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1​ INTRODUCTION 
 
1.1​ Module Information 

●​ Focus Areas: MPA design 
●​ Level: Technical and Theoretical 
●​ Total Sections: 7 

 
1.2​ Module Description 
This module provides an exploration of the principles and methods required for the ecological and 
social design of effective MPAs, with a focus on the spatial, biological and social (cultural and 
economic) rationale that underpins successful marine conservation. Learners will gain a deep 
understanding of the key scientific concepts including representativeness, replication, and 
connectivity that dictate where and how much of the coast and ocean must be protected. The module 
integrates empirical rules of thumb, the ecological design of large-scale MPAs and the ecological 
importance of MPA networks. 
 
1.3​ Overall Learning Outcomes 
Upon successful completion of the course, learners will be able to: 

●​ Define and distinguish the key MPA design related concepts such as  representativeness, 
connectivity, replication, systemic conservation planning 

●​ Better identify and prioritise key ecological/biological, social, economic and cultural 
features for conservation 

●​ Explain how the Marxan algorithm uses conservation targets and cost layers to produce 
an ecologically optimal spatial design 

●​ Justify the use of specific zones to allow for intended levels of protection 
●​ Contrast the ecological advantages and scientific challenges of Large-Scale MPAs 
●​ Justify the need for MPA networks and the key elements to be included 

 
1.4​ Module Content Outline 

Section 1: Concepts and terminologies 
●​ MPA, MMA, LMMA, zones, representativeness, connectivity 

 
Section 2: Conservation prioritisation  

●​ identifying priority conservation area 
●​ decision support tools (MARXAN) 

 
Section 3: Considerations for design 

●​ ecological/biological, social, economic, cultural  
●​ rules of thumb 
●​ size, connectivity, replication, representativeness 
●​ precautionary principles 

 
Section 4: Levels of protection 

●​ zonation (compatibility, carrying capacity etc.)  
 
Section 5: Large-Scale MPAs  

●​ concept, examples 
 
Section 6: MPA networks 

●​ concept, examples, types 
 
Section 7: Challenges to implementing MPAs 
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1.5​ Estimated Time Required 
An estimate of 60 – 90 minutes per section is reasonable to ensure a deep understanding of the core 
principles. It is therefore estimated that the module should take anywhere between 7 – 10 hours to 
complete. 
 
1.6​ Assessment Strategy 
Each section includes a targeted assessment consisting of: 
 

1.​ Multiple Choice: For factual recall of principles and definitions. 
2.​ Matching: For categorizing services and frameworks. 
3.​ Scenario Analysis: For applying Nexus thinking to real-world conservation challenges. 
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2​ MODULE GLOSSARY 
 
This glossary provides a comprehensive reference for the core concepts and terminologies covered in 
each section of the module. 
 
Section 1: Concepts and Terminologies 

●​ Carrying Capacity: The maximum number of individuals (or level of human activity, like 
tourism) that an environment can support without degrading the ecosystem. 

●​ Connectivity: The physical and biological bridges between marine habitats. It refers to how 
larvae, juveniles, and adults move between sites (e.g., from a mangrove nursery to a coral 
reef) or how ocean currents carry coral eggs from one island to another. 

●​ LMMA (Locally Managed Marine Area): An area of nearshore waters and its associated 
coastal and marine resources that is managed at the local level by the community, 
land-owning groups, or partner organizations. 

●​ MMA (Marine Managed Area): A broader term than MPA. While all MPAs are MMAs, not 
all MMAs are MPAs. An MMA might be managed primarily for resource extraction (like a 
designated fishing zone) rather than strictly for conservation, but it still has a formal 
management plan in place. 

●​ MPA (Marine Protected Area): A clearly defined geographical space, recognized, dedicated, 
and managed through legal or other effective means, to achieve the long-term conservation of 
nature. In the Caribbean, this is the broad umbrella term for parks, reserves, and sanctuaries. 

●​ Representativeness: A design principle ensuring that an MPA or network includes a 
sampling of every habitat type found in the region. A representative network doesn't just 
protect the pretty coral reefs; it also includes the muddy estuaries, deep-water trenches, and 
sandy flats to protect the full spectrum of biodiversity. 

●​ Zonation: The process of dividing an MPA into different sections, each with its own set of 
rules. This allows managers to balance No-Take core areas for fish recovery with Multi-Use 
areas for sustainable tourism or traditional fishing. 

 
Section 2: Conservation Prioritization 

●​ Biodiversity Hotspot: A biogeographic region that is both a significant reservoir of 
biodiversity and is threatened with destruction. 

●​ Benthic Habitat: The lowest level of a body of water, including the sediment surface and 
some sub-surface layers (e.g., seagrass beds or coral reefs). 

●​ Climate Refugia: Areas that remain relatively buffered from contemporary climate change 
and over time, enabling a species or community to survive. 

●​ Upwelling: An oceanographic phenomenon that involves wind-driven motion of dense, 
cooler, and usually nutrient-rich water towards the ocean surface. 

 
Section 3: Considerations for Design 

●​ Edge Effect: The changes in population or community structures that occur at the boundary 
of two or more habitats (e.g., where a protected area meets a fishing zone). 

●​ Home Range: The area in which an animal lives and moves on a periodic basis; MPA size is 
often determined by the home range of target species. 

●​ Larval Dispersal: The spread of larvae from a spawning source to a settlement site via ocean 
currents. 

●​ Spillover Effect: The net movement of fish from an MPA (where populations increase) into 
the surrounding fished areas, benefiting local fisheries. 

 
Section 4: Levels of Protection 

●​ No-Take Zone (NTZ): A marine area where all extractive activities, including fishing and 
shell collecting, are prohibited. 

●​ Multi-Use Zone: A zone within an MPA that allows for specific, regulated human activities 
such as sustainable fishing or tourism. 

3 
 



●​ Buffer Zone: A managed area surrounding a highly protected core zone, designed to 
transition between strict protection and open-use areas. 

●​ Spawning Aggregation (SPAG): A predictable gathering of a large number of fish at a 
specific time and place for the purpose of reproduction. 

 
Section 5: Large-Scale MPAs (LSMPAs) 

●​ EEZ (Exclusive Economic Zone): An area of the ocean (usually up to 200 nautical miles 
from shore) where a state has special rights regarding the exploration and use of marine 
resources. 

●​ AIS (Automatic Identification System): A tracking system used on ships for identifying and 
locating vessels by electronically exchanging data with other nearby ships and satellites. 

●​ Dark Vessel: A vessel that intentionally disables its AIS transponder to avoid detection, often 
while engaging in illegal fishing. 

●​ Synthetic Aperture Radar (SAR): A form of radar used to create 2D images or 3D 
reconstructions of objects, such as ships, regardless of cloud cover or darkness. 

 
Section 6: MPA Networks 

●​ Ecological Connectivity: The physical or biological linkage between different marine 
habitats or protected areas (e.g., larval drift or adult migration). 

●​ Ecological Trilogy: The interconnected ecosystem of Mangroves, Seagrass, and Coral 
Reefs common in the Caribbean. 

●​ Source Reef: A reef that produces a high volume of larvae which are exported via currents to 
other areas. 

●​ Sink Reef: A reef that primarily receives larvae from upstream sources rather than producing 
its own for export. 

 
Section 7: Implementation Challenges 

●​ Paper Park: A marine protected area that has been legally established but lacks the 
management, resources, or enforcement to be effective. 

●​ Effort Displacement: When the closure of one fishing area causes fishers to move their gear 
to a different, often more vulnerable, unprotected area. 

●​ Shifting Baseline: A gradual change in the accepted norms for the condition of the natural 
environment due to a lack of historical knowledge. 

●​ Ridge-to-Reef: A management approach that integrates the protection of terrestrial 
watersheds with the management of coastal marine ecosystems. 
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3​ SECTION 1 - CONCEPTS AND TERMINOLOGIES 
 
3.1​ Description 
This section establishes the language of spatial conservation. These terms aren't just definitions; they 
are the building blocks used by practitioners to justify why and where we protect the ocean. 
 
3.2​ Learning objectives 
Upon completion of this section, learners will be able to: 

●​ Distinguish between Spatial Management Frameworks: Differentiate between the 
objectives, governance structures, and legal standing of Marine Protected Areas (MPAs), 
Marine Managed Areas (MMAs), and Locally Managed Marine Areas (LMMAs). 

●​ Define Core Ecological Design Principles: Explain the scientific rationale behind 
representativeness, replication, and connectivity in the context of marine spatial planning. 

●​ Analyze Connectivity Mechanisms: Describe how larval dispersal, ontogenetic migration, 
and oceanographic currents link disparate marine habitats (e.g., mangroves to coral reefs) 
into a functional network. 

●​ Evaluate Zonation Strategies: Justify the use of different management zones—including 
No-Take, Buffer, and Multi-Use zones—to balance biodiversity conservation with 
sustainable human use. 

●​ Apply Concepts to Caribbean Case Studies: Identify real-world examples in the Wider 
Caribbean Region (such as the SMMA in St. Lucia or the Belize Barrier Reef) where 
these concepts have been successfully implemented to resolve user conflicts or enhance 
ecological resilience. 

 
3.3​ Content 

3.3.1​ Management Frameworks: MPA, MMA, and LMMA 
While these terms all relate to spatial management, they differ in their primary objectives and 
governance structures. 
 

●​ Marine Protected Area (MPA): A clearly defined geographical space, recognized, dedicated, 
and managed through legal or other effective means, to achieve the long-term conservation of 
nature with associated ecosystem services and cultural values. 

●​ Marine Managed Area (MMA): A broader designation that includes MPAs but also 
encompasses areas managed for multiple uses, such as fisheries management, energy 
production, or recreation, where biodiversity conservation may not be the primary goal. 

●​ Locally Managed Marine Area (LMMA): An area of nearshore waters and coastal resources 
managed at the local level by communities, land-owning groups, or local organizations, often 
relying on traditional knowledge and community-based decision-making. 

 
1. Marine Protected Areas (MPAs) 
These are formally designated sites with clear legal status, often focusing on biodiversity conservation 
as the primary goal. 
 

●​ Saba National Marine Park (Saba, Dutch Caribbean): Established in 1987, it circles the entire 
island. It is a premier example of a self-sustaining MPA that uses a zonation system to 
manage recreational diving and traditional fishing while protecting the integrity of the coral 
reef. 

●​ Belize Barrier Reef Reserve System: This is a serial World Heritage site made up of seven 
distinct MPAs (including the famous Great Blue Hole and Half Moon Caye). It demonstrates 
representativeness by protecting a full gradient of ecosystems from coastal mangroves to 
offshore atolls and deep-sea trenches. 
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2. Marine Managed Areas (MMAs) 
MMAs are often larger and accommodate a broader range of human activities and economic uses, 
while still incorporating conservation zones. 
 

●​ Soufrière Marine Management Area (SMMA, St. Lucia): This is a world-renowned example 
of conflict resolution through spatial management. The SMMA manages 12km of coastline by 
dividing it into five zones: Marine Reserves (No-Take), Fishing Priority Areas, Yacht 
Mooring Sites, Recreational Areas, and Multiple Use Areas. It was specifically designed to 
balance the needs of artisanal fishers and the tourism industry. 

●​ Seaflower Biosphere Reserve (San Andrés, Colombia): One of the largest MMAs in the 
Caribbean, it uses a massive spatial plan to manage the diverse uses of the archipelago’s 
waters, including industrial fishing, conservation, and the traditional rights of the Raizal 
people. 

 
3. Locally Managed Marine Areas (LMMAs) 
These areas are characterized by strong community leadership and are often established to restore 
local food security (fisheries) rather than purely for nature's sake. 
 

●​ Oracabessa Bay Fish Sanctuary (Jamaica): This is a standout example of a community-led 
LMMA. Managed by a local foundation in partnership with the government, it uses 
community rangers to enforce a no-take zone. It has seen a massive increase in fish biomass, 
which then spills over into adjacent areas where local fishers operate. 

●​ Special Fishery Conservation Areas (SFCAs, Jamaica): Jamaica has a national network of 
these Fish Sanctuaries. They are effectively LMMAs where the management is devolved to 
local NGOs or fishing cooperatives, ensuring that those who rely most on the sea have the 
primary voice in its protection. 

 

3.3.2​ Spatial Zonation 
Zonation is the practice of dividing an MPA into distinct units to manage different activities and 
impact levels. 
 

●​ Core Zones (No-Take): High-protection areas where all extractive activities (fishing, mining, 
collecting) are prohibited to allow ecosystems to recover or remain pristine. 

●​ Buffer Zones: Areas surrounding core zones that allow for low-impact activities, such as 
research or eco-tourism, acting as a transition to more heavily used waters. 

●​ Multi-Use Zones: Areas where sustainable resource extraction and commercial activities are 
permitted, provided they align with the overall conservation objectives. 

●​ Carrying Capacity: Within these zones, management must account for the maximum level of 
human use an area can sustain without environmental degradation. 

 
Examples of zonation frameworks from the region. 
In the Caribbean, zonation is the primary tool used to balance the competing needs of tourism, 
artisanal fishing, and biodiversity conservation. Because many Caribbean islands have high 
population densities along the coast, simple no-take parks are often less effective than complex, 
multi-zoned systems. 
 
1. Soufrière Marine Management Area (SMMA), St. Lucia 
The SMMA is perhaps the most famous Caribbean example of zonation used for conflict resolution 
between fishers and the tourism industry. It divides the coastline into five specific types of zones: 
 

●​ Marine Reserves: Strict No-Take areas designed to protect fish leads and coral reef health. 
These act as fish factories that eventually seed adjacent areas. 
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●​ Fishing Priority Areas: Specific zones where commercial and artisanal fishing take 
precedence over other activities like diving or yachting. 

●​ Yacht Mooring Sites: Designated areas with permanent moorings to prevent anchor damage to 
seagrasses and corals. 

●​ Recreational Areas: Zones set aside for public swimming and beach activities. 
●​ Multiple Use Areas: Areas where fishing, diving, and other activities can co-exist under 

specific regulations. 
 
2. Bonaire National Marine Park, Dutch Caribbean 
Bonaire is unique because the entire island is surrounded by a marine park. Its zonation focuses 
heavily on the carrying capacity of the reef regarding dive tourism: 
 

●​ No-Dive Reserves: Two specific areas (the Forest on Klein Bonaire and the area from Karpata 
to Goto) where diving and snorkeling are strictly prohibited. These serve as scientific controls 
to see how the reef performs without human presence. 

●​ Kiteboarding and Windsurfing Zones: Specific areas like Lac Bay are zoned to allow 
high-energy water sports while protecting the sensitive mangrove nurseries nearby. 

