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An Evaluation of Connectivity Between the SPAW-Listed Protected Areas to Guide the
Development of a Functional Ecological Network of Protected Areas in the Wider
Caribbean
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SUMMARY

Marine protected areas (MPA) are important tools used in marine conservation and ecosystem
protection strategies at special places throughout the Caribbean. In addition to the role of MPAs
in protecting and restoring declining marine communities and their habitats, ecological
connections can extend the strategic importance of MPAs beyond their geographic borders. The
linking of protected areas through their ecological connections and management strategies can
create a functional network of conservation actions and allow the protected areas to work in
unison to accomplish more than they would if they were ecologically and socially isolated from
one another.

Each protected area that is listed under the Special Protected Areas and Wildlife Protocol
(SPAW) of the Cartagena Convention in the Wider Caribbean focuses its resources on
conserving local habitats and biological populations. However, a few species, through their
migratory behavior or the distribution of their offspring, can take the benefits of these local
conservation efforts to all parts of the Caribbean. In this way, an individual site in the SPAW
network has a potential biological connection and ecological value to other protected areas in the
region. This provides an incentive to better understand what connects different parts of the
Caribbean ecosystem and for the SPAW sites to cooperate in strengthening those connections to
improve how each SPAW site and their network relationships function.

Ecological connectivity in marine environments is the extent to which populations in different
parts of a species’ range are linked by the exchange of eggs, larvae recruits or other reproductive
products, juveniles and adults. An analysis of some key ecological factors that interconnect the
Caribbean’s marine environment has been done here. An inventory of the physical and
biological characteristics was compiled for the SPAW sites to include key species and an account
of the primary habitats for those species. With this information as a guide, an analysis of
connectivity between protected areas using published data on sea turtle migrations and the



dispersal of coral and fish larvae from spawning events was done. This integration of
biogeographic information and ecosystem processes was assessed for how it supports forming an
alliance between the SPAW and other protected area sites based on ecological connectivity. The
links between protected areas and their habitats created by marine species and the complex
ecological processes of reproduction, transport and recruitment of their larvae show how a
network of protected areas has the potential to provide important ecological and conservation
benefits for many components of the Wider Caribbean ecosystem.

In addition to supporting ecosystem integrity, physical and biological connectivity also brings
threats to that integrity. Water-borne pathogens, the spread of invasive species and pollution
have had dramatic impacts on marine communities in recent decades. The wide distribution of
these impacts shows how collaborations between protected areas are important in rapidly
identifying and facilitating effective responses to them. An ecological network of the SPAW
protected areas is not only a network of ecosystem protections, but also a network of ecosystem
sentinels that can report and coordinate responses to existing and new threats as they emerge.

Species, habitats and ecological connections can be used as a foundation on which to build
management relationships between marine and terrestrial protected areas in the Caribbean. The
following recommendations are a framework for establishing these relationships.

1. Establish Sub-regional Networks

The evaluation of ecological linkages shows that all parts of the Caribbean are connected, but the
linkages are strongest at the sub-regional scale. Building network relationships between
protected areas may be most efficient and provide the most relevance to country jurisdictions if
they are initially focused at the sub-regional scale.

2. Fill Gaps in Species Inventories and Prepare an Interactive Habitat Atlas

The foundation on which to start building protected area network relationships is knowledge of
the species and habitats found at each site in the network. Protected area sites should be engaged
and assisted to fill gaps in their species and habitat data to allow a more complete inventory of
the biological components and characteristics of each site and the network. These data should be
combined with an online atlas of the sites to create an interactive database of comparable
information about each site.

3. Invest in the Science of Ecosystem Connectivity and Marine Protected Areas

Protected area managers, and their policymakers, need efficient access to scientists and the data
they produce to ensure research is designed to address management needs, management actions
are based on sound science and managers are prepared to respond to climate change and other
threats as they emerge. Developing a network of local, regional and global scientists to advise
and respond to the needs of protected areas in the Caribbean should be part of the goals in
creating a network of protected areas. The science of population dynamics, connectivity, and
protected area performance in a changing climate should be made easily accessible to protected
area managers. Investing in this science would build stronger ties between scientists and
protected areas in the region, and help to cultivate and promote a new generation of Caribbean
marine scientists and protected area managers.



