn 

corals and sea fan are listed as Critically Endangered on the IUCN Red List, because of 

population reductions exceeding 80%, in particular due to the effects of disease as well as 

climate change and human-related factors. Habitat degradation and loss (along with 

overfishing), is also responsible for the massive decline in Caribbean populations of sea 

turtles and marine mammals such as the manatee. A 99.7% drop in historic Caribbean 

populations of the green and hawksbill sea turtles since the 17
th

 century has been 

reported. This could be partly attributed to the loss of 20% of historic nesting sites due to 

land development and turtle exploitation, and another 50% of the remaining sites having 

been reduced to dangerously low populations.  
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 Reduction in fisheries productivity and other ecosystem services. The close association 

of reef fish and invertebrates with their habitat, and high dependence on suitable benthic 

habitat for reproduction and settling of larvae and juveniles, degradation and loss of 

essential fish habitat has severe consequences for fisheries productivity. Studies of corals, 

lobsters, and fishes suggest that population declines ranging from 50 to 100% can occur 

when the recruitment potential of benthic habitats is diminished. 

The ecosystem impacts from habitat degradation will have socio-economic consequences 

throughout the region, potentially including: 

 Degradation of coastal ecosystems results in a wide range of adverse socio-economic 

impacts linked to the tourism and fisheries sectors. Most small-scale fisheries throughout 

the region are reef-based, representing an important source of food, livelihood and 

income. Degradation of coral reefs and loss of reef fisheries will have major impacts on 

the hundreds of thousands of people who depend on reef fisheries.  Similarly, most 

tourism is concentrated on the coast, a significant portion of which is directly reef-related 

(dive tourism). Habitat degradation and loss of ecosystem services could potentially 

result in a reduction in tourism and subsequent loss of employment and income from this 

sector.   

 Loss of protective function of coastal habitats and increased exposure of coastal human 

communities to hurricanes and tidal surges and other such risks.  Substantial costs could 

be incurred to address increased coastal erosion.   

 Conflicts among different groups of users could also arise from habitat degradation (e.g. 

between fishers and tourists). 

 Estimates of economic losses from coral reef degradation in the Caribbean range from 

US$350 million - 870 million per year by 2015 to coastal countries that currently receive 

benefits valued collectively at US$3 billion – 4.6 billion per year (CARSEA 2007 

adapted from Burke and Maidens 2004).  

5.1.4.3. Pollution  

Most pollutants can be dispersed throughout the water column from the sea surface to the bottom 

environment, and their concentrations are not usually recorded separately for the environment of 

reef and pelagic systems. This tendency presents some difficulty in carrying out analyses of 

pollution for reef and pelagic systems separately. 

Pollution has significant transboundary implications in the CLME, as a result of the high 

potential for transport across EEZs in wind and ocean currents and impacts on transboundary 

living marine resources and ecosystem services. Further, certain contaminants in sea water and 

marine organisms can directly affect human health through direct contact or consumption. The 

main pollution problems of the CLME region were identified as: High presence of organic matter 

and nutrients (phosphorus and nitrogen); elevated concentrations of organic and inorganic toxic 

substances (oil hydrocarbons and heavy metals), and micro-organisms coming from fecal matter 

above national and international quality criteria (UNEP-CEP/Cimab 2010). In terms of land-

based pollution to the Caribbean Sea, Gil-Agudelo and Wells (in press) and Sweeney and Corbin 
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(in press) reported that sewage (domestic and industrial), heavy metals, hydrocarbons, sediment 

loads, and agrochemicals (fertilizers and pesticides) are considered the most important.  

Widespread Hg concentrations in the regions, in sediments (average 71.3 μg/l) and in coral 

skeletons (average 18.9 μg/l), suggests that these pollutants are being carried along the region by 

ocean currents, with high concentrations of this metal being found even in ‗pristine‘ reefs 

(Guzmán and García 2002). 

A serious but unseen threat to living marine resources is the bioaccumulation of pollutants such 

as POPs and heavy metals in their tissue. This is of great concern in higher trophic level animals 

and ultimately humans, due to the bio-magnification of these pollutants in the food chain. 

In summary, the key transboundary impacts identified with the reef fishery ecosystem associated 

with pollution includes: 

 Deterioration of environmental quality. Pollution reduces the quality of the marine 

environment, including in places far from the source. Pollutants that are known to cause 

severe degradation to reef ecosystems are nutrients, sediments, and hydrocarbons.Several 

coastal pollution hotspots have been identified in the region, which show poor 

environmental quality resulting from a range of substances (Cimab 2010). Sewage is 

regarded as one of the most important and widespread causes of deterioration of the 

coastal environment in the Caribbean. Nutrients have given rise to widespread 

eutrophication. Suspended sediments also impair water quality by blocking light 

penetration and introducing attached chemical compounds and pathogens. 

 Threats to living marine resources. Coral reefs are highly threatened by pollution 

throughout the WCR. Pollution can kill or impede the growth of coral, mangrove and 

seagrass and make them more vulnerable to diseases. Sedimentation and pollution from 

both land and marine based sources pose high levels of threat to coral reefs in the 

Caribbean, with pollution from inland sources threatening about one-third of Caribbean 

coral reefs. High nutrient inputs have promoted hotspots of eutrophication, increased 

algal and bacterial growth, degradation of seagrass and coral reef habitats, changes in 

community structure, decreased biological diversity, fish kills, and oxygen depletion in 

the water column in some localized areas throughout the region (UNEP 2004a, 2004b). 

Smothering of coral reefs, seagrasses, and associated filter feeders and other benthic 

organisms by high sediment loads is of concern throughout much of the region.  

The ecosystem impacts from pollution will have socio-economic consequences throughout the 

region, potentially including: 

 The socio-economic consequences of pollution vary from slight to severe in the region, as 

found by GIWA. These include a decrease in the value of fisheries products through 

contamination, and loss of economic and aesthetic value of coastal areas.  

 High bacterial counts have been detected in some bays in the region (UNEP 2004a), 

especially where there are large coastal populations and high concentration of boats. 

Microbiological pollution from sewage is also a threat to human health and in some areas 

downstream coastal communities have a high prevalence of gastrointestinal and dermal 

ailments (UNEP 2006).  
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 Bioaccumulation of some pollutants such as POPs and heavy metals in the tissue of 

marine organisms that are consumed by humans can also have serious impacts on human 

health.  

 Pollution has also diminished the aesthetic value of some areas, impacting on recreational 

activities and reducing revenue from tourism (UNEP-CEP/RCU 1997).  

 The economic cost of addressing pollution (e.g. clean up of oil spills, adoption of new 

technologies) and of medical treatment of pollution-related illnesses could be very 

significant. 

 Data (or access to data) on the socio-economic impacts of pollution is very limited in the 

region. 

5.1.5. Governance in the Reef Fisheries Ecosystem 

At the national level, almost all the countries have established authorities and government 

ministries whose mandate extends to living marine resources (e.g. Ministry of Environment, 

Fisheries, or Agriculture, Fisheries Departments) and under whose authority resource 

assessment, research, management, and regulation fall. At the subregional level, in the English-

speaking Caribbean, the CARICOM Regional Fisheries Mechanism (CRFM) undertakes 

resource assessment.  

For the Spanish-speaking countries harvesting the fishery resources of the reef ecosystem, with 

the exception of Colombia, all the countries are members of the Latin American Organization for 

Fishery Development (OLDEPESCA), created in 1982 and based in Lima, Peru. The Central 

American countries are also members of the Fishing and Aquaculture Organization of the 

Central American Isthmus (OSPESCA/SICA), an inter-governmental organization created in 

1995 and based in San Salvador, El Salvador.  

Research and monitoring capacity also exists in national (e.g. University of Havana) and regional 

universities (University of the West Indies) and national (e.g. Institute of Marine Affairs, 

Trinidad and Tobago and INVEMAR, Colombia), and intergovernmental organizations (e.g. 

Caribbean Environmental Health Institute - CEHI). Most research conducted is, however, limited 

to resources and/or ecosystems within national borders. 

Within most countries integrated living marine resource management is still in its infancy. In 

addition, in general there is no mechanism for communication and collaboration among relevant 

sectors on a national, as well as on the sub-regional and regional scales regarding transboundary 

issues and related governance frameworks. 

While most of the countries have legislation related to the exploitation and management of living 

marine resources, fisheries management initiatives are partly governed by international 

frameworks such as the Law of the Sea Convention (LOSC), the UN Fish Stocks Agreement, 

and the FAO Code of Conduct for Responsible Fisheries. 

Almost all the countries have established MPAs and/or national parks with marine components. 

However management of MPAs in the reef fisheries ecosystem across the region has been 

varied. The countries in the Central and South American sub-region have met with considerable 

success at both the national and sub-regional level (e.g. MPAs in Belize and Colombia and the 
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joint efforts
36

 targeted at managing the Meso-American Barrier Reef System (MBRS)). 

However, in the case of the Insular Caribbean, MPAs are generally not effectively managed 

because of limited human and financial resources. 

In 1989 the Heads of Government of CARICOM agreed to deepen the economic component of 

the integration process into a CARICOM Single Market and Economy (CSME). One of the key 

objectives of the CSME is the development of common policies in several areas including 

management of fisheries. However, management of the reef ecosystem fisheries resources is 

complicated by factors such as the absence of delimited EEZ boundaries, multiple user conflicts 

arising from marine-based tourism, land and sea-based pollution, and unregulated fishing 

(Cadogan 2006). Competition for these resources is likely to increase with the entry into force of 

the CSME. Under the CSME, CARICOM States are expected to have preferential rights of 

access to each other‘s EEZs.  

Common fishing zone provisions are also being pursued at the sub-regional level through the 

Environment and Sustainable Development Unit of the OECS. The harmonization of legislation 

by the OECS in the 1980s was followed by various initiatives towards the establishment of a 

common fisheries zone or zones and efforts at joint surveillance.  

5.2. Pelagic Ecosystem  

5.2.1. Introduction to the Pelagic Ecosystem 

For the purposes of the CLME TDA, the pelagic ecosystem is considered to be restricted to the 

epipelagic zone of the ocean. This is the euphotic zone that extends from the surface to a depth 

of about 200 m. While it does not have the structural complexity of coral reefs and other coastal 

habitats, the pelagic environment is not homogenous. It can be characterized by differences in 

abiotic and biotic factors (temperature, oxygen, salinity, transparency, light intensity) and the 

presence of phytoplankton, zooplankton, prey and predators. Areas of high productivity within 

the pelagic zone include coastal upwelling and oceanic fronts.  

The pelagic realm provides important habitats for adult and other life history stages of living 

marine resources (including of reef species) as well as lower trophic levels (phyto and 

zooplankton) that are important in ocean food webs. A total of 28 functional groups of 

macrofauna were identified in the Lesser Antilles Pelagic Ecosystem, comprising over 100 

species among which are seabirds, small and large pelagic bony fish, pelagic sharks, marine 

mammals, turtles and invertebrates (squid and crustaceans) (Mohammed et al 2008).  

During hydroacoustic and pelagic trawl surveys, high concentrations of juveniles of large pelagic 

species as well as of reef species were observed in offshore pelagic areas beyond the shelf area 

(Melvin et al. 2007). Therefore, the pelagic ecosystem has important trophic and ontogenetic 

linkages with the reef system, the deeper oceanic zones as well as with the land (e.g. through 

seabirds and turtles that nest in coastal areas and beaches). 
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 Mexico, Belize, Guatemala, and Honduras are participating member countries of the MBRS. 
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5.2.2. Pelagic ecosystem services 

The major categories of ecosystem services are described in the reef ecosystem section, and are 

also pertinent to the pelagic ecosystem. This realm provides a range of valuable ecosystem 

services, some examples of which are given in Table 8. Among these, the provisioning service 

(especially fish resources), cultural service (recreational and tourism value) and supporting 

service (habitat value and transport of eggs and larvae, including of reef species) are of particular 

relevance to the CLME project.  

A brief description of the major pelagic groups that are of commercial importance in the CLME 

follows.   

 Small coastal pelagic species: This group consists of an enormous diversity of species, 

and includes jacks (Caranx spp., Selar crumenophthalmus), scads or robins (Decapterus 

sp.,), ballyhoo (Hemirhamphus sp.), herrings (Harengula spp, Sardinella spp.) and 

anchovies (Anchoa spp.). These species occur on the shelf areas and support important 

local fisheries (for bait and human consumption). Some of these species also constitute a 

major food source for larger pelagic species. 

Table 8. Ecosystem services of the pelagic ecosystem 

PELAGIC ECOSYSTEM SERVICES 

Provisioning Regulating Cultural Supporting 

 Fish for food and 

recreational fishing 

 Medium for shipping 

 Energy generation 

(waves) 

 Pharmaceutical 

products 

 

 Climate 

regulation  

 Recreational and 

tourism value 

(recreational fishing, 

sailing, etc) 

 Knowledge systems 

and educational value 

 Spiritual and 

inspirational value 

 Habitat for fish, including 

critical habitat for eggs and 

larval stages of fish and 

shellfish 

 Transport of eggs and larvae to 

feeding and recruitment 

grounds  

 Biodiversity function: Sea 

turtles, seabirds, marine 

mammals? 

 

 

 Large pelagic species: The large pelagic resources form the basis of very valuable 

commercial fisheries in the CLME region. They are categorized into two groups: coastal 

pelagic species and oceanic pelagic species. There is also a close ‗trophic‘ link between 

the fisheries that harvest these large predators and those that harvest their prey. 

Additionally, fishing gears used to target large pelagic fish resources, such as longlines, 

can also catch other living marine resources such as sea turtles, sea birds and various 

other species of fish as bycatch.  

 Marine mammals: Marine mammals are an integral part of the marine and coastal fauna 

of tropical and sub-tropical waters of the Caribbean Sea. These animals also have 

significant economic, aesthetic and amenity value to the peoples of the region. At least 34 
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species of marine mammals are known to inhabit the waters of the Caribbean Sea, 

seasonally or year-round (UNEP-CEP/RCU 2001). There is a limited fishery for marine 

mammals in the region, mainly in the Lesser Antilles. 

5.2.3. Description of the current pelagic fisheries  

These resources support very important and valuable fisheries in the region, contributing to food, 

employment, income and foreign exchange in the various countries. With the overfishing and 

decline of reef and inshore fisheries, the pelagic resources have become the focus of fisheries 

expansion in the region, particularly for large pelagic species.  

Prior to the latter part of the 20
th

 Century, Caribbean fisheries were limited to subsistence and 

artisanal levels. In the 1970s, especially after the declaration of the EEZ regime, several 

countries (e.g. Mexico, Cuba, Colombia, Nicaragua, Panama, and Venezuela) implemented 

government-sponsored fisheries expansion programmes, with focus on the offshore resources. 

  

 

Figure 14. Trends in annual catches of large and medium pelagic fish in 

the CLME from 1950 – 2006  

The focus of this TDA is on the large pelagic species that are of transboundary and economic 

significance in the CLME. These include those species regularly assessed by ICCAT (albacore, 

yellowfin tuna, bigeye tuna, skipjack, bluefin tuna, swordfish, blue marlin, white marlin, sailfish, 

blue shark and mako shark) and those species that have not been assessed by ICCAT either 

because of their low priority (small tunas, spearfishes, mackerels and other sharks) or because 

they do not fall under ICCAT‘s management, such as dolphinfish and carangids. 

The annual reported landings of medium pelagic species in the Sea Around Us Project database 

showed fluctuations over the past few decades, with a marked decline between 1998 and 2001 

(Figure 14). In contrast, the annual landings of large pelagics were fairly stable until 2002, 

following which they declined slightly. 
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The numbers of boats and persons employed in the pelagic fisheries are difficult to discern for 

the entire CLME. At the regional level, however, the majority of the boats and persons employed 

are found in the artisanal, inshore sector, with a smaller proportion in the large pelagic sector.  

Large oceanic pelagic fisheries 

 Large tunas: Apart from Venezuela (and the USA, which has some catches in the 

western Tropical Atlantic), the major fishing countries for large pelagic resources are in 

the Lesser Antilles, most of which are members of the CARICOM Regional Fisheries 

Mechanism (CRFM): Barbados, Grenada, St. Lucia, and Trinidad and Tobago. 

Substantial catches of large pelagic species are also taken by Martinique and Guadeloupe.  

Caribbean governments and fishing industry have spent considerable effort over the last 

15 - 20 years to build the region‘s capacity for exploiting large pelagic resources, 

especially through the development of longlining for oceanic pelagic species. Several 

countries now operate significant numbers of medium (7–15 m) and large (>15 m) 

longliners.  

Of the species regularly assessed by ICCAT, those with the largest landings in the CRFM 

countries are yellowfin tuna, albacore tuna, skipjack and sailfish.
 37

 

With the exception of Venezuela, the Central-South American large pelagic fisheries can 

be considered modest and are underexploited, especially in the Central American 

countries. The Central American countries capture mainly dolphinfish, swordfish, 

sailfishes, marlin, jacks, and sharks in the Caribbean Sea.  

 Pelagic sharks: Pelagic sharks are caught in the Caribbean (as well as Atlantic and Gulf 

of Mexico) with a variety of gears, including longlines, gillnets, handlines, rod and reel, 

trawls, trolls and harpoons. However, they are mostly caught as bycatch in pelagic 

longline fisheries targeting swordfish and tunas. Sharks are in very high demand 

including on the international market where they fetch a very high price.  The high 

demand for shark fins in the Asian market has been cause for concern, as this has 

promoted intense fishing pressure for these resources including in the CLME. Because of 

their life history strategy (low reproductive rate and live-bearers), sharks are very 

vulnerable to overfishing and a number of species are already threatened. The lack of 

data on sharks in the CLME region is a major constraint to their management. 

 Marine mammals: Whaling has traditionally been carried out by St. Vincent and the 

Grenadines and St. Lucia, with the primary target species being blackfish (pilot whale) 

Globicephala macrorhynchus. Average annual catch of marine mammals in the LAPE 

area between 2001 and 2005 was 5.95 tonnes of killer whales (Orcinus orca, Pseudorca 

crassidens and Feresa attenuatae) and 16.77 tonnes of shallow-diving small cetaceans 

(Mohammed et al 2008). 

  

                                                 
37Anguilla, Antigua and Barbuda, Barbados, Bahamas, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, St.Kitts and Nevis, 

Suriname, St. Vincent and Grenadines, St. Lucia, Trinidad and Tobago, Turks and Caicos, UK Virgin islands 
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Large coastal pelagics 

The large coastal pelagics are considered as small tunas by ICCAT. Five species account for 

about 88% of the total reported catch by weight in the Atlantic region (ICCAT): Atlantic bonito 

(Sarda sarda), frigate tuna (Auxis thazard), which may include some catches of bullet tuna 

(Auxis rochei), little tunny (Euthynnus alletteratus), king mackerel (Scomberomorus cavalla), 

and Atlantic Spanish mackerel (Scomberomorus maculatus).  

Most of the large coastal pelagic species have been conventionally fished throughout the region 

and have a high socio-economic relevance for most of the countries and for many local 

communities as a main source of food and livelihoods. The increasing importance of fish 

aggregating devices in the eastern Caribbean and in other areas has improved the efficiency of 

artisanal fisheries in catching these resources.  

Recreational fishing for large pelagic species can be a significant component of the harvest sub-

sector in many places. Mahon (2004) made a rough valuation of recreational fisheries for charter 

vessels based on about 85 charter boats in CARICOM countries. The total annual revenue for all 

boats was estimated at about US$6.6 million, equivalent to about 9% of the value of commercial 

fisheries.  

For the CLME project, the following species are of particular interest, with case studies being 

conducted: flyingfish, dolphinfish, wahoo, mackerels (cero and king mackerel), blackfin tuna 

and bullet tuna. Flyingfish is included as this is a commercially important, shared resource in the 

Eastern Caribbean, and has close ecological and fisheries interactions with large pelagics such as 

dolphinfish and wahoo.  

A brief description of the fisheries for these species is given below. 

 Flyingfish: The fisheries for flyingfish are concentrated in the southern part of the Lesser 

Antilles, with significant small-scale commercial fisheries in Barbados, Grenada, Dominica, 

Martinique, St. Lucia, and Tobago (Oxenford et al 2007). In this sub-region, the fourwing 

flyingfish contributes 95% of the catches (Mohammed et al 2008).  

The directed flyingfish fishery is part of a multi-species, multi-gear pelagic fishery. Fishers 

use either trolled or stationary hook and line gear (baited with flyingfish) to catch regional 

large pelagic species, primarily dolphinfish, but also wahoo and ocean triggerfish 

(Canthidermis spp.). These two activities are largely inseparable as neither is likely to be 

economically viable alone, and the major flyingfish catch comes from this troll/gillnet sector 

(Fanning and Oxenford, in press). 

The flyingfish provides a good example of a species for which EAF management is highly 

appropriate (Fanning and Oxenford, in press). Tagging studies indicated considerable 

movements of the fourwing flyingfish between the countries in the Eastern Caribbean, 

which suggest that the minimum appropriate management unit for this species should be the 

combined EEZs of these countries (Oxenford et al. 1993). 

 Dolphinfish: The dolphinfish is a highly migratory pelagic species that is targeted by both 

commercial and recreational fishers throughout its geographic range. An assessment of the 

dolphinfish stock in eastern Caribbean waters suggested that fishing mortality is much 

greater than that required for MSY, and as a result, catches from the stock are much lower 
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than MSY (Parker et al 2000). Given the lack of any concrete signs of a decline in catch 

rates over this period, it was concluded that catches of dolphinfish are sustainable at current 

levels of harvest. Because of the importance of this species to most eastern Caribbean 

countries greater efforts should be made to collect the data needed for stock analyses in the 

future. 

 Wahoo: Wahoo is particularly important in the Caribbean in both commercial and 

recreational fisheries. George et al (2000) assessed the wahoo stock in eastern Caribbean 

waters using a combination of length-based models. Their results suggest that fishing 

mortality is much greater than that required for MSY and that, as a result, catches from the 

stock are much lower than MSY. These results are highly uncertain and dependent on 

growth parameters not yet well estimated (George et al 2000). Based on observations it was 

inferred that the local abundance of the stock was sustainable at these levels of harvest at 

least in the short term. Therefore, a precautionary approach should be adopted in managing 

and further developing this fishery until the stock dynamics are better understood. 

Management of the wahoo fishery should be based on collaborative arrangements between 

the CRFM and major non-CRFM fishing nations in the region (CRFM 2007). 

 Mackerels: : Mackerels, particularly king mackerel and serra Spanish mackerels, are 

commercially important in a number of CLME countries and territories. They are considered 

part of a multi-species complex of coastal pelagic species taken by a combination of gears 

and fleets. Landings in CRFM countries between 1990 – 2006 were dominated by the 

Spanish mackerel (40,432 tonnes), followed by king mackerel with 14,089 tonnes (CRFM 

2008). Information on cero mackerel (S. regalis) is limited in the CLME region.   

 Blackfin tuna: In the Western Atlantic, the highest quantities are landed by Venezuelan 

fleets. Among the Eastern Caribbean countries, by far the largest recorded quantities of 

blackfin tuna are traditionally landed in Martinique and Guadeloupe followed by Grenada..  

 Bullet tuna: Unknown quantities of bullet tuna are landing and recorded as frigate tuna 

(Auxis thazard) in the Atlantic (ICCAT 2006), where catches of Auxis species are usually 

not identified to species.  

5.2.4. Analysis of the current issues  

The pelagic ecosystem provides enormous social and economic benefits to the countries and 

people of the region, particularly the large pelagic fisheries resources that are shared among the 

countries within as well as with countries outside the region. While the pelagic realm is often 

seen as a vast expanse of ocean with unlimited living resources, heavy and in many cases non-

selective fishing, land and marine-based pollution, and climate change are leading to decline in 

these valuable resources and degradation of the pelagic habitat. This has implications, not only 

for the pelagic resources themselves, but also for the reef ecosystem owing to the high 

connectivity between these two systems (e.g. transport of pelagic eggs and larvae of reef 

organisms from spawning grounds to settlement and recruitment areas), and for the entire 

CLME. 
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5.2.4.1. Unsustainable fisheries 

A major concern is the unsustainable exploitation of large pelagic fisheries resources. Their high 

economic value and demand globally drive intense fishing pressure for these resources 

throughout their range. As a consequence, a number of these stocks are already showing signs of 

overfishing and collapse. The high incidence of bycatch in pelagic fisheries, particularly of 

endangered or threatened species with already small population sizes, is a leading conservation 

concern. The issue of Illegal, Unreported, and Unregulated (IUU) fishing is an enormous 

problem with respect to the pelagic resources as most countries do not have the capacity for 

surveillance and enforcement in their respective EEZs. Related to IUU is another issue of 

concern – Flags of Convenience (FOC) –especially for vessels fishing on the high seas (Box 10). 

An analysis of information available from the Lloyd‘s Register of Ships between 1999 and 2005 

on fishing vessels registered to the top 14 countries that operate open registries or ‗Flags of 

Convenience‘ for large-scale fishing vessels was undertaken under the auspices of the World 

Wildlife Fund International and others (Gianni and Simpson 2005). Four CLME countries 

(Belize, Honduras, Panama, and St. Vincent and the Grenadines) have consistently topped the 

list of FOC countries with the largest number of large-scale fishing vessels (>24m) registered to 

fly their flag. 