●​ Mooring Zones: Specific zones where only 1 boat per buoy is allowed, strictly regulating the 
volume of divers at any single site to prevent physical reef damage. 

 
3. Belize Barrier Reef Reserve System 
As a massive, multi-site World Heritage area, Belize uses a sophisticated Nested Zonation approach 
across its different atolls and coastal parks (like Hol Chan or Glover’s Reef): 
 

●​ General Use Zone: The largest portion, where sustainable fishing (using specific gear like 
hand lines) is allowed under a licensing system. 

●​ Conservation Zones (Zone A): Non-extractive zones where only look but don't touch tourism 
(diving and snorkeling) is permitted. 

●​ Preservation Zones (Zone B): The strictest level of protection. No entry is allowed except for 
monitored scientific research. These are often small, sensitive areas like bird nesting colonies 
or rare spawning aggregation sites. 

●​ Special Management Areas: Temporary or seasonal zones, such as Nassau Grouper Spawning 
Sites, which are closed to fishing only during specific months of the year. 

 

3.3.3​ Ecological Design Principles 
To move from a single park to an effective ecological system, two concepts are paramount: 
 

●​ Representativeness: It ensures that the chosen protected areas include examples of the full 
suite of biodiversity found in the region. 

o​ It requires protecting a proportional slice of every habitat type (e.g., mangroves, 
rocky reefs, abyssal plains). 

o​ The goal is to capture the full range of species, biogeographic variations, and 
ecological processes. 

●​ Connectivity: It refers to the movement and exchange of organisms, nutrients, and energy 
between different spatial units. 

o​ Ecological Connectivity: The unimpeded movement of species and the flow of 
natural processes (like larval dispersal) that sustain life. 

o​ Larval Dispersal: In the marine environment, many species rely on ocean currents to 
transport larvae from source areas to sink areas. 

o​ Network Design: Connectivity is the glue that turns a collection of isolated MPAs into 
a functional MPA Network, ensuring populations remain genetically diverse and 
resilient. 
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Case Study: The ECMMAN Project: A Network Approach 
The Eastern Caribbean Marine Managed Areas Network (ECMMAN) project (2013–2017) focused 
on Antigua and Barbuda, Dominica, Grenada, Saint Kitts and Nevis, Saint Lucia, and Saint Vincent 
and the Grenadines. Unlike isolated parks, this project treated the Eastern Caribbean as a single 
ecological unit. 
 
How Connectivity was Incorporated: 
 

●​ Larval Dispersal Modeling: The design used biophysical models of ocean currents to 
understand how fish and coral larvae move between islands. For example, if a reef in Saint 
Vincent acts as a source by releasing larvae into currents that carry them to Saint Lucia (the 
sink), both areas must be managed together to ensure the population's survival. 

●​ Seascape Connectivity: The project emphasized protecting ecological corridors that link 
different habitat types. Research in the Caribbean has shown that the biomass of 
commercially important species like snappers and groupers more than doubles when their 
adult coral reef habitats remain connected to nearby mangrove and seagrass nurseries. 

●​ Regional Decision Support (ECDSS): The Eastern Caribbean Decision Support System was 
updated to include ecological connectivity data, allowing planners to see which new MMAs 
would best support the existing network's biological flow. 

 
3.4​ Further Reading 

3.4.1​ Core IUCN Design Guidelines 
●​ IUCN Guidelines for Conserving Connectivity through Ecological Networks and 

Corridors:The global gold standard for defining and implementing ecological corridors. 
●​ Guidelines for Establishing Marine Protected Areas (Kelleher, 1999): A foundational 

document outlining the legal and institutional requirements for MPAs. 
●​ Marine Connectivity Conservation ‘Rules of Thumb’ for MPA Network Design (2021): 

Practical, science-based rules of thumb for managers to ensure connectivity. 
●​ The MPA Guide: A Framework to Achieve Global Goals for the Ocean: A new, essential tool 

(2021) for categorizing MPAs by their stage of establishment and level of protection. 
 

3.4.2​ Technical Tools and Network Frameworks 
●​ Marxan Conservation Solutions: Official Training Resources: The primary hub for software 

downloads, manuals, and case studies on systematic conservation planning. 
●​ MPA Network Design and Management: Framework and Guidance (2021): A comprehensive 

10-step methodology for designing and evaluating functional MPA networks. 
●​ Practical Guide for Designing MPA Networks (Green et al., 2013): A highly visual 

practitioner’s guide specifically focused on tropical marine ecosystems. 
 

3.4.3​ Caribbean-Specific Connectivity and Management 
●​ Caribbean Connectivity: Implications for MPA Management: A detailed report on how larval 

dispersal and habitat linkages (mangroves to reefs) function within the Caribbean basin. 
●​ Reef Resilience Network: Connectivity Principles: An accessible breakdown of larval 

dispersal and spillover effects with specific Caribbean reef examples. 
●​ MPAConnect Learning Network: The regional hub for Caribbean MPA managers, offering 

peer-to-peer resources and small grant opportunities. 
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https://reefresilience.org/pdf/PractitionerGuide_FINAL_031113.pdf
https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/science/conservation/pdfs/carib.pdf
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3.5​ Assessment 
This assessment is designed to test the learner's understanding of the foundational concepts of MPA 
design, management types, and Caribbean applications. 
 
Part A: Multiple Choice 
1. Which term best describes a spatial management tool where the primary goal is not necessarily 
biodiversity conservation, but may include fisheries management or energy production? 

a) Marine Protected Area (MPA) 
b) Marine Managed Area (MMA) 
c) No-Take Zone 
d) Biosphere Reserve 

 
2. You are designing a network of MPAs and ensure that you include examples of mangroves, 
seagrass beds, coral reefs, and sandy shelves. Which ecological principle are you applying? 

a) Connectivity 
b) Replication 
c) Representativeness 
d) Zonation 

 
3. In the context of the Caribbean, an LMMA (Locally Managed Marine Area) like the Oracabessa 
Bay Fish Sanctuary is typically characterized by: 

a) Management by international NGOs only. 
b) Strong community leadership and local resource management. 
c) A lack of any legal recognition. 
d) Exclusive focus on industrial shipping. 

 
4. A No-Take zone is an example of which management strategy? 

a) Multi-use zonation 
b) Buffer zonation 
c) Core zonation 
d) Carrying capacity management 

 
Part B: Matching 
Match the Caribbean example to its primary management or zonation feature. 
Example Feature 
5. SMMA, St. Lucia A. Large-scale protection of migratory paths (Sharks/Turtles). 
6. Bonaire National Marine 
Park 

B. Conflict resolution through Fishing Priority vs. Marine Reserve 
zones. 

7. Seaflower Biosphere 
Reserve 

C. Use of No-Dive reserves as scientific controls. 

8. ECMMAN Project D. Regional focus on larval dispersal and island-to-island 
connectivity. 

 
Part C: Short Answer and Scenario 
9. Define Connectivity and explain why it is vital for the resilience of Caribbean coral reefs. 
 
Scenario Analysis: A small island nation wants to protect its parrotfish population to help keep reefs 
clean of algae. They decide to create a single, small MPA in the center of the island’s leeward coast. 
10. Why might this single MPA fail to support the parrotfish population in the long term if it ignores 
connectivity? 
 
11. Suggest one way they could use zonation to balance the needs of local artisanal fishers with the 
goal of protecting the parrotfish. 
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Part D: Critical Thinking 
12. Contrast the definitions of an MPA and an MMA. Under what circumstances might a government 
choose to implement a Large Marine Managed Area (MMA) instead of a strict Marine Protected Area 
(MPA)? 
 
3.6​ Answer Key 
Answer 1: B 
Answer 2: C 
Answer 3: B 
Answer 4: C 
Answer 5: B 
Answer 6: C 
Answer 7: A 
Answer 8: D 
Answer 9: Connectivity is the movement and exchange of organisms (such as larvae, juveniles, or 
adults), nutrients, and energy between different spatial units in the marine environment. It is vital for 
larval dispersal, seascape linkages and recovery from disturbance. 
Answer 10: A single small MPA may fail because parrotfish larvae might drift outside the protected 
area (sink), or the area might not include the mangroves/seagrasses needed as nurseries for juveniles 
(seascape connectivity) 
Answer 11: They could implement a Multi-Use Zone where sustainable fishing is allowed but certain 
gear (like nets) is banned to protect parrotfish, while maintaining a No-Take Core in the most critical 
reef habitat. 
Answer 12: Marine Protected Area (MPA): Dedicated primarily to the long-term conservation of 
nature. While it may allow for some human use, biodiversity conservation is the priority. Marine 
Managed Area (MMA): A broader category that manages a variety of human activities (fisheries, 
tourism, energy, transport). Conservation is often one of many objectives rather than the sole primary 
goal. Multiple Use Needs: In areas with high economic activity—such as major shipping lanes, 
offshore energy potential, or industrial fishing grounds—an MMA allows the government to regulate 
these sectors within one framework rather than banning them. Socio-Economic Balance: If a large 
portion of the population relies on artisanal or commercial fishing for food security, an MMA 
provides the flexibility to manage those fisheries sustainably without the strict protection-first 
mandate of an MPA. Scale and Sovereignty: When managing vast areas of the Exclusive Economic 
Zone (EEZ), a Large MMA is often more practical for monitoring and surveillance, allowing for a 
seascapes approach where different zones serve different national interests. Conflict Resolution: 
MMAs are often chosen in crowded coastal waters (like the SMMA in St. Lucia) to provide a legal 
structure that mediates between competing stakeholders (e.g., divers vs. fishers) rather than 
prioritizing one over the other. 
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4​ SECTION 2 – CONSERVATION PRIORITISATION 
 
4.1​ Description 
This section explores how we move from general conservation goals to specific dots on a map. It 
focuses on Systematic Conservation Planning (SCP)—a structured approach that ensures we select 
areas that provide the highest biodiversity value for the lowest socio-economic cost. 
 
4.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Define Systematic Conservation Planning (SCP): Explain the core principles of SCP and 
contrast them with ad-hoc or opportunistic approaches to protected area selection. 

●​ Explain the Marxan concept: Describe the fundamental components of Marxan, including 
conservation targets, cost layers, and the Boundary Length Modifier (BLM), and how they 
interact to find optimal spatial solutions. 

●​ Analyze Socio-Economic Integration: Justify the inclusion of human-use data (fishing, 
tourism, cultural heritage) as cost constraints to minimize social conflict during MPA 
implementation. 

●​ Critique Caribbean SCP Case Studies: Evaluate real-world applications of Marxan and SCP in 
the Caribbean, such as in St. Kitts and Nevis or Montserrat, highlighting how they balanced 
biological and social needs. 

 
4.3​ Content 

4.3.1​ Identifying Priority Conservation Areas 
In the past, many MPAs were chosen opportunistically, often because they were remote, or because 
there was little commercial interest in the water. Today, we use data-driven prioritization to ensure 
efficiency. 
 
What makes an area a Priority? 
According to the IUCN Guidelines, priority areas are identified based on: 
 

●​ Vulnerability: Areas with species or habitats at high risk of being lost (e.g., a specific turtle 
nesting beach). 

●​ Irreplaceability: Areas that contain unique features found nowhere else (e.g., the only known 
spawning site for a particular grouper). 

●​ Ecological Integrity: Large, intact areas that still function naturally without heavy human 
degradation. 

 
Examples of Caribbean ‘Priority Areas’ 
 
1. The Mesoamerican Reef (MAR) Ecoregion 
Spanning the coasts of Mexico, Belize, Guatemala, and Honduras, the MAR is the largest barrier reef 
in the Western Hemisphere. 
 

●​ Why it is a priority: It contains high levels of endemism and critical spawning aggregation 
sites (SPAGs) for species like the Nassau Grouper. 

●​ Key Priority Sites: The Hol Chan Marine Reserve (Belize) and Sian Ka’an Biosphere Reserve 
(Mexico) are recognized as core priority areas for reef connectivity. 

 
2. The Insular Caribbean Biodiversity Hotspot 
Conservation International and the Critical Ecosystem Partnership Fund (CEPF) have identified the 
entire Caribbean archipelago as one of the world’s top biodiversity hotspots. Specific priority 
corridors include: 
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●​ The Massif de la Hotte (Haiti): Though terrestrial, its coastal interface is a high priority due to 
extreme levels of species found nowhere else on Earth. 

●​ The Pedro Bank (Jamaica): Identified as a high-priority area for queen conch and hawksbill 
turtle nesting, and a vital source of larval dispersal for the wider northern Caribbean. 

 
3. Key Biodiversity Areas (KBAs) 
The KBA framework identifies specific sites that contribute significantly to the global persistence of 
biodiversity. In the Caribbean, these often include: 
 

●​ The Grenadines Bank: A transboundary priority area between Grenada and St. Vincent and 
the Grenadines. It is a priority due to its extensive coral reef complexes and its role as a 
migratory corridor for marine mammals. 

●​ North, Middle, and East Caicos (Turks and Caicos): Priority areas for extensive mangrove and 
seagrass systems that act as nurseries for the region's fisheries. 

 
4. Marine Mammal Sanctuaries (The Wider Caribbean) 
Under the SPAW Protocol (Specially Protected Areas and Wildlife), several large-scale priority areas 
have been identified for the protection of Humpback Whales: 
 

●​ Silver Bank and Navidad Bank (Dominican Republic): These are the primary calving and 
mating grounds for the North Atlantic Humpback Whale population. 

●​ Agoa Sanctuary (French Antilles): Covers the EEZs of Guadeloupe, Martinique, Saint Martin, 
and Saint Barthélemy to protect cetacean migration routes. 

 

4.3.2​ Systematic Conservation Planning (SCP) 
SCP is the gold standard for MPA design. It follows a rigorous process: 
 

●​ Compile Data: Map biodiversity (corals, seagrass, fish) and human use (fishing, shipping). 
●​ Set Targets: Decide how much of each feature to protect (e.g., 30% of all coral reefs). 
●​ Review Existing Areas: See what is already protected. 
●​ Select New Areas: Use decision-support tools to find the best remaining spots to meet the 

targets. 
 
Examples of using SCP 
 
1. The Saint Kitts and Nevis Marine Zoning (SKNMMA) 
This is widely cited as a benchmark for SCP in the Caribbean. Between 2009 and 2016, the 
government worked with The Nature Conservancy (TNC) to develop a comprehensive marine spatial 
plan. 
 

●​ The Process: Planners mapped 32 different conservation targets (e.g., coral reefs, seagrass, 
turtle nesting sites) and socio-economic uses (e.g., fishing grounds, ferry routes, yacht 
moorings). 