4. Develop a Network Condition Evaluation

Most protected areas have some way of assessing the state of their protected resources and
environment, and a review process for evaluating the effectiveness of the protected area’s
management. However, a method of comparing the status and trends in ecosystem condition
across the network of sites should be developed in close consultation with the protected area
managers. This reporting method would provide a tool for measuring the condition of natural
resources and the strengths and weaknesses of management throughout the network. This
network reporting system should not compete with or replace local monitoring or reporting
procedures. It should expand the results of local reporting and apply them to an evaluation of the
larger network.

5. Build Effective Communication and Outreach Mechanisms

The success of a protected area network requires an effective and lasting communication
mechanism. Facilitating this communication is critical to ensuring the network of sites is seen as
relevant to managers and their stakeholders. It is also important for protected area managers to
know that their local community values the purpose of their work. Community outreach should
be used to inspire participatory engagement in protecting natural resources and to reflect local
knowledge, cultural connections and livelihoods in how protected areas are established, managed
and incorporated into networks.

Rather than a final analysis of ecological connectivity and design of a protected area networking
strategy, the results and recommendations presented here should be starting points for building
wider understanding and engagement for the SPAW-listed and other protected areas to work
collaboratively to improve the shared ecosystem of the Wider Caribbean. UNEP, the SPAW
protected areas and their partners should use the information presented to advance their
conservation goals for the Caribbean and for its ecological connections throughout the Atlantic
region.

Section 1: INTRODUCTION
An Interconnected Caribbean Ecosystem

The ecosystem of the Caribbean has evolved over millions of years through geological and
biological processes that have shaped the islands and marine environments of the region. These
processes have constructed diverse and complex habitats that generate the Caribbean’s
spectacular marine and terrestrial biodiversity. Preserving this rich biodiversity is essential to the
future quality of the biological resources and the economies of the region. However, widespread
threats to the integrity of Caribbean ecosystem are increasing in number and intensity. As a
consequence, protecting biologically and physically diverse places in the Caribbean is an
investment that preserves the functioning and resiliency of the ecosystem and the societies that
depend on it.



The nations and territories of Wider Caribbean region have established protected areas and
management strategies to sustain the resources and environments that intimately link their
societies and economies to the ocean. However the Wider Caribbean ecosystem is not bound by
political and institutional boundaries. Ocean currents, and the trans-boundary movement and
reproduction of marine species, physically and ecologically connect the different places and
nations of the Wider Caribbean.

As a result, the success of ocean protection measures anywhere in Caribbean is fundamentally
linked to the condition of marine areas in other parts of the region. Species or their prodigy, and
the factors that threaten their populations, move freely across the complex mosaic of territorial
EEZs and national borders in the Caribbean. It is therefore essential that resource and protected
area managers look beyond their jurisdictions to cooperate with the other nations of the region to
improve the health of their shared ocean environment.

A Framework for Cooperation through a Network of Marine Protected Areas

The Convention for the Protection and Development of the Marine Environment in the Wider
Caribbean Region, known as Cartagena Convention, is a regional legal agreement for the
protection of the Caribbean Sea. Adopted in Cartagena, Colombia on 24 March 1983 and
entered into force on 11 October 1986, the Convention is supported by three technical
agreements or “Protocols” on Land Based Sources of Marine Pollution, Oil Spills and Specially
Protected Areas and Wildlife (SPAW.

Article 4 of the SPAW Protocol calls for establishment of protected areas as a mechanism for
sustaining the natural resources of the Wider Caribbean Region. The Article provides for
ecologically sound and appropriate use to conserve, maintain, and restore representative types of
coastal and marine ecosystems and habitats and associated ecosystems critical to the survival and
recovery of endangered, threatened, or endemic species of flora and fauna.