Some of the highly migratory and straddling stock are already considered to be overfished 

throughout the Atlantic Ocean (Die 2004). These include the Atlantic swordfish (ICCAT 2001a) 

and Atlantic blue marlin and white marlin (ICCAT 2001b). The abundance of Western Atlantic 

sailfish fell dramatically in the 1960s and has not increased much since. Current catches seem 

sustainable (ICCAT 2001b), but it is not known how far the current levels are from MSY. In 

spite of fisheries regulations, the oceanic fishing industry continues to decline, with almost 70% 

of the stocks fully exploited or overfished. More recent assessments by ICCAT found that a 

number of these species are still overexploited, with catches continuing to decline. Among these 

are blue and white marlin, sailfish and yellowfin tuna.  

Calculation of catch per unit effort (CPUE) trends in four of the Windward Islands (Mohammed 

2003) show that increases in offshore catches between 1980 and 1999 (36% to 143%) were far 

outweighed by the corresponding increases in fishing effort to produce such catches (339% to 

598%).  

CPUE declined substantially in the offshore fisheries of each of the four countries (by a range of 

between 52% and 69%), despite increasing fishing effort. These trends are also evident in the 

CLME, as discussed below. 
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Figure 15. Stock Status Plots for pelagic fish stocks in the CLME  
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As shown by the stock-status analysis the number of overexploited and collapsed stocks 

increased markedly from the late 1970s (Figure 15, top panel). While the former stabilized and 

even declined in recent years, the proportion of collapsed stocks continued to steadily increase to 

almost 40% in 2006. In 2006, about 60% of the pelagic stocks were overexploited and collapsed 

and about 10% rebuilding. In 2006 about 10% of the catch came from overexploited stocks 

(decreasing from nearly 70% in 2000 - 2002), with negligible catches from collapsed, developing 

or rebuilding stocks (Figure 15, bottom). As for reef fish stocks, these trends confirm the 

widespread reports of overexploited and collapsed stocks in the CLME, and are consistent with 

the unregulated expansion of fishing in previous decades.The results of these analyses are very 

useful in providing a holistic picture of the status of the pelagic resources and conveying strong 

messages to policy makers about the need to reverse or prevent further declines. 

Fishing for marine mammals has traditionally been carried out in a number of the islands such as 

Dominica, St. Lucia, and St. Vincent and the Grenadines. The Caribbean monk seal is now 

considered extinct by the IUCN, largely through over-hunting (Rice 1973). The West Indian 

manatee once occurred along the nearshore coastal waters of Tobago during the 18
th

 Century. 

This species is now extinct from around Tobago as a result of local and regional hunting (Khan 

2002). The baleen whale, sperm whale, and West Indian manatee are all listed as Vulnerable to 

extinction on IUCN Red List of Threatened Species.  

Analyses carried out by the UBC Sea Around Us Project for the CLME project showed that the 

MTI of the landings of pelagic species in the CLME declined steadily between 1950 and 2006 

(Figure 16). The decline in MTI could be attributed to the progressive depletion of top predatory 

pelagic fish in the CLME, which is consistent with the observed global trend of reduction in 

large predators in marine ecosystems (Pauly et al 1998, Myers and Worm 2003). 

 

Figure 16. Marine Trophic Index (MTI) and Fishing-in-Balance Index 

(FiB) for pelagic species in the CLME 

The FiB index increases where geographic expansion of the fisheries is known to have occurred. 

As shown in Figure 16, the FiB Index for the CLME pelagic resources increased initially, which 
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is consistent with the expansion of these fisheries during this period.  As discussed in the reef 

ecosystem section, the FiB will decrease if discarding occurs that is not considered in the 

‗catches‘, or if the functioning of the ecosystem is impaired by fishing (Sea Around Us Project 

2010). The marked decline in the FiB Index for CLME pelagic resources, especially from the 

1980s accompanied by a steady decrease in annual landings, may reflect the impairment of 

ecosystem functioning of the pelagic system, as has also occurred for the reef ecosystem. 

In summary, the major transboundary impact from unsustainable fishery practices includes: 

 Reduced abundance of fish stocks (as evident in declines in total catch and catch per unit 

effort and collapsed stocks). Reduced abundance is reflected in reduced catches and 

declines in CPUE, which is evident for many of the pelagic stocks. Some of the highly 

migratory and straddling stocks are already considered to be overfished throughout the 

Atlantic Ocean (Die 2004). In spite of fisheries regulations, the oceanic fishing industry 

continues to decline, with almost 70% of the stocks fully exploited or overfished. More 

recent assessments by ICCAT found that a number of these species are still overexploited 

including blue and white marlin, sailfish and yellowfin tuna.  

 Changes in trophic structure of fish populations . Large pelagic fish species are among 

the top predators in the ocean.The populations of some of these species have been 

reduced by fishing, with changes in the trophic structure of the pelagic communities 

towards smaller, less valuable species at lower trophic levels in the food chain.  

 Threats to biodiversity. The incidence of large quantities of bycatch in pelagic fisheries is 

of concern globally, especially as this bycatch often includes threatened, endangered and 

/or protected species such as marine mammals, marine turtles and sharks as well as 

seabirds (e.g. Arocha et al 2002, Zollett 2009).  

The ecosystem impacts from unsustainable fishing practices will have socio-economic 

consequences throughout the region, potentially including: 

 Pelagic fisheries, like reef fisheries, represent a significant source of employment, income 

and protein for the CLME countries 

 Socio-economic impacts of unsustainable fishing of pelagic resources include loss of 

employment, reduced food security in communities that depend on fishing, and reduced 

income and foreign exchange earnings.  

 Erosion of livelihoods and employment opportunities in the fishing sector could lead to 

increase criminal activities and migration towards big cities.  

 Reduction in the abundance of pelagic fish could also have negative consequences for 

tourism and recreational fishing, which is growing in the region, and lead to conflicts 

between fishers and even countries that exploit the same stocks.   

 The fishing industry has made significant investments to exploit the region‘s large 

pelagic resources. Decline of these resources represents a major economic loss to these 

investors. 
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5.2.4.2. Habitat degradation  

Previous assessments in the CLME region have focused on degradation of coastal habitats such 

as coral reefs, mangroves, seagrass beds, and beaches, with no explicit mention of pelagic 

habitats. The pelagic ecosystem is also subjected to a range of environmental stresses including 

large-scale processes such as climate change and ocean acidification as well as localized 

pollution. 

In summary, the major transboundary impact from habitat degradation includes: 

  Loss of ecosystem structure and function and loss of biodiversity. The impacts of 

global warming and acidification on the structure and function of the pelagic ecosystem 

are expected to be severe. A general declining trend in primary productivity with ocean 

warming was reported by Richardson and Schoeman (2004) and Behrenfeld et al (2006).  

The impacts of climate change on biodiversity could cause ecological disturbances and 

potentially disrupt ecosystem services in the CLME. While mobile pelagic species are 

able to avoid localized degraded areas, less mobile species and early life history stages 

might not have this ability. These problems can result in loss of ecosystem structure, 

reduction of biodiversity and reduction in fishery productivity. 

 Reduction in fisheries productivity.  The pelagic ecosystem is an important habitat for 

both adults and early life history stages of commercially important species, including 

reef-associated species. Degradation or changes in this ecosystem is therefore likely to 

reduce fisheries productivity. For example, the alteration of ocean conditions including 

water temperature, ocean currents, and coastal upwelling, as a result of climate change 

can affect fisheries (IPCC 2007, Diaz and Rosenberg 2008) through impacts on primary 

productivity, species distribution, and community and foodweb structure. Rising sea 

water temperatures may have a significant impact on the distribution of maximum catch 

potential (a proxy for potential fisheries productivity) of pelagic and demersal species by 

2055 (Cheung et al 2009a). Such a redistribution of catch potential is driven by projected 

shifts in species‘ distribution ranges and by the change in total primary production within 

the species‘ exploited ranges..  
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The ecosystem impacts from degradation of the pelagic habitat will have socio-economic 

consequences throughout the region, potentially including: 

 Pelagic habitat degradation and community modification are likely to have severe socio-

economic consequences for those nations and communities that depend heavily on 

commercial and recreational fishing and tourism for their social and economic viability.  

 Tourism revenues are often directly impacted by habitat degradation because of the loss 

of amenity value for activities such as recreational fishing, swimming, and dive tourism. 

Habitat degradation represents a loss of income and employment opportunities in the 

fisheries and tourism sectors in the medium and long-term.  

 With limited opportunities for economic diversification in the small islands, habitat 

degradation can have severe socio-economic consequences for the Insular Caribbean 

(UNEP 2004a, 2004b). 

5.2.4.3. Pollution 

 Pollutants include nutrients, sediment bound pollutants, hydrocarbons and other hazardous 

substances pose a significant threat to the pelagic system. The high ship traffic and oil and gas 

operations present a high risk of pollution of the pelagic environment from these substances. 

In the pelagic ecosystem, pollution reduces environmental quality of the water column and can 

have severe impacts on phytoplankton and zooplankton production that forms the base of pelagic 

food webs, and on planktonic early life history stages of fish and invertebrates.    

Within the past 50 years, eutrophication has emerged as one of the leading causes of water 

quality impairment. Two of the most acute and commonly recognized symptoms of 

eutrophication are harmful algal blooms and hypoxia (low oxygen concentration), which are 

common throughout the region.  

Oil concentrations of 500 ppm or even less can inhibit the growth of phytoplankton and pelagic 

bacteria. Previous oil spills have caused significant mortality of aquatic and avian species with 

many contaminated carcasses observed on beaches in the Venezuela/Colombia area (UNEP 

2006). 

Contaminants such as mercury can move through and accumulate in higher levels of marine food 

chains, including in humans who are at the top of some of these chains. This is of concern in 

large pelagic species, which are among the top predators in the ocean. Widespread mercury 

concentrations along the Caribbean coast of Central America suggest that this pollutant is being 

carried through the region by ocean currents (Gil-Agudelo and Wells, in press).  
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The main transboundary impacts from pollution includes: 

 Deterioration of environmental quality: Pollution reduces the environmental quality of 

the water column and can have severe impacts on phytoplankton and zooplankton 

production that forms the base of pelagic food webs, and on planktonic early life history 

stages of fish and invertebrates.  Within the past 50 years, eutrophication has emerged as 

one of the leading causes of water quality impairment. Oil pollution can have major 

impacts on the pelagic environment, particularly in cases of major oil spills. Coastal areas 

near to industrial centres show significant petroleum and heavy metal concentrations in 

water and sediment. 

 Threats to living marine resources: Oxygen depletion caused by eutrophication can lead 

to fish kills in the water column in some localized areas. Transbounday impacts are likely 

to be more pronounced during the rainy season. Contaminants such as mercury can move 

through and accumulate in higher levels of marine food chains, including in humans who 

are at the top of some of these chains. Litter, mainly composed of plastic, accumulates in 

beaches and shallow waters, and can cause considerable harm to fish, turtles, birds, and 

marine mammals by entanglement (particularly in fishing gear), smothering, and 

ingestion. 

The ecosystem impacts from pollution will have socio-economic consequences throughout the 

region, potentially including: 

 Chemical and organic compounds released into the environment by industrial and 

agricultural activities present a permanent threat to human health.  

 Harmful algal booms are frequently the cause of very serious human illness when the 

biotoxins produced are ingested in contaminated seafood.  

 Microbiological pollution from sewage is a threat to human health; in some areas 

downstream coastal communities have a high prevalence of gastrointestinal and dermal 

ailments (UNEP 2006).  

 Bioaccumulation of some pollutants such as POPs and heavy metals in the tissue of 

marine organisms that are consumed by humans can also have serious impacts on human 

health. Some of these species such as tunas are known to have high levels of mercury in 

their flesh.  

 Pollution has also diminished the aesthetic value of some areas, impacting on recreational 

activities and reducing revenue from tourism (UNEP/CEP 1997).  

 The economic cost of addressing pollution (e.g. clean up of oil spills, adoption of new 

technologies) and of medical treatment of pollution-related illnesses could be very 

significant. Data (or access to data) on the socio-economic impacts of pollution is very 

limited in the region. 
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5.2.5. Governance in the Pelagic Fisheries Ecosystem 

While most of the countries have legislation related to the exploitation and management of living 

marine resources, few have provisions specifically related to large pelagic fish species (Mahon 

and McConney 2004). For this ecosystem, fisheries management initiatives are partly governed 

by international frameworks such as the Law of the Sea Convention (LOSC), the UN Fish Stocks 

Agreement, and the FAO Code of Conduct for Responsible Fisheries. 

The best established fisheries management organization with relevance to the pelagic resources 

of the WCR is ICCAT, which has the mandate to manage all tuna and tuna-like species in the 

Atlantic. Currently, however, only three Insular Caribbean countries (Barbados, Trinidad and 

Tobago, St. Vincent and the Grenadines) and six continental countries (Belize, Guatemala 

Honduras, Mexico, ,Panama , and Venezuela) are contracting parties to ICCAT. Colombia and 

Guyana have the status of a cooperating, non-contracting member. In addition to ICCAT, the 

International Whaling Commission is an important body affecting the governance of the open 

sea fisheries ecosystem in the region.  

In addition to the work undertaken by FAO and its WECAFC, a relevant project for this 

ecosystem in the CLME project area was identified as the ‗Scientific Basis for Ecosystem-Based 

Management in the Lesser Antilles including Interactions with Marine Mammals and other Top 

Predators‘ . The LAPE project is of particular relevance to transboundary living resources in that 

it focuses on an ecosystem approach to management of pelagic fisheries, particularly the large 

migratory pelagics. 

A strategy for establishing a management regime for large pelagic fishes in the WCR was 

developed for CARICOM by Mahon and McConney (2004). The approach involved two thrusts, 

addressing each group of large pelagics: oceanic and coastal. For oceanic species, the need for 

and modes of direct involvement in ICCAT were identified and explored. For coastal large 

pelagic species, largely within the western central Atlantic, the need for a regional arrangement 

emerged. This was seen as possibly being a subsidiary of ICCAT or a separate entity with close 

collaboration if ICCAT is willing to delegate its responsibility for coastal species.  
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5.3. Continental Shelf Ecosystem 

5.3.1. Introduction to the Continental Shelf Ecosystem 

The shrimp resources in the NBSLME support one of the most important export oriented shrimp 

fisheries in the world. These resources include four of the larger penaeids (southern brown 

shrimp Farfantepenaeus subtilis, pink spotted shrimp F. brasiliensis, southern pink shrimp F. 

notialis and southern white shrimp  Litopenaeus schmitti) and the smaller seabob shrimp 

(Xiphopenaeus kroyeri), with their general distribution and abundance differing markedly among 

the countries in the region. In general, the brown shrimp, F. subtilis, is more abundant in the 

eastern (Brazil through Suriname) than in the western (Guyana through Venezuela) regions of 

the shelf, while the pink spotted shrimp, F. brasiliensis, is far more important in Guyana and 

Suriname than in the remaining countries. The species is not caught in the Brazilian fishery and 

usually very large individuals are caught off the Venezuelan coast, but the species is secondary 

to F. subtilis in the inshore areas of the Gulf of Paria (Ehrhardt, 2001). 

Figure 17. Annual fish landings in the North Brazil Shelf LME (Sea Around Us 2006) 

The groundfish resources such as red snapper (Lutjanus purpureus), weakfish (Cynoscion sp.), 

whitemouth croaker or corvina (Micropogonias furnieri) and sea catfish (Arius sp.) in the 

Continental Shelf Fishery Ecosystem are important for commercial and social reasons, with the 

red snapper probably being the most important groundfish in the region because of its wide 

distribution range and export value.  The fisheries are multigear, multispecies and multinational, 

using fishing methods that can be classified as industrial or artisanal depending on the level of 

mechanization (Booth et al, 2001). Sardine (Sardinella sp.) and tuna are also exploited, and 

although the volume of the tuna catch is relatively small, the value is significant (Heileman, 

2008). 

A high catch percentage of coastal and pelagic fishes, as well as catches of herrings, sardines and 

anchovies are caught in Brazil. However, information on the exploitation of Brazilian fish stocks 
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is unavailable for all areas and species
38

. The pelagic resources are lightly exploited in Guyana, 

mainly as incidental catch by artisanal fishermen using various fishing gear, but there is a 

directed fishery for sharks
39

. The artisanal multigear fleet of Trinidad and Tobago target  

demersal or  pelagic species, with the  pelagic species being caught includingmackerels 

(Scomberomorus brasiliensis, S. cavalla), and the  non-target species including a diversity of 

small coastal pelagics (Selene vomer, S. spixii, Oligoplites saurus, Caranx hippos, C. crysos) and 

demersal species. They also catch sharks (Sphyrna tudes, Rhizoprionodon lalandii, Carcharhinus 

porosus, C. limbatus)
40

. 

The total annual fish landings in this area showed a steady increase to 438,000 tonnes in 1973, 

following which they were relatively stable for about a decade, declined slightly, and then 

stabilised (Figure 17). The value of the annual landings peaked at over 900 million US$ in 1986 

(Figure 18).  Brazil followed by Venezuela, Guyana and Suriname, account for most of the catch 

from this area. 

 

Figure 18. Value of fish landings in the North Brazil Shelf LME (Sea Around Us 2006) 

 

Between 1983 and 2003, the Marine Trophic Index showed a slightly increasing trend (Figure 20 

top), while the Fishing in Balance Index remained relatively constant (Figure 20 bottom). These 

trends reflect the targeting of higher trophic level species and stable catches over this period, and 

suggest some degree of fisheries sustainability (Heileman, 2008).  

 

 

 

 

                                                 
38 (http://www.eoearth.org/article/North_Brazil_Shelf_large_marine_ecosystem#gen2) 
39 (http://www.fao.org/fishery/countrysector/FI-CP_GY/en) 
40 (http://www.caricom-fisheries.com/LinkClick.aspx?fileticket=7%2B1B5CpxGDw%3D&tabid=86). 

http://www.eoearth.org/article/North_Brazil_Shelf_large_marine_ecosystem#gen2
http://www.fao.org/fishery/countrysector/FI-CP_GY/en
http://www.caricom-fisheries.com/LinkClick.aspx?fileticket=7%2B1B5CpxGDw%3D&tabid=86
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Figure 19. Primary production required by the catches by countries in the North Brazil shelf 

LME (Sea Around Us 2006) 

 
 

 

Figure 20. Marine Trophic Index (top) and Fishing in Balance Index (bottom) in the North 

Brazil Shelf LME (Sea Around Us 2006) 



 

 Page 85 

5.3.2. Services provided by coastal ecosystems in the Continental Shelf Fishery Ecosystem 

ECOSYSTEMS 
ECOSYSTEM SERVICES 

Provisioning Regulating Cultural Supporting 

M
a

n
g

ro
v

es
 

 Food (fish and 

shellfish stocks) 

 Fuelwood 

 Construction 

material  

 

 

 Stabilization of coastlines (buffer 

between land and sea) 

 Protection of adjacent coral reefs from 

suspended solids, pollutants and drastic 

changes in salinity due to inflow of 

freshwater 

 Removal of contaminants from surface 

inflows 

 Nutrient retention and removal 

 Protection from erosion and storm 

surges 

 Recreational and 

tourism value 

 Knowledge systems 

educational value 

 Habitats for a wide array of 

terrestrial and aquatic species 

 Feeding, nursery and 

breeding areas for fish and 

other species 

 Carbon sequestration (blue 

carbon) 

 Nutrients to other ecosystems 

such as coral reefs and 

seagrass beds 

 

S
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g
ra

ss
 b
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s 

 Fish and shellfish  

 Settlement and binding of suspended 

sediments and encouragement of 

accretion 

 Nutrient cycling 

 Reduction of wave energy 

Recreational and tourism 

value 

 

Knowledge systems 

educational value 

 Habitats for a wide array of 

aquatic species 

 Nursery and feeding areas 

and shelter for fish and 

crustaceans 

 Detritus to reef system 

 Food (detritus) to offshore 

habitats 

 Beach sand (from calcareous 

skeletons of organisms (e.g. 

molluscs, crustaceans, 

calcareous algae) 
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ECOSYSTEMS 
ECOSYSTEM SERVICES (Cont’) 

Provisioning Regulating Cultural Supporting 

C
o

ra
l 

r
ee

fs
 

 Food (fish and 

shellfish) 

 Ornamental fish and 

corals  

 Material such as 

seashells for use in 

handicraft 

 Construction 

material 

 Natural medicines 

and pharmaceutical 

products 

 Genetic resources 

 Hydrodynamic barrier to wave energy 

(protection of shorelines from erosion, 

storms) 

 

 Recreational and 

tourism value 

 Knowledge systems 

and educational value 

 Spiritual and 

inspirational value 

 Habitat for fish and shellfish 

 Material for the formation 

and maintenance of sandy 

beaches  

 

B
ea

ch
es

 

 Construction 

material 

 Base for small-scale 

fisheries, tourism 

and recreational 

activities 

 

 Recreational and 

tourism value 

 Knowledge systems 

 Educational value 

 Habitats and nesting sites for 

fauna such as sea turtles 

 Coastline protection 

 Stabilization of sediments 
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5.3.3. Description of shrimp fisheries in Jamaica, Panama, Nicaragua and Belize 

Even though this TDA focuses mainly on the transboundary issues - unsustainable fishing, 

habitat degradation and pollution- affecting the important shrimp and groundfish fisheries 

within the NBSLME, it should be noted that there are other shrimp and groundfish fisheries 

within the CLME such as in the waters of Jamaica, Panama, Nicaragua and Belize which may 

be facing similar problems.  

In Jamaica, the open access penaeid shrimp fisheries occur mainly in the Kingston Harbour, 

with the predominant species being the white shrimp Penaeus schmitti, while P. notialis and 

P. brasiliensis are also present in very low proportions. The white shrimp are exploited by 

fishers in wooden canoes using mono-filament nylon gill nets and others in fibre glass boats 

that use hand operated trawls. In 1999, the estimated landings were 4.5 tonnes.  Combined 

assessments for the period 1996-2000 showed that there was no evidence that the fishery was 

over-exploited, with the recommendation that any further expansion of fishing effort should 

be cautiously implemented.  

In Panama, production in the white shrimp fishery has fluctuated between 906 to 1529 

tonnes, with the increase in fishing vessels, the use of illegal fishing gear in nursery areas and 

the destruction of mangroves for coastal aquaculture being given as likely reasons for falling 

catches. The MSY for the white shrimp fishery has been estimated between 4 and 5 million 

pounds of shrimp tails, corresponding to 200 vessels.  

In Nicaragua, Pearl Lagoon, one of the biggest lagoons in the Caribbean and the biggest in 

Central America,  is the home of the most abundant penaeid shrimp (Litopenaeus schmitti) 

fishery in the lagoon environment. . In  2004,  the capture of shrimp tails and total shrimps 

from the Caribbean region was 3,127, 000 and 776,000 pounds, which showed a reduction of 

17% and 19% with respect to 2003 when the capture was 4,274,000 and 997, 000 pounds.  

In Belize, the industrial shrimp trawl fishery has been an important fishery over the last six 

decades, with shrimp tails landings reaching a peak of over 145 MT in the late 1980s. The 

fishery valued at Bze $948 thousand in 2004 was considered to be significant to the two main 

fishermen‘s cooperatives
41

. However, it should be noted that it was reported on December 8, 

2010 that the authorities in Belize would be placing a ban on all forms of trawling in their 

waters due to the risk that such activities could pose to the health of the Belize Barrier Reef. 

The ban should have gone into effect from December 31, 2010.
42

 

5.3.4. Analysis of the current issues situation 

The shrimp resources in the Continental Shelf Fishery Ecosystem support one of the most 

important export oriented shrimp fisheries in the world while the groundfish resources are 

important for commercial and social reasons, with the red snapper being probably  the most 

important groundfish in the region because of its wide distribution range and export value.  In 

general, all the shrimp species in the region are subjected to increasing trends in fishing 

mortality and the fisheries are generally overcapitalized. Despite the relatively stable catches, 

overexploitation was found to be severe, with there being evidence that some of the 

groundfish fisheries in this area may be fully or overexploited (Heileman, 2008).   

                                                 
41 (http://www.fao.org/fishery/countrysector/FI-CP_BZ/en) 
42  (http://na.oceana.org/en/blog/2010/12/victory-belize-bans-trawling). 

http://www.fao.org/fishery/countrysector/FI-CP_BZ/en
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Overall, pollution was found to be moderate, but severe in localised hotspots near urban 

areas. Most of the pollution is concentrated in densely populated and industrialised coastal 

basins and not widespread across the region. Water quality in the coastal areas is threatened 

by human activities that give rise to contamination from sewage and other organic material, 

agrochemicals, industrial effluents, solid wastes and suspended solids (Heileman, 2008).  Due 

to the coastal hydrodynamics in this area, the potential for transboundary pollution impact is 

significant (Charlier, 2001; Heileman, 2008). Human activities along the coastlands have led 

to severe habitat modification in this Continental Shelf Fishery Ecosystem, with mangroves, 

which dominate a major part of the shoreline, having been seriously depleted in some areas. 

 

Unsustainable fishing of the shrimp and groundfish resources of the Continental Shelf 

Fishery Ecosystem could result in considerable socio-economic consequences as these 

fisheries make significant contributions to food security, poverty alleviation, foreign 

exchange earnings and the development of coastal communities. 

