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The Caribbean is Ecologically                  
and Politically Complex



The Caribbean is a Large 
Marine Ecosystem (LME)





The Fish Catch in the Caribbean Sea is Worth 
about US$ 1 billion/ year



The Insular Caribbean is the most Tourism 
Dependent Region in the World                     

Relative to its Size



The Big ThreeThe Big Three
Fishing: LocalFishing: Local

LandLand--Based Disturbances: Based Disturbances: 
RegionalRegional

OceanOcean--Atmosphere Atmosphere 
Changes: Global Changes: Global 



Fish Catches have been Declining 
since at least 1996

Source: The Sea Around Us Project



Fishing Down Food Chains:
The Mean Trophic Level of Caribbean 
Ecosystems has been Declining  since at 
least 1956

Source: Pauly,  The Sea Around Us Project



Decline in Coral Cover

After Gardiner et al. 2003



Caribbean ReefCaribbean Reef--Building CoralsBuilding Corals

Elkhorn Coral Star Coral

Acropora palmata Montastrea annularis



Marine Zone TypesMarine Zone Types
•• Sanctuary Preservation AreasSanctuary Preservation Areas
•• SpecialSpecial--Use AreasUse Areas
•• Ecological ReservesEcological Reserves
•• Wildlife Management AreasWildlife Management Areas
•• Existing Management AreasExisting Management Areas

9,844 km9,844 km22

Florida BayFlorida Bay

6%6%

518 km518 km22

Florida Keys National Marine SanctuaryFlorida Keys National Marine Sanctuary

Gulf of MexicoGulf of Mexico

Atlantic Atlantic 
OceanOcean



“Islands in the Stream”

A Network of Marine Protected Areas

•South Texas Banks

• Flower Gardens NMS

• NW Reefs / Banks

•Pinnacles

•Madison Swanson

•FL Middle Grounds

•Steamboat Lumps

•Pulley Ridge

•Florida Keys NMS



We have monitored reef decline 
long enough.

There is sufficient science.

What we have failed to do is to 
apply it to comprehensive 
management and governance.

We can be accused of “fiddling 
while Rome burns…”



Existing Ocean Use ManagementExisting Ocean Use Management

FragmentationFragmentation of management of management 
authorityauthority

Spatial mismatchesSpatial mismatches between between 
scale of governance and scale of governance and 
ecological system.ecological system.

Temporal mismatchesTemporal mismatches between between 
governance and ecological governance and ecological 
processes.processes.



Need for More Comprehensive Need for More Comprehensive 
Ocean Use ManagementOcean Use Management

Fishing and fisheries Fishing and fisheries 
managementmanagement
AquacultureAquaculture
Ports and harborsPorts and harbors
Channels, rights of Channels, rights of 
wayway
Pipelines and cablesPipelines and cables
Wind power Wind power 
Tidal and wave powerTidal and wave power
Offshore oil and gasOffshore oil and gas
Mining and dredgingMining and dredging

Ocean fertilizationOcean fertilization
COCO22 sequestrationsequestration
TourismTourism
Floating and Floating and 
submerged hotelssubmerged hotels
DisposalDisposal
Weapons testingWeapons testing
RecreationRecreation
ConservationConservation
Scientific researchScientific research



WHAT IS OCEAN USE MANAGEMENT?WHAT IS OCEAN USE MANAGEMENT?

AreaArea--based (based (““ecosystemecosystem--basedbased””))

Protection of ecosystem structure and key Protection of ecosystem structure and key 
processesprocesses

Interconnectedness within and among systemsInterconnectedness within and among systems

Integration of ecological, social, economic, and        Integration of ecological, social, economic, and        
institutional perspectivesinstitutional perspectives

Adapted from 2005 Consensus Statement (compassonline.org/?q=EBM)



UNDERSTANDING THE MARINE UNDERSTANDING THE MARINE 
ECOSYSTEM ?ECOSYSTEM ?



US and Caribbean Marine Ecoregions, Spalding et al. 2007. BioScience 57

Defining the Management Unit





Topography

Socioeconomic data

Geospatial Assessment Geospatial Assessment –– GIS Data LayersGIS Data Layers

Ocean Currents

Chlorophyll distribution

Bathymetry

Habitat Type



All Classes Combined

Bathymetry

Physical data

Chemical data

Substrate types

Habitat types

Biological data

Human uses

Geospatial Geospatial 
Assessment of Assessment of 
Marine Marine 
Ecosystems Ecosystems 
(GAME)(GAME)



CREATING THE MANAGEMENT CREATING THE MANAGEMENT 
FRAMEWORKFRAMEWORK

Economic
Development

Environmental
Protection

Biodiversity
Conservation

Poverty
Reduction

Zoning

Coastal & Marine 
Spatial Planning

Ocean Use Management Goals

Permitting

Tools Other
Regulations

Economic
Incentives

Enforcement
Sanctions

Technical
Assistance

Education





National Priority ObjectivesNational Priority Objectives
Adopt ecosystemAdopt ecosystem--based managementbased management
Coastal and marine spatial planningCoastal and marine spatial planning
Inform decisions and improve understandingInform decisions and improve understanding
Coordinate and supportCoordinate and support
Resiliency and adaptation to changeResiliency and adaptation to change
Ecosystem protection and restorationEcosystem protection and restoration
Water quality and landWater quality and land--use practicesuse practices
Environmental stewardship in the ArcticEnvironmental stewardship in the Arctic
Ocean, coastal and Great Lakes observations, Ocean, coastal and Great Lakes observations, 
mapping and infrastructure mapping and infrastructure 