●​ The Tool: Marxan was used to run thousands of scenarios to find an optimal design that met 
20% protection targets for each habitat type. 

●​ The Outcome: The 2-mile Saint Kitts and Nevis Marine Management Area was established. 
Because SCP was used, the final plan explicitly included Fishing Priority Areas in locations 
where fishers' livelihood would have been most impacted, reducing social conflict. 

 
2. The Caribbean Challenge Initiative (CCI) - Multiple Islands 
The CCI is a regional commitment by Caribbean governments to protect at least 20% of their 
nearshore marine and coastal environments. To achieve this, several islands utilized SCP to identify 
Ecological Gaps. 
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●​ Example — The Bahamas: The Bahamas used SCP to expand its national park system (the 
Bahamas National Trust). By mapping the entire archipelago's biodiversity, they identified 
that while many reefs were protected, deep-water habitats and specific mangrove systems 
were under-represented. 

●​ Example — Grenada: Grenada used a systematic approach to design its Grand Anse Marine 
Management Area. They integrated benthic habitat maps with data on tourism use to ensure 
the MPA protected the reef without shutting down the island's primary tourism hub. 

 
3. The Eastern Caribbean Decision Support System (ECDSS) 
Managed under the OECS (Organisation of Eastern Caribbean States), the ECDSS is a regional data 
platform designed to facilitate SCP across the Lesser Antilles. 
 

●​ The Process: It gathers regional data on bathymetry, reef health, and species distributions. 
●​ The Application: It was used during the ECMMAN Project (Eastern Caribbean Marine 

Managed Areas Network) to help member states like Dominica and Saint Vincent and the 
Grenadines prioritize which areas should be declared as new MMAs based on their potential 
to contribute to regional connectivity. 

 
4. The Montserrat Marine Spatial Plan 
Montserrat utilized a systematic Value-Based approach to marine spatial planning. 
 

●​ The Process: The Blue Halo initiative mapped the island's waters and used stakeholder input 
as cost layers in spatial models. 

●​ The Goal: To identify zones for sustainable fishing and strict protection that would allow the 
island's fisheries to recover following the volcanic activity that destroyed much of its southern 
coastline. 

 
Why was SCP used in these cases? 
In all these examples, SCP was chosen over traditional methods because: 
 

●​ Transparency: It provides a clear, data-backed reason for why a specific area was chosen. 
●​ Efficiency: It ensures the smallest possible area is closed to achieve the maximum biological 

gain. 
●​ Inclusion: It allows Stakeholder Cost (e.g., a favorite fishing spot) to be treated as a 

mathematical constraint, forcing the model to look for alternatives. 
 

4.3.3​ Decision Support Tools: MARXAN 
The most widely used tool for prioritization is Marxan. It is designed to solve a complex mathematical 
problem: How do we meet all our conservation targets while minimizing the cost to society? 
 
How Marxan Works 
Marxan uses an algorithm to evaluate millions of potential MPA boundary combinations. It looks at 
three main factors: 
 

●​ Conservation Targets: The must-haves (e.g., We need 50 km² of mangroves). 
●​ Cost Layers: The penalties for choosing an area. Cost is rarely just money; it usually 

represents Socio-Economic Impact. 
o​ Example: If an area is a primary fishing ground for a local village, it has a High Cost. 

Marxan will try to find a different area that has the same biological value but a Lower 
Cost to the fishers. 

●​ Boundary Length Modifier (BLM): This factor controls how clumped or fragmented the 
network is. A higher BLM encourages Marxan to create fewer, larger protected areas rather 
than many tiny, scattered ones, which are harder to manage and enforce. 

Examples of using Marxan 
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1. Belize: The National Replenishment Zones Expansion 
Belize is currently using Marxan as part of its Belize Sustainable Ocean Plan and its 2013-2019 
expansion of marine replenishment zones (no-take areas). 
 

●​ The Problem: The existing MPA network primarily focused on shallow coral reefs, leaving 
deep-sea habitats and the outer shelf under-represented. 

●​ The Marxan Application: Planners used Marxan to identify new deep-sea replenishment 
zones (some reaching depths of 3,000m) and to re-zone three existing MPAs. 

●​ The Outcome: This led to the protection of 11.6% of Belize's marine waters in fully protected 
areas, specifically targeting under-represented habitats like those in the south-western end of 
the Cayman Trench (Corona Reef). 

 
2. Puerto Rico: The Northeast Marine Corridor 
Marxan was used to support the management plan for the Puerto Rico Marine Corridor of the 
Northeast (PRMCN), which includes five natural reserves. 
 

●​ The Approach: Planners divided the area into over 22,000 hexagonal units (0.2 km² each). 
●​ Conservation Targets: Marxan was tasked with meeting targets for sea turtle nesting beaches, 

bioluminescent bays, and endangered coral species. 
●​ Cost Layers: Unlike simple area goals, this model incorporated a complex threat-based cost 

layer, including vessel damage, light pollution, and coastal infrastructure, to find areas that 
were both ecologically vital and viable for long-term protection. 

 
3. The Grenadine Islands (Grenada and St. Vincent and the Grenadines) 
Through the Grenadines Marine Resource and Space-use Information System (MarSIS), a 
transboundary systematic planning exercise was conducted for the Grenada Bank. 
 

●​ The Process: This project used Marxan to integrate local ecological knowledge from fishers 
with biological data. 

●​ Unique Feature: It was one of the first regional examples to treat the shallow bank spanning 
two different nations as a single ecological unit, using Marxan to identify priority areas that 
support transboundary connectivity for species like queen conch and lobster. 

 
4. The Cayman Islands: MPA Network Redesign 
Since 2008, the Cayman Islands Department of Environment has worked with partners like The 
Nature Conservancy to redesign their MPA network. 
 

●​ The Method: Marxan was used to evaluate the efficiency of the original 1986 marine parks. 
●​ The Result: The software helped identify that the original parks were too small and 

fragmented to protect mobile species. This data supported the eventual expansion of their 
No-Take shelf area from ~15% to 45% to ensure representative protection of all marine 
habitats. 

 

4.3.4​ Integrating Social, Economic, and Cultural Considerations 
A design that is perfect on paper but ignores the people who use the sea will likely fail. Modern 
prioritization includes: 
 

●​ Cultural Features: Prioritizing shipwrecks, traditional fishing shrines, or indigenous sea 
territories. 

●​ Economic Features: Mapping high-value tourism dive sites vs. industrial shipping lanes to 
avoid win-lose scenarios. 

●​ Stakeholder Knowledge: Integrating Local Ecological Knowledge (LEK) from fishers who 
know where the fish aggregate better than a satellite might. 
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Example of integrating social, economic and cultural considerations 
 
An example of this is the Montserrat Marine Spatial Plan (MSP), developed through the Blue Halo 
initiative. While many marine plans focus strictly on biological data, Montserrat’s approach was built 
on the principle that the island’s residents, particularly its fishers, are the primary stakeholders of the 
sea. 
 
1. Social Considerations: Stakeholder-Driven Mapping 
Instead of relying solely on satellite data, the planning process began with participatory mapping. 
 

●​ Method: Planners conducted extensive interviews and workshops with local fishers to map 
Local Ecological Knowledge (LEK). 

●​ Integration: These maps identified not just where the fish were, but where the community had 
a deep social connection to the sea. By acknowledging these high-use social areas, the plan 
avoided closing off sites that were culturally significant for community identity. 

 
2. Economic Considerations: Protecting Livelihoods 
Montserrat’s narrow volcanic shelf means that fishing space is extremely limited. A perfect ecological 
design would have significantly harmed the local economy. 
 

●​ The Cost Layer: In the systematic planning process, the primary cost wasn't financial—it was 
the displacement of fishers. 

●​ Balancing Act: The plan prioritized sustainable use zones over no-take zones in areas that 
were economically vital. It utilized economic data to ensure that the most productive fishing 
grounds remained open, while placing strict protections on less-frequented but ecologically 
critical areas. 

 
3. Cultural Considerations: Traditional Knowledge and Heritage 
Montserrat’s marine environment is deeply tied to its history, including areas impacted by the 
Soufrière Hills volcanic eruptions. 
 

●​ Traditional Rights: The plan respected the traditional rights of artisanal fishers, ensuring that 
spear fishing and pot fishing (traps)—which are part of the island’s cultural heritage—were 
managed rather than simply banned. 

●​ Historical Sites: The prioritization process included cultural heritage sites, such as shipwrecks 
and submerged volcanic features, ensuring they were protected as part of the island’s blue 
cultural landscape. 

 
4. Integration via the Value-Based Approach 
The final plan was not just a map of fish; it was a map of values. By integrating these layers, the 
government was able to: 
 

●​ Reduce Conflict: Because fishers saw their own data on the maps, there was higher buy-in 
and less resistance to the new regulations. 

●​ Create Realistic Enforcement: A plan that respects social and economic realities is easier for a 
small island to enforce than one that turns the local population against the conservation goals. 

 
4.4​ Further Reading 

4.4.1​ Technical Manuals and Software Guides 
●​ Marxan User Manual (v2.1): The definitive technical guide for setting up planning units, 

targets, and cost layers. 
●​ Systematic Conservation Planning (Margules and Pressey, 2000): The seminal paper that 

defined the SCP framework used globally today. 
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●​ Marxan and Guide to Its Use: An interactive learning portal for conservation planners to 
understand the Boundary Length Modifier and Selection Frequency. 

 

4.4.2​ Caribbean Case Studies in Prioritization 
●​ Marine Zoning in Saint Kitts and Nevis (Agostini et al.): A detailed report on how Marxan 

was used to balance ecological targets with fishing and transportation costs. 
●​ The Grenadines Marine Resource and Space-use Information System (MarSIS): A summary 

of the transboundary systematic planning exercise between Grenada and St. Vincent. 
●​ Prioritizing Marine Conservation in the Bahamas: The national plan utilizing gap analysis and 

SCP to expand the protected area network. 
●​ Belize Integrated Coastal Zone Management Plan: A primary example of integrating social 

and economic data into a national spatial prioritization framework. 
 

4.4.3​ Global Guidelines on Prioritization 
●​ IUCN Global Standards for the Identification of Key Biodiversity Areas (KBAs): The 

methodology used to identify Priority Areas based on vulnerability and irreplaceability. 
●​ A Functional Guide to Systematic Conservation Planning: A modern review of how to 

integrate climate change and stakeholder costs into marine designs. 
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4.5​ Assessment 
This assessment evaluates conservation prioritization, the application of Systematic Conservation 
Planning (SCP), the use of Marxan and the integration of socio-economic data in the Caribbean 
context. 
 
Part A: Multiple Choice 
1. Which of the following is a hallmark of Systematic Conservation Planning (SCP) as opposed to 
opportunistic selection? 

a) Selecting areas solely because they have no commercial value. 
b) Using a structured, data-driven process to meet specific biodiversity targets. 
c) Relying only on anecdotal evidence from a single stakeholder group. 
d) Closing the largest possible area regardless of social impact. 
 

2. In a Marxan analysis, the Cost Layer most often represents: 
a) The salary of the MPA park rangers. 
b) The physical depth of the ocean floor. 
c) The socio-economic impact or penalty of closing an area (e.g., lost fishing access). 
d) The number of fish species present in a planning unit. 
 

3. The Boundary Length Modifier (BLM) in Marxan is used to: 
a) Increase the speed of the computer's processor. 
b) Determine the exact depth of a coral reef. 
c) Control the clumpiness of the network, favouring fewer large areas over many small ones. 
d) Calculate the distance between two different countries. 
 

4. Why was the Montserrat Blue Halo initiative considered a strong example of integrated planning? 
a) It ignored all biological data in favour of tourism. 
b) It used participatory mapping to include local fisher knowledge as a core data layer. 
c) It banned all forms of fishing across the entire island shelf. 
d) It focused only on deep-sea habitats where no one fishes. 

 
Part B: True or False 
Indicate if true or false and provide a one-sentence justification. 
5. Irreplaceability refers to an area that contains unique features not found elsewhere in the planning 
region. 
 
6. If a Marxan model is run with a very low BLM, the resulting MPA design will likely consist of 
large, contiguous blocks. 
 
7. Systematic Conservation Planning requires setting explicit, quantitative targets (e.g., Protect 20% 
of all Mangroves). 
 
Part C: Scenario Application 
The Fisher's Dilemma Scenario: 
You are using Marxan to design an MPA network for a Caribbean island. You have two potential sites 
(Site A and Site B) that both contain the exact same amount of endangered Elkhorn Coral (your 
conservation target). 
 

●​ Site A is a primary artisanal fishing ground for a local village. 
●​ Site B is rarely visited by fishers because it is difficult to access. 

 
8. If you set fishing intensity as your Cost Layer, which site is Marxan more likely to select? Why? 
 
9. How does this approach help reduce social conflict during the implementation phase of the MPA? 
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Part D: Short Essay 
10. Transboundary Prioritization: Using the example of the Grenadine Islands (MarSIS), explain the 
importance of conducting systematic conservation planning across national borders.  
 
11. What is one biological and one political challenge of this approach? 
 
 
4.6​ Answer Key 

●​ Answer 1: B 
●​ Answer 2: C 
●​ Answer 3: C 
●​ Answer 4: B 
●​ Answer 5: True. If that site is lost, the target for that specific feature cannot be met elsewhere. 
●​ Answer 6: False. A low BLM results in more fragmented, scattered planning units because 

there is no penalty for long boundaries. 
●​ Answer 7: True. Targets are necessary for the algorithm to know when a solution has been 

reached. 
●​ Answer 8: Marxan will likely select Site B. Because Site A has a higher cost (impact on 

fishers), the algorithm seeks the most efficient way to meet the coral target at the lowest total 
cost. 

●​ Answer 9: It shows stakeholders that planners are actively trying to avoid their most 
important areas, which builds trust and buy-in. 

●​ Answer 10: Species like lobster and conch move across the bank regardless of the maritime 
border between Grenada and St. Vincent. 

●​ Answer 11:   Biological Challenge: Getting standardized data from two different government 
agencies. Political Challenge: Aligning different legal frameworks and enforcement capacities 
between two sovereign nations. 
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5​ SECTION 3 – CONSIDERATIONS FOR DESIGN 
 
5.1​ Description 
This section moves from the where of conservation to the how. Once priority areas are identified, 
planners must apply specific design Rules of Thumb to ensure the MPA is large enough, correctly 
shaped, and positioned to actually achieve its biological goals. 
 