The SPAW Protocol is also designed to assists its Parties in develop cooperative programs to
establish and manage protected areas and create “a protected area network™ in the Wider
Caribbean (Article 7(2)). To facilitate this, the European Commission — in partnership with the
European Union, the Organization of African, Caribbean and Pacific States, and the Food and
Agriculture Organization of the United Nations — has provided funds to the UN Environment
Program Cartagena Convention Secretariat to promote cooperation between the SPAW-listed
protected areas and create a “functional network of marine protected areas” in the Caribbean.

Developing regionally representative networks of marine protected areas is a priority in the
Multilateral Environmental Agreements in African, Caribbean, and Pacific Countries Phase II1
project (ACP MEA I1I) and UNEP’s Cartagena Convention Secretariat is working to develop a
plan for the creation of a functioning MPA network in the Caribbean that will strengthen the
interconnections of their habitats, species and conservation outcomes. Activities in this effort are
to include:



* Developing scientifically sound guidelines for the analysis of connectivity and
representativeness of marine protected areas;

* Identification of possible candidate areas for protection for regional networks;

* Activities to support management capacity of the marine protected areas and other area-
based management measures.

As an initial step in creating this network, the Secretariat has undertaken a review of the
ecological components that connect SPAW MPAs, as well as the existing cooperative efforts
among a wider set of MPAs that are part of the Caribbean Marine Protected Area Management
Network and Forum (CaMPAM). The analysis presented here is an overview of the ecological
factors that interconnect the Caribbean’s marine environment as a basis for building cooperation
between SPAW and other MPAs of the region to enhance their roles in protecting ecosystem
functions and populations of key species.

MPA Networks and Connectivity

Over the last two decades, linking marine protected areas into networks has become a goal in
local and regional management efforts to conserve biodiversity, ecosystem functions and
ecological services in marine environments (Grorud-Colvert et al 2014, Lagabrielle et al 2014,
Knowles et al 2015). Networks of MPAs are envisioned to have ecological, economic and social
benefits that are greater than the sum of those benefits coming from individual protected sites.
They are also seen as more practical and acceptable than establishing single MPAs that
incorporate large areas of the seascape. However, networks can be built on different kinds of
relationships to achieve different goals. A clear understanding of the goals for establishing a
network of MPAs in the Caribbean will be fundamental to how it functions and to its success.

An MPA network can be defined as a collection of individual MPAs or reserves operating
cooperatively and synergistically, at various spatial scales, and with a range of protection levels
that are designed to meet objectives that a single reserve cannot achieve (IUCN-WCPA 2008).
Grorud-Colvert et al (2014) define different types of networks based on their management needs
and goals. These include:

* Ad-hoc or Regional Networks: a grouping of MPAs that are in proximity to each other
but were not planned as a synergistic network.

* Conservation Networks: designed to have strict conservation goals in order to conserve
the representative ecological characteristics of an area or ecosystem by protecting
replicated sites that encompass habitats or species of interest.

* Management Networks: which manage and facilitate the economic uses of marine
resources at a broader scale than a single-MPA approach would have afforded.

* Social Networks: based on human interactions across groups of people including MPA
managers, stakeholders, decision-makers, and scientists who transfer knowledge, share
best practices, and build capacity.



* Connectivity Networks: multiple marine reserves and other MPAs that are connected by
the dispersal of larvae and/or movement of juveniles and adults with the general goal to
maximize conservation and/or fisheries benefits from no-take areas.

A network of MPAs listed under the SPAW Protocol has characteristics in common with all the
network types listed above. In addition, the SPAW sites all meet standards for ecosystem
protection and management that are set by the listing process. These standards and the
ecological processes that link their species, habitats and management challenges provide a basis
on which to create a functional network of MPAs in the Caribbean.

As the concept of creating MPA networks has advanced, several basic principles for a functional
and effective network design have been presented (IUCN-WCPA 2008, Brock et al 2012, Green
et al 2013). These principles include representation (covering the full range of biodiversity, rare
and threatened species), replication (protecting more than one example of a given feature),
connectivity (ensuring linkages between sites through currents, migratory species and larval
dispersal), and adequacy (having the appropriate size, spacing and shape).