Image taken from Google Earth

Puerto Rico-Virgin Islands Shelf



CARIBBEAN REGION NATIONAL 
CLAIMS TO EXCLUSIVE 
ECONOMIC ZONES AND FISHERY 
ZONES

DISPUTED EEZ CLAIMS

ACCEPTED EEZ CLAIMS

ACCEPTED FZ CLAIMS

TERRITORIAL SEAS

The Real Caribbean



THANKS TO:THANKS TO:
All the people (you know who you are!), going backAll the people (you know who you are!), going back
to the founding Advisory Council of the Keys Sanctuary,to the founding Advisory Council of the Keys Sanctuary,
who have patiently helped me to try to understand the who have patiently helped me to try to understand the 
role of science in ocean management.role of science in ocean management.

NCEASNCEAS Study Group on Ocean Zoning: Study Group on Ocean Zoning: SatieSatie AirameAirame, , 
Larry Larry Crowder, Jon Day, Fanny Crowder, Jon Day, Fanny DouvereDouvere, Bud , Bud EhlerEhler, Julie , Julie EkstromEkstrom, Ben , Ben HalpernHalpern,,
Karen McLeod, Elliott Karen McLeod, Elliott Norse, Gail Norse, Gail OsherenkoOsherenko, , RobbinRobbin Peach, Andy Rosenberg, Peach, Andy Rosenberg, 
Jim Wilson, and Oran YoungJim Wilson, and Oran Young

Prof. Robin Mahon, Dr. Cristina Prof. Robin Mahon, Dr. Cristina CarolloCarollo

Additional Resources:Additional Resources:
GAME: GAME: http://research.myfwc.com/gamehttp://research.myfwc.com/game
CLME: CLME: http://http://www.cavehill.uwi.edu/cermes/clme.htmlwww.cavehill.uwi.edu/cermes/clme.html



Overlapping Fisheries Management



Summary: StatusSummary: Status
HabitatsHabitats

Reefs of the region Reefs of the region 
are in declineare in decline
Associated biodiversity Associated biodiversity 
in declinein decline
Coastal habitats in Coastal habitats in 
declinedecline
Current governance Current governance 
efforts and protected efforts and protected 
areas are inadequateareas are inadequate

ResourcesResources
Most resources fullyMost resources fully--
or overor over--exploitedexploited
Most assessment Most assessment 
effort in lobster, conch effort in lobster, conch 
and shrimpand shrimp
OceanOcean--wide, large wide, large 
pelagic fishes pelagic fishes 
assessed by ICCATassessed by ICCAT
Status of regional Status of regional 
pelagic fishes pelagic fishes 
unknownunknown



The Theory: Fishing Down the Food ChainThe Theory: Fishing Down the Food Chain

Source: Pauly 2003



From Pandolfi et al. 2005

The Slippery Slope to Slime



Coral BleachingCoral Bleaching

Coral Coral zooxzoox are expelled are expelled 
with prolonged high seawith prolonged high sea--
water temperature; water temperature; 
bleached corals may diebleached corals may die



DiademaDiadema Mass Mortality 1983Mass Mortality 1983--8484

Sticky spines Day 1 Spines shed Day 4

Death and predation Day 6 Recovering Day 12

Pictures from St. Croix, USVI, February 1984



Spread of Spread of DiademaDiadema MortalityMortality
Began Panama, Jan. Began Panama, Jan. ‘‘8383
Spread followed gross Spread followed gross 
circulation patterncirculation pattern
Florida, July Florida, July ‘‘8383
Bermuda, Sept. Bermuda, Sept. ‘‘8383
Pattern changed, Sept. Pattern changed, Sept. ‘‘8383
Barbados, Sept. Barbados, Sept. ‘‘8383
St. Croix, Jan. St. Croix, Jan. ’’8484

----------------------------------------------------------

Causative agent unknownCausative agent unknown
No mortality in E. AtlanticNo mortality in E. Atlantic
Repeat mortality, Sept. Repeat mortality, Sept. ’’85 85 
St. CroixSt. Croix
Earliest recovery St. Earliest recovery St. 
Vincent and GrenadinesVincent and Grenadines

From Lessios, Robertson, and Cubit, 1984



PostPost--Mortality St. CroixMortality St. Croix

Feb. 6, 1984 March 11, 1984

June 23, 1984 June 23, 1985

Ogden, Unpubl.