5.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Apply Scientific Rules of Thumb to MPA Design: Utilize empirical guidelines for size, shape, 
and spacing to create boundaries that effectively protect mobile marine species. 

●​ Explain the importance of compact shapes in reducing edge effects and simplifying maritime 
enforcement for rangers and fishers. 

●​ Justify Habitat Replication: Explain the Insurance Rule and why protecting multiple examples 
of the same habitat type is critical for regional resilience against localized disasters (e.g., 
hurricanes or oil spills). 

●​ Synthesize Social and Cultural Design Factors: Adapt ecological designs to include traditional 
sea-use patterns, cultural heritage sites, and local stakeholder needs to ensure long-term 
compliance and equity. 

●​ Apply the Precautionary Principle: Defend the necessity of making spatial management 
decisions in the face of scientific uncertainty to prevent irreversible environmental 
degradation. 

 
5.3​ Content 

5.3.1​ The Scientific Rules of Thumb 
While every ecosystem is unique, the IUCN Guidelines and the 2021 MPA Network Design 
Framework suggest several empirical rules for design: 
 

●​ Size: The Home Range Rule 
o​ Rule: An MPA should be large enough to encompass the typical movement patterns 

(home ranges) of the species it is intended to protect. 
o​ Application: For a Caribbean reef, this might mean a minimum diameter of 4–10 km 

to protect sedentary species like groupers or snappers. If the MPA is too small, fish 
will frequently wander outside the boundaries and be caught. 

 
●​ Shape: The Boundary Rule 

o​ Rule: Simple, compact shapes (like squares, rectangles, or circles) are preferred over 
complex or stringy shapes. 

o​ Rationale: 

▪​ Management: It is easier for fishers to identify a straight boundary and for 
rangers to patrol it. 

▪​ Ecological: Compact shapes have a higher Area-to-Perimeter ratio, which 
reduces edge effects (where activities outside the MPA negatively impact the 
center). 

 
●​ Replication: The Insurance Rule 

o​ Rule: Include at least three to five examples of each habitat type (e.g., three separate 
mangrove forests) within a network. 

o​ Rationale: This provides an ecological insurance policy. If one reef is destroyed by a 
hurricane or a bleaching event, the others remain to provide larvae for recovery. 
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5.3.2​ Ecological, Social, and Cultural Considerations 
●​ Ecological and Biological 

o​ Habitat Linkages: Design must include the seascape (the connection between 
mangroves, seagrass, and reefs). 

o​ Critical Life Stages: Boundaries should be drawn to include specific sites used for 
spawning or nesting. 

 
●​ Social and Economic 

o​ Compatibility: Designing zones that allow compatible uses (e.g., diving and research) 
to share space while separating incompatible ones (e.g., industrial shipping and coral 
nurseries). 

o​ Equity: Ensuring that the cost of the MPA is not borne entirely by one community or 
group of fishers. 

 
●​ Cultural 

o​ Indigenous and Local Knowledge: Integrating traditional sea-use patterns and sacred 
sites into the formal design. 

o​ Heritage: Protecting shipwrecks or submerged historical sites as part of the marine 
landscape. 

 

5.3.3​ The Precautionary Principle 
In marine design, we often lack perfect data. The Precautionary Principle states that: 
 
Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be 
used as a reason for postponing cost-effective measures to prevent environmental degradation. 
 
In MPA design, this means it is better to protect an area now, based on the best available information, 
rather than waiting for decades of research while the habitat disappears. 
 

5.3.4​ Caribbean Example: The Grenadines Bank Design 
During the design of the transboundary network between Grenada and St. Vincent and the Grenadines, 
planners used these considerations to refine their maps: 
 

●​ Size: They ensured that the protected zones around the small cays were large enough to 
include the deep-water drop-offs where adult fish congregate. 

●​ Connectivity: They prioritized stepping stone MPAs across the bank to ensure that larvae 
could travel from the southern islands to the northern ones. 

●​ Cultural: They specifically adjusted boundaries to allow for traditional Regatta routes and 
seasonal harvesting of specific species that are culturally significant to the Grenadine people. 

 

5.3.5​ Case Study: The original 1986 Marine Park system in the Cayman Islands (before its 
comprehensive redesign and expansion in 2021) 

While groundbreaking at the time, the original design suffered from several poor design traits: 
 
1. The Fragmentation Problem (Size and Spacing) 

●​ The Flaw: The original parks were designed as small, disconnected strips of coastline, often 
only a few hundred meters wide. 

●​ The Consequence: These areas were too small to encompass the home ranges of mobile 
species like groupers or snappers. Fish would frequently swim outside the tiny protected 
boundaries and be caught, a phenomenon known as fishing the line. The design lacked the 
necessary size to be self-sustaining. 
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2. Lack of Habitat Connectivity (Seascape Linkage) 

●​ The Flaw: Many of the original zones protected only the fringing reef but stopped before 
reaching the adjacent mangroves or seagrass beds. 

●​ The Consequence: Because snapper and grouper use mangroves as nurseries before moving to 
the reef as adults, protecting only the reef is like protecting a bedroom but destroying the 
nursery. Without connectivity between these habitats, the fish populations could not replenish 
themselves effectively. 

 
3. Edge Effects and Complex Boundaries 

●​ The Flaw: Some areas had highly complex, irregular boundaries that followed the jagged 
coastline. 

●​ The Consequence: This created a high perimeter-to-area ratio. It made enforcement extremely 
difficult for rangers to monitor and for fishers to know exactly where the line was. 
Furthermore, the edge effects (pollution or noise from outside the park) could easily reach the 
center of such narrow protected strips. 

 
4. Failure to Account for Larval Drift 

●​ The Flaw: The sites were chosen opportunistically—where it was easy to put a park—rather 
than through larval dispersal modeling. 

●​ The Consequence: Some parks were located in sink areas that didn't provide larvae to the rest 
of the island, while critical source reefs that could have seeded the entire coast remained 
unprotected. 

 
5. Social Misalignment 

●​ The Flaw: The original design did not use Systematic Conservation Planning to account for 
modern fishing pressure or tourism carrying capacity. 

●​ The Consequence: As Grand Cayman developed, the small parks were overwhelmed by the 
sheer volume of divers and snorkelers, leading to physical reef damage because the design 
didn't include enough Replication or Buffer Zones to spread the human impact. 

 
The Lesson: The 2021 Redesign 

●​ Recognizing these failures, the Cayman Islands Department of Environment used Marxan and 
the Rules of Thumb discussed in this section to overhaul the system. They expanded the 
No-Take shelf area from 15% to 45%, creating much larger, contiguous blocks that protect the 
entire reef-to-mangrove gradient. 

 
5.4​ Further Reading 

5.4.1​ Core Design Frameworks and Manuals 
●​ MPA Network Design and Management: Framework and Guidance (2021): A modern, 

comprehensive guide outlining the 10-step process for ecological design, including size and 
spacing rules. 

●​ Practical Guide for Designing MPA Networks (Green et al., 2013): highly visual resource that 
translates complex biophysical science into rules of thumb for practitioners. 

●​ IUCN Guidelines for Establishing Marine Protected Areas: The foundational IUCN Best 
Practice Protected Area Guidelines covering legal, social, and ecological design 
considerations. 

 

5.4.2​ Scientific Rules of Thumb and Technical Papers 
●​ Marine Connectivity Conservation ‘Rules of Thumb’ for MPA Network Design (2021): 

Precise guidelines on how far apart MPAs should be to maintain larval flow. 
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●​ Designing Marine Reserves for Fisheries Management (Gaines et al., 2010): A deep dive into 
the science of how size and shape affect the spillover of fish into surrounding waters. 

●​ The Precautionary Principle in Marine Conservation (Lauck et al., 1998): A classic text 
explaining why we must design MPAs even when data is incomplete. 

 

5.4.3​ Caribbean Case Studies and Design Applications 
●​ The Cayman Islands Marine Parks Review: A detailed report explaining the scientific 

rationale behind the move from poor design (1986) to the modern, expanded system. 
●​ A National Protected Area System Plan for The Bahamas: Highlights how ecological gap 

analysis informed the design of one of the Caribbean's largest MPA networks. 
●​ MarSIS: The Grenadines Marine Resource and Space-use Information System: Information 

on how participatory mapping was used to integrate social and cultural considerations into the 
Grenadine Bank design. 
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5.5​ Assessment 
This assessment evaluates the learner's understanding of the application of Rules of Thumb, the 
Precautionary Principle, and the integration of social and ecological factors into MPA boundaries. 
 
Part A: Multiple Choice 
1. If an MPA is designed to protect a species of snapper that has a 5km home range, but the MPA is 
only 1km wide, what is the most likely biological outcome? 

a) The fish will stay in the center of the MPA and be safe. 
b) The fish will frequently swim outside the boundary and be caught (fishing the line). 
c) The fish will stop moving and adapt to the smaller area. 
d) The fish will reproduce faster to compensate for the small size. 
 

2. Which of the following describes a compact shape with a high Area-to-Perimeter ratio? 
a) A long, narrow strip following the coastline. 
b) A series of disconnected small circles. 
c) A large square or rectangle. 
d) A star-shaped boundary with many fingers. 
 

3. The Insurance Rule in MPA design refers to which concept? 
a) Paying a fee to ensure the park is managed. 
b) Replication: protecting multiple examples of the same habitat to guard against localized 
disasters. 
c) Connectivity: ensuring fish can move between reefs. 
d) Representativeness: protecting every different type of habitat. 
 

4. According to the Precautionary Principle, when should a government move forward with MPA 
design? 

a) Only when there is 100% scientific certainty about every species. 
b) Only after at least 20 years of baseline data collection. 
c) When there is a threat of serious damage, even if some scientific data is incomplete. 
d) Only when the local fishing community is in 100% agreement. 

 
Part B: Short Answer and Definition 
5. Explain the Boundary Rule.  
 
6. Why are simple, straight boundaries preferred over complex, jagged ones in a Caribbean context? 
 
7. Define Seascape Connectivity.  
 
8. Provide one Caribbean example of two habitats that should be protected together to support a single 
species' life cycle. 
 
Part C: Case Study Analysis 
Learning from Failure: 
The original 1986 Cayman Islands Marine Park design was criticized for being fragmented. 
 
9. Based on the Rules of Thumb, explain why fragmentation is considered a poor design trait. 
 
10. Identify one way the 2021 redesign addressed this flaw. 
 
Part D: Critical Thinking and Synthesis 
Balancing Social and Ecological Design: 
You are a manager tasked with designing an MPA. The best ecological spot for a No-Take zone is 
exactly where a local community holds an annual traditional fishing festival (a cultural consideration). 
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11. How might you use zonation or boundary adjustment to resolve this conflict while still meeting 
your conservation goals? 
 
12. Why is it dangerous to ignore this cultural consideration during the design phase? 
 
5.6​ Answer Key 

●​ Answer 1: B 
●​ Answer 2: C 
●​ Answer 3: B 
●​ Answer 4: C 
●​ Answer 5: Straight boundaries are easier to manage because fishers can use line of sight or 

simple GPS coordinates. 
●​ Answer 6: Complex boundaries are hard to patrol and increase edge effects where outside 

impacts penetrate the park. 
●​ Answer 7: The linkage between different habitat types. 
●​ Answer 8: Protecting mangroves (nurseries) and adjacent coral reefs (adult habitat) for 

species like the Schoolmaster Snapper. 
●​ Answer 9: Fragmentation creates many small areas with high perimeters. These areas fail to 

protect mobile species and are harder to enforce than a single large block. 
●​ Answer 10: he 2021 redesign moved to much larger, contiguous blocks (e.g., expanding 

protected shelf area from 15% to 45%). 
●​ Answer 11: One could create a Special Use Zone that is no-take for 364 days a year but 

allows for the traditional festival or shift the boundary slightly to an ecologically similar area 
that doesn't host the festival. 

●​ Answer 12: Ignoring it leads to community resentment, lack of compliance, and Paper Parks 
where the local population actively works against conservation efforts. 
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6​ SECTION 4 – LEVELS OF PROTECTION 
 
6.1​ Description 
This section explores how to manage the intensity and types of human activities within a protected 
area. Effective design is not just about where an MPA is located, but how it is divided to 
accommodate different needs through zonation. 
 
6.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Categorize Levels of Marine Protection: Differentiate between Fully, Highly, and 
Lightly/Minimally protected areas based on the degree of extractive and destructive activities 
permitted. 

●​ Propose a multi-zone layout (e.g., Core, Buffer, and Multi-Use zones) that effectively 
separates incompatible activities like industrial shipping, artisanal fishing, and SCUBA 
diving. 

●​ Explain the Mechanics of Spillover: Illustrate how Adult/Juvenile movement and Larval 
Export from No-Take zones contribute to regional food security and fishery replenishment. 

●​ Critique how case studies like the Soufrière Marine Management Area (SMMA) use spatial 
mapping to balance the competing needs of tourism and local livelihoods. 

●​ Compare the effectiveness of different capacity tools used in the Caribbean, such as 
mandatory guide systems, user fees, and vessel limits. 

 
6.3​ Content 

6.3.1​ The Spectrum of Protection 
Marine protection is not all or nothing. According to the IUCN and the 2021 MPA Guide, protection 
levels are categorized based on the impact of activities allowed: 
 

●​ Fully Protected (No-Take): All extractive and destructive activities are prohibited. These are 
the gold standard for biodiversity recovery. 

●​ Highly Protected: Only light subsistence fishing or very low-impact activities are allowed. 
●​ Lightly/Minimally Protected: Most extractive activities are allowed, but they are managed or 

regulated to reduce their environmental footprint. 
 
Examples: 
 
1. Fully Protected (No-Take)In these areas, all extractive and destructive activities are prohibited. 
They serve as biological banks to replenish surrounding waters. 
 

●​ Exuma Cays Land and Sea Park (The Bahamas): Established in 1958, this was the first of its 
kind in the world. Since 1986, the entire 455 km2 park has been a strict No-Take zone. 
Research has shown that the biomass of Nassau Grouper within the park is several times 
higher than in unprotected areas, providing a massive source of larvae for the rest of the 
Bahamas. 

 
2. Highly Protected 
In these areas, extraction is extremely limited (e.g., small-scale subsistence) and most high-impact 
activities are banned. 
 

●​ Saba National Marine Park (Saba): While the park is famous for its conservation, it is 
categorized as highly protected rather than fully because it utilizes a zonation system that 
allows for traditional line fishing in specific areas. However, the majority of the island’s shelf 
is under strict non-extractive management, prioritizing diving and research. 
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3. Lightly / Minimally Protected 
In these areas, many extractive activities occur, but they are managed via gear restrictions, seasons, or 
permits to reduce their impact. 
 