5.3.4.1. Unsustainable fisheries 

Despite the relatively stable catches, overexploitation was found to be severe, with there 

being evidence that some of the fisheries in this area may be fully or overexploited, 

particularly some of the groundfish stocks. In cases where assessments have been undertaken, 

there are clear signs of overexploitation of the southern red snapper (Lutjanus purpureus) 

resource; other analyses indicate that the corvina is now overexploited in some areas; and 

lane snappers (L. synagris), bangamary (Macrodon ancylodon) and sharks are also showing 

signs of overexploitation. A decrease in the average size of some groundfish species has 

raised sustainability issues. The increasing capture of small individuals is potentially 

compromising recruitment to the spawning stock. Some deep slope demersal and pelagic 

species are underexploited and still have potential for development (Heileman, 2008). 

In general, all the shrimp species in the region are subjected to increasing trends in fishing 

mortality and the fishery is generally overcapitalized. Stocks of brown and pink spotted 

shrimp may be close to being fully exploited, with the latter being overexploited in some 

areas. There has been a general downward trend in the abundance of brown and pink shrimps, 

particularly during the late 1980s and throughout the 1990s.  

Excessive by-catch and discards and destructive fishing practices are severe, and are of 

concern throughout the area, with the shrimp by-catch situation being well know for the 

region (Heileman, 2008). 

Although, the information on the status of the coastal pelagic fish being caught directly or 

indirectly in this Continental Shelf Fishery Ecosystem appears to be limited, it should be 

noted that Trinidad and Tobago considers the pelagic fish being targeted by the artisanal fleet 

to be fully exploited and in many cases overexploited.
43

  

Sea turtles occurring in the area include the leatherback (Dermochelys coriacea), green turtle 

(Chelonia mydas), olive ridley (Lepidochelys olivacea), hawksbill (Eretmochelys imbricata) 

and loggerhead (Caretta caretta).  At the regional level, the leatherback colony in the 

Guianas was considered to be very volatile, but presently appears to be stable.  

Most uses of sea turtles, whether consumptive or non-consumptive, are regulated and/or 

monitored in some way. The offshore drowning of sea turtles associated with incidental 

                                                 
43 (http://www.fao.org/fishery/countrysector/FI-CP_TT/en). 



 

 Page 89 

 

 

capture by fisheries, especially by shrimp trawlers in the Continental Shelf Fishery 

Ecosystem, posed a serious management issue. This is being addressed by the nets of such 

trawlers having to be outfitted with turtle excluder devices (TEDs), more so if the operators 

are exporting their product to the USA. Because of the potential threat of incidental capture 

by fishing gear in offshore waters, sea turtles should be included in any regional and national 

fisheries management plans.  

IUU fishing poses one of the biggest threats to fisheries management for developing states, 

with the problem being compounded by a number of factors, such as the large area of marine 

space to be policed, close proximity of the states leading to situations of stocks straddling the 

borders of neighbouring states, migratory nature of some fisheries resources and the fishing 

fleets that follow them, inadequate financial and technical resources for surveillance and 

enforcement, and insufficient skilled manpower for maintaining adequate management 

systems (CRFM, 2005). 

The key transboundary impact identified associated with unsustainable fishery practices 

includes: 

 Overexploitation of the shrimp and groundfish stocks in the NBSLME with 

inadequate fisheries management could adversely affect income, employment, food 

supply, and foreign exchange earnings in the countries of the region.   

 Excessive by-catch and destructive fishing practices could result in reduced fish 

populations of non-target species as well as affect biodiversity. 

 IUU fishing could lead to major losses in revenue in an area where dependency on 

fisheries for food, livelihoods and revenues is high.   

5.3.4.2. Habitat degradation 

Human activities along the coastlands have led to severe habitat modification in the 

NBSLME area. Mangroves, which dominate a major part of the shoreline, have been 

seriously depleted in some areas. For example, in Guyana, mangrove swamps have been 

drained and replaced by a complex coastal protection system, while on the Brazilian coast, 

there has been significant reduction in the original mangrove area because of cutting for 

charcoal production and timber, evaporation of ponds for salt, and draining and filling for 

agricultural, industrial or residential uses, and the development of tourist facilities. In Brazil, 

erosion also threatens coastal habitats and some coastal lagoons have been cut off from the 

sea (Heileman, 2008).  

At present, the tropical forests of the NBSLME region would appear to be relatively 

unexploited and face few threats. In the future, increases in the impact of large scale logging, 

artisanal and industrial gold mining, agricultural operations and the growing populations in 

some of the forested areas may to lead to environmental degradation. 

Trawlers often operate without restriction in the shallower areas of the shelf, over 

ecologically sensitive areas inhabited by shrimp in its early life stages. The environmental 

impact of such activities is likely to be high, considering the intensity of shrimp trawling 

operations in these areas. Evidence from other regions suggests that precautionary measures 

should be undertaken in environmentally sensitive areas of the continental shelf. Trawlers 

also catch significant quantities of finfish as by-catch and dumping at sea is still a widespread 

practice in the region.  
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Invasive alien species are increasingly being viewed as a threat to indigenous biodiversity 

because of their impact on natural habitats and ecosystems. Little is known about marine 

invasive species compared to terrestrial species. However, the ballast water from ships is 

considered to be a major invasion pathway.   

The issue of invasive species as an environmental and sustainable development threat has 

been recognised by a number of treaties, including the Convention on Biological Diversity 

(CBD) and the Specially Protected Areas and Wildlife (SPAW) Protocol. In 2004, the 

International Convention for the Control and Management of Ships Ballast Water and 

Sediments was adopted to control and manage the release of ballast water by ships in order to 

reduce the threat of IAS in waters near ballast water release sites. The Convention is awaiting 

ratification (Lopez and Krauss, 2006).     

The key transboundary impact identified associated with habitat degradation includes: 

 In this region, there are clear indications that the entire shallow, brackish-water stretch 

along the seashore (0-10 m depth) plays a key role in the mobilization of nutrients and 

energy transfer in the lower levels of trophic webs, and serves as nursery ground for 

many marine fish and shrimp species.  

The existence and capacity of this near-coastal zone to fulfil its role is highly 

dependent on inputs from the neighbouring mangrove and associated habitats. The 

mangrove is very well represented in the region, where it dominates a major part of 

the shore, but it is possible that not all portions of the coast would have the same 

importance, as some processes may be concentrated in certain areas, possibly in 

estuaries.  

Fishing gears can alter, in a more or less persistent way, the habitats of fish 

populations. It is not generally known what the different species exactly require in 

order to complete successfully the different steps of their life cycle.  It is known that 

habitats have to fulfil different functions such as providing shelter (hiding from 

predators), foraging area for food, breeding area, and nursery area. The capacity to 

fulfil one or more of these functions can be impaired by damage provoked by fishing 

gear action, with the damage being on the seabed, the benthos, or on the water quality 

(Charlier, 2001).  

The continued degradation of ―critical‖ zones or habitats and the unsustainable 

exploitation of fisheries and other living resources in the region could lead to 

unemployment and reduced incomes and consequent deterioration in the quality of 

life in coastal communities.  

5.3.4.3. Pollution 

Overall, pollution was found to be moderate, but severe in localised hotspots near urban 

areas. Most of the pollution is concentrated in densely populated and industrialised coastal 

basins and not widespread across the region. Water quality in the coastal areas is threatened 

by human activities that give rise to contamination from sewage and other organic material, 

agrochemicals, industrial effluents, solid wastes and suspended solids (Heileman, 2008). 

Effluents from industries are released, sometimes untreated, into the water bodies. 

Contamination by mercury as well as by agro-chemical wastes is the main source of chemical 

pollution in the Amazon Basin. Gold is exploited in all the countries of the region and 

mercury from mainly artisanal and small scale gold mining operations is dispersed into the 
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air. For the most part, this mercury ends up in rivers, transforms into methyl-mercury and 

other chemical compounds and concentrates along the food chain. In the long term, mercury 

contamination could become a hazard for the coastal marine ecosystem and for human health 

if suitable measures to limit its use are not implemented. There is also the potential risk of 

pollution from oil extraction, both in the coastal plain and the sea. 

Agricultural development is concentrated along the coast and includes intensive cultivation of 

sugarcane, bananas and other crops. This involves the application of large quantities of 

fertilisers and pesticides, which eventually end up in the coastal environment. Sugarcane 

plantations along the coast are also suspected to contribute persistent organic contaminants, 

which are widely used in pest control, to the coastal habitats (Heileman, 2008 and LME 17: 

North Brazil; Shelf.).  

As a result of the coastal hydrodynamics in this area, the potential for transboundary 

pollution impact is significant. 

The key transboundary impact identified associated with pollution and ecosystem health 

includes: 

 Agriculture is very important to many economies in the region. It can have a direct 

impact on the marine environment when it involves areas included in the ―broader 

marine ecosystem‖ (including brackish zones connected with the sea). Such areas are 

generally not suitable for agriculture, due to their salt content. For example, Suriname 

has a policy that does not allow agricultural projects within a certain distance from the 

coastline for technical and environmental reasons. Exceptions have been tolerated and 

there have been encroachments on the mangrove and associated brackish-water biota, 

for rice (as well as in French Guiana) and livestock development, but the areas 

concerned seem to remain modest. 

Agricultural development is very modest in terms of area used. On the other hand, 

farmed areas are concentrated in a coastal stretch of a few tens of kilometres breadth, 

the cultures are water-intensive (rice) as well as agrochemicals-intensive (sugar cane, 

bananas), and the drainage is directly to the sea, without treatment or monitoring of 

the effluents. Local effects could therefore be observed, particularly if input of an 

additional nutrient charge from agriculture would combine, for example, with re-

suspension of organic matter trapped in sediment. 

Areas within the coastal brackish-water belt have been identified as suitable for 

aquaculture, particularly for marine shrimp, and a few projects have been undertaken 

in Suriname. These projects did not cover any significant part of the available area 

(Charlier, 2001). However, aquaculture seems to have been identified as a major area 

for development by most of the countries bordering the Continental Shelf Fishery 

Ecosystem and as such more coastal areas, including the brackish-water belt, could be 

affected in the future.  

Effluents carrying chemicals used in agriculture or residues can also be expected to 

have impacts if they are drained in sufficient concentration to the sea. They can be 

pesticides, deleterious for some marine organisms, or fertilizers that may alter the 

nutrient balance in the sea (Charlier, 2001).  

 Gold is being exploited by mainly small-scale operations in all countries of the region. 

The main technology used to separate and amalgamate gold is the least expensive 

available and involves the application of mercury. This mercury is dispersed into the 
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air and it is assumed that the largest part ends up in rivers, transforms into methyl-

mercury and other chemical compounds, and concentrates along the food chain. 

According to the IUCN, high concentrations of mercury were detected in fish as far as 

800 km downstream from gold mining areas in Brazil.  

Larger scale gold mines also present in the region use cyanide to separate gold. Errors 

can have disastrous consequences for aquatic life, as happened in 1995 in Guyana 

with the accidental release of cyanide into the Omai and Essequibo rivers (Charlier, 

2001). 

The value of fisheries products could decrease due to contamination by mercury and cyanide 

from artisanal and large-scale gold mining respectively and pesticides and other chemicals 

from agriculture.  Also, the occurrence of mercury in fish species and the environment could 

pose problems for human health. 

5.3.5. Governance in the Continental Shelf Fisheries Ecosystem 

The fragmented nature of coastal and marine resource management by these countries is a 

legacy of their colonial past. The languages and cultures of the colonizers (Portugal, France, 

the Netherlands, Great Britain and Spain) were each different, as were the management 

systems and laws they passed on to these territories, five of which are now independent 

democracies. These countries are party to several international environmental agreements, for 

example CBD, UNFCCC, UNCLOS, MARPOL and Ramsar Convention on Wetlands. 

However, there is presently a lack of coordinated support among them for marine ecosystem 

monitoring and management. 

The coming into force of the UNCLOS and recent international initiatives in fisheries, such 

as Agreement to Promote Compliance of International Conservation and Management 

Measures by Fishery Vessels on the High Seas (Compliance Agreement), The Code of 

Conduct for Responsible Fisheries and the Agreement for the Implementation of the 

Provisions of the United Nations Convention on the Law of Sea of 10 December 1982 

Relating to the Conservation and Management of Straddling Fish Stocks and Highly 

Migratory Fish Stocks (UN Fish Stocks Agreement) have made it necessary for the countries 

of the Guianas-Brazil Subregion to revise their legislation. French Guiana as an overseas 

department of France is covered by the Common Fisheries Policy of the European Union, 

which came into effect in January 1983.  

For the countries of the Guianas–Brazil sub-region, fisheries administration is under the 

Ministry of Agriculture in all the countries except Brazil, where the responsibility is shared 

between the Ministry of Agriculture, responsible for development, issuing of licenses and for 

the economic aspects, and IBAMA (Instituto Brasiliero do Meio Ambiente e dos Recursos 

Naturais Renovaveis), responsible for conservation and management and for enforcement. In 

most countries fisheries research is also conducted by the national fisheries administration, 

which is under the Ministry of Agriculture. Brazil and Venezuela have delegated fisheries 

research to specialised agencies. 

Regional and sub-regional organizations such as the FAO/WECAFC and CRFM have been 

actively promoting fisheries management and development related to the continental shelf 

fisheries ecosystem. The Member States of FAO/WECAFC include Brazil, French Guiana 

(EU/France), Suriname, Guyana, Venezuela and Trinidad and Tobago, while those of the 

CRFM include Suriname, Guyana and Trinidad and Tobago. As they seek to address the key 
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transboundary living marine resource issues for this ecosystem, the countries may need to 

strengthen and/or develop mechanisms for subregional collaboration and cooperation in areas 

such as assessment and management; harmonization of legislation; development of a sub-

regional database for fisheries and related data; establishment of mechanisms for 

strengthening MCS at the national and sub-regional levels; stakeholders‘ involvement in the 

management process; and building public awareness. 

5.4. Knowledge gaps in the CLME Fisheries Ecosystems 

5.4.1. Unsustainable fisheries  

 Basic data and information about fish stocks are required for reliable stock assessment 

and management.  

 Move towards an ecosystems approach to living marine resources management would 

require more data/information  on the continental shelf,  living resources and the 

socio-economics .  

 More data/infomration on the response of the WCR ecosystems and fish populations 

to global climate change. 

 Knowledge on the connectivity among habitats, dispersal of larvae, patterns of 

movement during the juvenile and adult phases. 

 Knowledge of the sustainable levels of total catch and corresponding fishing effort 

levels (including artisanal and industrial) for exploited stocks and stock for which 

fisheries are developing.  

 Need to improve the quality of data/information as it relates to fishing capacity, 

including processing infrastructure, operating in the NBSLME shrimp fishery and on 

the intensity and effects of near shore fishing by shrimp trawlers.  

 Need to determine the possible links between recruitment and environment and its 

likely effects on the fishery.  

 Bio-economic assessments are required as previous work had shown that the current 

levels of exploitation were above the economic minimum, suggesting that potential 

revenue was being dissipated.  

 Need to evaluate the effectiveness of the management tools, such as effort control, 

closed areas and closed seasons being used in the shrimp fisheries to determine how 

they can be improved.  (FAO/WECAFC, 2001).  

 With the scope of the TDA having been changed to cover the continental shelf 

ecosystem, more information is required on the status of the coastal pelagic and shark 

fisheries and the likely interactions between these resources and the main demersal 

resources.  

 More data/information onthe extent of IUU fishing in the Continental Shelf Fishery 

Ecosystem and its impact on the assessment of the resources, management and 

economic returns. 

5.4.2. Habitat degradation  

 Ecosystem structure and function, and inventory of marine species; 

 Spatial extent and distribution of habitats (habitat mapping); 
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 Economic value of coastal and marine ecosystems and services. Focus should be on 

the marginal economic value, which would allow economic changes associated with 

changes in ecosystems to be determined; 

 Social and economic cost of degradation (including the cost of addressing habitat 

degradation); 

 The degree of connectivity and interdependence among the habitats within the CLME 

as a whole; and connectivity with other areas of biological importance and with 

protected areas; 

 Thresholds at which damage to habitats are irreversible;  

 Additional knowledge of the role that the entire shallow, brackish-water stretch along 

the seashore (0-10 m depth) plays in the mobilization of nutrients and energy transfer 

in the lower levels of trophic webs, and providing  nursery grounds for many marine 

fish and shrimp species. 

5.4.3. Pollution  

 Quantitative data on the transboundary dispersal of pollutants.  

 Regular and long-term monitoring of pollution in the WCR, both at the source and in 

the coastal and marine environment, including areas that may be affected far from the 

source. 

 Impacts of pollution on sensitive habitats, on living marine resources, and on human 

health.  

 Establishment of clear targets and indicators, to for establishing a baseline and 

assessing progress in addressing transboundary issues . 

 Establishment of indicators to measure economic losses caused by pollution on 

fisheries, the tourism industry, and other economic activities. 

 Improving the understanding of agricultural impacts on the CLME ecosystems. 

 Improving the understanding of agricultural, industry (including shipping and 

tourism) and municipal discharges on the CLME fisheries ecosystems 

5.5. Common and cross-cutting issues affecting the CLME fisheries ecosystems 

The three identified fisheries ecosystems are all highly linked physically and biologically 

dependent on each other with respect to living resources. Whilst this TDA is focused on the 

issues associated with each fisheries ecosystems (and the subsequent SAP will address the 

issues of concern in each fisheries ecosystem) it is clear that there are common and shared 

concerns. In addition the, three priority transboundary issues are also interlinked – the 

problem of pollution clearly has an impact on fisheries and habitats in the region, for 

example. Climate change will impact all fisheries ecosystem and are likely to exacerbate the 

three key transboundary issues. This section attempts to provide a synthesis of the common 

and cross-cutting issues affecting the CLME region. 
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5.5.1. Synthesis of common issues 

5.5.1.1. Unsustainable fisheries 

The transboundary issue of unsustainable fisheries applies to all three fisheries with 

considerable similarity in the causes. There is significant evidence that overfishing or fishing 

close to MSY is impacting stock levels as reflected in declining landings. IUU is a regional 

problem where monitoring and enforcement of fisheries regulations are poorly managed, 

especially in the pelagic fisheries where the increased costs and complexity of monitoring 

vessels in the EEZ are experienced. In addition, vessels under flags of convenience increase 

the difficulties in management of fisheries. Bycatch is a common concern in all the 

ecosystem fisheries. 

Data on fisheries (catch, stock levels, IUU, etc.) is limited in all three fisheries and is an 

important aspect to be addressed under the SAP. 

The common environmental and socio-economic impacts from unsustainable fisheries 

include: 

 Loss of trade / foreign exchange earnings 

 Loss of employment 

 Food scarcity  

 Erosion of livelihoods 

 Loss of tourism  

 Reduce stock 

 Changes in trophic structure 

5.5.1.2. Habitat degradation 

The CLME fisheries are dependent to a large extent on the health of the specific ecosystems. 

There are common concerns leading to habitat degradation across the fisheries ecosystems, 

e.g. shipping (and ship pollution), alien/exotic species introduction, climate change 

(acidification, increase storm damage, temperature increases, pollution from land-based 

sources, etc). Coastal habitats within the reef and continental shelf ecosystems are subject to 

impacts from destructive fishing methods, coastal development, mining, watershed and 

marine pollution, etc.  

The loss of reefs and mangroves (for example) are potentially very significant given the 

important ‗services‘ these provide, for example, in providing food and coastal defenses. 

Coastal environments are also impacted from increasing sediment loads (for example from 

inappropriate land use in river basins, including forest clearance and agriculture) that can 

result in increased turbidity or choking of sensitive reef environments. Due to their proximity 

to the land-based activities and sources (e.g. wastewater, industry, mining, agriculture, etc.) 

pollution can be more significant with regards to habitat degradation (e.g. through eutrophic 

conditions) within the reef and continental shelf ecosystems. The pelagic system is also 

subject to rising SST and ocean acidification  as well as pollution from both marine and land-

based sources.  
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The common environmental and socio-economic impacts from habitat degradation include: 

 Loss of tourism 

 Loss of productive habitats 

 Conflicts between ‗users‘ 

 Loss of livelihoods 

5.5.1.3. Pollution 

As indicated above, pollution affects all three fisheries ecosystems with coastal environments 

being potentially more impacted, although all ecosystems are subjected to marine discharges. 

Land-based sources (from tourism activities, wastewater, industry, agriculture, forestry, 

mining, oil exploration, etc.) leads to localized and dispersed pollution from nutrients, micro-

biological species, POPs, hydrocarbons, heavy metals and other toxic substances. Soil 

erosion from forest clearances or agriculture can lead to greater sediment loads being 

discharged from the rivers to the CLME region. In addition to the habitat degradation 

concerns indicated above, sediments can have associated pollutants which can be slowly 

released. A global problem from land-based sources containing nutrients (e.g. from 

wastewater and agriculture) is eutrophication that result in oxygen depletion affecting mainly 

coastal areas that can further impact sensitive habitats. Land-based sources in the Caribbean 

are the subject of the GEF IWCAM project and are under the Cartagena Convention protocol 

which has recently come in to force. The SAP should further encourage endorsement and 

enforcement of this convention within the CLME region. In all fisheries ecosystems, bio-

accumulation of hazardous substances (e.g. POPs, heavy metals such as mercury) is also a 

concern to human and aquatic life. 

The common environmental and socio-economic impacts from pollution include: 

 Loss of habitat 

 Potential health issues from contaminated food 

 Deterioration of environmental health 

 Threats to marine resources 

5.5.2. Cross-cutting issues 

5.5.2.1. Climate Change   

The implications of climate change for fisheries are steadily becoming better elaborated and 

the types of governance responses that will be required better understood. According to 

Cheung et al (2009) the WCR is likely to experience reduced abundance of fishery resources. 

Many other impacts on the marine ecosystems of the WCR are predicted. A key message is 

that marine EBM has to address additional uncertainty from climate change in both the 

system being governed and the governance systems. Case studies by McIlgorm et al (2010) 

indicate that governance adaptation will involve more flexible fishery management regimes, 

schemes for capacity adjustment, catch limitation and alternative fishing livelihoods for 

fishers. Where fishery governance systems have been less developed, fisheries will be less 

able to adapt to climate change impacts. Badjeck et al (2010) emphasise the importance of 

adaptive capacity for fishery livelihoods and the need for approaches that build livelihoods 
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assets and reduce vulnerability. Adaptation involves addressing some of the most intractable 

issues that fisheries management has been grappling with for decades. 

Just as EBM is considered to be an integral part of, or context for, governance arrangements 

and responses in all three major marine ecosystems in the WCR, climate change must be 

integrate in all three cases. Indeed, the FAO considers climate change to be one of many 

aspects that must be taken up in its Ecosystem Approach to Fisheries. 

Trends in mean SST and SST anomalies for the CLME show a steady warming trend since 

1982 (Figure 21; Belkin et al 2009). 

 

  

 

 

 

 

 

Figure 21. SST anomalies and mean annual SST for the CLME 1982 – 2006 

Rising sea water temperatures may have a large impact on the distribution of maximum catch 

potential (a proxy for potential fisheries productivity) of pelagic and demersal species by 

2055 (Cheung et al 2009). Such a redistribution of catch potential is driven by projected shifts 

in species‘ distribution ranges and by the change in total primary production within the 

species‘ exploited ranges. The catch potential in the CLME decreases considerably under the 

high range scenario (Figure 22).  
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Figure 22. Change in maximum catch potential (10-year average) 

from 2005 to 2055 under two climate change scenarios 

(a) High range (b) Low range. (Cheung et al 2009) 

However, changes in availability to the local fishing fleet are more likely to occur than are 

large scale changes in abundance (Mahon 2002). Ocean currents are also related to upwelling 

that enhances nutrient enrichment and hence primary and secondary production that may 

support fish stocks. In the Caribbean, upwelling areas off the Guianas-Brazil Shelf, 

downstream of island passages, and off Venezuela are known to influence fishery production 

and may also be affected by climate change (Mahon 2002).  

Coral bleaching is set to become one of the most serious and widespread threats to the 

region‘s reefs. The most extreme coral bleaching and mortality event to hit the Wider 

Caribbean (including Atlantic) coral reefs in 2005 has been documented by Wilkinson and 

Souter (2008) and clearly illustrates the severe impact that climate change could have on the 

region‘s reefs. In some areas up to 100% of corals have been affected by bleaching. 

Increased prevalence of disease following bleaching was also reported from many islands of 

the Lesser Antilles, particularly the French West Indies. Further, hurricanes in 2005 

exacerbated the damage to coral reefs caused by bleaching and disease, although the effects 

were not all bad. Some hurricanes reduced thermal stress by mixing deeper cooler waters into 

surface waters. None of these hurricanes, however, passed through the Lesser Antilles to cool 

the waters, where the largest sea surface temperatures hotspot persisted. 

In addition to bleaching, corals and other organisms with calcareous structures are subjected 

to increasing stress from ocean acidification resulting from rising atmospheric carbon dioxide 

concentrations. A recent study (UNEP- CAR/RCU 2011) confirmed significant ocean 

acidification across much of the Caribbean and Gulf of Mexico.  Among the impacts of ocean 
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acidification is impairment of the formation of the carbonate skeletons of organisms such as 

corals.   