Large Marine EcosystemsLarge Marine Ecosystems



Designing Designing MPAsMPAs and MPA and MPA 
Networks for Ecological ResilienceNetworks for Ecological Resilience
Reduce nonReduce non--climate stressesclimate stresses
Protect the least exposedProtect the least exposed
Protect the most resistant Protect the most resistant 
Protect the most valuableProtect the most valuable
Protect resilient populationsProtect resilient populations
Make Make MPAsMPAs dynamicdynamic
Maintain connectivityMaintain connectivity
Spread the riskSpread the risk



Adaptively Managing Regional Adaptively Managing Regional 
Ocean GovernanceOcean Governance

Monitoring and evaluationMonitoring and evaluation
Ecosystem characterizationEcosystem characterization
Predictive capabilitiesPredictive capabilities
Agency coordinationAgency coordination
Education and public involvementEducation and public involvement
Policy action thresholdsPolicy action thresholds
Targeted researchTargeted research



Sediment

Overfishing

Coastal Development

Satellite Imagery and 
Bathymetry

GAME ApplicationGAME Application



Global Map of Human Impact on Marine Ecosystems

Halpern et al. 2008. Science 319: 948-952.



Incompatibilities Among Human Incompatibilities Among Human 
UsesUses



Charge to the Council:

…assist the state in 
identifying new 
management 
strategies to achieve 
the goal of 
maximizing protection 
and conservation of 
ocean and coastal 
resources…



New Tools for Seafloor MappingNew Tools for Seafloor Mapping
Aerial Photograph Mosaic LADS Bathymetry  Overlay



Coastal Ocean Observing System
http://comps.marine.usf.edu http://ocg6.marine.usf.edu



All Classes Combined



An Instructive Zoning Precedent: An Instructive Zoning Precedent: 
Great Barrier Reef Marine ParkGreat Barrier Reef Marine Park
Huge area backed by strong national Huge area backed by strong national 
legislation, with strong public supportlegislation, with strong public support
FederalFederal--state cooperationstate cooperation
Conservation has precedenceConservation has precedence
Zones based on sound science Zones based on sound science 
modified by public inputmodified by public input
Adaptive management: zones revised Adaptive management: zones revised 
over time  to incorporate new over time  to incorporate new 
informationinformation



Zoning Scheme for 
the Cairns-Cooktown
Section of the Great 
Barrier Reef Marine 
Park

Preservation Zone
Marine National Park Zone
Scientific Research Zone

Habitat Protection Zone

General Use Zone

MAJOR ZONES

Buffer Zone
Conservation Park Zone



Diagnosis of the ProblemDiagnosis of the Problem

FragmentationFragmentation of management of management 
authorityauthority

Spatial mismatchesSpatial mismatches between between 
scale of governance and scale of governance and 
ecological system.ecological system.

Temporal mismatchesTemporal mismatches between between 
governance and ecological governance and ecological 
processes.processes.



DATA AND 
INFORM-

ATION 

ANALYSIS 
AND ADVICE

REVIEW AND 
EVALUATION 

IMPLEMENT
-ATION

DECISION 
MAKING 

We approached  this 
through a 

governance 
framework based on 

the conventional 
policy cycle -- Like 

this one.

A networking approach that makes the best 
use of existing organisations?



5252

Local

National

Global

Regional

Building a multi-scale policy-cycle based 
governance framework

Diversity

Complete

Linked 
laterally

Linked 
vertically

The LME Governance framework

DATA AND 
INFORM-
ATION 

ANALYSIS 
AND ADVICE

REVIEW AND 
EVALUATION 

IMPLEMENT
-ATION

DECISION 
MAKING 

















CARIBBEAN REGION NATIONAL 
CLAIMS TO EXCLUSIVE 
ECONOMIC ZONES AND FISHERY 
ZONES

DISPUTED EEZ CLAIMS

ACCEPTED EEZ CLAIMS

ACCEPTED FZ CLAIMS

TERRITORIAL SEAS



Biogeographic
Realms (12)

Biogeographic
Provinces (62)

Global Biogeographic Framework

Spalding et al. 2007. BioScience 57: 573-583



Global Biogeographic Framework
Showing 232 Ecoregions

Spalding et al. 2007. BioScience 57: 573-583





Resilience & Alternate StatesResilience & Alternate States

Ecosystem State

1 2 3 4

Coral 
Dominance

Overfishing, 
Diadema

dominance

Diadema
Mass-

Mortality

Algal 
Dominance

After Deutsch et al. 2003



Bleaching        and Recovery 2005Bleaching        and Recovery 2005

Photographs by Melissa Keyes, St. Croix





Area-Based Management of the 
Oceans

Marine Spatial 
Planning

Ocean 
Zoning

Permits

Geospatial Assessment and 
Monitoring





Ecosystem-Based 
Management in 

the Wider 
Caribbean Sea

John Ogden
University of South 

Florida

Discovery Bay, Jamaica  1985



The Caribbean is a Large 
Marine Ecosystem (LME)



Global Map of Human Impact on Marine Ecosystems

Halpern et al. 2008. Science 319: 948-952.



Summary of Estimated Values of Selected Goods and 
Services from Coral Reefs in the Caribbean                    

World Resources Institute 2005