●​ The South Coast Marine Management Area (St. Vincent): This is a multi-use area where 
artisanal fishing is a primary activity. The management focuses on mooring for yachts and 
regulating the types of nets used, rather than closing the area to fishers. It acts as a managed 
space to prevent habitat destruction while supporting local livelihoods. 

 

6.3.2​ Zonation: Balancing Use and Conservation 
Zonation is the primary spatial tool used to manage these different levels of protection within a single 
MPA. 
 
Compatibility of Uses 
When designing zones, planners must evaluate which activities can happen in the same space: 
 

●​ Compatible: SCUBA diving and scientific research often share the same zone. 
●​ Incompatible: Industrial shipping and coral reef restoration; or spear-fishing and high-end 

snorkeling tours. 
 
Common Zone Types in the Caribbean 

●​ Core/Preservation Zone: Entry is often restricted to research and monitoring only. 
●​ Marine Reserve (No-Take): Non-extractive tourism (diving/snorkeling) is allowed, but fishing 

is strictly banned. 
●​ Buffer Zone: Surrounds the core, to transition between high protection and high use. 
●​ Multi-Use/Sustainable Use Zone: Managed fishing, anchoring, and transport are permitted 

under specific gear or seasonal restrictions. 
 
Example: 
 
One example of a multi-zoned MPA is the Soufrière Marine Management Area (SMMA) in St. Lucia. 
he SMMA was specifically designed to resolve intense conflicts between hoteliers, commercial 
divers, yacht operators, and local artisanal fishers. It uses a sophisticated zonation strategy to separate 
incompatible activities along 11km of coastline. The SMMA is divided into five distinct types of 
zones, each with its own Level of Protection: 
 
1. Marine Reserves (Fully Protected) 

●​ Purpose: To protect reef fish populations and allow them to grow and reproduce undisturbed. 
●​ Rules: No fishing or extraction of any kind is allowed. Only non-extractive activities like 

snorkeling and SCUBA diving are permitted (with a permit fee). 
●​ Benefit: These act as the engine room for the area, creating spillover into adjacent zones. 

 
2. Fishing Priority Zones (Multi-Use) 

●​ Purpose: To protect the livelihoods of local fishers. 
●​ Rules: In these areas, commercial and recreational fishing have priority over other uses. 

Divers and yachts are generally discouraged or restricted here to prevent gear entanglement 
(e.g., with fishing pots or nets). 

●​ Benefit: It ensures that conservation doesn't crowd out the traditional economic heart of the 
community. 

 
3. Yacht Mooring Sites (Highly Protected/Managed) 

●​ Purpose: To facilitate tourism while protecting the seabed. 
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●​ Rules: Yachts are forbidden from anchoring (which destroys coral and seagrass). They must 
use designated mooring buoys. 

●​ Benefit: This manages the Carrying Capacity of the bay by limiting the number of boats to the 
number of available buoys. 

 
4. Multiple Use Zones (Lightly Protected) 

●​ Purpose: To provide space for general recreation and transit. 
●​ Rules: A catch-all zone where fishing, diving, and boating can coexist, provided they follow 

general national regulations. 
●​ Benefit: Reduces the pressure on the more sensitive Marine Reserves. 

 
5. Recreational Areas 

●​ Purpose: Specifically designated for public use, such as swimming and beach-side relaxation. 
●​ Rules: Usually located near popular beaches (like Anse Chastanet), where motorized boat 

traffic is restricted for swimmer safety. 
 

6.3.3​ Carrying Capacity 
A major consideration for Caribbean MPAs is Carrying Capacity, the maximum level of human use an 
area can sustain without environmental degradation or a decline in the quality of the user experience. 
 

●​ Ecological Carrying Capacity: How many divers can visit a reef before the physical contact 
(flippers/hands) kills the coral? 

●​ Social Carrying Capacity: How many boats can be in a bay before visitors feel crowded and 
the cultural value of the site is lost? 

 
Example: 
 
Managing carrying capacity is a critical challenge for Caribbean MPAs, especially those centered on 
high-volume tourism. 
 
Stingray City is a globally famous sandbar where tourists interact with Southern Stingrays. Due to the 
sheer volume of visitors, the Cayman Islands government implemented the Wildlife Interaction Zone 
(WIZ) to manage capacity. 
 

●​ Vessel Limits: Regulations restrict the number of boats and visitors allowed at the sandbar 
simultaneously to prevent overcrowding and stress on the animals. 

●​ Operating Hours: Interaction is restricted to specific hours to allow the stingrays periods of 
rest without human presence. 

●​ Strict Feeding Rules: To prevent ecological imbalance and health issues for the rays, only 
specific types and quantities of food are permitted, which are strictly monitored by rangers. 

 

6.3.4​ The Concept of Spillover 
Spillover is one of the primary selling points of Marine Protected Areas to the fishing community. It is 
the process where the benefits of a No-Take Zone (where fishing is banned) literally leak into the 
surrounding areas where fishing is allowed. The concept operates on two distinct biological levels: 
Adult/Juvenile Movement and Larval Export. 
 
1. The Saturated Sponge Effect (Adult/Juvenile Movement) 
Think of a No-Take Zone like a sponge. When you stop fishing, the fish within that zone live longer, 
grow larger, and become more numerous. Eventually, the sponge becomes saturated—the habitat 
reaches its carrying capacity. 
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●​ Density-Dependent Emigration: As the population inside the MPA grows, competition for 
food and territory increases. 

●​ The Movement: To find more space or better resources, some adult and juvenile fish move 
across the MPA boundary into the adjacent fished zones. 

●​ The Result: Fishers often find the highest catch rates right along the edge of the MPA—a 
practice known as Fishing the Line. 

 
2. The Larval Factory (Larval Export) 
This is often the more significant, though less visible, form of spillover. 
 

●​ Size Matters: In the marine world, a fish's reproductive output increases exponentially with its 
size. A single large Super-Spawner snapper can produce more eggs than dozens of smaller 
fish combined. 

●​ The Export: Because these giant fish are protected inside the MPA, they produce millions of 
larvae. These larvae are tiny and float in the water column (planktonic). 

●​ The Result: Ocean currents carry these larvae far beyond the MPA boundaries—sometimes 
tens or hundreds of kilometers away—replenishing fish stocks in distant fishing grounds. 

 
3. Caribbean Example: Exuma Cays, Bahamas 
The Exuma Cays Land and Sea Park provides some of the best evidence for spillover in the region: 
 

●​ Research Finding: Studies on Nassau Grouper and Queen Conch showed that the park acts as 
a source for the rest of the Exuma bank. 

●​ The Proof: Tagging studies and genetic testing confirmed that larvae spawned within the 
protected No-Take zone were settling in areas where local fishers were reporting increased 
catches. 

 
4. Requirements for Successful Spillover 
Spillover doesn't happen automatically; it requires specific design features: 
 

●​ High Level of Protection: If moderate fishing is allowed in the core, the fish never reach the 
size or density needed to trigger a spillover. 

●​ Correct Size: If the MPA is too small, the fish are caught before they can grow into 
Super-Spawners. If it is too large, the adult fish may never reach the edge to spill over into the 
fishing grounds. 

●​ Habitat Continuity: There must be a continuous habitat (like a continuous reef or seagrass 
bed) across the boundary to act as a highway for the fish to move. 

 
6.4​ Further Reading 

6.4.1​ Global Standards and Protection Manuals 
●​ The MPA Guide: A Framework to Achieve Global Goals for the Ocean (2021): The definitive 

scientific framework for classifying Fully, Highly, Lightly, and Minimally protected areas. 
●​ IUCN Guidelines for Applying the IUCN Protected Area Management Categories to MPAs: 

Detailed definitions of the six IUCN categories and how they apply to marine zonation. 
●​ A Guide to Maritime Zonation (UNESCO-IOC): A step-by-step manual on Marine Spatial 

Planning (MSP) and the creation of multi-use zones. 
 

6.4.2​ Spillover and Carrying Capacity Science 
●​ The Evidence for Spillover: A Global Review: A comprehensive paper explaining the 

biological mechanisms of adult fish movement and larval export from no-take zones. 
●​ Estimating Ecological Carrying Capacity for Reef Tourism: Technical research on calculating 

the limits of change for coral reefs facing high diver and snorkeler volume. 
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●​ Larval Connectivity in the Caribbean (Cowen et al.): A foundational study on how ocean 
currents move larvae across the Caribbean seascape. 

 

6.4.3​ Caribbean Zonation Case Studies 
●​ Management Plan for the Soufrière Marine Management Area (SMMA), St. Lucia: The 

official management document detailing the five-zone system used to resolve fisher-tourist 
conflicts. 

●​ The Exuma Cays Land and Sea Park: A Case Study in Success: Insights from the Bahamas 
National Trust on the history and biological results of the region’s oldest fully protected MPA. 

●​ Bonaire National Marine Park Management Plan: A detailed look at how STINAPA manages 
carrying capacity through orientation, fees, and mooring systems. 

●​ Hol Chan Marine Reserve: Zonation and Management: An overview of the four-zone system 
(A, B, C, D) used to protect the Belize Barrier Reef while supporting tourism. 
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6.5​ Assessment 
This assessment evaluates the learner’s knowledge of the spectrum of marine protection, the 
mechanics of zonation, carrying capacity, and the biological concept of spillover..  
 
Part A: Multiple Choice 
1. Which level of protection is considered the Gold Standard for rapid biodiversity recovery and 
increased fish biomass? 

a) Minimally Protected 
b) Lightly Protected 
c) Fully Protected (No-Take) 
d) Multi-Use Managed Area 
 

2. In the Soufrière Marine Management Area (SMMA), Fishing Priority Zones were created primarily 
to: 

a) Ban all tourism from the island. 
b) Reduce conflict by giving fishers dedicated space where they aren't disrupted by yachts or 
divers. 
c) Ensure that only industrial trawlers can operate near the coast. 
d) Protect coral reefs from anchor damage. 
 

3. Social Carrying Capacity in a Caribbean MPA context refers to: 
a) The amount of nitrogen a reef can absorb before algae grows. 
b) The maximum number of visitors an area can have before the user experience declines due to 
crowding. 
c) The total weight of fish a boat can legally carry. 
d) The number of rangers required to patrol a square kilometer. 
 

4. The Spillover Effect is most effective when: 
a) The MPA is very small and has no enforcement. 
b) The fish inside the No-Take zone reach high densities and move across the boundary. 
c) Fishing is allowed everywhere in the park at all times. 
d) The MPA is located in a deep-ocean trench where no one fishes. 

 
Part B: Match the Zone to the Description 
Match the Caribbean zone type to its primary management goal. 
Zone Type Management Goal 
5. Core / Marine Reserve A. Managed space for mooring and transit. 
6. Yacht Mooring Zone B. Strict protection for spawning and biodiversity. 
7. Wildlife Interaction Zone C. Priority access for artisanal fishers. 
8. Fishing Priority Zone D. Regulated contact with specific species (e.g., Stingrays). 

 
Part C: Short Answer and Scenario 
The Super-Spawner Concept: 
9. Explain why protecting one large, 10 kg female snapper in an MPA is often more valuable for 
Larval Export than protecting ten small, 1 kg snappers. 
 
Carrying Capacity Application: 
You manage a popular snorkelling site that is seeing physical damage to corals from tourists' fins.  
10. Identify two management actions you could take to address this without closing the site entirely. 
 
Part D: Critical Thinking 
Zonation vs. Total Closure: 
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11. Imagine a Caribbean island that relies heavily on both tourism and fishing. Why might a 
Multi-Zoned MPA be more successful in the long run than a Single-Zone MPA that is 100% closed to 
everyone? Provide one social and one economic reason. 
6.6​ Answer Key 

●​ Answer 1: C 
●​ Answer 2: B 
●​ Answer 3: B 
●​ Answer 4: B 
●​ Answer 5: B 
●​ Answer 6: A 
●​ Answer 7: D 
●​ Answer 8: C 
●​ Answer 9: Larger fish produce eggs at an exponential rate compared to smaller fish. One 

Super-Spawner can produce millions more larvae than several smaller fish combined, fuelling 
regional replenishment. 

●​ Answer 10: Implementing a mandatory orientation/check-out dive, requiring licensed guides 
for all groups, or setting a daily cap on the number of boat permits allowed. 

●​ Answer 11: Social: Zonation reduces conflict by providing something for everyone, ensuring 
fishers don't feel excluded from their ancestral waters. Economic: It allows for a Blue 
Economy where tourism revenue (from dive zones) can exist alongside sustainable food 
security (from fishing priority zones). 
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7​ SECTION 5 – LARGE-SCALE MPAs 
 
7.1​ Description 
While Sections 3 and 4 focused on coastal systems where you can see the reef from the shore, Section 
5 explores the Big Blue: Large-Scale Marine Protected Areas (LSMPAs). 
 
7.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Explain the formal criteria for a Large-Scale Marine Protected Area (>150,000 km2) and how 
they differ from coastal systems in target species and management. 

●​ Analyze how massive, protected areas provide Climate Resilience (thermal buffering) and 
protect entire Migratory Corridors for pelagic species like whales and tuna. 

●​ Differentiate between traditional boat-based patrols and the Digital Shield (AIS, VMS, and 
Synthetic Aperture Radar) used to monitor offshore Exclusive Economic Zones (EEZs). 

●​ Discuss the challenges of protecting Areas Beyond National Jurisdiction (ABNJ) and the 
importance of international agreements like the BBNJ Treaty and the Hamilton Declaration. 

●​ Explain how international cooperation protects species across their entire life cycle (e.g., 
North Atlantic feeding to Caribbean breeding). 

 
7.3​ Content 
These are typically defined as areas larger than 150,000 km2. In the Caribbean and its adjacent 
Atlantic waters, these areas are not just about protecting a single reef, but about protecting entire 
migratory corridors and deep-sea ecosystems. 
 

7.3.1​ The Strategic Importance of Scale 
The importance of scale in Marine Protected Areas (MPAs) marks the difference between protecting a 
single house (a reef) and protecting an entire city and its highways (the open ocean). LSMPAs are 
designed to protect highly mobile species that travel thousands of kilometers. 
 

●​ Connectivity: Unlike coastal MPAs, LSMPAs protect the entire life cycle of pelagic species 
like Bluefin Tuna, Whale Sharks, and Great Hammerheads. 

●​ Climate Resilience: Large areas provide a thermal buffer. As the ocean warms, species can 
shift their distributions within the protected boundaries to find cooler water. 

●​ Carbon Sequestration: These areas often protect Blue Carbon sinks, including deep-sea 
sediments and vast plankton networks that absorb CO2. 