In addition to the impacts of global warming on coral reefs, an increase in the frequency and 

magnitude of storms and hurricanes as well as sea level rise are serious concerns for the 

region. These would increase the risk of flooding, including of mangrove habitats, and 

accelerate existing rates of beach erosion. Changes in rainfall patterns could also alter the 

flow of freshwater to coastal habitats that are dependent on inputs of freshwater and nutrients 

from terrestrial areas. 

5.5.2.2. Governance 

The conclusion reached in the assessment of regional ocean governance in the WCR during 

the PDF-B was that complexity, diversity and dynamics are major factors affecting 

arrangements for transboundary living marine resources. These may be more prominent in 

the WCR than in many other LMEs due largely to its geopolitical complexity. This results in 

there being large number of stakeholders at multiple geographical and institutional scale 

levels. Key transboundary issues requiring governance arrangements occur at a diversity of 

scales and thus require matching governance arrangements. Therefore it was concluded that 

an approach that sought to network the stakeholders in transparent arrangements that included 

clear governance process and linkages among them would be the best way to approach 

regional governance in the WCR. This approach was seen as providing for the need to have 

issue specific governance arrangements at appropriate scale levels but with opportunities for 

harmonisation and learning among arrangements. This approach can be best described as the 

enabling of a network or complex of ocean governance entities within the WCR. 
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6. Analysis of Root Causes of concerns and issues 

The Global International Waters Assessment (GIWA) developed a priority setting mechanism 

for actions in international waters (Belausteguigoitia 2004). Establishing priorities for actions 

implies not only an assessment of the severity of the problems but also an analysis of what 

can be done to solve or mitigate these problems. Understanding the root causes of these 

problems is particularly relevant for the further analysis of actions. Causal Chain Analysis 

(CCA) traces the cause-effect pathways of a problem from the environmental and 

socioeconomic impacts back to its root causes. A causal chain is a series of statements that 

link the causes of a problem with its effects. Its purpose is to identify the most important 

causes of priority problems in international waters in order to target them by appropriate 

policy measures for remediation or mitigation. By understanding the linkages between issues 

affecting the transboundary aquatic environment and their causes, stakeholders and decision 

makers will be better placed to support sustainable and cost-effective interventions. 

While the immediate and underlying causes of these impacts may be sector-specific, in 

certain cases, the priority interventions for addressing them simultaneously speak in many 

instances to common socio-economic, legal and political root causes. Given the multiple, 

long-term benefits which can be accomplished by focusing on the sources of these problems, 

as opposed to just their symptoms, the design and implementation of actions aimed at the 

sustainable management of these shared living marine resources through regional, LME-wide 

collaboration as proposed in the CLME Project is urgently required.  

The preliminary CCAthat was undertaken in the PDF-B stage (2007) using three 

geographical sub-regions (Insular Caribbean, Central/South America and Guianas/Brazil), 

this was reviewed by the CLME TDA Technical Task Team in January 2010 in-line with the 

agreement to re-focus the TDA on the ‗fisheries ecosystem‘ approach. Full details of the 

CCAs for reef, pelagic and continental shelf fishery ecosystems are presented in Annex 1. 

These figures were adapted from the causal chain diagrams in the GIWA Regional 

Assessments (UNEP, 2006).   

The causes of the transboundary concerns will be addressed in more detail during the SAP 

formulation where appropriate means to address these causes will be developed and, where 

possible, tested through the pilot demonstration projects. 

For each fisheries ecosystem (reef, pelagic and continental shelf ecosystems) a detailed CCA 

was developed for each of the three agreed transboundary issues (unsustainable fisheries, 

habitat degradation and pollution). Inevitably due to the obvious linkages between the three 

fisheries ecosystems and the intra-dependency of the three transboundary issues there is 

considerable overlap and/or repletion within the CCAs. The detailed fisheries ecosystem 

reports (see http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-

tdas) present comprehensive analysis and assessments of the CCAs for each transboundary 

issue (giving a total of nine CCA assessments – see Annex 1) 

At this Regional TDA level a summary of the key elements of the CCA is presented (as an 

illustration) in Figure 23 with a summary of the main/common Root Causes from this 

analysis across all fishery ecosystems for each of the transboundary issues. This focus on the 

root causes will help to guide the development of the SAP by emphasizing the common or 

shared root causes (between both transboundary issues and fishery ecosystems) to ensure 

these receive priority attention. The recommended actions based on the CCA from each of 

the fishery ecosystems are presented in the next section. 
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The three fisheries ecosystems TDAs provide a detailed assessment of the CCAs for each 

Transboundary concern. While there are many commonalities in the root causes the priority 

associated with each fishery ecosystem and each transboundary concern do differ. It is also 

expected that the priority of the causes will also be different from each national perspective. 

This Regional TDA does not attempt to prioritise the concerns but presents a summary of the 

main causes associated with all the transboundary concerns.  

Full details are of the CCA for each fishery ecosystem and each Transboundary concern are 

presented on the CLME Project website
44

. 

 

                                                 
44 http://www.clmeproject.org/documents/projectdocuments/fishery-ecosystems-tdas 
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Figure 23. Simplified Casual Chain Analysis for the CLME 

 

The above is an indicative summary of all the main causes etc. from the three fisheries ecosystems and the three Transboundary problems. Full 

details are presented in the Fisheries Ecosystems TDAs 
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6.1. Key Transboundary Issue I: Unsustainable fisheries 

The following summary presents the main root causes leading to the Transboundary issue of 

Unsustainable Fisheries. These are not presented in priority order. 

 Poor Governance: Poor or inadequate governance is often cited as one of the root causes 

of fisheries overexploitation. Efforts have been made to protect and preserve the coastal 

and marine resources of the Caribbean Sea through a number of regional and 

international conventions and subsequent legislative frameworks. However, at the 

national level, the administration of the relevant legislation (where it exists) is often 

scattered across several governmental agencies with weak institutional provisions for the 

coordination of environmental initiatives across the various sectors. In most countries, 

stakeholder consultation and participation in governance remain fragmented and weak, 

despite efforts to address this problem and recognition of its potential role in effecting 

new and more successful ways of managing fisheries systems (Mahon et al 2008).  

These issues are even more pronounced at the regional level. Transboundary living 

marine resources require coordinated and harmonized governance structures that operate 

at the appropriate geographic scales.  Reef, shrimp and groundfish fisheries are not 

currently served by a working international governance mechanism (such as ICCAT for 

the oceanic large pelagic fisheries), although specially protected reef associated species 

come under the SPAW Protocol. Relevant technical bodies at the regional level are 

WECAFC and in the case of conch, the Caribbean Fisheries Management Council. 

However neither have decision-making capacity, leaving it up to countries to follow 

agreed management procedures of not. At the sub-regional level CARICOM/CFRM, 

OECS/ESDU and OSPESCA/SICA also have programmes related to the assessment and 

management of specific resources. The latter organisation in particular has made 

significant progress in coordinating fisheries management in the Subregion. Some 

countries have difficulty taking part in these processes to the extent required for 

successful management. 

At the sub-regional levels, some measures are in place for harmonized management of 

shared resources (e.g. OSPESCA/SICA harmonized management plan for tunas and 

lobster in Central America; Caribbean Fisheries Management Council management of 

Atlantic highly migratory species). Large pelagic fisheries are currently served by a 

working international governance mechanism (ICCAT). However, Caribbean 

participation in ICCAT is weak, particularly by the small developing states (Mahon and 

McConney 2004). A problem with ICCAT is that it focuses on large pelagics that range 

ocean-wide and are important to commercial fleets. Many large pelagic species that are 

distributed mainly within the WCR and which support small-scale fisheries receive no 

attention at all. A regional mechanism for their management is needed (Mahon and 

McConney 2004) 

There is limited co-ordination, collaboration and harmonization among the numerous 

organisations and programmes in the WCR for management of transboundary living 

marine resources. This is clearly demonstrated in the regime for management of sea 

turtles, which shows enormous variation from country to country in the quality of 
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management regimes, data collection, population monitoring and controls on exploitation 

(Bräutigam and Eckert 2006).  

 Inadequate knowledge and low public awareness: There is general poor understanding 

of environmental concepts and low public awareness about the importance of marine 

ecosystems in providing essential ecosystem services and the economic value of these 

services, particularly the non-tangible services. Fish catches are still seen as disconnected 

from the marine ecosystems from which they come and there is low awareness about the 

finite nature of living marine resources. This is changing in the region, however, with an 

upsurge in environmental education and awareness programmes. These are necessary to 

change perceptions and attitudes towards conservation and environmental responsibility. 

This can be a cause of low political will as decision makers usually respond to the 

concerns of their constituents. 

While scientific knowledge is often available, it is usually poorly communicated to, and 

understood by policy-makers and the public. The uptake by policy makers is low and 

decisions are often based on other priorities. 

 High dependence on fish for income and export earnings: Large pelagic resources are 

highly sought after for food, export and recreational fishing in WCR. Government policy 

in many countries is to expand fisheries as a means of generating jobs, income and 

foreign exchange, most often without adequate knowledge about the resources. The large 

pelagic resources are of high value and expansion of the lucrative fisheries for these 

species has been largely export-driven.  

Rising demand and increasing access to global markets promote heavy exploitation of 

some of the region‘s fisheries. According to FAO statistics fish exports from the 

CARICOM region amounted to around 200,000 tonnes, worth US$1.2 billion in 2000. 

Exports are dominated by high-value products such as spiny lobster, shrimp, snappers, 

groupers, and queen conch, which command premium prices on the international market. 

Tunas command premium prices on the international market and are among the dominant 

fish products exported by Caribbean countries. The high demand for shark fins in the 

Asian market also drives intense fishing pressure on vulnerable shark species. Although 

some countries such as Costa Rica have regulations that prohibit the transport, 

possession, and landing of shark fins, this illegal practice continues.  

 Population and cultural pressures: Fish has historically been an important part of the 

diet of coastal communities, who depend heavily on reef fisheries as a source of food and 

livelihoods. In some countries, exploitation of certain reef associated species is a cultural 

tradition (e.g. exploitation of turtles by indigenous peoples in Central and South 

America). Growing demand for fish and fishery products, resulting from population 

growth, increasing purchasing power, and improved awareness of the nutritional value of 

fish, has resulted in excessive pressure on the region‘s fisheries resources. Increasing 

demand for employment by growing human populations will also put more pressures on 

reef resources due to limited opportunities in other sectors. 

The relatively high poverty levels in some of the countries mean greater pressures on the 

fish stocks from people who have little alternatives for food and employment. Despite 



 

 Page 105 

 

 

generally favourable social development rankings, poverty remains a concern across the 

region. The coastal zone is particularly important for the livelihoods of the poor, who 

exploit common pool resources such as fish (Brown et al 2007).  

Illiteracy, lack of other skills and unwillingness of some fishers to consider alternative 

employment and/or lack of other economic options continue to drive increased fishing 

pressure in some countries. High levels of unemployment in some areas force large 

numbers of persons to enter and remain in fisheries, which act as a safety net. 

6.2. Key Transboundary Issue II: Habitat degradation 

The following summary presents the main root causes leading to the Transboundary issue of 

Habitat Degradation. These are not presented in priority order. 

 Poor governance: Efforts to protect marine ecosystems and resources have been 

fragmented and largely inadequate. For example, in the MAR countries, Belize has 2% of 

its marine territory in fully protected zones, followed by Mexico and Honduras with less 

than 1%, and none in Guatemala. Where protected areas exist, surveillance and 

enforcement are usually limited or non-existent. There is poor integration of 

environmental considerations into development planning in the region. Further, the 

marine governance of the WCR is characterized by uncoordinated efforts without any 

holistic integrated management plan. Management is organized primarily at the level of 

individual countries or political blocs, while what is required is to deal with marine 

environmental problems of the CLME at the scale of the entire ecosystem. The 

environment is given low priority on political agendas relative to short-term economic 

development. Stakeholder involvement in the management of marine habitats and living 

resources is still relatively low, although there are many examples of this in the region.  

 Weak and ineffective legal and institutional frameworks: At the national level, legal and 

institutional frameworks are often weak and ineffective, due to a number of factors 

including fragmentation of responsibilities among various departments and limited 

coordination among them, limited cross-sectoral approaches in development panning, and 

inadequate human and financial resources. Where measures are in place to conserve reef 

habitats (e.g. MPAs), there is often poor management, surveillance and enforcement. The 

relevant MEAs such as the SPAW Protocol, CBD, CCD, RAMSAR, etc. are still to be 

ratified by many of the Caribbean countries. The SPAW protocol has been ratified so far 

by only 13 Caribbean States (Annex 8). Moreover, in countries that have already ratified 

these MEAs, there is often poor implementation and enforcement at the national level. 

There are inadequate unified and harmonized frameworks for transboundary habitat 

issues at the regional level.   

 Trade and external dependency: The high dependence on international tourism and 

agricultural exports and in some cases limited opportunities for economic development in 

the countries (especially in the Insular Caribbean countries that have a very narrow 

natural resource base and opportunities for diversification) causes intense pressures on 

the region‘s living marine resources and environment. Capital investment in Caribbean 

tourism is the highest in the world relative to its size, with a proportional demand for 

coastal infrastructure at the expense of coastal ecosystems.     
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 Lack of economic valuation of ecosystems and their services: Apart from the value of 

tangible services such as fish catch, the economic value of ecosystems and their services 

is little known and goes largely unrecognized. For example, mangroves and seagrass beds 

are often seen as wasteland to be reclaimed or used for disposal of waste The lack of 

appreciation for values is a primary reason for the low political will for sustainable use of 

marine ecosystems.  

 Limited knowledge and public awareness: There is limited knowledge, public awareness 

and appreciation about the importance of marine ecosystems and their services to food 

security and socio-economic development in the region, as well as of the connectedness 

among habitats and their vulnerability. There is also low awareness about sustainable 

practices in all sectors. This situation is changing, however, with increasing educational 

and public awareness programmes in the region. This condition is another reason for the 

low political will for sustainable use of marine ecosystems; the public do not demand it. 

 Population and cultural pressures: Increasing human population throughout the region 

is accompanied by rising demand for living marine resources as a source of food and 

income, which will intensify the pressures on reef and continental shelf ecosystems. 

Higher populations also mean greater demand for food crops and livestock and associated 

requirements for agricultural land, for housing and infrastructure, and other services that 

could increase the pressures on coastal habitats (e.g. from land-based pollution). The 

relatively high poverty levels in some of the countries mean greater pressures on coastal 

habitats from people who have little alternatives for food and employment. Mangroves 

are often harvested for charcoal. Many poor communities also engage in agriculture and 

livestock farming, which could contribute to degradation of coastal habitats (e.g. from 

excessive sediments and nutrients). 

6.3. Key Transboundary Issue III: Pollution  

The following summary presents the main root causes leading to the Transboundary issue of 

Pollution. These are not presented in priority order. 

 Poor governance: Efforts to protect marine ecosystems and resources have been 

fragmented and largely insignificant. There is poor integration of environmental 

considerations into development planning in the region. Further, the marine governance 

of the WCR is characterized by uncoordinated efforts without any holistic integrated 

management plan. Management is organized primarily at the level of individual countries 

or political blocs, while what is required is to deal with marine environmental problems 

of the CLME at the scale of the entire ecosystem (CARSEA 2007). The environment is 

given low priority on political agendas and over short-term economic development. There 

is limited investment in pollution control and waste treatment facilities. Stakeholder 

involvement in the management of marine habitats and living resources is still relatively 

low, although there are many examples of successful stakeholder involvement in the 

region. Despite the existence of regional and international policy frameworks related to 

pollution, a harmonized governance mechanism at the regional level to address 

transboundary pollution is lacking.  A number of the following causes are also related to 

governance. 
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 Weak and ineffective legal and institutional frameworks: At the national level, legal and 

institutional frameworks to address pollution are often weak and ineffective, despite the 

existence of a number of relevant laws and regulations. The relevant MEAs such as the 

LBS (ratified in 2010) and Oil Spill Protocols, MARPOL, and Ballast Water Convention 

are still to be ratified by many of the Caribbean countries.  Moreover, in countries that 

have already ratified these MEAs, there is often poor implementation, compliance and 

enforcement at the national level. Monitoring and enforcement of the implementation of 

these MEAs are the responsibility of national governments, which often lack the capacity 

and the political will to fulfil their obligations.  

 Inadequate environmental quality standards and legislation: Most of the WCR 

countries do not possess national environmental quality norms for coastal areas or in 

other cases they exist but are incomplete (UNEP-RCU/CEP/Cimab 2010). Where these 

exist, there is often poor compliance, monitoring and enforcement. National programmes 

do not usually address regional concerns and focus on addressing domestic impacts, 

rather than those occurring outside of territorial limits or in international waters.  

 Inadequate data and information: Because of limited financial and human resources 

(see below) and other factors, pollution monitoring, control, and assessment activities are 

weak and inadequate. While numerous studies have been conducted in localized areas, 

most are sporadic and limited in scope. There are no systematic regional monitoring and 

data sharing programmes (apart from the monitoring of dust) that specifically focus on 

transboundary pollution and its impacts. Moreover, methodologies are often not 

standardized and harmonized, even the national level, which makes it difficult to compare 

status and trends. In general the quality of regional environmental data is low, as few 

countries have the necessary systems in place to collect quality-assured environmental 

data on a regular basis. This is being addressed however, as demonstrated by recent 

reports on pollution from UNEP-RCU/Car and Cimab. These studies have pointed out a 

number of data and information gaps both with respect to particular substances and 

coverage among the countries. Collection of data and information on the impacts of 

pollution on marine habitats and their living resources, as well as socio-economic impacts 

and costs need to be improved.  

 Limited financial and human resources: Many of the CLME countries lack the 

necessary financial resources for construction and/or maintenance of sewage treatment 

plants and industrial and other waste treatment infrastructure. Inadequate financial and 

human resources also contribute to inadequate monitoring, surveillance, and pollution 

assessment activities. Attempts to implement the ‗polluter pays‘ principle can be fraught 

with considerable difficulties.  

 Low awareness of the value of the environment: The sea is generally seen as a 

receptacle for waste, with unlimited capacity to absorb the wide range of substances and 

materials that are disposed in coastal and marine areas. It is a common practice in the 

region's coastal towns to discharge domestic wastewater (treated or otherwise) into the 

nearest or most convenient body of water, in many cases because of lack of knowledge 

and indifference to the damage this causes to the environment and to public health. 

Awareness of the socio-economic and ecological value of marine and habitats and living 
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marine resources is limited. In general, there low public awareness about the relationship 

between development and environmental protection, and between overall ecosystem 

health and the production of ecosystem services. This contributes to the low priority 

given to the environment on the political agenda.  
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7. Priority Actions for the Strategic Action Programme 

 

 

 

 

 

 

 

The three transboundary concerns identified in the PDF-B stage have been re-evaluated and 

aligned with the current fishery ecosystem approach. The concerns have been assessed as still 

valid for the development of a Strategic Action Programme (SAP) for the CLME region 

following the fishery ecosystem approach. 

The conclusion reached in the assessment of regional ocean governance in the WCR during the 

PDF-B was that complexity, diversity and dynamics are major factors affecting arrangements for 

transboundary living marine resources. These may be more prominent in the WCR than in many 

other LMEs due largely to its geopolitical complexity. This results in there being large number of 

stakeholders at multiple geographical and institutional scale levels. Key transboundary issues 

requiring governance arrangements occur at a diversity of scales and thus require matching 

governance arrangements. Therefore it was concluded that an approach that sought to network 

the stakeholders in transparent arrangements that included clear governance process and linkages 

among them would be the best way to approach regional governance in the WCR. This approach 

was seen as providing for the need to have issue specific governance arrangements at appropriate 

scale levels but with opportunities for harmonisation and learning among arrangements. This 

approach can be best described as the enabling of a network or complex of ocean governance 

entities within the WCR. 

This section is designed to bridge the work of the TDA with the SAP development. It provides 

preliminary ideas for inclusion in the SAP but clearly it is the expectation that the SAP 

formulation will undertake detailed reviews and assessments of alternatives for further action. 

The expected actions will address short, medium and long-term requirements to address the 

causes of the transboundary problems identified in this TDA. It also should be emphasised that 

this Regional TDA provides a summary of the details included in the three fisheries ecosystem 

TDAs and these latter documents (together with the Governance Analysis report) will be the 

main sources of reference for formulating the SAP. 

  

The Regional TDA is intended to highlight the transboundary issues and to identify the causes 

of these. In the process of developing the TDA, potential actions have been identified that 

could address the transboundary issues and are presented as indicative regional actions. 

Further work on assessing the cost / benefits and alternative solutions are required in 

formulating the SAP. Furthermore, the CLME Project is undertaking a number of pilot 

projects that will provide concrete experiences and new data to further guide the SAP 

development 
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7.1. Cross-cutting governance actions 

7.1.1. General issues 

There is a wide array of global and regional legal instruments, agreements, arrangements and 

action plans that are directly relevant to the management of the living marine resources of the 

Caribbean Sea. These cover diverse issues such as the dumping of garbage, land-based pollution 

and oil spills, shipment of toxic wastes, the conservation of biodiversity, and sustainable 

fisheries, which are all very pertinent to the three transboundary issues identified in the CLME. 

Application of these instruments, nationally and sub-regionally, and implementation of their 

provisions, is rudimentary and they are often not reflected in national legislation (CARSEA 

2007). Where these are incorporated at the national level, often they are not effectively 

implemented and enforced due to a number of reasons including limited capacities and financial 

resources of the countries. There should be greater focus on improved implementation of 

existing, rather than development of more policies, strategies, and action plans accompanied by 

strategic planning and financing strategies. While actions at the national level will also benefit 

transboundary living marine resources and issues, to be more effective in addressing 

transboundary issues requires that these be undertaken within a broader framework - sub-

regional and/or regional, depending on the geographical distribution of the resources or the scale 

of the issue. 

Where possible, consideration of transboundary issues should be incorporated within a 

collaborative and harmonized framework. The need for improved regional collaboration and 

cooperation, and appropriate institutional, legislative, and policy frameworks at the appropriate 

scale for shared resources has been extensively discussed. 

Developing these multi-scale frameworks and their effective functioning would need to be 

underpinned by credible data and information at the appropriate scale. This underscores the need 

for an improved mechanism for collecting data in a harmonized manner and for sharing data and 

information throughout the region. Addressing transboundary issues will also need further 

strengthening of the appropriate human capacity, much of which already exists in the Caribbean. 

A mechanism is needed to share existing human capacity, as well as experiences and best 

practices at the regional level and to pool financial resources, to help make existing and planned 

initiatives and their outcomes more sustainable.  

EBM/EAF approaches are increasingly being accepted as the most appropriate frameworks to 

manage living marine resources, including shared resources. The nature of the CLME and its 

shared resources as well as its shared and common problems makes it an ideal candidate for 

EBM/EAF approaches, which puts emphasis on, among other aspects, maintaining the overall 

health of the ecosystem in order to maintain the production of ecosystem services as well as on 

the role of humans as a vital part of the ecosystem. The Regional Symposium (Towards Marine 

Ecosystem-Based Management in the Wider Caribbean) that was held in Barbados in 2008 

provided valuable information and a vast range of recommendations on implementing EBM/EAF 

approaches in the management of the CLME and its living resources. These recommendations, 

which are all endorsed in this TDA, would provide much needed guidance in developing 

interventions during preparation of the SAP.  Similarly, the results of ecological modelling 
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carried out by the LAPE project, despite some uncertainties, provide an important basis for 

moving forward with EBM/EAF for the pelagic ecosystem (Mohammed et al 2008).   

The review of the governance aspects of the PDF-B and of advances in living marine resource 

governance in the WCR since the completion of the PDF-B point to certain key activities as 

being of value in furthering understanding of regional governance and in developing options for 

a Regional Governance Framework for consideration in the Strategic Action Programme. These 

include: 

 Developing linkages with the major IGOs to determine the most useful and desirable 

inputs for policy making (in collaboration with the relevant fishery bodies). 

 Liaising with the Monitoring and Reporting component to develop those inputs and 

deliver to IGOs 

 Using TWAP methodology to assess fishery ecosystem governance arrangements in all 

three ecosystems (in collaboration with the pilot projects) 

 Assessing the relationships among the regional organizations that are engaged in LMR 

governance 

 To use the above information to propose appropriate governance options for SAP 

7.1.2. Advances in ocean governance to be considered 

There have been advances in ocean governance concepts and practices both with the Wider 

Caribbean and globally in recent years (even since the PDF-B phase) that are relevant to the 

promotion of improved marine Ecosystem-Based Management by the CLME Project. Key 

among these are legal and policy-level advances at the international level, a growing awareness 

of ecosystem-based management, climate change impacts and specific projects focused on 

regional governance. There have also been a number of global ocean governance initiatives 

contributing to an increased understanding of factors affecting governance.  

Regional and sub-regional intergovernmental organizations have been moving forward with 

various aspects of ocean governance. The OECS is pursuing an integrated ocean governance 

approach for its countries as well as a range of activities oriented towards improving ocean 

governance such as in a Marine Protected Areas. CARICOM's CRFM has been pursuing a 

Common Fisheries Policy that includes the ecosystem approach. OSPESCA/SICA has made 

advances in a number of sub-regional fisheries initiatives, also within an ecosystem context, for 

example, common lobster regulations in the Central American Caribbean. The ACS has been 

vigorously pursuing the Caribbean Sea Initiative and the establishment and implementation of 

the related Caribbean Sea Commission. This has the potential to serve as a regional oceans 

policy body. Each of these bodies has an important role to play in the development of an 

effective ocean governance framework for the Wider Caribbean Region, and sustainability of 

their progress will be an important factor in achieving this. 