The 35 sites presently listed under the SPAW Protocol form a network that to some degree
incorporates these principles of representation, replication, connectivity and adequacy. The
principle of connectivity is of primary consideration in the analyses that follows. A network
based on ecological connectivity has the potential to expand the impact of each MPA to living
marine resources beyond its borders, and elevate the importance of local management strategies
for conserving the regional marine ecosystem.

Ecological connectivity in marine environments is the extent to which populations in different
parts of a species’ range are linked by the exchange of eggs, larvae recruits or other reproductive
products, juveniles and adults IUCN-WCPA 2008, Sale et al 2010). It is particularly important
for designing MPA networks because it plays a fundamental role in the distribution, diversity,
dynamics and resilience of species, populations and communities of marine life (Sale et al 2005,
Cowen et al 2007, Olds et al 2016). A successful MPA network must therefore be managed to
identify, maintain, and enhance connectivity among key species and sites within the network
(Cannizzo et al 2020, Hilty et al 2020).

Sale et al (2010) summarized two ways in which connectivity can influence populations of
species based on the rate of exchange of individuals and their genes between populations:

1) Evolutionary connectivity: the amount of gene flow occurring among populations over a
timescale of several generations. It determines the extent of genetic differences among
populations.

2) Demographic connectivity: an exchange of individuals among local populations that can
influence population demographics and dynamics.

Connectivity can include:
* Exchange of offspring between populations through larval dispersal;
* Recruitment of juveniles and survival of these juveniles to reproductive age;



* Any large-scale movement of juveniles and adults between locations.

The evaluation of connectivity between the SPAW and other MPAs presented in the following
sections is an analysis of how physical and ecological processes interconnect different parts of
the Caribbean. In doing so, aspects of representation, replication and adequacy of the SPAW
protected areas are inherently shown. With concepts of marine protected area networks and
connectivity as a basis, examples of larval dispersal and migrations of turtles are used to put
these concepts into practice for integrating the SPAW and other MPAs into a network or
networks of Caribbean protected areas.

Before starting the analysis, a good understanding of the physical and biological characteristics
and their setting of the protected areas is needed. To gain this, a basic atlas of the SPAW sites,

an inventory of key species, and an account of the primary habitats for these species have been
prepared. With this understanding, the analysis of connectivity between protected areas is
possible within the biogeographic context of where the protected areas are and what they contain.
The ultimate goal is to identify how this information can support forming an alliance between the
SPAW sites that is based on ecological connectivity and to better understand the relevance of
each site in sustaining the health and resiliency of the marine ecosystem of the Wider Caribbean.



Section 2: AN ATLAS OF SPAW-LISTED PROTECTED AREAS

A starting point for understanding the ecological relationships between the SPAW-listed
protected areas is having good knowledge of the characteristics and setting of the sites, including
the coastal and marine environments they include. The following atlas of the sites was prepared
from satellite-based imagery contained in the Allen Coral Atlas (https://allencoralatlas.org) and
the protected area boundaries presented in SPAW listing documents and the World Database on
Protected Areas (https://www.protectedplanet.net/en). The atlas maps were prepared using
graphic software, rather than from GIS files. They are therefore visual representations of the
protected area boundaries and conditions, rather than usable for navigational or legal purposes.
The maps are meant to provide a needed reference tool for understanding what is in the SPAW
sites and for evaluating their ecological connections between marine, coastal and terrestrial
environments of the Caribbean.

SPAW Atlas Contents:

. Caribbean overview map and reference list of SPAW-listed sites
. SPAW sites of Belize

. SPAW sites of Cuba & Florida

. Columbian islands and reef sites of the Seaflower Marine Protected Area
. SPAW sites of the Columbian mainland.