 
When we scale up from coastal parks to Large-Scale MPAs (LSMPAs), the conservation benefits shift 
from local fisheries support to global planetary health. 
 
1. Protecting the Life Cycle of Migratory Species 
Many Caribbean species are citizens of the ocean, not just residents of one island. 
 

●​ The Problem with Small Scale: A sea turtle might be protected on a beach in Barbados, but if 
it swims into unprotected international waters to feed, it can be caught by industrial 
longliners. 

●​ The Large-Scale Solution: LSMPAs are designed to cover migration corridors. By protecting 
thousands of square kilometers, we ensure that species like Whale Sharks, Tuna, and 
Humpback Whales are safe during their most vulnerable life stages—breeding, calving, and 
migrating. 

 
2. Climate Change Resilience and Refugia 
Small MPAs are highly vulnerable to localized climate impacts. If a single reef in a small MPA 
bleaches due to a heatwave, that entire protected area fails. 
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●​ Thermal Buffering: Large-scale areas encompass a wider range of latitudes and depths. As the 

ocean warms, mobile species can move south or dive deeper to find cooler waters while 
staying within the protected zone. 

●​ Recovery Sources: LSMPAs often contain multiple source reefs. If one area is hit by a 
hurricane, the sheer scale of the network ensures there are healthy distant populations 
available to resupply larvae to the damaged zones. 

 
3. Protecting Deep-Sea Hotspots (Seamounts) 
Most of the Caribbean's biodiversity isn't on the coast, it's hidden in the deep sea. 
 

●​ Seamounts as Oases: Underwater mountains (seamounts) create upwellings of cold, 
nutrient-rich water. These are magnets for life, from deep-sea corals to swarms of tuna. 

●​ The Scale Factor: Because these seamounts are often far offshore and spread out, only a 
large-scale approach can encompass these biological engines that power the entire food chain 
of the Caribbean. 

 
4. Blue Carbon and Global Climate Regulation 
Scale is directly tied to the ocean's ability to act as a carbon sink. 
 

●​ Trophic Cascades: Large MPAs protect apex predators (sharks and whales). These animals 
play a huge role in the biological pump, the process where carbon is transported from the 
surface to the deep ocean through their movements and waste. 

●​ Benthic Protection: LSMPAs prevent bottom trawling over massive areas. When the seafloor 
is undisturbed, the carbon stored in the sediment remains trapped rather than being released 
back into the atmosphere. 

 
5. Geopolitical and Enforcement Efficiency 
Surprisingly, it can be more efficient to manage one giant area than twenty small ones. 
 

●​ Satellite Economy: High-tech tools like Global Fishing Watch use satellites to monitor 
thousands of miles at once. It is easier to track dark vessels in one continuous large block of 
the Exclusive Economic Zone (EEZ) than to manage a patchwork quilt of tiny, disconnected 
coastal parks. 

 

7.3.2​ Unique Challenges of Blue Water Protection 
Designing an LSMPA is fundamentally different from a coastal park: 
 

●​ Monitoring and Enforcement: You cannot use a small boat and binoculars. Enforcement 
requires Satellite Monitoring (VMS/AIS) and Remote Sensing to detect illegal fishing vessels 
(Dark Vessels). 

●​ Dynamic Boundaries: The features being protected, like thermal fronts or nutrient upwellings, 
actually move. Some modern LSMPAs use Dynamic Management, where the protected zone 
shifts based on real-time satellite data. 

●​ Geopolitics: Many LSMPAs sit in Areas Beyond National Jurisdiction (ABNJ) or overlap 
with the Exclusive Economic Zones (EEZs) of multiple nations. 

 
The unique challenges of blue water protection can be broken down into three categories: Technical, 
Biological, and Jurisdictional. 
 
1. The Invisible Enforcement Gap 
In the open ocean, traditional boat patrols are physically and financially impossible. 
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●​ The Challenge of Dark Vessels: Illegal, Unreported, and Unregulated (IUU) fishing vessels 
often turn off their AIS (Automatic Identification System) transponders to go dark when 
entering a protected area. 

●​ The Solution (Remote Sensing): Managers must rely on a system of systems. This includes 
Synthetic Aperture Radar (SAR) which can see ship hulls through clouds and at night, and 
VMS (Vessel Monitoring Systems) which are mandatory for legal industrial fleets. 

●​ High Costs: Even with satellite data, intercepting a vessel in the middle of the Atlantic 
requires long-range patrol aircraft or high-endurance naval cutters, costing tens of thousands 
of dollars per mission. 

 
2. Protecting a Moving Target (Dynamic Oceanography) 
In a coastal MPA, the reef stays in one place. In the blue water, the most important biological features 
are Fronts, Eddies, and Upwellings. 
 

●​ The Fluid Boundary: Pelagic species (like Yellowfin Tuna or Marlins) congregate where cold 
and warm water currents meet. These fronts move based on the season, El Niño cycles, and 
climate change. 

●​ The Challenge: A static, drawn on a map boundary might protect a productive area in June, 
but by October, that entire ecosystem might have shifted 100 miles to the North into 
unprotected waters. 

●​ Dynamic Management: Some LSMPAs are experimenting with Mobile Boundaries, areas 
where the No-Take status shifts in real-time based on satellite sea-surface temperature data. 

 
3. The High Seas Geopolitical Puzzle 
Most of the world's blue water sits in Areas Beyond National Jurisdiction (ABNJ), the High Seas. 
 

●​ Fragmented Governance: No single country owns the High Seas. Protection requires 
international treaties, like the BBNJ Treaty (Biodiversity Beyond National Jurisdiction), 
which was recently finalized to allow for the creation of MPAs in international waters. 

●​ The Tragedy of the Commons: Without a single enforcing body, it is difficult to stop a vessel 
from a non-treaty nation from fishing in a high-seas MPA. 

●​ The Sargasso Sea Example: Because it isn't owned by one nation, the Sargasso Sea 
Commission has to use soft law and international diplomacy (The Hamilton Declaration) to 
encourage ships to avoid sensitive areas, rather than having the legal power to arrest them. 

 
4. Massive Scale vs. Deep-Sea Knowledge 
We often have Maps of the Moon that are more detailed than our maps of the deep Caribbean floor. 
 

●​ Baseline Data: It is incredibly expensive to conduct research at depths of 3,000+ meters. We 
often designate LSMPAs without knowing exactly what species live on the seamounts below. 

●​ Monitoring Success: In a coastal reef, you can count fish with a snorkel. In an LSMPA, you 
need eDNA (environmental DNA) sampling or Deep-Sea Landers to tell if your protection is 
actually working. 

 
Summary of challenges 
Challenge Impact on Management Primary Technology Used 
Visibility Ships can hide in the vastness. Satellite Radar and AIS 
Mobility The habitat moves with currents. Dynamic Mapping and Ocean Modelling 
Jurisdiction No one nation has total control. International Treaties (BBNJ) 
Depth Most of the MPA is inaccessible. eDNA and Deep-Sea Submersibles 
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7.3.3​ Caribbean and North Atlantic Examples  
1. The Sargasso Sea  
A unique sea without shores bounded by four currents. It is a critical nursery for the entire Caribbean's 
eel population and a migratory highway for whales. 

●​ The Hamilton Declaration: Because the Sargasso Sea is mostly in the High Seas (international 
waters), it is managed through a Commission rather than a single government. 

●​ The Target: Protecting the Sargassum mat, a floating golden rainforest of seaweed that 
provides food and shelter for hatchling sea turtles before they reach Caribbean beaches. 

 
2. The Blue Shield (Bermuda) 
Bermuda (an Associate Member of CARICOM) recently launched the Bermuda Marine Management 
Plan, which aims to protect 20% of its massive EEZ (approx. 90,000 km2).Integrated  
 

●​ Design: It uses a Blue Shield approach, combining high-tech satellite surveillance with strict 
zonation. 

●​ The Goal: To protect deep-sea seamounts, underwater mountains that are hotspots for 
biodiversity, while allowing sustainable Blue Economy growth in the remaining 80% of the 
waters. 

 
3. The Agoa Sanctuary 
Established by France in 2010, it covers the entire Exclusive Economic Zone (EEZ) of the French 
Antilles, encompassing the waters of Guadeloupe, Martinique, Saint-Martin, and Saint-Barthélemy. 
 
Scale and Scope: The sanctuary covers over 143,256 km2. While it falls just shy of the formal 150,000 
km2 threshold used by some organizations to define an LSMPA, it is functionally managed as one due 
to its vast Blue Water nature and its focus on regional migratory species. 
 

●​ The Target: It is a dedicated sanctuary for Marine Mammals. 
●​ The Diversity: It protects over 20 species of cetaceans, including Humpback Whales (which 

use the area for breeding and calving), Sperm Whales, and various dolphin species. 
 
Addressing Blue Water Challenges: Agoa is designed specifically to tackle the unique challenges of 
the open ocean: 
 

●​ Acoustic Pollution: One of the sanctuary's primary goals is managing underwater noise from 
large shipping vessels, which interferes with whale communication and navigation. 

●​ Whale Strikes: Because it covers a massive area of the Caribbean's shipping highways, Agoa 
works with commercial vessels to implement speed limits and watch protocols to prevent 
collisions with whales. 

●​ Regional Connectivity: Agoa is part of a sister sanctuary agreement with the Stellwagen Bank 
National Marine Sanctuary in the US. This creates a transboundary LSMPA network that 
protects Humpback Whales at both ends of their migration, feeding in the North Atlantic and 
breeding in the Caribbean. 

 
Protection Level and Zonation: Unlike a No-Take reef, Agoa is a Multi-Use LSMPA. 
 

●​ The Management: It does not ban fishing or shipping entirely. Instead, it regulates how these 
activities occur to ensure they are compatible with marine mammal conservation. 

●​ Scientific Monitoring: It uses Passive Acoustic Monitoring (PAM), underwater microphones, 
to track whale movements across thousands of square miles without needing to physically see 
the animals. 
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7.4​ Further Reading 

7.4.1​ Global LSMPA Frameworks and Science 
●​ The Big Ocean Network: LSMPA Design and Management: The primary global network for 

managers of sites larger than 150,000 km2, offering shared best practices for open-ocean 
governance. 

●​ Scaling Up: The Rise of Large-Scale Marine Protected Areas (Lewis et al., 2017): A 
peer-reviewed analysis of why the world is moving toward Big Blue protection and the 
unique political challenges involved. 

●​ The BBNJ Treaty Explained (High Seas Treaty): The official United Nations portal for the 
Biodiversity Beyond National Jurisdiction treaty, which allows for the creation of MPAs in 
international waters. 

 

7.4.2​ Monitoring and Technology (The Digital Shield) 
●​ Global Fishing Watch: Map Room: An interactive tool that uses AIS data to track commercial 

fishing vessels in real-time. This is the primary tool for LSMPA enforcement. 
●​ Skylight: Satellite Monitoring for MPAs: A platform used by maritime authorities to identify 

Dark Vessels that turn off their transponders to fish illegally in protected waters. 
●​ Passive Acoustic Monitoring (PAM) for Cetaceans: A technical overview of how underwater 

microphones are used to monitor whale movements in LSMPAs like the Agoa Sanctuary. 
 

7.4.3​ Caribbean and North Atlantic Case Studies 
●​ The Agoa Sanctuary (French Antilles): The official site for the marine mammal sanctuary 

covering the EEZs of Guadeloupe, Martinique, St. Martin, and St. Barts. 
●​ The Sargasso Sea Commission: Detailed information on the Hamilton Declaration and the 

innovative management of the high-seas golden rainforest. 
●​ Bermuda’s Blue Shield Programme: A breakdown of how Bermuda is using 20% of its EEZ 

to create a large-scale marine management plan. 
●​ The Stellwagen-Agoa Sister Sanctuary Program: Information on the transboundary 

cooperation protecting Humpback Whales during their long-distance migration. 
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7.5​ Assessment 
This assessment evaluates the learner’s understanding of the strategic importance of scale, the 
technical challenges of Blue Water enforcement, and regional examples like the Agoa Sanctuary and 
the Sargasso Sea. 
 
Part A: Multiple Choice 
1. Which of the following is the primary reason for designing an MPA at a Large Scale (>150,000 
km2)? 

a) To make it easier for local divers to find the boundary. 
b) To protect the entire migratory corridor and life cycle of pelagic species like whales and tuna. 
c) To prevent local artisanal fishers from using small boats. 
d) To ensure the park can be seen from the moon. 
 

2. What is a Dark Vessel in the context of LSMPA enforcement? 
a) A ship painted black to avoid being seen at night. 
b) A research vessel exploring the Midnight Zone of the ocean. 
c) A vessel that has turned off its AIS (Automatic Identification System) transponder to hide its 
location. 
d) A ship that only operates during solar eclipses. 
 

3. The Sargasso Sea is uniquely difficult to protect because: 
a) It has no coral reefs. 
b) It is located primarily in Areas Beyond National Jurisdiction (High Seas), meaning no single 
nation owns it. 
c) The seaweed (Sargassum) is toxic to humans. 
d) It is too deep for satellites to see. 
 

4. The Blue Shield approach in Bermuda focuses on protecting: 
●​ a) Coastal mangroves only. 
●​ b) Deep-sea seamounts and migratory pathways within their Exclusive Economic Zone 

(EEZ). 
●​ c) The island's beaches from erosion. 
●​ d) Only the shipwrecks surrounding the island. 

 
Part B: Technical Matching 
Match the LSMPA challenge to its corresponding high-tech solution. 
Challenge Technical Solution 
5. Detecting Dark Vessels through cloud cover. A. Passive Acoustic Monitoring (PAM) 
6. Tracking whale movements via sound. B. Dynamic Management / Ocean Modeling 
7. Managing shifting currents and thermal fronts. C. Synthetic Aperture Radar (SAR) 
8. Monitoring legal industrial fishing fleets. D. AIS / VMS Tracking 

 
Part C: Case Study Analysis 
The Agoa Sanctuary: 
The Agoa Sanctuary covers the entire EEZ of the French Antilles. 
 
9. Identify the primary Target Species group for this LSMPA. 
 
10. Name one specific threat (other than fishing) that this sanctuary manages due to its Blue Water 
location. 
 
The Sargassum Rainforest: 
11. Why is protecting the Sargasso Sea critical for the coastal MPAs of the Caribbean islands? 
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Part D: Critical Thinking 
Scale vs. Enforcement: 
12. Is it true that The bigger the MPA, the harder it is to protect? Discuss one reason why this is true 
(logistics) and one reason why it might be false (technology). 
 