There is continuing progress also with the implementation of the Cartagena Convention and its 

Protocols. The LBS Protocol is now in force and augers well for progress with reduction of 

impacts from land-based sources on marine ecosystems.  
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At the global level, the establishment of the Regular Process by the UNGA in 2009 provides a 

point of connection for the proposed Regional Monitoring and Reporting System. Similarly, with 

the GEF IW Programme the development of assessment methodology, especially for IW system 

governance through the TWAP, provides an opportunity for the governance focus of the CLME 

Project to be linked with contribute to this global assessment. 

There have been recent advances in thinking and practice relating to ecosystem based 

management. Indeed there has been a recent symposium on Principled Ocean Governance and 

the ecosystem approach for the Wider Caribbean that provides considerable guidance for the 

CLME Project in how to proceed in this area. New concepts and approaches are being actively 

developed in the governance arena and should be taken up in the CLME Project as appropriate. 

These include emerging ideas on how to promote resilience and transformation in Social 

Ecological Systems, as well as appropriate characteristics for international governance 

arrangements such as are being developed by the Earth System Governance Project. The 

implications of these for the CLME Project and transboundary LMR governance in the 

Caribbean are developed below. 

7.2. Potential regional actions to protect Reef and Pelagic Fishery Ecosystem 

7.2.1. Unsustainable fisheries 

 Improved implementation of existing policy frameworks to address unsustainable 

exploitation of living marine resources; 

 Reduction in fishing effort for overexploited stocks. This has complex socio-economic 

implications, and must be accompanied by creation of alternative employment 

opportunities as well as the interim provision of alternative sources of protein for the 

communities that depend on these resources for food;  

 Establish economic measures and incentives to achieve compliance with regulations and 

promote sustainable practices; 

 Co-operation in management among the key sectors (small-scale and commercial 

harvesting, processing and marketing sectors), as well as the relevant institutions in the 

countries, indigenous communities and regional and non-governmental organizations;  

 Use of the best available scientific information, with a conservative precautionary and 

adaptive approach to management. Filling knowledge gaps needs a significant investment 

in targeted research, mainly in the context of adaptive management. This will require the 

development of strong collaborations among the scientific, management, and stakeholder 

communities, including at the sub-regional and regional levels; 

 Harmonization at the regional level of the collection of data and information required for 

stock assessment and management (e.g. fishing effort, total landings by species, origin of 

catches), and identification of the stock structure of transboundary species; 

 Implementation of ecosystem based approaches, at the appropriate geographical scales. 

The Ecosystem Approach to Fisheries management is increasingly being seen as the most 

effective approach to management and conservation of living marine resources; 
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 Establishment/strengthening and effective management of a sub-regional/regional 

network of marine parks and protected areas, including no-take reserves that provide 

tangible economic, social and environmental benefits to coastal communities, based on 

sound science (see below on options for habitat degradation); 

 Protection of fish spawning aggregations and other vulnerable populations and species;  

 Maintenance of connectivity in reef and pelagic ecosystems. The collaborative design and 

implementation of networks of marine reserves that include multi-species spawning 

aggregation sites, critical nursery habitat, and their connectivity, are likely to provide an 

important contribution to reversing the decline in fisheries in the Caribbean. Resource 

managers should identify and protect multi-species spawning aggregations and critical 

nursery grounds for fishes; 

7.2.2. Habitat degradation  

Several of the policy frameworks and options to address unsustainable exploitation (as well as 

pollution) are also relevant to habitat degradation and community modification. Options for 

addressing habitat degradation and community modification include:  

 Improved implementation of existing policy frameworks to address habitat degradation; 

 Restoration of degraded habitats and protection of healthy ones; 

 Preservation and restoration of mangroves and seagrass beds that capture and cycle 

nutrients, sediments and other pollutants; 

 Reduction of threats from both marine and land-based sources, including domestic and 

industrial wastewater and agricultural run-off; 

 Adoption of integrated watershed and coastal area management; 

 Promotion of sustainable fisheries, agriculture and tourism practices; 

 Incorporation of the economic value of ecosystem services in development planning; 

 Develop comprehensive  regional strategies and policy alternatives that address current 

and emerging threats to island and coastal resources and communities; 

7.2.3. Pollution  

 Wider ratification and better implementation of the Cartagena Convention, particularly 

the oil spills and LBS Protocols, and MARPOL Convention, as well as the GPA and 

other relevant policy frameworks. Implementation could be improved by ensuring that 

existing policies, strategies, and action plans are realistic and accompanied by a strategic 

planning and financing strategy; 

 Adoption and enforcement of environmental standards and better implementation and 

enforcement of the ‗polluter pays‘ principle at national and regional levels; 

 Improved monitoring, including of transboundary movements of pollutants, using 

standard indicators and methodologies; and development of collaborative efforts to 

address transboundary pollution at the source; 
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 Adoption of a cross-sectoral approach in dealing with pollution, and a move towards an 

integrated, ecosystem approach where feasible.  

7.3. Potential regional actions to protect Continental Shelf Fishery Ecosystem 

Most of the countries are already party to several international environmental agreements which 

shows a wide acceptance of the need for EAF. Some preliminary work towards EAF has started 

at the regional and national levels through the WECAFC ad hoc Working Group on Shrimp and 

Groundfish in the Brazil–Guianas Shelf. However, to apply this approach, the following 

principles and concepts need to be translated into policy, goals, and objectives that can be 

achieved by applying appropriate management strategies over the medium to long term: 

 Fisheries should be managed to limit their impact on the ecosystem to the extent possible  

 Ecological relationships between harvested, dependent, and associated species should be 

maintained  

 Management measures should be compatible across the entire distribution of the resource  

 The precautionary approach should be applied because the knowledge on ecosystems is 

incomplete 

 Governance should ensure both human and ecosystem well-being and equity (FAO 

2003). 

For the Continental Shelf Fishery Ecosystem, initial steps towards EAF should include the 

following:  

 Agreement on policy, goals, and management objectives for the services provided by the 

ecosystem. In support, the required legislative and institutional framework should then be 

put in place. 

 Identification and involvement of all stakeholder groups in the application of EAF.  

 Development and implementation of national and regional EAF fisheries management 

plans that include sustainability indicators (including reference points, targets, and limits) 

and the accompanying monitoring and evaluation procedures. 

 Review of the fisheries administrative and management institutional arrangements at the 

national level in the first instance, and the implementation of the necessary changes to 

support the institutional requirements for the delivery of EAF. 

 Decentralised regional approach to fisheries management in the Continental Shelf Fishery 

Ecosystem, enabling management measures to be taken that are appropriate to 

biologically distinct areas and jurisdictional levels. Management measures could include 

technical measures, spatial management, effort related controls, and systems of access 

rights.  

 Tailoring of research and information provision to support the ecosystem approach, 

including the documentation and use of traditional knowledge.  

 Application of adaptive management and the precautionary approach given the degree of 

uncertainty and dynamics of the ecosystem. 

 Development of an effective monitoring, control and surveillance capability. 
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7.3.1. Unsustainable fisheries 

Overexploitation of the shrimp and groundfish resources combined with excessive by-catch and 

discards and destructive fishing practices and IUU fishing due to inadequate fisheries 

management and enforcement could lead to further loss of income, employment, food supply and 

foreign exchange in the region and should be urgently addressed. Among the interventions 

required are: 

 Identification of the stakeholders in the shrimp and groundfish fisheries, and the 

development of mechanisms for improved stakeholder participation in the management 

process. 

 Determination of the level of poverty in the fishing communities and the identification of 

alternative livelihood programmes.  

 Institutional strengthening of the fisheries administrations and research institutions at the 

national and regional levels. 

 Harmonization of fisheries and related legislation in the NBSLME. 

 Strengthening of the existing mechanisms for regional collaboration in resource 

assessment and management. 

 Development of mechanisms for conflict resolution.  

 Development of a regional database for fisheries and related data/information. 

 Evaluation of the tools being used for fisheries management in the sub-region. 

 Continued assessment, including bio-economic assessments, of the shrimp and 

groundfish resources.  

 Determination of the extent of IUU fishing in the region and the development of 

mechanisms to combat it at the national and regional levels. 

 Determination of the environmental factors that may be influencing recruitment of young 

shrimp to the shrimp fishery. 

7.3.2. Habitat degradation 

The continued degradation of ―critical‖ zones or habitats (mangroves, corals) and the 

unsustainable exploitation of fisheries and other living resources could lead to a deterioration of 

the quality of life in coastal communities, and, as such, needs to be addressed. Among the 

interventions required are: 

 Strengthening of the institutional framework for integrated coastal management. 

 Improved land use policies. 

 Improved knowledge of the role that the entire shallow, brackish-water stretch along the 

seashore plays in the mobilization of nutrients and energy transfer in the lower levels of 

trophic webs, and providing nursery grounds for many marine fish and shrimp species 

and the impacts on these areas by human activities. 

 Creation of reserves to protect ecologically sensitive coastal ecosystems (e.g. 

mangroves). 
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7.3.3. Pollution  

Heavy metal pollution from mining and agro-chemical pollution, if not effectively managed, 

could lead to degradation of the coastal marine ecosystems. In the case of mercury, it could 

affect the health of miners, as well as the health of other members of the community should it 

enter the food chain. Among the interventions required are:   

 Strengthening of the institutional framework for integrated coastal management. 

 Improved land use and mining policies. 

 Determination of the level of poverty in the mining areas and the identification of 

alternative livelihood programmes.  

 Development and implementation of adult education and public awareness programmes. 

 Strengthening of the institutional mechanisms for monitoring and enforcement in the 

mining industry. 

 Improved knowledge of the effects of agro-chemicals and heavy metals on coastal 

ecosystems.  
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Causal chain diagram illustrating the causal links for 

unsustainable fishing of the Continental Shelf 

Ecosystem, with examples of root causes and impacts 
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Causal chain diagram illustrating the causal links for 

pollution of the Continental Shelf Ecosystem, with 

examples of root causes and impacts 
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Causal chain diagram illustrating the causal links 

for habitat degradation and community 

modification of the Continental Shelf Ecosystem, 

with examples of root causes and impacts 



 

 Page 123 

 

 

Annex 2 

REFERENCES AND BIBLIOGRAPHY 

 

ACS/CERMES-UWI.  2010.  Report of the Expert Consultation on the Operationalisation of the 

Caribbean Sea Commission: building a science-policy interface for ocean governance in the 

Wider Caribbean. University of the West Indies, Cave Hill Campus, Barbados, July 7
th

 – 9
th

, 

2010. CERMES Technical Report No. 33 (English), 90 pp 

Agard, J. B. R., A. Cropper, P. Aquing, M. Attzs, F. Arias, J. Beltr´an, E. Bennett, R. Carnegie, S. 

Clauzel, J. Corredor, M. Creary, G. Cumming, B. Davy, D. Deane, N. Elias-Samlalsingh, G. 

Fletcher, K. Fletcher, K. Garcia, J. Garraway, J. Gobin, A. Goodridge, A. Gray, S. Hart, M. 

Haughton, S. Heileman, R. Insanally, L. A. Jordon, P. Kumar, S. Laurent, A. Lumkong, R. 

Mahon, F. McDonald, J. Mendoza, A. Mohammed, E. Mohammed, H. McShine, A. Mitchell, D. 

Oderson, H. Oxenford, D. Pantin, K. Parsram, T. Phillips, R. Pichs, B. Potter, M. Rios, E. 

Rivera-Arriaga, A. Singh, J. Singh, S. Singh-Renton, L. Robertson, S. Schill, C. Toro, A. 

Trotman, A. Villasol, N. Vina-Davila, L. Walling, G. Warner, K. Zahedi, and M. Zurek. 2007. 

Caribbean Sea Ecosystem Assessment (CARSEA). Caribbean Marine Studies, Special 

Edition2007:1–85. 

Agard, J., Kishore, R. and Bayne, B. 1992. Perna viridis (Linneaus 1758): first record of the Indo-

Pacific green mussel (Mollusca: Bivalvia) in the Caribbean. Caribbean Marine Studies 3:59-60. 

Agudelo, L. 2007. Mesoamerican Reef Alliance ICRAN-MAR Project Terminal Report. 

International Coral Reef Action Network. 

Albins, M.A. and Hixon, M.A. 2008. Invasive Indo-Pacific lionfish Pterois volitans reduce 

recruitment of Atlantic coral-reef fishes. Marine Ecology Progress Series, 367:233-238 

Allison, E. H., A. L. Perry., M.-C. Badjeck, W. N. Adger, K. Brown, D. Conway, A.S. Halls, G. M. 

Pilling, J. D. Reynolds, N. L. Andrew and N. K. Dulvy. 2009. Vulnerability of national 

economies to the impacts of climate change on fisheries. Fish and Fisheries 10, 173–196. 

Alvarez-Filip, L., Dulvy, N.K., Gill, J.A., Côté, I.M. and Watkinson, A.R. 2009. Flattening of 

Caribbean coral reefs: region-wide declines in architectural complexity. Proc. Biol. Sci. 

276(1669): 3019-25 

Alverson, D.L., Freeberg, M.H., Pope, J.G. and Murawski, S.A. 1994. A global assessment of 

fisheries bycatch and discards. FAO Fisheries Technical Paper. No. 339. FAO, Rome. 

Andrade, C. and Barton, E. 2000. Eddy development and motion in the Caribbean. J Geophys Res 

105: 191–201. 

Appeldoorn, R. S., and K. C. Lindeman. 2003. A Caribbean-wide survey of no-take marine 

reserves: Spatial coverage and attributes of effectiveness. Gulf and Caribbean Research 

14(2):139–154. 

Appeldoorn, R. S., E. Castro Gonzalez, R. Glazer and M. Prada. In press. Applying an Ecosystem-

based Management to Queen Conch (Strombus gigas) Fisheries in the Caribbean. In: Towards 

Marine Ecosystem-Based Management in the Wider Caribbean. L. Fanning, R. Mahon and P. 



 

 Page 124 

 

 

McConney (eds). Report of Caribbean Regional Symposium, University of the West Indies, 

Cave Hill Campus, Barbados, December 10-12, 2008. 

Arnault, S., B. Bourles, Y. Gouriou and R. Chuchla, 1999: Intercomparison of upper layer 

circulation of the western equatorial Atlantic Ocean: In situ and satellite data. Journal of 

Geophysical Research, 104(C9), pp. 21,171-21,194.  

Arocha, F., Arocha, O. and Marcano, L.A. 2002. Observed shark bycatch from the Venezuelan 

tuna and swordfish fishery from 1994 through 2000. Col. Vol. Sci. Pap. ICCAT 54 (4): 1123- 

1131. 

Arocha, F., Marcano, L.A., Marcano, J.S., Gutierrez, X. and Sayegh, J. 2001. Captura incidental 

observada de peces de pico en la pesqueria industrial de palangre Venezolana en el mar caribe y 

en el Atlantico centro-occidental: 1991-1999. Col. Vol. Sci. Pap. ICCAT, 53: 131-140. (2001) 

Aronson, R.B. and Precht, W.F. 2000. Herbivory and algal dynamics on the coral reef at Discovery 

Bay, Jamaica. Limnology and Oceanography 45:251–255. 

Arrivillaga, A. and Windevoxhel, N. 2008. Mesoamerican Reef Ecoregional Assessment: Marine 

Conservation Plan. The Nature Conservancy, Guatemala. 30 p. + Annexes. 

Badjeck, C., E. H. Allison, A. S. Halls and N. Dulvy. 2010. Impacts of climate variability and 

change on fishery-based livelihoods. Marine Policy 34 (2010) 375–383 

Baker S.M., Baker P., Benson A., Nunez J., Phlips E. and J. Williams. 2002. Biopollution by the 

green mussel, Perna viridis, in the southeastern United States. 2002 Progress Report. EPA Grant 

Number: R828898. 

Barreto C. G. and Borda C. A. 2008. Propuesta Técnica para la definición de Cuotas Globales de 

Pesca para Colombia, Vigencia 2009. Muñoz S. E., Puentes V., Sanabria, A.I. (Eds.). 

Documento Técnico concertado en el Comité Técnico Interinstitucional. Ministerio de 

Agricultura y Desarrollo Rural, Ica, Ministerio de Ambiente y Vivienda y Desarrollo Territorial. 

263p. 

Behrenfeld MJ, O'Malley R, Siegel D, McClain C, Sarmiento J, Feldman G, Milligan A, Falkowski 

P, Letelier R, Boss E. 2006. Climate-driven trends in contemporary ocean productivity. Nature 

444:752-755. 

Belausteguigoitia, J.C. 2004. Causal Chain Analysis and Root Causes: The GIWA Approach. 

Ambio Vol. 33 No. 1–2, 7-12. 

Belkin, I.M., Cornillon, P.C., and Sherman, K. (2009). Fronts in Large Marine Ecosystems. 

Progress in Oceanography, 81(1-4): 223-236. 

Beltrán, J., Martín, A., Aguilar, C., Ruiz, F., Regadera, R., Mancebo, H. and Helen, A. (2002). 

Control y Evolución de la Calidad Ambiental de la Bahía de La Habana y el Litoral Adyacente. 

Informe Nal. Vigilancia Ambiental para la Bahía de La Habana. Centro de Ingeniería y Manejo 

Ambiental de Bahías y Costas (Cimab), Cuba. 

Benson, A. J., D. C. Marelli, M. E. Frischer, J. M. Danforth, and J. D. Williams. 2001. 

Establishment of the green mussel, Perna viridis (Linneaus 1758) (Mollusca: Mytilidae) on the 

west coast of Florida. J. Shellfish Res. 20(1):21-29. 



 

 Page 125 

 

 

Bensted-Smith, R. and Kirkman, H. 2010 ―Comparison of Approaches to Management of Large 

Marine Areas‖.  144 pp. Publ. Fauna & Flora International, Cambridge, UK and Conservation 

International, Washington DC. Available on web at http://www.fauna-

flora.org/docs/Management-of-Large-Marine-Areas.pdf or 

http://www.conservation.org/documents/CI_FFI_Management_of_Large_Marine_Areas.pdf 

Berkes, F., R. Mahon, P. McConney, R. Pollnac and R. Pomeroy. 2001.  Managing small-scale 

fisheries: Alternative directions and methods. IDRC, Ottawa, Canada, 309 pp. 

BEST (2002). Bahamas Environmental Handbook. Bahamas Environment Science and Technology 

Commission. The Government of the Bahamas. Nassau, New Providence. 

Biermann, F., M. M. Betsill, J. Gupta, N. Kanie, L. Lebel, D. Liverman, H. Schroeder and B. 

Siebenhüner, with contributions from K. Conca, L. da Costa Ferreira, B. Desai, S. Tay, and R. 

Zondervan. 2009. Earth System Governance: People, places and the planet. science and 

implementation plan of the Earth System Governance Project. Earth System Governance Report 

1, IHDP Report 20. Bonn, IHDP: The Earth System Governance Project.  

Bischog, B., Mariano and Ryan. 2007. The North Brazil Current. Available at 

http://oceancurrents.rsmas.miami.edu/atlantic/north-brazil.htmlBourles, B., Y Gouriou and R. 

Chuchla, 1999: On the circulation and upper layer of the western equatorial Atlantic. Journal of 

Geophysical Research, 104(C9), pp. 21151-21170.  

Bjorndal, K.A. and J.B.C. Jackson 2003. Roles of sea turtles in marine ecosystems: Reconstructing 

the past. In: P.L. Lutz, J.A. Musick, and J. Wyneken (Eds.), The biology of sea turtles, volume II. 

Pp.259-273. CRC Marine Biology Series, Boca Raton, Florida: CRC Press. 

Booth, A., A. Charuau, K. Cochrane, D. Die, A. Hackett, A. Lárez, D. Maison, L. A. Marcano, T. 

Phillips, S. Soomai, R. Souza, S. Wiggins, and M. Yspol.  2001. Regional assessment of the 

Brazil-Guianas groundfish fisheries. FAO Fisheries Report 651:22-36.  

Botsford, L.W., J. W. White, M.A. Coffroth, C. B. Paris, S. Planes, T. L. Shearer, S. R. Thorrold 

and G. P. Jones. 2009. Connectivity and resilience of coral reef metapopulations in marine 

protected areas: matching empirical efforts to predictive needs. Coral Reefs. Published online 

February 2009 at Springerlink.com. 

Bourlès, B., Y Gouriou and R. Chuchla, 1999: On the circulation and upper layer of the western 

equatorial Atlantic. Journal of Geophysical Research, 104(C9), pp. 21151 - 21170.  

Bradley, P.E. 2009. Conservation of Caribbean seabirds. In P. Bradley and R. Norton (Eds.), An 

inventory of breeding seabirds of the Caribbean. Gainesville: University Press of Florida.   

Brander, K. 2007. Global fish production and climate change. Proceedings of the National 

Academy of Sciences 104, 19709–19714. 

Bräutigam, A. and Eckert, K.L. (2006). Turning the Tide: Exploitation, Trade and Management of 

Marine Turtles in the Lesser Antilles, Central America, Colombia and Venezuela. TRAFFIC 

International, Cambridge, UK. 

Brown, N., Geoghegan, T. and Renard, Y. (2007). A Situation Analysis for the Wider Caribbean. 

IUCN, Gland, Switzerland, 52pp. 

http://www.fauna-flora.org/docs/Management-of-Large-Marine-Areas.pdf
http://www.fauna-flora.org/docs/Management-of-Large-Marine-Areas.pdf
http://www.conservation.org/documents/CI_FFI_Management_of_Large_Marine_Areas.pdf


 

 Page 126 

 

 

Bryant, D., L. Burke, J. McManus, and M. Spalding. 1998. Reefs at Risk: A Map-based Indicator 

of Threats to the World‘s Coral Reefs. World Resources Institute. pp. 11-15. 

Burke, L. and Z. Sugg. 2006. Hydrologic Modeling of Watersheds Discharging Adjacent to the 

Mesoamerican Reef. Analysis Summary. World Resources Institute. 

Burke, L. K. Reytar, M. Spalding and A. Perry. 2011. Reefs at Risk Revisited.  World Resources 

Institute, Washington, DC. 

Burke, L., and J. Maidens. 2004. Reefs at Risk in the Caribbean. Washington, DC: World 

Resources Institute. 80 p. 

Burke, L., Greenhalgh, S., Prager, D. and Cooper, E. 2008. Coastal Capital – Economic Valuation 

of Coral Reefs in Tobago and St. Lucia.  World Resources Institute. 

Burke et al. 2011. Reefs at Risk Revisited.  World Resources Institute, Washington, DC 

Burkepile, D.E., Hay, M.E., 2010. Impact of herbivore identity on algal succession and coral 

growth on a Caribbean reef. PLoS ONE 5, e8963. 

Butler, M.J.A., P.R. Boudreau, C. LeBlanc and K. Baldwin. In press. Spatial Data Infrastructures in 

Support of Ecosystem Based Management and Ecosystem Approach to Fisheries in the 

Caribbean. Pp. 297-306. In: L. Fanning, R. Mahon and P. McConney [eds] Towards Marine 

Ecosystem-based Management in the Wider Caribbean. Amsterdam University Press, 

Amsterdam 

Cadogan, R. (2006). The viability of provisional arrangements for fisheries management pending 

boundary delimitation among member states of the Organisation of Eastern Caribbean States. 

PhD Thesis, UWI. 

Carr, A., A. Meylan, J. Mortimer, K. Bjorndal and T. Carr. (1982). Surveys of sea turtle 

populations and habitats in the Western Atlantic. NOAA Technical Memorandum NMFS-SEFC-

91. US Department of Commerce. 

CARSEA 2007. Caribbean Sea Ecosystem Assessment (CARSEA). A sub-global component of the 

Millennium Ecosystem Assessment (MA), J. Agard, A. Cropper, K. Garcia, eds., Caribbean 

Marine Studies, Special Edition, 2007. 

Castro, E., Heins Bent, Carlos Ballesteros, and Martha Prada. 2007. Large pelagics in the southern 

section of the Seaflower Marine protected area, San Andres Archipelago, Colombia: a fishery in 

expansion. Gulf and Caribbean Research 19(2): 1-10. 

CATHLAC/Cimab. 2008. Estimación de la cargas de sedimentos en las Antillas utilizando el 

Modelo N-SPECT. Reporte. Cimab. La Habana, 8p 

CERMES. 2009. Report of the Fishers Forum: ―Climate change and small-scale fisheries in the 

Caribbean‖ at the 61st Gulf and Caribbean Fisheries Institute (GCFI), Gosier, Guadeloupe 10-14 

November 2008. CERMES MarGov Project Document 12. Centre for Resource Management 

and Environmental Studies, Barbados. 19 pp. 

CFRAMP (2001). Report of the 2000 Caribbean Pelagic and Reef Fisheries Assessment and 

Management Workshop. CARICOM Fishery Report No. 9, 139 p. 