. SPAW sites of the Dominican Republic

. SPAW sites of the Northern Antilles

. Agoa Marine Mammal Sanctuary

. SPAW sites of French Guiana

10. SPAW sites of the Southern Antilles

11. Flower Garden Banks National Marine Sanctuary
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Protected Areas Listed Under The Protocol Concerning Specially Protected Areas And Wildlife In The Wider Caribbean Region (SPAW)

* SPAW LISTED PROTECTED AREAS

PARTIES TO THE SPAW PROTOCOL

Belize

1 - Hol Chan Marine Reserve

2 - Glover’s Reef Marine Reserve
3 - Port Honduras Marine Reserve

Cuba
4 - Parque Nacional Guanahacabibes
5 - Parque Nacional Cayos de San Felipe

Colombia
6 - Seaflower Marine Protected Area
7 - Natural Park of Wetlands between
the rivers Leén and Suriqui
8 - Sanctuary Cienaga Grande de Santa Marta

Dominican Republic

9 - La Caleta Submarine Park

10 - National Park Jaragua

11 - National Park Haitises

12 - National Park Sierra de Bahoruco

French West Indies

13 - Réserve naturelle nationale de ’Amana Guyane
14 - lle du Grand Connétable Guyane

15 - Réserve naturelle nationale de Kaw-Roura Guyane
16 - Etangs des Salines Martinique

17 - Versants Nord de la Montagne Pelée

18 - Parc National de la Guadeloupe

19 - Réserve Naturelle de Petite Terre

20 - Sanctuaire Agoa (ZEE Guadeloupe et Martinique)
21 - Etangs Lagunaires de Saint-Martin

22 - Réserve Naturelle Nationale de Saint-Martin

Grenada
23 - Moliniere-Beauséjour Reserve

Dutch Caribbean

24 - Bonaire National Marine Park

25 - The Quill and Boven National Park St. Eustatius
26 - St Eustatius National Marine Park

27 - Saba Bank National Park

28 - Saba National Marine Park

29 - Mt. Scenery National Park Saba

30 - Man O War Shoal Marine Park St. Maarten

Saint Vincent and the Grenadines
31 - Tobago Cays Marine Park

United States of America

32 - Dry Tortugas National Park

33 - Florida Keys National Marine Sanctuary

34 - Everglades National Park

35 - Flower Garden Banks National Marine Sanctuary
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Section 3: HABITATS REPRESENTED BY SPAW PROTECTED AREAS

The following table is an evaluation of how representative the SPAW protected areas are of the primary habitats
utilized by the protected species listed in Annexes I, 11, and III of the SPAW Protocol. These habitats are based
on the general description of the sites presented in the SPAW listing documents (http://palisting.car-spaw-
rac.org) and from the imagery used to prepare the atlas.

The coastal and marine habitats of the Caribbean are highly complex and vary substantially locally and between
different sites. The following somewhat arbitrary categorization of primary habitats is not meant to be
comprehensive, but to help understand and compare the geographies of the SPAW sites. Combined with the
analysis of SPAW protected and regulated species occurring in SPAW protected areas (Section 4), this
comparison assesses to what extent the SPAW sites collectively represent the primary habitats of the Wider
Caribbean ecosystem.

The habitat categories are:

* Coral Reef: Coral reef habitats can be subdivided into various zones based on depth (ie forereef, reef
crest, backreef, lagoon etc). The coral reef habitat listed here includes those coral dominated
communities and their associated highly diverse benthic habitats. These may also include deep-water
mesophotic communities.

* Seagrass: Dense growths of seagrass, which are a diverse group of marine plants (angiosperms) with
extensive root systems that anchor them into seafloor sediments. Beds of seagrass are often physically
and ecologically closely associated with coral reefs.

* Mangrove: Mangrove species and other vegetation growing in saltwater estuaries, lagoons and coastal
mudflats make up mangrove forests. Ecologically linked to other marine habitats, these tidal-influenced
forests are inhabited by and support diverse populations of terrestrial, aquatic and marine organisms.

* Estuary: Areas where fresh and salt water converge in coastal environments. They are usually partially
isolated from the ocean, and salinity can vary depending on the amount and proximity of freshwater
input from land. Can include mangrove forests.

* Rocky Intertidal: While some type of rocky intertidal habitat occurs at most of the sites, identified here
are sites where a significant portion of the coast is dominated by rocks and/or boulders. The physical
geography, geological origin and age of island and continental shorelines will determine the extent of
these rocky intertidal environments.