7.6​ Answer Key 

●​ Answer 1: B 
●​ Answer 2: C 
●​ Answer 3: B 
●​ Answer 4: B 
●​ Answer 5: C 
●​ Answer 6: A 
●​ Answer 7: B 
●​ Answer 8: D 
●​ Answer 9: Marine Mammals (Cetaceans) 
●​ Answer 10: Acoustic pollution (noise) or ship strikes (collisions with whales) 
●​ Answer 11: The Sargasso Sea acts as a nursery for many species that eventually migrate to 

Caribbean coasts. For example, hatchling sea turtles spend their lost years in the Sargassum 
mats before returning to Caribbean reefs. 

●​ Answer 12: True (Logistics): Physical interception is difficult; it takes days for a patrol boat 
to reach the center of a massive LSMPA. False (Technology): Satellite systems like Global 
Fishing Watch can monitor 200,000 km2 as easily as 20 km2, providing a digital eye that 
coastal patrols lack. 
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8​ SECTION 6 – MPA NETWORKS 
 
8.1​ Description 
This section examines how individual MPAs are linked together through biological, ecological, and 
social connectivity. It analyzes how ocean currents act as highways for larval dispersal, why the 
Ecological Trilogy (mangroves, seagrasses, and reefs) must be managed as a single unit, and how 
regional initiatives like the Caribbean Challenge Initiative (CCI) and CaMPAM foster cooperation 
between nations.  
 
8.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Articulate the difference between a simple collection of sites and a coordinated network based 
on the IUCN pillars of ecological and social integration. 

●​ Demonstrate how protecting the Mangrove-Seagrass-Coral Reef continuum supports the life 
cycle of commercially important Caribbean species like snappers and lobsters. 

●​ Identify Regional Collaborative Frameworks: Recognize the roles of organizations like 
CaMPAM and MPAConnect in standardizing management and building capacity across 
Caribbean borders. 

●​ Explain how a network provides a biological insurance policy by protecting multiple versions 
of the same habitat to buffer against localized disasters like hurricanes. 

 
8.3​ Content 
If individual MPAs are islands of protection, then MPA Networks are the bridges that connect them. 
In the Caribbean, where the downstream health of one island’s reef often depends on the upstream 
protection of another, a networked approach is the only way to achieve true regional resilience. 
 

8.3.1​ What is an MPA Network? 
An MPA network is a collection of individual protected areas that operate cooperatively. According to 
the IUCN, a functional network must be more than just a list of sites; it must be ecologically 
connected and socially integrated. 
 

●​ Synergy: The total conservation benefit of the network is greater than the sum of its individual 
parts. 

●​ Connectivity: The network is designed to allow for the movement of larvae, juveniles, and 
adults between sites. 

●​ Redundancy: By protecting similar habitats across different locations, the network ensures 
that if one site is destroyed (e.g., by a hurricane or oil spill), other sites can act as backups to 
replenish the region. 

 
Examples: 
1. The Mesoamerican Reef (MAR) Priority Network 
The MAR is the world's largest transboundary reef system, stretching across Mexico, Belize, 
Guatemala, and Honduras. 
 

●​ The Biological Strategy: Scientists used oceanographic modeling to identify source and sink 
reefs. They identified a network of 14 Priority MPAs that are biologically linked by the 
Caribbean Current. 

●​ Connectivity in Action: If a coral bleaching event hits the reefs in Honduras, the Priority 
Network ensures that healthy reefs in Belize or Mexico are positioned upstream to send coral 
larvae and fish recruits back down to help Honduras recover. 
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2. The Cuban MPA Network (SNAP) 
Cuba’s Sistema Nacional de Áreas Protegidas (SNAP) is often cited as the most biologically robust 
network in the Caribbean due to its size and ridge-to-reef integration. 

●​ The Biological Strategy: Unlike many islands that only protect the reef, Cuba's network is 
designed to protect the Ecological Trilogy: Mangroves � Seagrass � Reef. 

●​ The Gardens of the Queen (Jardines de la Reina): This massive site is the crown jewel of the 
network. It is biologically connected to dozens of smaller stepping stone MPAs along the 
Cuban coast, allowing apex predators like sharks to roam across a massive, protected corridor. 

 
3. ECMMAN (Eastern Caribbean Marine Managed Areas Network) 
This network connects six OECS nations (Antigua and Barbuda, Dominica, Grenada, St. Kitts and 
Nevis, St. Lucia, and St. Vincent and the Grenadines). 
 

●​ Climate Resilience: It was specifically designed to create a climate-resilient chain of parks 
that can replenish each other after hurricanes. 

●​ Standardized Report Cards: It launched the first Eastern Caribbean Coral Reef Report Cards 
to compare reef health across the entire island chain using the same metrics. 

 

8.3.2​ The Three Pillars of Connectivity 
To build a successful network, designers look at three types of linkages: 
 
1. Ecological Connectivity (Larval Dispersal) 
Most reef organisms (corals, lobsters, snappers) have a planktonic larval stage where they drift in 
ocean currents. 
 

●​ The Goal: A network should be spaced so that larvae spawned in MPA A can travel and settle 
in MPA B. 

●​ The Stepping Stone Model: Creating a chain of smaller MPAs allows species to migrate 
across large distances by providing safe harbours along the way. 

 
2. Habitat Connectivity (The Mangrove-Seagrass-Reef Trilogy) 
Species don't stay in one habitat their whole lives. 
 

●​ Example: Many Caribbean snappers spend their infancy in Mangroves, their teenage years in 
Seagrass Beds, and their adulthood on the Coral Reef. 

●​ The Requirement: A network must protect all three habitats to ensure the species can 
complete its life cycle. 

 
3. Institutional Connectivity (Social Networking) 
The humans must be connected too. 
 

●​ Shared Resources: Smaller islands can share expensive assets like patrol boats, satellite 
monitoring data, and specialized scientific staff. 

●​ Standardized Rules: Consistent regulations across a network make it easier for fishers and 
tourists to follow the law as they move between islands. 

 
Examples of social networks 
1. The CaMPAM Network 
The Caribbean Marine Protected Area Management Network and Forum (CaMPAM), which was 
established in 1997, is the region's oldest network of people. Coordinated by the UN Environment 
Programme, it serves as a central hub for capacity building and acts as the connective tissue for the 
region's managers. 
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●​ Capacity Building: It provides a Training of Trainers program, which is a massive regional 
program that has trained hundreds of managers in standardized monitoring and management. 
It therefore ensures that a ranger in Belize uses the same high-quality management techniques 
as a ranger in Grenada. 

●​ Database Sharing: It maintains a regional database that allows scientists to track the State of 
the Caribbean across all protected areas simultaneously. 

 
2. MPAConnect 
A partnership between NOAA and the Gulf and Caribbean Fisheries Institute (GCFI), this network 
works with 40 specific MPAs across 11 countries to address day-to-day management hurdles. 
 

●​ Peer-to-Peer Learning: It funds learning exchanges where rangers from one island (like the 
Tobago Cays Marine Park travel to another to learn specialized skills like lionfish control or 
SCTLD (coral disease) treatment. 

 
3. The Caribbean Challenge Initiative (CCI) 
The CCI is one of the world's most ambitious regional MPA networks. It brought together 11 nations 
(including The Bahamas, Grenada, St. Lucia, and Jamaica) with two massive goals: 
 

●​ The 20-by-20 Goal: A commitment to protect at least 20% of their nearshore marine and 
coastal environments by 2020. 

●​ Sustainable Finance: Creating the Caribbean Biodiversity Fund (CBF) to ensure that these 
networked areas have permanent, long-term funding. 

 
8.4​ Further Reading 

8.4.1​ Foundational Science of Connectivity 
●​ Connectivity Conservation: International Guidelines (IUCN): The global standard for 

designing protected area networks that allow for species movement and ecological flow. 
●​ The Trilogy of Life: Mangrove-Seagrass-Coral Reef Connectivity: A breakdown of why 

protecting the transition between these three habitats is essential for a functional biological 
network. 

 

8.4.2​ Caribbean Regional Networks 
●​ The CaMPAM Network Database: The primary regional portal for exploring the location, 

size, and management status of nearly every MPA in the Wider Caribbean. 
●​ The Mesoamerican Reef (MAR) Fund Connectivity Strategy: Insights into how Mexico, 

Belize, Guatemala, and Honduras use oceanographic modeling to manage their shared reef 
system. 

●​ The Caribbean Biodiversity Fund (CBF): The financial connective tissue that provides 
sustainable funding for the Caribbean Challenge Initiative (CCI) member nations. 

●​ ECMMAN: Monitoring Reef Health in the Eastern Caribbean: Documentation on how the 
OECS nations standardizing their monitoring to track the health of their island chain network. 

 

8.4.3​ Transboundary and Migratory Networks 
●​ The Yarari Marine Mammal and Shark Sanctuary: Details on the network protecting marine 

mammals and sharks across the waters of Bonaire, Saba, and St. Eustatius. 
●​ Humpback Whale Migration and the Sister Sanctuary Program: A technical look at how 

networking a Caribbean breeding site (Agoa) with a North Atlantic feeding site (Stellwagen) 
protects a single population across its entire range. 
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8.5​ Assessment 
This assessment evaluates the learner’s understanding of the concept of MPA networks. 
 
Part A: Multiple Choice 
1.  An MPA Network is considered more effective than a series of isolated MPAs primarily because 
of: 

a) Larger gift shops for tourists. 
b) Ecological connectivity, allowing for larval dispersal and species movement between sites. 
c) Having one single ranger who travels between all the islands. 
d) Using the same colour of buoys in every country. 
 

2. In a Biological MPA network, a Source Reef is one that: 
a) Receives all its fish from other areas. 
b) Has no coral life but lots of sand. 
c) Produces a high volume of larvae that are carried by currents to seed other reefs. 
d) Is located in the deepest part of the ocean where no currents exist. 
 

3. The Ecological Trilogy refers to the interconnectedness of which three habitats? 
a) Sandy Beaches, Pine Forests, and Coral Reefs. 
b) Mangroves, Seagrass Beds, and Coral Reefs. 
c) Deep-sea Trenches, Open Ocean, and Estuaries. 
d) Rocky Shores, Kelp Forests, and Salt Marshes. 
 

4. The Caribbean Challenge Initiative (CCI) is famous for its 20-by-20 goal, which aimed to: 
a) Catch 20 different species of fish by the year 2020. 
b) Protect 20% of nearshore marine and coastal environments by 2020. 
c) Build 20 new hotels in every Caribbean nation. 
d) Train 20% of the population to be SCUBA divers. 

 
Part B: Match the Network to its Function 
Match the Caribbean network example to its primary strength. 
Network Name Primary Strength / Function 
5. CaMPAM A. Funding the 20-by-20 goals of member nations. 
6. MAR Fund B. Protecting the transboundary Mesoamerican Reef (Mexico to 

Honduras). 
7. CBF (Caribbean Biodiversity 
Fund) 

C. Regional training, capacity building, and a massive MPA 
database. 

8. Sister Sanctuaries D. Connecting Caribbean breeding grounds with North Atlantic 
feeding grounds. 

 
Part C: Short Answer and Concept Application 
The Stepping Stone Model: 
9. Explain how a chain of small MPAs can help a migratory species traverse a large distance, even if 
the individual MPAs are not touching. 
 
Redundancy in Design: 
10. If a major hurricane destroys the coral reefs in one part of an MPA network, how does the concept 
of Ecological Redundancy help the region recover? 
 
Part D: Critical Thinking 
Social vs. Biological Connectivity: 
11. Why is it just as important for the managers (people) of different Caribbean MPAs to be 
networked (Social Connectivity) as it is for the fish (Biological Connectivity) to be networked? Give 
one example of a resource or piece of information they might share. 
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8.6​ Answer Key 

●​ Answer 1: B 
●​ Answer 2: C 
●​ Answer 3: B 
●​ Answer 4: B 
●​ Answer 5: C 
●​ Answer 6: B 
●​ Answer 7: A 
●​ Answer 8: D 
●​ Answer 9: Smaller MPAs act as safe harbours or stop-over points where species can rest and 

feed safely before moving to the next protected patch in the network. 
●​ Answer 10: Redundancy means the network protects multiple similar habitats. If one is lost, 

the backup sites remain healthy and can export larvae to the damaged area, acting as a 
biological insurance policy. 

●​ Answer 11: Managers share enforcement strategies, scientific data, and equipment (like patrol 
boats). Social connectivity ensures that the humans are working together to enforce the same 
rules, which is vital since fish and pollution don't respect national borders. 
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9​ SECTION 7 – CHALLENGES TO IMPLEMENTING MPAs 
 
9.1​ Description 
This section addresses the sobering reality that a scientifically perfect MPA design is only as strong as 
its real-world implementation. While the previous sections focused on where and how to draw 
boundaries, Section 7 explores the friction that occurs when those lines on a map meet human, 
economic, and political realities. 
 
9.2​ Learning Objectives 
Upon completion of this section, learners will be able to: 

●​ Identify the common indicators of a Paper Park and explain why legal designation alone is 
insufficient for biological recovery. 

●​ Discuss the impact of MPA closures on artisanal fishing livelihoods and the importance of 
creating just transitions or alternative income sources. 

●​ Explain how poorly planned MPAs can lead to effort displacement, where fishing pressure is 
simply moved to more vulnerable, unprotected areas. 

●​ Articulate the specific logistical hurdles faced by Small Island Developing States (SIDS), 
including the high costs of fuel, specialized patrol equipment, and trained personnel. 

●​ Identify the challenges of overlapping jurisdictions between Fisheries, Tourism, and 
Environment departments and the benefits of a Unified Management Plan. 

●​ Explain how the gradual degradation of ecosystems over generations can lower the public’s 
baseline for what a healthy reef looks like, reducing political support for strict conservation. 

 
9.3​ Content 
While the science behind MPAs is robust, the jump from paper park to protected ocean is riddled with 
real-world hurdles. In the Caribbean, these challenges are often a complex mix of economic survival, 
historical rights, and the sheer vastness of the sea. 
 

9.3.1​ The Paper Park Phenomenon 
The most significant challenge in the region is the existence of Paper Parks, MPAs that exist on legal 
documents and maps but have no actual management, staff, or enforcement on the water. 
 

●​ The Cause: Often, MPAs are declared to meet international targets (like the 20-by-20 goal) 
without securing the budget for a boat, fuel, or rangers. 

●​ The Result: Illegal fishing and habitat destruction continue, leading to a loss of public trust in 
conservation efforts. 