 

 Page 127 

 

 

Chakalall, B. and Cochrane, K. (2004). Issues in the management of large pelagic fisheries in 

CARICOM countries, p 1-4 in: Mahon, R. and McConney, P. (eds), Management of Large 

Pelagic Fisheries in CARICOM Countries. FAO Fish. Tech. Pap. 464.  

Chakalall, B., K. Cochrane and T. Phillips, 2002. Regional Conference on the Sustainability of 

Fisheries in the Brazil – Guianas Shelf, Paramaribo, Suriname, 5 – 7 March 2002: Existing 

Approaches to Fisheries Management in the Brazil – Guianas Shelf.  WECAFC/B-G/1/4. 20 p. 

Chakalall, B., Mahon, R. and McConney, P. (1998). Current issues in fisheries governance in the 

Caribbean Community (CARICOM). Marine Policy 22:29-44. 

Charlier, P., 2001. Review of environmental considerations in management of the Brazil Guianas 

shrimp and groundfish fisheries. FAO Fisheries Report 651:37-57.  

Charuau, A., K. Cochrane, D. Die, A. Lárez, L. A. Marcano, T.  Phillips, S.  Soomai, R. Souza, S. 

Wiggins, and M. Yspol. 2001. Regional Assessment of red snapper, Lutjanus purpureus. FAO 

Fisheries Report 651:15-21.  

Charvériat, C. 2000. Natural disasters in Latin America and the Caribbean: an overview of risk. 

Inter-American Development Bank Research Department Working papers series, # 434) 

Cheung, et al. 2009. Large-scale redistribution of maximum fisheries catch potential in the global 

ocean under climate change. Global Change Biology, 1-12. 

Cheung, W. W. L., V. W. Y. Lam, J. L. Sarmiento, K. Kearney, R. Watson and D. Pauly. 2009. 

Projecting global marine biodiversity impacts under climate change scenarios. Fish and Fisheries 

10: 235–251. 

Christie, P., D. L. Fluharty, A. T. White, L. Eisma-Osorio, and W. Jatulan. 2007. Assessing the 

feasibility of ecosystem-based fisheries management in tropical contexts. Marine Policy 31(3): 

239–250. 

Christie, P., R. B. Pollnac, D. L. Fluharty, M. A. Hixon, G. K. Lowry, R. Mahon, D. Pietri;  B. N. 

Tissot,  A. T. White. N. Armada, R-L. Eisma-Osorio. 2009. Tropical Marine EBM Feasibility: A 

Synthesis of Case Studies and Comparative Analyses. Coastal Management 37: 374 – 385. 

Christy, F. T., 1997. The development and management of marine fisheries in Latin America and 

the Caribbean. Policy Research Paper, Inter-American Development Bank. 

Chuenpagdee R, Morgan LE, Maxwell S, Norse EA, Pauly D (2003) Shifting gears: Assessing 

collateral impacts of fishing methods in the U.S. waters. Frontiers in Ecology and the 

Environment 1(10): 517–524 

CIA World Factbook. https://www.cia.gov/cia/publications/factbbook/geos/gy.html  

Cimab, 2010. Baseline analysis on domestic wastewater management in the Wider Caribbean 

Region. Final Report, 41 pp. 

Cimorelli, A. J. and C. H. Stahl. 2005. Tackling the Dilemma of the Science-Policy Interface in 

Environmental Policy Analysis. Bulletin of Science, Technology & Society, 25: 46-52 

Claro, R., and K. C. Lindeman. 2003. Spawning aggregation sites of snapper and grouper species 

(Lutjanidae and Serranidae) on the insular shelf of Cuba. Gulf and Caribbean Research 14 

(2):91-106. 



 

 Page 128 

 

 

Clay, R., D. Wege, A. Sutton and V. Anadón-Irizarry (2005). Aquatic bird conservation in the 

Caribbean—next steps in delivering the Caribbean Waterbird conservation plan. J. Carib. 

Ornithol. 18:101-102, 2005 

CLME Project Coordinating Office, 2006. Caribbean Sea Large Marine Ecosystem: Sustainable 

Management of the Shared Marine Resources of the Caribbean Large Marine Ecosystem and 

Adjacent Regions (The CLME Project). 4 p.  

CLME. 2007. Living marine resource governance for the Wider Caribbean with particular 

emphasis on non-extractable resources and LME level monitoring and reporting. CLME Project, 

CERMES UWI. 51 p. 

Colindres, Clarence Oliver Gonzales. 2006. Description and analysis of the white shrimp 

(Litopenaeus schmitti) fisheries in Pearl Lagoon, Atlantic Coast of Nicaragua, with focus on the 

gear selectivity in the artesanal fleets.  The Department of Aquactic Biosciences, The Norwegian 

College of Fishery Science, University of Tromsö. 28pp. 

Conolly jr, Ewing M (1967) Sedimentation in the Puerto Rico Trench. J Sediment Res 37: 44–59. 

Cooper, E., Burke, L. and Bood, N. 2009. Coastal capital: Belize. The economic contribution of 

Belize‘s coral reefs and mangroves. World Resources Institute, Working Paper.  

Corredor, J., J. Morell, J. López, R. Armstrong, and A. Dieppa et al. 2003. Remote continental 

forcing of phytoplankton biogeochemistry: Observations across the Caribbean–Atlantic front. 

Geophys. Res. Lett. 30(20): 2057. doi:10.1029/2003GL018193. 

CRED (2005). Emergency Disasters Database. The International Disaster Database. Center for 

Research on the Epidemiology of Disasters. http://www.em-

dat.net/disasters/Visualisation/emdat_var_chooser.php. 

CRFM 2008. CRFM Fishery Report -2008. Volume 1. Report of Fourth Annual Scientific Meeting 

– Kingstown, St. Vincent and the Grenadines, 10-20 June 2008. 221p. 

CRFM 2009. CRFM Fishery Report - 2009. Volume 1. Report of Fifth Annual Scientific Meeting – 

Kingstown, St. Vincent and the Grenadines, 09-18 June 2009. 167p. 

CRFM, 2005. A Review of the Current Situation on IUU Fishing and MCS in the Fisheries Sector 

of the CARICOM/CARIFORUM Region. A Strategy for Enhancing the Effectiveness of MCS 

and a Proposal for a Project to Enhance the Effectiveness of MCS.  55 p. Unpubl. 

CRFM, 2009. Report of Fifth Annual Scientific Meeting – Kingstown, St. Vincent and the 

Grenadines, 09-18 June 2009. CRFM Fishery Report – 2009, Volume 1.   

CRFM. 2006. Report of Second Annual Scientific Meeting – Port of Spain, Trinidad and Tobago, 

13-22 March 2006. CRFM Fishery Report - 2006, Volume 1. 188 p. 

CRFM. 2007. Report of Third Annual Scientific Meeting – Kingstown, St. Vincent and the 

Grenadines, 17-26 July 2007. Fishery Management Advisory Summaries. CRFM Fishery 

Report– 2007, Volume 2. 54 p. 

CRFM. 2008. Report of the Fourth Annual Scientific Meeting, Kingstown, St. Vincent and the 

Grenadines, 10 - 20 June 2008.  CRFM Fishery Report – 2008, Volume 1, Suppl. 1. 76p. 

http://www.em-dat.net/disasters/Visualisation/emdat_var_chooser.php
http://www.em-dat.net/disasters/Visualisation/emdat_var_chooser.php


 

 Page 129 

 

 

Dasgupta, T., and Perue, C. (2003). Toxicity Review for Agro-chemicals in St. Lucia and Jamaica. 

DFID NRSP Project R7668 (Report 3). July 2003. Chemistry Department, UWI, Mona, Jamaica. 

Dawson JP (2002) Biogeography of azooxanthellate corals in the Caribbean and surrounding areas. 

Coral Reefs 21 (1): 27-40. 

Delgado, G.A., R.A. Glazer, D. Hawtof, D. Aldana Aranda, L.A. Rodríguez-Gil, and A. de Jesús-

Navarrete 2008. Do queen conch (Strombus gigas) larvae recruiting to the Florida Keys originate 

from upstream sources? Evidence from plankton and drifter studies. In: R. Grober-Dunsmore and 

B.D. Keller (Eds.) Caribbean Connectivity: Implications for Marine Protected Area 

Management. Marine Sanctuaries Conservation Series ONMS-08-07. Silver Spring: NOAA 

Office of National Marine Sanctuaries. 

DeYoung, C., A. Charles and A. Hjort. 2008. Human dimensions of the ecosystem approach to 

fisheries: an overview of context, concepts, tools and methods. FAO Fisheries Technical Paper 

No. 489. Rome, FAO. 152p 

Diaz, R.J. and Rosenberg, R. (2008). Spreading dead zones and consequences for marine 

Ecosystems. Science, 321: 926-929. 

Die, D. (2004). Status and assessment of large pelagic resources, p 15-44 in: Mahon, R. and 

McConney, P. (eds), Management of Large Pelagic Fisheries in CARICOM Countries. FAO 

Fish. Tech. Pap. 464. Ecosystems. Science, 321: 926-929. 

Dow, W.E., K.L. Eckert, M. Palmer, P. and Kramer 2007. Sea turtle nesting habitat – A spatial 

database for the wider Caribbean region. WIDECAST Technical Report No. 6. Beaufort, North 

Carolina: Wider Caribbean Sea Turtle Conservation Network (WIDECAST) and The Nature 

Conservancy. 

Duda, A. M., and K. Sherman, 2002. A New Imperative for Improving Management of Large 

Marine Ecosystems.  Ocean and Coastal Management 45 (2002) 797 – 833.  

Ehrhardt, N. R. Puga and M. Butler IV. In press. The Caribbean spiny lobster, Panulirus argus, 

fisheries. In: Towards Marine Ecosystem-Based Management in the Wider Caribbean. L. 

Fanning, R. Mahon and P. McConney (eds). Report of Caribbean Regional Symposium, 

University of the West Indies, Cave Hill Campus, Barbados, December 10-12, 2008.  

Ehrhardt, N.M., 2001. Comparative regional stock assessment analysis of the shrimp resources 

from northern Brazil to Venezuela. FAO Fisheries Report 651:1-14.  

Fanning L., R. Mahon and P. McConney. 2009b. Marine Ecosystem-Based Management in the 

Caribbean: an essential component of Principled Ocean Governance. Report of Caribbean 

Regional Symposium, University of the West Indies, Cave Hill Campus, Barbados, December 

10-12, 2008. CERMES Technical Report No. 17, 44 pp. 

Fanning, L. P. and Oxenford, H.A. In press. Ecosystem Issues Pertaining to the Flyingfish 

(Hirundichthys affinis) Fisheries of the Eastern Caribbean, In: Towards Marine Ecosystem-

Based Management in the Wider Caribbean. L. Fanning, R. Mahon and P. McConney, eds. 

Report of Caribbean Regional Symposium, University of the West Indies, Cave Hill Campus, 

Barbados, December 10-12, 2008. 



 

 Page 130 

 

 

Fanning L., R. Mahon, P. McConney and B. Simmons. 2007. ‗Caribbean Large Marine Ecosystem 

(CLME) Project: The conceptual basis‘, Global Environment Facility (GEF) Fourth Biennial 

International Waters Conference, Cape Town, South Africa, July 31 - August 3, 2007. 

Fanning, L., Mahon, R. and McConney, P. (Eds). Towards Marine Ecosystem-Based Management 

in the Wider Caribbean.  Report of Caribbean Regional Symposium, University of the West 

Indies, Cave Hill Campus, Barbados, December 10-12, 2008. In press. 

Fanning, L., R. Mahon and P. McConney. 2009a. Focusing on living marine resource governance: 

the Caribbean Large Marine Ecosystem and Adjacent Areas Project. Coastal Management 37: 

219 – 234. 

Fanning, L., R. Mahon, P. McConney, J. Angulo, F. Burrows, B. Chakalall, D. Gil, M. Haughton, 

S. Heileman, S. Martinez, L. Ostine, A. Oviedo, T. Phillips, C. Santizo, B. Simmons, and C. 

Toro. 2007. A large marine ecosystem governance framework. Marine Policy 31: 434–443. 

Fanning, L., R. Mahon, P. McConney, J. Angulo, F. Burrows, B. Chakalall, D. Gil, M. Haughton, 

S. Heileman, S. Martinez, L. Ostine, A. Oviedo, S. Parsons, T. Phillips, C. Santizo Arroya, B. 

Simmons, C. Toro. 2007. A large marine ecosystem governance framework. Marine Policy 31: 

434–443. 

FAO (2001a). Report of the FAO/DANIDA/CFRAMP/WECAFC regional workshop on the 

assessment of the Caribbean spiny lobster (Panulirus argus). Belize City, Belize 21 April – 2 

May 1997 and Merida, Yucatan, Mexico 1-12 June 1998. FAO Fish. Report No. 619.  

FAO (2001b). Report of the workshop on management of the Caribbean spiny lobster (Panulirus 

argus) fisheries in the area of the Western Central Atlantic Fishery Commission, Merida, Mexico 

4-8 September 2000. FAO Fish. Report No. 643.  

FAO (2002). Report of the second workshop on the management of Caribbean spiny lobster 

fisheries in the WECAFC area, Havana, Cuba, 30 September – 4 October 2002. FAO Fisheries 

Report No. 715. 

FAO (2003a) Status and trends in mangrove area extent worldwide. Forest Resources Assessment 

Working aper-63. Wilkie M, Fortuna S, eds. Roma: Forest Resources Division, FAO. Available: 

http://www.fao.org/docrep/007/j1533e/j1533e00.htm. 

FAO (2003b). The ecosystem approach to fisheries. FAO Technical Guidelines for Responsible 

Fisheries. No. 4, Suppl. 2. Rome: Food and Agriculture Organization. 112 p. 

FAO 2000. FAO Annual Yearbook of Fisheries Statistics: Commodities, 2000. FAO, Rome. 

FAO 2007.  The world's mangroves 1980-2005. FAO Forestry Paper 153. FAO Rome  

FAO 2008. Western Central Atlantic Fishery Commission Report of the Third Meeting of the 

WECAFC Ad Hoc Flyingfish Working Group of the Eastern Caribbean. FAO Fisheries Report 

No. XXX, in press. 

FAO 2009. Yearbook of fisheries and aquaculture statistics 2007. FAO, Rome 

FAO, 1999. National reports presented and stock assessment reports prepared at the CFRAMP/ 

FAO/DANIDA Stock Assessment Workshop on the Shrimp and Groundfish 

http://www.fao.org/docrep/007/j1533e/j1533e00.htm


 

 Page 131 

 

 

Fisheries on the Guiana-Brazil Shelf. Port-of-Spain, Trinidad and Tobago, 7- 18 April 1997. 

FAO Fisheries Report. No. 600. Rome, FAO. 1999. 200p. 

FAO, 2000. Information on Fisheries Management in the Republic of Trinidad & Tobago. 

http://www.fao.org/fi/fcp/en/TTO/BODY.HTM 

FAO, 2000. Report of the third Workshop on the Assessment of Shrimp and Groundfish Fisheries 

on the Brazil-Guianas Shelf. Belém, Brazil, 24 May - 10 June 1999. FAO Fisheries Report. No. 

628. Rome, FAO. 2000. 206p. 

FAO, 2001. Fishery Country Profile. The Federative Republic of Brazil. 

http://www.fao.org/fi/fcp/en/BRA/profile.htm. 

FAO, 2001. Regional reviews and national management reports. Fourth Workshop on the 

Assessment and Management of Shrimp and Groundfish Fisheries on the Brazil-Guianas Shelf. 

Cumaná, Venezuela, 2-13 October 2000. FAO Fisheries Report. No. 651. Rome, FAO. 2001. 

152p. 

FAO. 1995. Code of conduct for responsible fisheries. Rome: FAO; p. 41. 

FAO. 2001. Report of the Meeting of Fisheries Managers and Ministers of the WECAFC Ad Hoc 

Working Group on Shrimp and Groundfish Resources in the Brazil–Guianas Shelf . Port of 

Spain, Trinidad and Tobago, March 26–29, 2001. FAO Fisheries Report No. 650. 

FAO. 2003. The ecosystem approach to fisheries. FAO Technical Guidelines for Responsible 

Fisheries. No. 4, Suppl. 2. Rome, FAO. 112 p. 

FAO. 2005. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the second Scientific 

Workshop and Steering Committee Meeting of the Lesser Antilles Ecosystem Project. St. Mary‘s 

Parish, Antigua and Barbuda,14-18 February 2005. Meeting Report No. 3. FAO, Barbados. 

FAO. 2006. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the second meeting of the 

ecosystem modelling working group. Roseau, Dominica, 11-13 December 2006. Field Document 

No. 6. FAO, Barbados. 

FAO. 2007a. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the third Scientific 

Workshop of the Lesser Antilles Ecosystem Project. Kingstown, St. Vincent and the Grenadines, 

29 January – 2 February. Meeting Report No. 4. FAO, Barbados. 

FAO. 2007b. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the third meeting of the 

ecosystem modelling working group. Grand Anse, Grenada, 27-29 June 2007. Field document 

No. 9. FAO, Barbados. 

FAO. 2007c. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the fourth meeting of the 

ecosystem modelling working group. Hasting, Barbados, 5-7 September 2007. Field document 

No. 10. FAO, Barbados. 

http://www.fao.org/fi/fcp/en/TTO/BODY.HTM
http://www.fao.org/fi/fcp/en/BRA/profile.htm


 

 Page 132 

 

 

FAO. 2007d. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: Report of the fifth meeting of the 

ecosystem modelling working group. Frigate Bay, St Kitts and Nevis, 25-28 September 2007. 

Field document No. 11. FAO, Barbados. 

FAO/WECAFC, 2001. Report of the Meeting of Fisheries Managers and Ministers of the 

WECAFC Ad Hoc Working Group on Shrimp and Groundfish Resources in the Brazil – Guianas 

Shelf. Port of Spain, Trinidad and Tobago, 26-29 March 2001. FAO Fisheries Report. No. 650. 

Rome, FAO. 2001. 61 p. 

FAO/WECAFC, 2002. Regional Conference on the Sustainability of Fisheries in the Brazil – 

Guianas Shelf, Paramaribo, Suriname, 5 – 7 March 2002: Background to Shrimp and Groundfish 

Fisheries of the Region (Brazil – Guianas Shelf).  WECAFC/B-G/1/5. 6p. 

Fernandez, A., A. Singh and R. Jaffé 2007. A literature review on trace metals and organic 

compounds of anthropogenic origin in the Wider Caribbean Region. Mar. Poll. Bull. 54: 1681-

1691. 

FIINPESCA–OSPESCA/FAO/SUECIA 2009. Indicadores macroeconómicos del sector pesquero y 

acuícola del istmo centroamericano.Período 2000 – 2007. Octubre 2009. Proyecto ―Plan de 

Apoyo a la Pesca en Centroamérica‖ PAPCA – OSPESCA / AECID / XUNTA DE GALICIA. 

Proyecto ―Fortalecimiento de la investigación interdisciplinaria para la pesca responsable en los 

países centroamericanos‖ FIINPESCA – OSPESCA/FAO/SUECIA. 

Fletcher, W.J., Chesson, J., Fisher, M., Sainsbury, K.J., Hundloe, T., Smith, A.D.M. and 

Whitworth. B. 2002. National ESD reporting framework for Australian fisheries: The ‗how to‘ 

guide for wild capture fisheries. FRDC Project 2000/145, Canberra, Australia, 120 p. 

http://www.fisheriesesd. com/a/pdf/HOW_TO_GUIDE_V1_01.pdf. 

Fletcher, W.J., Chesson, J., Sainsbury, K.J., Houndloe, T.J., and Fisher, M. 2005. A flexible and 

practical framework for reporting on ecologically sustainable development for wild capture 

fisheries. Fisheries Research 71: 175-183. 

Folke, C., S. Carpenter, T. Elmqvist, L. Gunderson, C.S. Holling and B. Walker. 2002. Resilience 

and sustainable development: building adaptive capacity in a world of transformations. Ambio 

31: 437-440. 

Food and Agriculture Organization of the United Nations (FAO). 1995. Code of Conduct for 

Responsible Fisheries. Rome: FAO. 

Food and Agriculture Organization of the United Nations (FAO). 2003. The Ecosystem Approach 

to Fisheries. FAO Technical Guidelines for Responsible Fisheries No. 4, Suppl. 2. Rome: FAO. 

Fratantoni, D. M., 2001. North Atlantic Surface Circulation during the 1990's Observed with 

Satellite-Tracked Drifters, Journal of Geophysical Research, 106, 22067-22093.Gardner, T.A., 

Côté, I.M., Gill, J.A., Grant, A. and Watkinson, A.R. 2003. Long-term region-wide declines in 

Caribbean corals. Science 301: 958-960. 

Garrison V. H., E. A. Shinn, W. T. Foreman, D.W. Griffin, and C.W. Holmes et al. 2003. African 

and Asian dust: from desert soils to coral reefs. BioScience 53(5): 469–480. 

http://www.fisheriesesd/
http://asl.whoi.edu/pdf/papers/natldrift.pdf
http://asl.whoi.edu/pdf/papers/natldrift.pdf


 

 Page 133 

 

 

Gelchu, A., Pauly, D. 2007. Growth and distribution of port-based global fishing effort within 

countries‘ EEZs from 1970 to 1995. Fisheries Centre Research Reports 15(4). Fisheries Centre, 

University of British Columbia 

George, S., S. Singh-Renton, and B. Lauckner. (2001). Assessment of Wahoo (Acanthocybium 

solandri) Fishery using Eastern Caribbean Data. Pp 25-40 In: CFRAMP. 2001. Report of the 

2000 Caribbean Pelagic and Reef Fisheries Assessment and Management Workshop. CARICOM 

Fishery Report No. 9. 139 p. 

GESAMP 2001. Protecting the oceans from land-based activities - Land-based sources and 

activities affecting the quality and uses of the marine, coastal and associated freshwater 

environment. GESAMP Reports and Studies 71. 

Gianni, M. and Simpson, W. 2005. The Changing Nature of High Seas Fishing: how flags of 

convenience provide cover for illegal, unreported and unregulated fishing. Australian 

Department of Agriculture, Fisheries and Forestry, International Transport Workers‘ Federation, 

and WWF International. 

Gil-Agudelo, D.L. and Wells, P. G. In press. Impacts of Land-based Marine Pollution on 

Ecosystems in the Caribbean Sea. Implications to EBM approach in the Caribbean. In: Towards 

Marine Ecosystem-Based Management in the Wider Caribbean. L. Fanning, R. Mahon and P. 

McConney, eds. 

Gilbes F, Armstrong R (2004) Phytoplankton dynamics in the eastern Caribbean Sea as detected 

with space remote sensing. Int J Remote Sens 25: 1449–1453. 

Gracia, A., Medellín-Mora, J., Gil- Agudelo, D.L. y V. Puentes (eds.). 2009. Guía de las especies 

introducidas marino-costeras de Colombia. INVEMAR, Serie de Publicaciones Especiales No. 

15 y Ministerio de Ambiente, Vivienda y Desarrollo Territorial. Bogotá, Colombia. 127 p. 

Grant, S. 2007. Scientific Basis for Ecosystem-Based Management in the Lesser Antilles Including 

Interactions with Marine Mammals and Other Top Predators: Assessment of fisheries 

management issues in the Lesser Antilles and the ecosystem approach to fisheries management, 

FAO FI:GCP/RLA/140/JPN. Technical Document No. 9, 254 pp 

Grober-Dunsmore, R., and B.D. Keller, eds. 2008. Caribbean connectivity: Implications for marine 

protected area management. Proceedings of a Special Symposium, 9-11 November 2006, 59th 

Annual Meeting of the Gulf and Caribbean Fisheries Institute, Belize City, Belize. Marine 

Sanctuaries Conservation Series ONMS-08-07. U.S. Department of Commerce, National 

Oceanic and Atmospheric Administration, Office of National Marine Sanctuaries, Silver Spring, 

MD. 195 pp. 

Guzmán, H.M. and E.M. García 2002. Mercury levels in corals along the Caribbean coast of 

Central America. Mar. Poll. Bull. 44(12): 1415-1420. 

Gyory, J., A. J. Mariano, and E. H. Ryan. 2006. The Caribbean current. Ocean Surface Currents. 

http://oceancurrents.rsmas. miami.edu/caribbean/caribbean.html 

Harbison GR, Janssen J (1987). Encounters with a Swordfish (Xiphias gladius) and Sharptail Mola 

(Masturus lanceolatus) at depths greater than 600 meters. Copeia 1987 (2): 511-513 

http://oceancurrents.rsmas/


 

 Page 134 

 

 

Healthy Reefs for Healthy People 2010. Report card for the Mesoamerican Reef. An evaluation of 

ecosystem health. Healthy People Initiative, Smithsonian Institution, Belize City, Belize. 

Heileman, S. 2008. 52. North Brazil Shelf LME. In: K. Sherman and G. Hempel (Eds). The UNEP 

Large Marine Ecosystems Report: A Perspective on Changing Conditions in LMEs of the 

World’s Regional Seas. UNEP Regional Seas Report and Studies No. 182. Pp. 701–710. Nairobi: 

United Nations Environment Programme. 

Heileman, S. 2010. LME 17: North Brazil Shelf. Available 

http://www.lme.noaa.gov/index.php?option=com_content&view=article&id=63:lme17&catid=4

1:briefs&Itemid=72 (accessed 5 January 2010). 