* Beach: Dynamic deposits of unconsolidated sediment moved by intertidal wave action. They can be
important sites for nesting by turtles, and for recreation by people.

* Forest: Varying types of dense littoral (other than mangroves) and upland vegetation sustained by
different soil types and amounts of rainfall.

Oceanic habitats (more than 200 m depth) are not included here, but make up the major proportion of the Wider
Caribbean. Many of the SPAW sites include some oceanic habitat within their boundaries, but Seaflower and
Agoa MPAs encompass particularly large oceanic areas.



PRIMARY HABITATS IN SPAW PROTECTED SITES

Coral Reefs
Seagrass
Mangrove
Estuary
Rocky
Intertidal
Beach
Forest

Belize
1 - Hol Chan Marine Reserve

2 - Glover’s Reef Marine Reserve
3 - Port Honduras Marine Reserve

Cuba
4 - Parque Nacional Guanahacabibes

5 - Parque Nacional Cayos de San Felipe
Colombia
6 - Seaflower Marine Protected Area

7 - Natural Park of Wetlands between the rivers Ledn and Suriqui

8 - Sanctuary Cienaga Grande de Santa Marta
Dominican Republic
9 - La Caleta Submarine Park

10 - National Park Jaragua
11 - National Park Haitises
12 - National Park Sierra de Bahoruco

French West Indies
13 - Réserve naturelle nationale de ’Amana Guyane

14 - lle du Grand Connétable Guyane

15 - Réserve naturelle nationale de Kaw-Roura Guyane
16 - Etangs des Salines Martinique

17 - Versants Nord de la Montagne Pelée

18 - Parc National de la Guadeloupe

19 - Réserve Naturelle de Petite Terre

20 - Sanctuaire Agoa (ZEE Guadeloupe et Martinique)
21 - Etangs Lagunaires de Saint-Martin

22 - Réserve Naturelle Nationale de Saint-Martin
Grenada

23 - Moliniére-Beauséjour Reserve

Dutch Caribbean
24 - Bonaire National Marine Park

25 - The Quill and Boven National Park St. Eustatius
26 - St Eustatius National Marine Park

27 - Saba Bank National Park

28 - Saba National Marine Park

29 - Mt. Scenery National Park Saba

30 - Man O War Shoal Marine Park
Saint Vincent and the Grenadines

31 - Tobago Cays Marine Park
United States of America

32 - Dry Tortugas National Park

33 - Florida Keys National Marine Sanctuary
34 - Everglades National Park
35 - Flower Garden Banks National Marine Sanctuary

NUMBER OF SPAW SITES CONTAINING HABITAT 22 22 22 11 11 19 21

This table shows the importance of coral reef, seagrass and mangrove habitats among the SPAW sites. These
habitats are ecologically closely linked where they occur within the same protected area. For example, fish
move between coral reef, seagrass and mangrove habitats to forage, for shelter and at different stages of their
lifecycles. Beach and forest habitats are also important at the majority of the sites and are linked respectively
by the reproduction and migrations of turtles and birds throughout the Caribbean. Color shading indicate the
setting of the sites: Green — coastal wetland, Blue — entirely marine, Brown — entirely terrestrial.



These data are a relatively simple characterization of the seascape of the protected areas that integrates the
physical features and living communities of an area. This comparison of habitats is an initial foundation on
which to start building relationships between different protected areas to address common management
strategies for their shared habitats. It helps to bring attention to the species that utilize the habitats and the need
to protect the biological connections between habitats across a protected seascape and between protected areas.



Section 4: SPECIES REPRESENTED AT SPAW PROTECTED AREAS

In order to evaluate how representative the SPAW protected areas are of the species identified in
Annexes I, II and I1I of the SPAW Protocol, the reported presence of the species in the listing
documents for each SPAW site was compiled into the following table. This compilation is an
objective documentation of what was reported in the documents. No attempt has been made to
fill what may be gaps in reporting.