 

9.3.2​ Socio-Economic Resistance and Displacement 
For many Caribbean coastal communities, fishing isn't just a job; it's a multi-generational identity and 
a primary source of protein. 
 

●​ Loss of Livelihood: Closing a traditional fishing ground can lead to immediate economic 
hardship. If alternative livelihoods (like tourism jobs) aren't available or accessible, local 
resistance can lead to poaching. 

●​ Displacement: Closing one area may simply push fishing pressure to a neighbouring, 
unprotected reef, potentially destroying that ecosystem even faster. 

 

9.3.3​ The Enforcement Gap 
Even with a dedicated staff, the physical reality of the ocean is a barrier. 
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●​ Vast Territories: A single patrol boat in a Large-Scale MPA (like the Agoa Sanctuary) is like a 
single police car trying to patrol the entire state of Florida. 

●​ High Costs: Fuel is often the most expensive line item in an MPA budget. During economic 
downturns, patrols are usually the first thing to be cut. 

●​ Safety Risks: Rangers often face well-equipped, sometimes aggressive, illegal fishing fleets, 
requiring a level of training and equipment that many small island nations struggle to provide. 

 

9.3.4​ Climate Change and Shifting Baselines 
Environmental challenges can undermine even the best-designed MPA. 
 

●​ Bleaching and Storms: A perfectly managed MPA cannot stop the ocean from warming. A 
single heatwave can bleach a reef, or a Category 5 hurricane can rubble a coral forest, 
regardless of its protected status. 

●​ Shifting Baselines: Younger generations may not realize how healthy a reef should be because 
they only see the current, degraded state. This makes it harder to build political will for the 
strict measures needed for true recovery. 

 

9.3.5​ Governance and Political Will 
●​ Short-Term Politics: Coral recovery takes decades (20–50 years), but political cycles last only 

4–5 years. Leaders may be hesitant to implement painful fishing bans that won't show results 
until they are out of office. 

●​ Jurisdictional Overlap: In the Caribbean, different agencies often handle Environment, 
Fisheries, and Tourism. Without a Unified Management Plan, these agencies can end up 
working at cross-purposes. 

 

9.3.6​ Summary 
 
Summary of challenges 
Challenge Type Key Example Impact 
Financial Lack of Sustainable Finance Paper Parks with no patrols. 
Social Fishery closures without alternatives Local poaching and community 

conflict. 
Technical Monitoring Dark Vessels Difficult and expensive enforcement. 
Biological Coral bleaching events Loss of biodiversity despite legal 

protection. 
 

9.3.7​ Case Study: South Coast Marine Conservation Area (SCMCA) 
The SCMCA was designed to protect some of St. Vincent’s most diverse coral reefs, seagrass beds, 
and mangrove systems. While it had high levels of international support and scientific backing, the 
implementation faced several real-world Caribbean hurdles. 
 
1. Socio-Economic Conflict: The Fishing vs. Conservation Divide 
The area includes traditional fishing grounds for artisanal fishers from neighbouring communities. 
 

●​ The Challenge: When the MPA was proposed, local fishers feared a total loss of livelihood. 
Unlike larger nations, St. Vincent has limited coastal shelf space; if fishers are zipped out of 
one area, they cannot easily travel 20 miles further offshore in small open boats. 

●​ The Result: Early implementation saw significant pushback from the community, leading to a 
sense that the MPA was an outside imposition rather than a local benefit. 
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2. The Paper Park Struggle (Funding and Equipment) 
For years, the SCMCA struggled with the transition from a legal decree to a physical presence. 
 

●​ The Challenge: The management team faced a common regional problem: they had a 
management plan but lacked a dedicated, high-speed patrol vessel and a consistent budget for 
fuel. 

●​ The Result: Without regular patrols, poaching (illegal fishing) continued at night. This created 
a cycle of frustration where law-abiding fishers saw others breaking the rules without 
consequence, undermining the MPA's authority. 

 
3. Land-Sea Connectivity: The Upstream Problem 
One of the unique challenges of the SCMCA is its proximity to urban development and the capital, 
Kingstown. 
 

●​ The Challenge: Even if fishing is stopped, the MPA remains vulnerable to terrestrial runoff. 
Construction on the hillsides and poor waste management lead to sediment and nutrients 
washing into the sea. 

●​ The Result: Managers found that they were protecting the fish from nets, but the coral was 
still dying from smothering caused by land-based pollution—a factor largely outside the MPA 
manager's direct control. 

 
4. Governance Overlap 
In St. Vincent, as in many islands, multiple agencies have a say in the water. 
 

●​ The Challenge: The Fisheries Department, the National Parks, Rivers and Beaches Authority 
(NPRBA), and the Coast Guard all have different mandates. 

●​ The Result: Coordinating who is responsible for arrests, who manages the moorings, and who 
collects user fees became a bureaucratic hurdle that slowed down the day-to-day operations of 
the park. 

 
5. Lessons Learned from the SCMCA 
To overcome these challenges, the SCMCA has moved toward a Co-Management Model, which 
involves: 
 

●​ Stakeholder Inclusion: Forming a management board that actually includes representatives 
from the local fishing community. 

●​ Alternative Livelihoods: Training former fishers as park rangers or tour guides. 
●​ Sustainable Finance: Working with the Caribbean Biodiversity Fund (CBF) to ensure that the 

fuel budget isn't dependent on fluctuating government cycles. 
 
9.4​ Further Reading 

9.4.1​ The Paper Park and Enforcement Crisis 
●​ The Paper Park Problem: Causes and Solutions: A critical global study in Nature that 

identifies staff and budget shortages as the primary reasons MPAs fail to meet biodiversity 
goals. 

●​ Mending the Gap: Improving MPA Enforcement: WildAid’s comprehensive guide on moving 
from legal protection to actual protection using the Marine Protection System (MPS) 
framework. 

●​ Illegal, Unreported, and Unregulated (IUU) Fishing in the Caribbean: An FAO report 
detailing the technical and economic challenges of policing Caribbean waters against 
poaching. 
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9.4.2​ Socio-Economic and Governance Challenges 
●​ Social Challenges of Marine Protected Areas (Mascia, 2003): A foundational paper on how 

the human dimension—including property rights and political power—determines the success 
of a park. 

●​ Small-Scale Fisheries and MPAs: A Conflict Analysis: Research into how displacing fishers 
from their traditional grounds can lead to unintended environmental and social consequences. 

●​ The Ridge-to-Reef Management Concept: An IUCN guide explaining why managing an MPA 
is impossible without also managing the land-based pollution upstream. 

 

9.4.3​ Caribbean Case Studies on Implementation 
●​ Review of the South Coast Marine Conservation Area (St. Vincent): The official portal for the 

NPRBA of St. Vincent and the Grenadines, detailing the management plan and the hurdles of 
multi-agency governance. 

●​ The Caribbean Challenge Initiative (CCI) Progress Report: An analysis of which Caribbean 
nations have met their 20-by-20 targets and the financial hurdles that remain for those who 
haven't. 

●​ Governance Analysis of the Bonaire National Marine Park: A study of how Bonaire overcame 
early implementation challenges to become one of the world's most successful self-funded 
MPAs. 
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9.5​ Assessment 
This assessment focuses on the real-world friction between MPA theory and practice, specifically the 
socio-economic, financial, and logistical hurdles to implementation. 
 
Part A: Multiple Choice 
1. Which of the following best defines a Paper Park? 

a) An MPA where all the coral has been replaced by plastic and paper debris. 
b) A protected area that exists on maps and in legislation but lacks actual management and 
enforcement on the water. 
c) A small MPA designed specifically to protect mangrove forests used for paper production. 
d) A park that only allows scientists to enter if they have the correct paperwork. 
 

2. Why is Displacement a concern for MPA managers? 
a) Because fish might leave the MPA if they don't like the new rules. 
b) Because closing one area may push all the fishing pressure to a neighboring, unprotected area, 
causing rapid degradation there. 
c) Because it refers to the volume of water a patrol boat pushes aside. 
d) Because tourists might be displaced by too many fish. 
 

3. In the St. Vincent SCMCA case study, why was Ridge-to-Reef management necessary? 
a) To make sure hikers on the ridges could see the coral reefs. 
b) Because stopping fishing wasn't enough to save the coral from land-based sediment and 
nutrient runoff. 
c) To prevent goats from swimming out to the reefs. 
d) Because the fish needed a way to climb the mountains. 
 

4. Which factor makes Political Will difficult to maintain for MPA implementation? 
a) The fact that coral reefs grow faster than political election cycles. 
b) The long timeframe required for ecological recovery (decades) versus the short timeframe of 
political terms (4-5 years). 
c) Politicians are usually afraid of water. 
d) Fish cannot vote in local elections. 

 
Part B: Identifying Hurdles 
Match the scenario to the specific type of implementation challenge. 
Scenario Challenge Type 
5. A ranger cannot go on patrol because there is no money for boat 
fuel. 

A. Socio-Economic 
Resistance 

6. A category 5 hurricane destroys the reef structure inside a 
well-managed MPA. 

B. Governance Overlap 

7. Local fishers protest the MPA because they were not consulted 
during the design. 

C. Financial/Resource 
Limitation 

8. The Coast Guard and Fisheries Department disagree on who has 
the power to arrest poachers. 

D. Environmental/Climate 
Change 

 
Part C: Short Answer and Case Application 
The Alternative Livelihood Gap: 
9. Explain why simply telling a fisher you can no longer fish here often leads to poaching if an 
alternative job (like eco-tourism) is not immediately available. 
 
The Enforcement Paradox: 
10. How can the lack of enforcement in an MPA actually harm the relationship between the 
government and law-abiding fishers? 
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Part D: Critical Thinking 
Overcoming the Paper Park: 
11. If you were appointed manager of a new Paper Park with a $0 budget, what is the first step you 
would take to build community support and start moving toward real implementation? 
 
9.6​ Answer Key 

●​ Answer 1: B 
●​ Answer 2: B 
●​ Answer 3: B 
●​ Answer 4: B 
●​ Answer 5: C 
●​ Answer 6: D 
●​ Answer 7: A 
●​ Answer 8: B 
●​ Answer 9: Fishing is a primary source of food and income. Without an alternative, the need 

for survival outweighs the fear of legal consequences, leading to necessity-based poaching. 
●​ Answer 10: It creates an unfair environment. Law-abiding fishers lose income by following 

the rules, while cheaters catch all the fish without being caught. This leads to a total 
breakdown of trust in the management system. 

●​ Answer 11:  Stakeholder engagement/co-management. By involving fishers in the 
conversation early, you can create voluntary compliance even before you have the money for 
a patrol boat. 
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10​ FINAL ASSESSMENT 
Part 1: The Science of Selection (Multiple Choice) 
1. If you are tasked with protecting a species of grouper that migrates from shallow mangroves to 
deep reefs to spawn, which design principle is most critical? 

a) Maximum size. 
b) Ecological Connectivity (The Trilogy). 
c) Geometric Circularity. 
d) Minimum depth limits. 
 

2. A Climate Refugium in the Caribbean is a site that: 
a) Is already dead but serves as a warning for tourists. 
b) Has deep-water upwellings or high flow that keeps corals cooler during heatwaves. 
c) Is located in a laboratory setting. 
d) Only contains species that can survive at 40oC. 
 

3. Why is a Square or Rectangular MPA often preferred over a complex, jagged boundary? 
a) It looks better on a brochure. 
b) Fish prefer swimming in straight lines. 
c) It simplifies navigation and enforcement for fishers and rangers. 
d) It prevents the Edge Effect more than a circle. 

 
Part 2: Spatial Planning and Zonation (Matching) 
Match the Management Zone to its intended objective. 
Zone Type Primary Objective 
4. No-Take Zone (NTZ) A. Allows for sustainable traditional fishing. 
5. Buffer Zone B. High-intensity protection for spawning and recovery. 
6. Multi-Use Zone C. Low-impact activities like snorkelling and research. 
7. Exclusion/Core Zone D. Transition area to reduce the Edge Effect. 

 
Part 3: The Big Blue and Networks (Technical Analysis) 
8. The Digital Shield refers to: 

a) A physical barrier placed around a coral reef. 
b) The use of AIS, VMS, and Satellite Radar to monitor Large-Scale MPAs. 
c) Encrypting the park's website. 
d) A new type of sunscreen for divers. 
 

9. Explain the Source-Sink dynamic in an MPA Network: 
In 2–3 sentences, explain why a network must include Source reefs and how ocean currents determine 
the success of the Sink reefs downstream. 
 
Part 4: Real-World Implementation (Scenario-Based) 
The Scenario: You have designed a 500 km2 MPA in a Caribbean nation. It has perfect biological 
connectivity. However, the local fishing community was not consulted, and the government has 
provided no budget for a patrol boat. 
10. Identify the two Paper Park indicators in this scenario. 
 
11. Define Effort Displacement in this context: If the 500 km2 zone is successfully closed but the 
fishers simply move to the reef immediately to the North, has the project succeeded? Why or why 
not? 
 
12. Propose one solution: Name one way to move this park from Paper to Active using a concept from 
Section 7 (e.g., Co-management or Sustainable Finance). 
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Part 5: Critical Thinking (Short Essay) 
The Ridge-to-Reef Challenge: 
13. Even if an MPA is 100% successful at stopping illegal fishing, the coral reefs inside are still dying 
due to smothering. Explain the likely cause of this and why MPA managers must look upstream to 
solve it. 
 
 
10.1​ Answer Key 
Answer 1: B 
Answer 2: B 
Answer 3: C 
Answer 4: B 
Answer 5: D 
Answer 6: A 
Answer 7: C 
Answer 9: A source reef produces larvae that are carried by currents; a sink reef receives those larvae. 
A network ensures source reefs are protected so they can replenish sink reefs after disturbances. 
Answer 10: (1) Lack of stakeholder consultation and (2) No budget for enforcement 
Answer 11: Displacement means total regional fishing pressure remains the same, potentially 
over-exploiting the remaining open areas. 
Answer 12: Co-management (involving fishers in rules) or securing funds via the Caribbean 
Biodiversity Fund (CBF). 
Answer 13: The cause is terrestrial runoff (sedimentation/pollution). Success requires integrated 
coastal management because marine boundaries cannot stop land-based threats. 
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11​ USEFUL RESOURCES 
 

●​ IUCN Guidelines for conserving connectivity through ecological networks and corridors 
●​ IUCN Guidelines for Establishing Marine Protected Areas 
●​ IUCN Guidelines on large-scale MPAs 
●​ MARXAN conservation solutions 
●​ MPA Network Design and Management: Framework and Guidance (2021) 
●​ Practical guide for designing MPA networks 

 
 
 
 
 
 
​  
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