Heileman, S. and Mahon, R. 2008. Wider Caribbean: Caribbean Sea LME, In Sherman, K. and 

Hempel, G. (eds) 2009. The UNEP Large Marine Ecosystem Report: A perspective on changing 

conditions in LMEs of the world‘s Regional Seas. UNEP Regional Seas Report and Studies No. 

182. United Nations Environment Programme. Nairobi, Kenya. 

Heileman, S. in press. Ecosystem based fisheries management in the wider Caribbean: Deepwater 

red snapper fisheries. In: Towards Marine Ecosystem-Based Management in the Wider 

Caribbean. L. Fanning, R. Mahon and P. McConney (eds). Report of Caribbean Regional 

Symposium, University of the West Indies, Cave Hill Campus, Barbados, December 10-12, 

2008. 

Heileman, S., Mohammed, E. and Fanning, P. 2008. Derivation of diet compositions in the Lesser 

Antilles Pelagic Ecosystem. Technical Document No. 7 of Scientific Basis for Ecosystem-Based 

Management in the Lesser Antilles Including Interactions with Marine Mammals and Other Top 

Predators FAO. FI:GCP/RLA/140/JPN Barbados. 

Heyman, W. D., and B. Kjerfve (1999) Hydrological and oceanographic considerations for 

integrated coastal zone management in southern Belize. Environ. Management, 24(2), 229-245. 

Heyman, W., B. Kjerfve and T. Ezer. 2008. Mesoamerican reef spawning aggregation as sources: 

A review of the state of connectivity research and future priorities for science and management. 

Pages 150 -169 In Grober-Dunsmore, R., and B.D. Keller, eds. 2008. Caribbean connectivity: 

Implications for marine protected area management. Proceedings of a Special Symposium, 9-11 

November 2006, 59th Annual Meeting of the Gulf and Caribbean Fisheries Institute, Belize City, 

Belize. Marine Sanctuaries Conservation Series ONMS-08-07. U.S. Department of Commerce, 

National Oceanic and Atmospheric Administration, Office of National Marine Sanctuaries, 

Silver Spring, MD. 195 pp. 

Heyman,W. D., Kjerfve, B., Graham, R.T., Rhodes, K.L. and Garbutt, L. 2005. Spawning 

aggregations of Lutjanus cyanopterus (Cuvier) on the Belize Barrier Reef over a 6 year period. 

Journal of Fish Biology 67:83–101. 

Hoggarth, D.D., Sullivan, K. and Kimball, L. 2001. Latin America and the Caribbean Coastal and 

Marine Resources. Background paper prepared for GEO 3. UNEP Regional Office for Latin 

America and the Caribbean, Mexico, D.F. 

Horrocks, J., Ward, N. and Haynes-Sutton, M. In press. An ecosystem-approach to fisheries: 

linkages with sea turtles, marine mammals and seabirds, in: Towards Marine Ecosystem-Based 

Management in the Wider Caribbean. L. Fanning, R. Mahon and P. McConney, eds. 



 

 Page 135 

 

 

Huggins, A. E., S. Keel, P. Kramer, F. N´u˜nez, S. Schill, R. Jeo, A. Chatwin, K. Thurlow, M. 

McPherson, M. Libby, R. Tingey, M. Palmer, and R. Seybert. 2007. Biodiversity Conservation 

Assessment of the Insular Caribbean Using the Caribbean Decision Support System, Technical 

Report. The Nature Conservancy. 112 p. 

Huggins, A.E., S. Keel, P. Kramer, F. Núñez, S. Schill, R. Jeo, A. Chatwin, K. Thurlow, M. 

McPearson, M. Libby, R. Tingey, M. Palmer and R. Seybert 2007. Biodiversity Conservation 

Assessment of the Insular Caribbean Using the Caribbean Decision Support System, Summary 

Report, The Nature Conservancy. 

Hughes, T.P., Maria J. Rodrigues, David R. Bellwood, Daniela Ceccarelli,Ove Hoegh-Guldberg, 

Laurence McCook,  Natalie Moltschaniwskyj,  Morgan S. Pratchett,, Robert S. Steneck and 

Bette Willis. 2007. Phase Shifts, Herbivory, and the Resilience of Coral Reefs to Climate 

Change. Current Biology 17, 360–365. 

ICCAT (2001a). International Commission for the Conservation of Atlantic Tuna. Report for 

Biennial Period, 2000–2001, Part 1. Madrid, Spain. 

ICCAT (2001b). International Commission for the Conservation of Atlantic Tuna. Report of the 

Fourth ICCAT Billfish Workshop. ICCAT Collective Volume of Scientific Papers 53:1-130. 

ICCAT 2006. Report for biennial period, 2004-05 Part II (2005) - Vol. 2, Executive Summaries on 

Species: Small Tunas: 128-135. 

Idjadi, J.A. and Edmunds, P.J. (2006) Scleractinian corals as facilitators for other invertebrates on a 

Caribbean reef. Mar. Ecol. Prog. Ser. 319, 117–127. 

IFDC/IFA/FAO. 1997. Survey of Fertilizer Rates of Use on the Individual Major World Crops.  

IPCC (2001). Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the 

Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge, UK. 

IPCC 2007. IPCC Fourth Assessment Report: Climate Change 2007 (AR4). M.L. Parry, O.F. 

Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson (eds). Working Group II Report: 

"Impacts, Adaptation and Vulnerability". Contribution of Working Group II to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change, 2007. Cambridge 

University Press, Cambridge, United Kingdom and New York, NY, USA. 

IUCN 2007. 2007 IUCN Red List of Threatened Species. Available at www.iucnredlist.org. 

Jackson, J. B. C. et al. 2001. Historical overfishing and the recent collapse of coastal ecosystems. 

Science 293, 629–638. 

Jackson, J.B.C. (1997). Reefs since Columbus. Coral Reefs 16, S23–S32. 

Johns, W. E., T. L. Townsend, D. M. Fratantoni, and W. D. Wilson. 2002. On the Atlantic inflow 

to the Caribbean Sea. Deep-Sea Res. Part I. Oceanographic Res. Papers 49: 211–243. 

Joint Nature Conservation Committee (JNCC). 2010. The ecosystem based approach. Available: 

http://www.jncc.gov.uk/page-1576 (accessed 5 January 2010). 

Kairo, M.T.K., Ali, B., Cheesman, O., Haysom, K. and Murphy, S. (2003). Invasive Species 

Threats in the Caribbean Region. Report to the Nature Conservancy, Arlington, Virginia. 



 

 Page 136 

 

 

Kelle, L., S. Lochon, J. Therese and X. Desbois (Editors), 2000. 3rd Meeting on Sea Turtles of the 

Guianas. Proceedings. Programme de conservation des tortues marines de Guyane. Publication 

Nº 1.  

Kelleher, K. 2005. Discards in the world‘s marine fisheries. An update. 

FAO Fisheries Technical Paper. No. 470. Rome, FAO. 131p. 

Khan, J.A. (2002). Status of the West Indian manatee in Trinidad and Tobago. Institute of Marine 

Affairs, Trinidad. 

Kleisner, K. M. (2008). A spatiotemporal analysis of dolphinfish (Coryphaena hippurus), 

abundance in the western Atlantic and implications for stock assessment of a data-limited pelagic 

resource. PhD. Thesis. University of Miami. 343 p. 

Kobara, S and Hayman, W. 2007. Caribbean-wide Geospatial Analysis of the location of transient 

reef fish spawning aggregation sites using remote sensing. Proceedings Gulf and Caribbean 

Fisheries Institute, 59: 397-400. 

Koenig C.C., A.N. Shepard, J.K. Reed, F.C. Coleman, S.D. Brooke, J. Brusher and K.M. Scanlon 

2005. Habitat and fish populations in the deep-sea Oculina coral ecosystem of the Western 

Atlantic. In: P.W. Barnes and J.P. Thomas (Eds.) Benthic Habitats and the Effects of Fishing. Pp 

795-805 American Fisheries Society Symposium 41, Bethesda, MD, 

Kooiman J., Bavinck M, Jentoft S. and Pullin R. (Eds.) (2005) Fish for Life: Interactive 

Governance for Fisheries. Amsterdam University Press. 

Kramer, P. (2003). Synthesis of Coral Reef Health Indicators for the Western Atlantic: Results of 

the AGGRA Programme (1997-2000), p. 1-57 in: Lang J.C. (ed), Status of Coral Reefs in the 

Western Atlantic: Results of Initial Surveys, Atlantic and Gulf Rapid Reef Assessment 

(AGRRA) Programme. Atoll Research Bulletin 496.  

L. Fanning, R. Mahon and P. McConney [eds]. In press. Towards Marine Ecosystem-based 

Management in the Wider Caribbean. Amsterdam University Press, Amsterdam. 

Lagueux, C.J. 2001. Status and Distribution of the Green Turtle, Chelonia mydas, in the Wider 

Caribbean Region. P. 32 -35 in: Eckert, K.L. and F. A. Abreu Grobois (eds.) 2001. Proceedings 

of the Regional Meeting: ―Marine Turtle Conservation in the Wider Caribbean Region: A 

Dialogue for Effective Regional Management,‖ Santo Domingo, 16-18 November 1999. 

WIDECAST, IUCN-MTSG, WWF, and UNEP-CEP. xx + 154 pp 

Lahsen, M. 2009. A science–policy interface in the global south: the politics of carbon sinks and 

science in Brazil. Climatic Change. 97:339–372 

Lang, J. C. Ed. 2003. Status of coral reefs in the Western Atlantic: Results of initial surveys, 

Atlantic and Gulf Rapid Reef Assessment (AGRRA) program. Atoll Research Bulletin 496: 630 

p. 

Lankford, R. R. 1977. Coastal lagoons of Mexico their origin and classification. In: M. Wiley 

(Ed.), Estuarine processes, volume 2, circulation, sediments, and transfer of material in the 

estuary. Pp. 182-215. In:. New York: Academic Press. 

Leatherman, S. P. (1997). Beach ratings: a methodological approach. Journal of Coastal Research 

13: 1050–1063. 

http://www.fishgovnet.org/publications/books2.html


 

 Page 137 

 

 

León, Y.M. and K.A. Bjorndal 2002. Selective feeding in the hawksbill turtle, an important 

predator in coral reef ecosystems. Marine Ecology Progress Series 245: 249-258. 

Lessios, H. A., D. R. Robertson, and J. D. Cubit. 1984. Spread of the Diadema mass mortality 

through the Caribbean. Science 226(4672): 335–337. 

Lessios, H.A., Garrido, M.J. and Kessing, B.D. (2001). Demographic history of Diadema 

antillarum, a keystone herbivore on Caribbean reefs. Proceedings of the Royal Society of 

London Series B-Biological Sciences 22, 268(1483):2347-2353. 

Lewis, W.M. & J.F. Saunders. 1986) Chemistry of waters of the lower Orinoco River. In: 

―Ecosistema Orinoco‖, Conocimiento actual y necesidades de futuros estudios. AsoVAC, 36: 

Convención Anual, Universidad de Carabobo, Valencia. Venezuela, 345-349. 

Linton, D. and T. Fisher. Eds. 2004. CARICOMP—Caribbean Coastal Marine Productivity 

Program: 1993–2003. Available at http://www.reefbase.org/download/gcrmn download. 

aspx?type=10&docid=9103 (accessed March 23, 2009). 

LME 12: Caribbean Sea. http://na.nefsc.noaa.gov/lme/text/lme12.htm#governance  

LME 17: North Brazil Shelf. http://na.nefsc.noaa.gov/lme/text/lme17.htm 

Lopez, V. and U. Krauss. 2006. National and Regional Capacities and Experience on Marine 

Invasive Species, Including Ballast Waters, Management Programmes in the Wider Caribbean 

Region. A compilation of Current Information. UNEP and CAB International. 

Lutz, S. J. and R. N. Ginsburg. 2007. The State of Deep Coral Ecosystems of the United States. 

(NOAA Technical Memorandum CRCP-3). US Department of Commerce - National Oceanic 

and Atmospheric Administration. 1–59. 

Mahon, R, L. Fanning and P. McConney. 2010. Observations on governance in the Global 

Environment Facility (Gef) International Waters (IW) PROGRAMME. Discussion paper 

prepared for The GEF Transboundary Waters Assessment Programme (TWAP) Large Marine 

Ecosystem (LME) Working Group. 36 p. 

Mahon, R. (1990). Fishery management options for Lesser Antilles countries. FAO Fish. Tech. 

Paper No. 313.  

Mahon, R. (1993). Marine Fishery Resources of the Antilles: Lesser Antilles, Puerto Rico and 

Hispanola, Jamaica, Cuba. FAO Fish. Tech. Pap. No. 326.  

Mahon, R. (2002a). Living Aquatic Resource Management, p 143-218 in: Goodbody, I. and 

Thomas-Hope, E. (eds), Natural Resource Management for Sustainable Development in the 

Caribbean. Canoe Press, UWI, Kingston, Jamaica. 

Mahon, R. 1999. Dolphinfish fisheries in the Caribbean Region. Sci. Mar. 63 (3-4): 411-420. 

Mahon, R. 2002. Adaptation of fisheries and fishing communities to the impacts of climate change 

in the CARICOM region. Issues Paper prepared for the CARICOM Fisheries Unit, Belize City, 

Belize, as input to the planning process for the project Mainstreaming Adaptation to Climate 

Change (MACC) of the Caribbean Center for Climate Change (CCCC). 

Mahon, R. and P. McConney. 2004 [eds]. Management of large pelagic fisheries in CARICOM. 

FAO Fisheries Technical Paper No 464, 149 p. 

http://na.nefsc.noaa.gov/lme/text/lme12.htm#governance


 

 Page 138 

 

 

Mahon, R. P. McConney and R. Roy. 2008. Governing fisheries as complex adaptive systems. 

Marine Policy. 32: 104-112. 

Mahon, R., C. Parker, T. Sinckler, S. Willoughby, and J. Johnson 2007. The Value of Barbados 

Fisheries: A Preliminary Assessment. Fisheries Division, Ministry of Agriculture and Rural 

Development, Barbados, Fisheries Management Plan Public Information Document No. 2. 24pp. 

Mahon, R., L. Fanning and P. McConney. 2009. A governance perspective on the large marine 

ecosystem approach. Marine Policy 33: 317–321. 

Mahon, R., P.  McConney, K. Parsram, B. Simmons, M. Didier, L. Fanning, P. Goff, B. Haywood 

and T. Shaw. 2010. National communication and coordination mechanisms for interaction with 

regional organizations and projects in the Wider Caribbean Region.  CERMES Technical Report 

No. X. 80p. 

Manooch, C.S., III. 1987. Age and growth of snappers and groupers. In: J.J. Polovina and S. 

Ralston (Eds.) Tropical snappers and groupers: biology and fisheries management. P. 329-373. 

Ocean Resour. Mar. Policy Ser. Westview Press, Inc., Boulder and London. 

Maritieme  Autoriteit Suriname, 2010. Country Report - 11th Meeting of the Meso American and 

Caribbean Sea Hydrographic Commission (MACHC), 8 - 12 November 2010, Paramaribo, 

Suriname. 8p. 

Martinelli, L.A., Howarth, R.W., Cuevas, E., Filoso, S., Austin, A.T., Donoso, L., Huszar,V., 

Keen1ey, D., Lara, L.L., LLerena, C., McIssac, G., Medina, E., Ortiz-Zayas, J., Scavia, D., 

Schindler, D.W., Soto, D. and Townsend, A. (2006): Sources of reactive nitrogen affecting 

ecosystems in Latin America and the Caribbean: current trends and future perspectives. 

Biogeochemistry, 79, 3-24. 

McClenachan, L., Jackson, J. B. C. and Marah J. H. Newman. 2006. Conservation Implications of 

Historic Sea Turtle Nesting Beach Loss.  Frontiers in Ecology and the Environment 4 (6):  290-

296. McLean et al 2001 

McConney, P. A. (2004). National management and development of large pelagic fisheries, p. 87 – 

106, in: Mahon, R. and McConney, P.A. (eds.), Management of large pelagic fisheries in 

CARICOM countries. FAO Fisheries Technical Paper. No. 464.  

McConney, P., H. A. Oxenford, and M. Haughton. 2007. Management in the Gulf and Caribbean: 

Mosaic or melting pot? Gulf and Caribbean Research 19(2):103–112. 

McConney, P., L. Nurse and P. James. 2009. Impacts of climate change on small-scale fisheries in 

the eastern Caribbean: a final report to IUCN. CERMES Technical Report No. 18. 36pp  

McElroy, J. L. 2004. Global perspectives of Caribbean tourism. Pages 39–56. In D. Duval, ed. 

Tourism in the Caribbean: Trends, developments, prospects. London, G.B.: Taylor and Francis 

Group. 

McIlgorm, A., S. Hanna, G. Knapp, P. LeFloc‘H, F. Millerd, M.Pan. 2010. How will climate 

change alter fishery governance: insights from seven international case studies. Marine Policy 

34: 170–177. 

McManus, E., and C. Lacumbra. 2004. Fishery Regulations in the Wider Caribbean Region. Project 

Summary.United Nations Environment Program World Conservation Monitoring Centre. 150 p. 

http://www.jstor.org/action/showPublication?journalCode=fronecolenvi


 

 Page 139 

 

 

Melvin G., P. Fanning, C. O'Donnell, M. Dahl, L. Edwards, R. Gardner, H. Simon and D. 

Theophille. 2007. Scientific Basis for Ecosystem-Based Management in the Lesser Antilles 

including Interactions with Marine Mammals and Other Top Predators: Acoustic biomass 

estimates of pelagic forage species in the offshore waters of the Lesser Antilles. 

FI:GCP/RLA/140/JPN Technical Document No. 6. FAO, Barbados. 

Meybeck, M. 1982. Carbon, nitrogen and phosphorus transport by World Rivers. Report. Am J. 

Sciense. 282, 401-450. 

Millennium Ecosystem Assessment 2005. Ecosystems and human well-being: A framework for 

assessment. Millennium Ecosystem Assessment, Washington, D.C.: Island Press.  

Miloslavich P, Dıaz JM, Klein E, Alvarado JJ, Dıaz C, et al. (2010) Marine Biodiversity in the 

Caribbean: Regional Estimates and Distribution Patterns. PLoS ONE 5(8): e11916. 

doi:10.1371/journal.pone.0011916 

Miloslavich, P., J. M.l Dıaz, E. Klein, J. J. Alvarado, C. Dıaz, J. Gobin, E. Escobar-Briones, J. J. 

Cruz-Motta, E. W, J. Cortes, A. C. Bastidas, R. Robertson, F. Z.apata, A. Martın, J. Castillo, A. 

Kazandjian and M. Ortiz. Marine biodiversity in the Caribbean: regional estimates and 

distribution patterns. PLoS ONE 5: 25 p. 

Mittermeier, R.A., Myers, N. and Mittermeier, C.G. 2000. Hotspots: Earth‘s biologically richest 

and most endangered terrestrial ecoregions. Conservation International Publications. 

MOHA (Ministry of Home Affairs, Maldives), 2001: First National Communication of the 

Republic of Maldives to the United Nations Framework Convention on Climate Change, 

Ministry of Home Affairs, Housing and Environment, Malé, Republic of Maldives. 

Mohammed, E. 2003. Reconstructing fisheries catches and fishing effort for the southeastern 

Caribbean (1940– 2001): General methodology. P. 11–20. In D. Zeller, S. Booth, E. Mohammed, 

and D. Pauly, eds. From Mexico to Brazil: Central Atlantic Fisheries catch trends and ecosystem 

models. Fish. Centre Res. Rep. Vol. 11, No. 6. 

Mohammed, E., Fanning, P., Parker, C., Theophille, D., Martin, L., Punnett, S., Wilkins, R., 

Rambally, J., Phillip, P., Issac, C., Philmore, J., and Barrett, A. 2007a. Scientific basis for 

ecosystem-based management in the Lesser Antilles including interactions with marine 

mammals and other top predators: Estimated catch, price and value for national fleet sectors 

from pelagic fisheries in the Lesser Antilles. Technical document No. 1. FAO, Barbados. 

Mohammed, E., Vasconcellos, M., Mackinson, S., Fanning, P., Heileman, S. and Carocci, F. 2008. 

A trophic model of the Lesser Antilles Pelagic ecosystem. Report prepared for the Lesser 

Antilles Pelagic Ecosystem Project (GCP/RLA/140/JPN), Scientific basis for ecosystem-based 

Management in the Lesser Antilles including Interactions with marine mammals and other Top 

predators: Assessment of fisheries management issues In the Lesser Antilles and the ecosystem 

approach to fisheries management.  

Mohammed, E., Vasconcellos, M., Mackinson, S., Fanning, P., Heileman, S., and Carocci, F. 

2007b. Scientific basis for ecosystem-based management in the Lesser Antilles including 

interactions with marine mammals and other top predators: A trophic model of the Lesser 

Antilles Pelagic Ecosystem. Technical Document No. 2. FAO, Barbados. 



 

 Page 140 

 

 

Molinari, R.L., Spillane, M., Brooks, I., Atwood, D. and Duckett, C. (1981). Surface current in the 

Caribbean Sea as deduced from Lagrangian observations. Journal of Geophysical Research 86: 

6537-6542. 

Mora, C. and P. Sale. 2002. Are populations of coral reef fish open or closed? Trends in Ecology 

and Evolution 17: 422-428. 

Müller Karger, F. E., C. R. McClain, T. R. Fisher, W. E. Esaias and R. Varela. 1989. Pigment 

distribution in the Caribbean Sea: Observations from space. Prog. Oceanogr. 23: 23–64. 

Muller-Karger FE, Castro RA (1994) Mesoscale processes affecting phytoplankton abundance in 

the southern Caribbean Sea. Cont Shelf Res 14: 199–221. 

Muller-Karger, F. E., C. R. McClain, and P. L. Richardson. 1988. The dispersal of the Amazon‘s 

water. Nature 333: 56–59. 

Mumby PJ, Edwards AJ, Arias-Gonzalez EJ, Lindeman KC, Blackwell PG, Gall A, Gorczynska 

MI, Harborne AR, Pescod CL, Renken H, Wabnitz CCC, Llewellyn G (2004) Mangroves 

enhance the biomass of coral reef fish communities in the Caribbean. Nature 427:533–536. 

Mumby, P. 2006a. Connectivity of reef fish between mangroves and coral reefs: Algorithms for the 

design of marine reserves at seascape scales. Biological Conservation 128: 215- 222.  

Mumby, P. 2006b. The impact of exploiting grazers (scaridae) on the dynamics of Caribbean coral 

reefs. Ecological Applications, 16(2), 2006, pp. 747–769 

Mumby, P. J., C. P. Dahlgren, A. R. Harborne, C. V. Kappel, F. Micheli, D. R. Brumbaugh, K. E. 

Holmes, J. M. Mendes, K. Broad, J. N. Sanchirico, K. Buch, S. Box, R. W. Stoffle, and A. B. 

Gill. 2006. Fishing, trophic cascades, and the process of grazing on coral reefs. Science 

311(5757):98–101. 

Mumby, P.J. and Hastings, A. (2008). The impact of ecosystem connectivity on coral reef 

resilience. J Appl Ecol 45: 854–862. 

Mumby, P.J. and R. S. Steneck. 2008.  Coral reef management and conservation in light of rapidly 

evolving ecological paradigms. Recruitment in degraded marine habitats: a spatially explicit, 

individual-based model for spiny lobsters. Ecol Appl 15:902–918. 

Munday, P. L., J. M. Leis, J. M. Lough, C. B. Paris, M. J. Kingsford, M. L. Berumen and J. 

Lambrechts. 2009. Climate change and coral reef connectivity. Coral Reefs. Review published 

online. Springer-Verlag 2009.  

Munday, P.L. (2004) Habitat loss, resource specialization, and extinction on coral reefs. Glob. 

Change Biol. 10, 1642–1647 

Murray, P.A. 2010. The role of the Organisation of Eastern Caribbean States (OECS) in regional 

ocean governance. Presentation at the Expert Consultation on Operationalisation of the 

Caribbean Sea Commission, Barbados, July 7-9 2010. 

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G. and Kent, J. (2000). Biodiversity 

hotspots for conservation priorities. Nature 403: 853-858. 

Myers, R. A. and Worm, B. 2003. Rapid worldwide depletion of predatory fish communities. 

Nature 423, 280-283. 



 

 Page 141 

 

 

National Weather Service/Climate Prediction Center (2007) Cold and warm episodes by seasons [3 

month running mean of SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)][based 

on the 1971-2000 base period], 

www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml 

Nemeth, R.S., E. Kadison, J. E. Blondeau, N. Idrisi, R. Watlington, K. Brown, T. Smith, and L. 

Carr 2008. Regional Coupling of Red Hind Spawning Aggregations to Oceanographic Processes 

in the Eastern Caribbean, pages 170 -183 in In Grober-Dunsmore, R., and B.D. Keller, eds. 2008. 

Caribbean connectivity: Implications for marine protected area management. Proceedings of a 

Special Symposium, 9-11 November 2006, 59th Annual Meeting of the Gulf and Caribbean 

Fisheries Institute, Belize City, Belize. Marine Sanctuaries Conservation Series ONMS-08-07. 

U.S. Department of Commerce, National Oceanic and Atmospheric Administration, Office of 

National Marine Sanctuaries, Silver Spring, MD. 195 pp. 

NOAA (2003). LME 12 Caribbean Sea. http://na.nefsc.noaa.gov/lme/text/lme12.htm 

NOAA (2008). Ocean Acidification in the Caribbean Significant, Yet Variable. ScienceDaily. 

Retrieved December 20, 2010, from http://www.sciencedaily.com 

/releases/2008/11/081121163353.htm 

Nurse, Leonard, A., 2008. Incorporating Climate Change Projections into Caribbean Fisheries 

Management. In: Proceedings of the 61st Gulf and Caribbean Fisheries Institute,10-14 

November 2008, Gosier, Guadeloupe Vol. 61, pp. 130-138. 

OSPESCA 2005. Fisheries and aquaculture integration policy for the Central American Isthmus. 

General Secretariat of the Central American Integration System (SICA), El Salvador, 19 p. 

Oudot, Claude, Pascal Morin, Francois Baurand, Mohideen Wafar, Pierre Le Corre, 1998: Northern 

and southern water masses in the equatorial Atlantic: distribution of nutrients on the WOCE A6 

and A7 lines. Deep-Sea Research I, 45, pp. 873-902.   

Oxenford, H. A. and W. Hunte 1999. Feeding habits of the dolphinfish (Coryphaena hippurus) in 

the eastern Caribbean. Scientia Marina 63(3-4):303-315. 

Oxenford, H.A., R. Mahon and W. Hunte (eds) 1993. The Eastern Caribbean Flyingfish Project. 

OECS Fishery Report No. 9, 171 pp. 

Oxenford, H.A., R. Mahon and W. Hunte 2007 (eds). The Biology and Management of Eastern 

Caribbean Flyingfish. Centre for Resource Management and Environmental Studies, University 

of the West Indies, Barbados, 267pp. 

Paddack, M.J.  and others. 2009. Recent Region-wide Declines in Caribbean Reef Fish Abundance. 

Current Biology 19, 590–595. 

Paris, C.B., R.K. Cowen, R. Claro, K.C. Lindeman. 2005. Larval transport pathways from Cuban 

snapper (Lutjanidae) spawning aggregations based on biophysical modeling. Mar. Ecol. Prog. 

Ser. 296: 93-106  

Parsram, K. and P. McConney. 2007. ‗A research framework for examining the characteristics of 

networks that determine resilience and adaptability in marine resource governance in the English 

speaking eastern Caribbean‘, 60th Gulf and Caribbean Fisheries Institute, 5-9 Nov, Punta Cana, 

Dominican Republic. 

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml


 

 Page 142 

 

 

Parsons, S. 2007. Governance of transboundary fisheries resources in the Wider Caribbean. CLME 

Project, CERMES, UWI, 39 p. 

Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F (1998). Fishing down marine food webs. 

Science 279(5352): 860–863. 

Pauly, D., 2005. The Marine Trophic Index. http://www.seaaroundus.org/doc/saup_manual.htm#19 

Pelagic Fisheries Conservation Program 2006. Bioaccumulation of mercury in pelagic fishes of the 

Gulf of Mexico. Texas A & M University at Galveston. http://www.tamug.edu/pelagic/Mercury-

study.htm 

Phillips, T. 2007. Thematic Report for the Guianas–Brazil Sub-region. Prepared for the CLME 

Project. Cave Hill Campus, Barbados: CLME Project Implementation Unit, Centre for Resource 

Management and Environmental Studies, University of the West Indies. 

Phillips, Terrence, Bisessar Chakalall and Les Romahlo (2008). Management of the Shrimp and 

Groundfish Fisheries of the North Brazil Shelf LME: Ecosystem approach.  In Towards Marine 

Ecosystems-Based Management in the Wider-Caribbean (in press). 

Pitcher T. J., D. Kalikoski, G. Pramod and K.Short. 2008. Safe Conduct? Twelve years fishing 

under the UN Code. WWF, Switzerland. 63 pp. 

Pitcher T. J., D. Kalikoski, K.Short, D. Varkey and G. Pramod. 2008. An evaluation of progress in 

implementing ecosystem-based management of fisheries in 33 countries. Marine Policy 

doi:10.1016/j.marpol.2008.06.002 

Polidoro BA, Carpenter KE, Collins L, Duke NC, Ellison AM, et al. (2010). The Loss of Species: 

Mangrove Extinction Risk and Geographic Areas of Global Concern. PLoS ONE 5(4): e10095. 

doi:10.1371/journal.pone.0010095 

Prada, M, G. Peñaloza, S.Posada, N.Howard, P.Herron, L. Salinas, E. Castro, F. Cabezas, and H. 

Robinson. 2004. Fish spawning aggregations in the San Andres archipelago, a first 

approximation. Technical Report TOC-CORALINA. San Andres Isla Colombia. 50 pp. 

Prada, M., E. Castro, E. Puello, M. Pomare, G. Penaloza, L. James And H. Robinson. 2007. Threats 

to the grouper population due to fishing during reproductive seasons in the San Andres and 

Providencia Archipelago, Colombia. Proc. Gulf and Caribbean Fisheries Institute, 58: 270 -275.  

Precht, W. F. 2002. Endangered Acroporid Corals of theCaribbean. Coral Reefs 21: 41–42. 

Puentes Granada, V. 2011. Revisión y análisis de las capturas incidentales: hacia la aplicación del 

enfoque ecosistemico en el manejo sostenible de las pesquerías de Colombia. Documento 

Técnico, Ministerio de Ambiente Vivienda y Desarrollo Territorial. In press. 

Puga, R., R. Piñeiro, N. Capetillo, M.E. de León and L.S. Cobas 2008. Estado de la pesquería de 

langosta espinosa (P. argus) y su relación con factores ambientales y antrópicos en Cuba. 

Informe de Caso de Estudio del Programa: PNCT: Los cambios Globales y la Evolución del 

Medio Ambiente Cubano. Proyecto: Bases Oceanográficas para el estudio de las afectaciones del 

cambio global en la biodiversidad marina y costera de Cuba. Tarea: Evaluación de las posibles 

afectaciones del Cambio Climático a la Biodiversidad Marina y Costera de Cuba. Havana: 

Centro de Investigaciones Pesqueras. Septiembre de 2008. 

http://www.seaaroundus.org/doc/saup_manual.htm#19
http://www.tamug.edu/pelagic/Mercury-study.htm
http://www.tamug.edu/pelagic/Mercury-study.htm


 

 Page 143 

 

 

Ramirez, A., A.W. Rose and C. Bifano (1988). Transport of carbon and nutrients by the Tuy River, 

Venezuela. Mitt. Geol. Palaont. Inst., Univ. Hamburg. SCOPE/UNEP Sonderband Heft 66. 137-

146. 

Reed JK (2002). Comparison of deep-water coral reefs and lithoherms off southeastern U.S.A. 

Hydrobiologia 471: 43-55 

Restrepo, J. D., and B. Kjerfve. 2000. Magdalena River: Interannual variability (1975–1995) and 

revised water discharge and sediment load estimates. J. Hydrol. 235: 137–149. 

Restrepo, J. D., P. Zapata, J. M. Diaz, J. Garzon, and C. Garcia. 2005. Fluvial fluxes into the 

Caribbean Sea and their impact on coastal ecosystems: the Magdalena River, Colombia. Global 

and Planetary Change 50: 33–49. 

Reyes J, Santodomingo N, Gracia A, Borrero-Pérez G, Navas G, Ladino LM, Bermúdez A, 

Benavides M (2005). Southern Caribbean azooxanthellate coral communities off Colombia. In: 

Freiwald A, Roberts J (Eds) Cold-water Corals and Ecosystems Proceedings of the 2nd 

International Symposium on Deep-Sea Corals Sept. 9-12 2003 Erlanger Germany.  

Rice, D.W. (1973). Caribbean monk seal (Monachus tropicalis), p. 98-112: in K. Ronald, (ed), 

Seals: Proceedings of a working meeting of seal specialists on threatened and depleted seals of 

the world, held under the auspices of the Survival Service Commission of the IUCN, IUCN 

Supplementary Paper 39. 

Richardson, A.J. and Schoeman, D.S. 2004. Climate impact on plankton ecosystems in the 

Northeast Atlantic. Science 305, 1609–1612. 

Rojas Galavíz, J. L., A. Yáñez-Arancibia, J. W. Day and R. Vera-Herrera 1992. Estuarine primary 

producers. In: U. Seeliger (Ed.), Coastal plant communities of Latin America. P. 141-154. , San 

Diego: Academic Press Inc. 

Rosenström, U. 2006. Exploring the policy use of sustainable development indicators: interviews 

with Finnish politicians. The Journal of Transdisciplinary Environmental Studies 5 (1-2): 13 p.  

Ross, S.W. and M.S. Nizinski 2007. State of Deep Coral Ecosystems in the Southeast Region: 

Cape Hatteras to Southeast Florida. In: SE Lumsden, TF Hourigan, AW Bruckner and G Dorr 

(eds.) The State of Deep Coral Ecosystems of the United States. P. 233-269. NOAA Technical 

Memorandum CRCP-3, Silver Spring, Maryland. 

Rylander, K., J. Perez, and J. A. Gomez. 1996. Status of the green mussel, Perna viridis (Linneaus 

1758) (Mollusca: Mytilidae), in north-eastern Venezuela. Caribbean Marine Studies 5:86-87. 

Sadovy, Y. (1994). Grouper stocks of the western central Atlantic: the need for management and 

management needs. Proceedings of the Gulf and Caribbean Fisheries Institute 43, 43-64. 

Sadovy, Y. and Eklund, A.M. (1999). Synopsis of biological data on the Nassau grouper, 

Epinephelus striatus (Bloch, 1792) and the Jewfish, E. itijara (Lichtenstein, 1822). U.S. Dep. 

Commer., NOAA Technical Report NMFS 146.  

Sandt, V.J. and A.W. Stoner 1993. Ontogenetic shift in habitat by early juvenile queen conch, 

Strombus gigas: patterns and potential mechanisms. Fishery Bulletin 91(3): 516-525. 



 

 Page 144 

 

 

Santodomingo N, Reyes J, Gracia A, Martínez A, Ojeda G, García G (2006) Madracis coral 

communities off San Bernardo Islands (Colombian Caribbean). Bulletin of Marine Science, in 

press, manuscript received November 2006, 29 pp 

Sea Around Us Project. 2010. Large Marine Ecosystems. University of British Colombia Fisheries 

Center, Canada. http://www.seaaroundus.org/lme/ 

Sealey, S. K. and Bustamente, G. (1999) Setting geographic priorities for marine conservation in 

Latin America and the Caribbean. Arlington, Virginia. US. The Nature Conservancy. 125 p. 

Sedberry G.R., Stevenson D.E. and Chapman R.W. 1996. Stock identification in potentially 

threatened species of grouper (Teleostei: Serranidae: Epinephelinae) in Atlantic and Caribbean 

waters. South Carolina Department of Natural Resources, Marine Resources Research Institute. 

Seitzinger, S. and  Lee, R. 2008.  Land-based Nutrient Loading to LMEs: A Global Watershed 

Perspective on Magnitudes and Sources. In Sherman, K. and Hempel, G. (Editors) 2009. The 

UNEP Large Marine Ecosystem Report: A perspective on changing conditions in LMEs of the 

world‘s Regional Seas. UNEP Regional Seas Report and Studies No. 182. United Nations 

Environment Programme. Nairobi, Kenya. 

Selman, M., Greenhalgh, S., Diaz, R. and Sugg, Z. 2008. Eutrophication and hypoxia in coastal 

areas: A global assessment of the state of knowledge. World Resources Institute Policy Note, 

Water  Q u a l i t y: E u t r o p h i c a t i o n  a n d  H y p o x i a  1. 

Sherman, K., and L. M. Alexander. 1986. Variability and management of Large Marine 

Ecosystems. Boulder, CO: Westview Press, Inc. 319 p. 

SICA 2011. Turistas en Centroamerica por nacionalidad año 2006. Estadísticas Turísticas 

Centroamericanas http://www.sica.int/cct/estadisticas.aspx?IdEnt=11 

Silberman, J., Sarver, S. and Walsh, P. (1994). Mitochondrial DNA variation and population 

structure in the spiny lobster Panulirus argus. Marine Biology 120: 601-608. 

Singh-Renton, S, D. J. Die and E. Mohammed. In press. An Ecosystem Approach to Fisheries 

(EAF) for Management of Large Pelagic Fish Resources in the Caribbean Large Marine 

Ecosystem, In: Towards Marine Ecosystem-Based Management in the Wider Caribbean. L. 

Fanning, R. Mahon and P. McConney, eds. 

Smith, A.H. et al. (2000). Status of the Coral Reefs in the Eastern Caribbean: The OECS; Trinidad 

and Tobago, Barbados, The Netherlands Antilles and the French Caribbean. In Wilkinson, C. 

(ed), Status of Coral Reefs of the World 2000. Australian Institute of Marine Sciences (AIMS) 

Australia. 

Smith, B. E. 2010. Population and Urbanization in Latin America and the Caribbean. 

Geographische Rundschau International Edition Vol. 6, No 3: 30 -34. 

Spalding, M. D., and A. M. Greenfeel. 1997. New estimate of global and regional coral reef areas. 

Coral Reefs 16: 225–230. 

Spalding, M. D., H. E. Fox, G. R. Aen, N. Davidson, Z. A. Ferda˜na, M. Finlayson, B. S. Halpern, 

M. A. Jorge, A. Lombana, S. A. L.ourie, K. D. Martin, E. McManus, J. Molnar, C. A. Recchia, 

and J. Robertson. 2007. Marine ecoregions of the world: A bioregionalization of coastal and 

shelf areas. BioScience 57:573–583. 

http://www.seaaroundus.org/lme/
http://www.sica.int/cct/estadisticas.aspx?IdEnt=11


 

 Page 145 

 

 

Spalding, M.D. (2004). Guide to the coral reefs of the Caribbean. University of California Press, 

Berkeley, California. 

Staskiewicz, T., J.Walcott, H. A. Oxenford and P.W. Schuhmann 2008. Analysis of the fisheries 

landings, vessel and demographic data collected by the Government of Barbados. Report for the 

Barbados Fisheries Division, Ministry of Agriculture and Rural Development, Barbados, 36pp. 

Steneck, R. S. 1994. Is herbivore loss more damaging to reefs than hurricanes? Case studies from 

two Caribbean reef systems (1978–1988). Pages C32–C37 in R. N. Ginsburg, editor. Global 

aspects of coral reefs: health, hazards, and history. University of Miami, Miami, Florida, USA. 

Steneck, R. S., C. B. Paris, S. N. Arnold, M. C. Ablan-Lagman, A. C. Alcala, M. J. Butler, L. J. 

McCook, G. R. Russ and P. F. Sale. 2009. Thinking and managing outside the box: coalescing 

connectivity networks to build region-wide resilience in coral reef ecosystems. Coral Reefs, 

review. 

Sumaila, U.R. and Pauly, D. (eds). 2006. Catching more bait: a bottom-up re-estimation of global 

fisheries subsidies (2nd Version). Fisheries Centre Research Reports 14(6), pp. 2. Fisheries 

Centre, the University of British Columbia, Vancouver, Canada. 

Sweeney, V. and Corbin, C. In press. Implications of Land-Based Activities in Small Islands for 

Marine EBM. In: Towards Marine Ecosystem-Based Management in the Wider Caribbean. L. 

Fanning, R. Mahon and P. McConney, eds. 

Taquet, M, Reynal, L., Laurans, M., Lagina, A. (2000). Blackfin tuna (Thunnus atlanticus) fishing 

around FADs in Martinique (French West Indies). Aquat. Living Resour. 13. 259−262. 

Thorpe, A., C. Reid, R. van Anrooy, C. Brugere. 2005. When fisheries influence national policy-

making: an analysis of the national development strategies of major fish-producing nations in the 

developing world. Marine Policy 29 211–222. 

Trotz, A. 2003. Women and Poverty in the Caribbean, paper prepared for the 

ECLAC/CDCC/UNIFEM/CIDA/ CARICOM Fourth Ministerial Caribbean Conference on 

Women, February 2003, Saint Vincent and the Grenadines. 

UN DESA (2009). "World Population Prospects: The 2008 Revision". New York: Department for 

Economic and Social Affairs. 

UN Habitat 2008. State of the World‘s Cities 2008/2009. Harmonious Cities. Earthscan, London, 

Sterling, VA. 

UNDP (2006). Human Development Report 2006. United Nations Development Programme, NY. 

http://hdr.undp.org/hdr2006/statistics/ 

UN-ECLAC 2010. Statistical Yearbook for Latin America and the Caribbean.  UN-ECLAC, 

Santiago, Chile 

UNEP (2000). GEO Latin America and Caribbean: Environment Outlook 2000. UNEP Regional 

Office for Latin America and the Caribbean, Mexico, D.F. 

UNEP (2004a). Bernal, M.C., Londoño, L.M., Troncoso, W., Sierra- Correa, P.C. and Arias-Isaza, 

F.A. Caribbean Sea/Small Islands, GIWA Regional Assessment 3a. University of Kalmar, 

Kalmar, Sweden. http://www.giwa.net/publications/r3a.phtml. 

http://www.giwa.net/publications/r3a.phtml


 

 Page 146 

 

 

UNEP (2004b). Villasol, A. and Beltrán, J. Caribbean Islands, GIWA Regional Assessement 4. 

Fortnam, M. and Blime P. (eds), University of Kalmar, Kalmar, Sweden. 

http://www.giwa.net/publications/r4.phtml 

UNEP (2006). Isaza, C.F.A., Sierra-Correa, P.C., Bernal-Velasquez, M., Londoño, L.M. and W. 

Troncoso. Caribbean Sea/Colombia & Venezuela, Caribbean Sea/Central America & Mexico, 

GIWA Regional assessment 3b, 3c. University of Kalmar, Kalmar, Sweden. 

UNEP (United Nations Environmental Programme), Bernal, M. C., L. M. Londo˜no, W. Troncoso, 

P. C. Sierra- Correa, and F. A. Arias-Isaza. 2004a. Caribbean Sea/Small Islands. GIWA Regional 

Assessment 3a, University of Kalmar, Sweden. 96 p. 

UNEP and IOC-UNESCO. 2009. [eds]. An Assessment of Assessments, Findings of the Group of 

Experts. Start-up Phase of a Regular Process for Global Reporting and Assessment of the State 

of the Marine Environment including Socio-economic Aspects. Progress Press Ltd., Malta. 880 

pp. 

UNEP, 2006.  Marine and coastal ecosystems and human wellbeing: A synthesis report based on 

the findings of the Millennium Ecosystem Assessment. UNEP. 76pp. 

UNEP, 2006. Isaza, C.F.A., Sierra-Correa, P.C., Bernal-Velasquez, M., Londono, L.M. and W. 

Troncoso. Caribbean Sea/Colombia & Venezuela, Caribbean Sea/Central America & Mexico, 

GIWA Regional assessment 3b, 3c. University of Kalmar, Kalmar, Sweden. 

UNEP, Isaza, C. F. A., P. C. Sierra-Correa, M. Bernal-Velasquez, L. M. Londo˜no, and W. 

Troncoso. 2006. Caribbean Sea. GIWA Regional Assessment 3b, 3c. University of Kalmar, 

Sweden. 101 p. 

UNEP, Villasol, A., and Beltr´an, J. 2004b. Caribbean Islands. GIWA Regional Assessement 4. 

University of Kalmar, Sweden. 144 p.  

UNEP/GEF (2002). Evaluación Regional Sobre Sustancias Tóxicas Persistentes. Informe Regional 

De América Central y El Caribe. 

UNEP-RCU/CEP (1997). Coastal Tourism in the Wider Caribbean Region: Impacts and best 

management practices. CEP Technical Report No. 38. UNEP Caribbean Environment 

Programme, Kingston, Jamaica. 

UNEP-RCU/CEP (1998). An overview of land-based sources of marine pollution. CEP Technical 

Report No. 40. UNEP Caribbean Environment Programme, Kingston, Jamaica. 

UNEP-RCU/CEP (2001). Elements for the development of a marine mammal action plan for the 

Wider Caribbean: A Review of marine mammal distribution. UNEP Caribbean Environment 

Programme, Kingston, Jamaica. 

UNEP-RCU/CEP 2011. UNEP Regional Seas Marine Biodiversity Assessment and Outlook Series: 

Wider Caribbean Region. UNEP Jamaica. 

UNEP-RCU/CEP. 2010. Land-based Sources and Activities in the Wider Caribbean Region. 

Updated CEP Technical Report No. 33. 

UNEP-RCU/CEP/Cimab 2010. Programme for monitoring the quality of marine ecosystems in 

high-risk areas in the Wider Caribbean Region. Final report. Regional project: ―Regional 

http://www.giwa.net/publications/r4.phtml


 

 Page 147 

 

 

Network in Marine Science and Technology for the Caribbean: Know-Why Network‖. UNEP-

CEP, Kingston, Jamaica and Cimab, Havana, Cuba. 62 pgs. 

UNGA A/64/347. For  Sixty-fourth session Item 78 (a) of the provisional agenda Oceans and the 

Law of the Sea -- Report on the work of the Ad Hoc Working Group of the Whole to recommend 

a course of action to the General Assembly on the regular process for global reporting and 

assessment of the state of the marine environment, including socio-economic aspects - Letter 

dated 10 September 2009 from the Co-Chairs of the Ad Hoc Working Group of the Whole 

addressed to the President of the General Assembly 

Upadhyay VP, Ranjan R, Singh JS (2002) Human-mangrove conflicts: The way out. Curr Sci India 

83: 1328–1336 

Vila, L. et al. 2004. Estudio sobre el tráfico marítimo en torno a la República de Cuba. Informe 

Técnico. Centro de Investigaciones del Transporte (Cetra), La Habana. 61p  

Ward T, D. Tarte, E. Hegerl and K. Short. 2002. Policy proposals and operational guidance for 

ecosystem-based management of marine capture fisheries. World wide fund for nature. Sydney, 

Australia, 80p. (Although developed by WWF Australia, this framework is a WWF International 

fisheries policy paper). 

Ward-Paige CA, Mora C, Lotze HK, Pattengill-Semmens C, McClenachan L, et al. (2010) Large-

Scale Absence of Sharks on Reefs in the Greater-Caribbean: A Footprint of Human Pressures. 

PLoS ONE 5(8): e11968. doi:10.1371/journal.pone.0011968 

Watson, R. T. 2005. Turning science into policy: challenges and experiences from the science–

policy interface. Phil. Trans. R. Soc. B, 360: 471–477. 

Webber, D. and Clarke, T. (2002). Environmental overview of Kingston Harbour, Jamaica, p. 42-

52: in Caribbean Basins: LOICZ Global Change Assessment and Synthesis of River 

Catchment/Island-Coastal Sea Interactions and Human Dimensions; with a desktop study of 

Oceania Basins. LOICZ Reports and Studies 27, Texel, The Netherlands.  

Wege, D. 2005. Building on Caribbean bird conservation efforts through the integration of 

migratory bird initiatives: A step closer to ―all-bird‖ conservation. J. Carib. Ornithol. 18:99-100. 

Wielgus, J., E. Cooper, R. Torres and L. Burke. 2010. Coastal Capital: Dominican Republic. Case 

studies on the economic value of coastal ecosystems in the Dominican Republic. Working Paper. 

Washington, DC: World Resources Institute. Available online at http://www.wri.org/coastal-

capital. 

Wilkinson, C. (ed). (2000). Status of Coral Reefs of the World: 2000. Australian Institute of Marine 

Science. Australia. 

Wilkinson, C. (ed). (2002). Status of Coral Reefs of the World: 2002. Australian Institute of Marine 

Sciences, Townsville, Queensland, Australia. 

Wilkinson, C. and Souter, D. (2008). Status of Caribbean coral reefs after bleaching and hurricanes 

in 2005. Global Coral Reef Monitoring Network, and Reef and Rainforest Research Centre, 

Townsville, 152 p. 

http://www.wri.org/coastal-capital
http://www.wri.org/coastal-capital


 

 Page 148 

 

 

Woodley, J., et al. (2000). Status of Coral Reefs in the Northern Caribbean and Western Atlantic. 

In: Wilkinson, C. (ed). Status of Coral Reefs of the World: 2000. Australian Institute of Marine 

Science, Australia. 

Worm, B. et al.  2006. Impacts of Biodiversity Loss on Ocean Ecosystem Services. Science 314: 

787- 790.  

WRI 2006. Watershed Analysis for the Mesoamerican Reef.  World Resources Institute. 

Washington, D.C.  

WRI 2009. Value of Coral Reefs & Mangroves in the Caribbean -- Economic Valuation 

Methodology V3.0. World Resources Institute, January 2009.  

Wynne, S.P. and Cote, I.M. (2007) Effects ofhabitat quality and fishing on Caribbean spotted spiny 

lobster populations. J. Appl. Ecol. 44, 488–494 

Young, O. R. 2010. If an Arctic Ocean treaty is not the solution, what is the alternative? Polar 

Record, Cambridge University Press, doi:10.1017/S0032247410000677 

Zollett, E.A. 2009. Bycatch of protected species and other species of concern in US east coast 

commercial fisheries. Endangered Species Research Vol. 9: 49–59. 

 


	portada regional TDA2.pdf
	Regional TDA 15JUL2011 fv.pdf