It is obvious that detailed reporting has not always occurred for some of the species. For
instance, 62% of the sites report having coral reef habitats, but approximately only 30 — 40% of
sites report specific coral species or families that are in the SPAW Annexes. This is not to
discount the intuitive understanding that several if not all coral species exist where coral reefs are
reported as important habitats at a site. For instance Florida Keys National Marine Sanctuary
(#33) does not report specific corals as present. Reporting gaps may also exist for the other
listed species, such as certain birds and marine mammals. These groups of species are not
always likely to be subject to accurate identification or dedicated field surveys during periods of
infrequent or rare sightings within a protected area. Additions to the SPAW Annexes since sites
were listed may also account for some of the gaps.

It should be noted that the SPAW listing guidelines ask which of the [IUCN Red Listed species
are present at a site. The listing documents for some of the sites include these IUCN species that
aren’t specifically listed in the SPAW annexes. However, this documentation of the distributions
of the species of marine and terrestrial wildlife listed in the SPAW Annexes (133 of the 300+
species in the annexes) provides a useful assessment of the key groups of species that are most
common among the protected sites.

See separate pdf of the table for clarity.
Key to the sites in the table (same as table in Section 3):

1 - Hol Chan Marine Reserve

2 - Glover’s Reef Marine Reserve

3 - Port Honduras Marine Reserve

4 - Parque Nacional Guanahacabibes

5 - Parque Nacional Cayos de San Felipe

6 - Seaflower Marine Protected Area

7 - Natural Park of Wetlands between the rivers Ledn and Suriqui
8 - Sanctuary Cienaga Grande de Santa Marta

9 - La Caleta Submarine Park

10 - National Park Jaragua

11 - National Park Haitises

12 - National Park Sierra de Bahoruco

13 - Réserve naturelle nationale de I’Amana Guyane

14 - Ile du Grand Connétable Guyane

15 - Réserve naturelle nationale de Kaw-Roura Guyane
16 - Etangs des Salines Martinique



17 - Versants Nord de la Montagne Pelée

18 - Parc National de la Guadeloupe

19 - Réserve Naturelle de Petite Terre

20 - Sanctuaire Agoa (ZEE Guadeloupe et Martinique)
21 - Etangs Lagunaires de Saint-Martin

22 - Réserve Naturelle Nationale de Saint-Martin

23 - Moliniere-Beauséjour Reserve

24 - Bonaire National Marine Park

25 - The Quill and Boven National Park St. Eustatius
26 - St Eustatius National Marine Park

27 - Saba Bank National Park

28 - Saba National Marine Park

29 - Mt. Scenery National Park Saba

30 - Man O War Shoal Marine Park

31 - Tobago Cays Marine Park

32 - Dry Tortugas National Park

33 - Florida Keys National Marine Sanctuary

34 - Everglades National Park

35 - Flower Garden Banks National Marine Sanctuary



The bar chart to the right of the matrix compares the relative number of species reported among
all the SPAW sites. An arbitrary line of 7 sites reporting a species highlights those species that
are most prevalent across the sites. These include sea turtles, some marine mammals, corals, the
queen conch Stombus gigas, the Caribbean spiny lobster Panulirus argus, sea grasses,
mangroves, and a number of birds and reptiles. These species represent direct ecological
linkages between the SPAW protected areas and are prime candidates for establishing common
management strategies among the sites.

In addition to showing SPAW Protocol annex species, species that are also listed under the
Convention on the Conservation of Migratory Species of Wild Animals (CMS) are indicated (*),
some of which are listed by CMS but only for certain subpopulations outside the Caribbean (**).
Showing those species that are listed by CMS and are also reported at SPAW sites emphasizes
the potential for these migratory species to directly connect the protected areas through their
reproductive migrations and foraging behaviors throughout the wide ranges where they are found
in the Caribbean and Atlantic. This is in spite of not all sites reporting their presence.

As more data and reporting that further refines the distribution of all the species in this table, as
well as unreported species listed in the SPAW annexes that are not shown, the functional
strength of the ecological connections between protected areas through these species will become
better known. These distributions will be important in forming cooperative conservation plans
among the SPAW sites
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Leptocereus wrightii

NUMBER OF SPAW SITES REPORTING SPECIES PRESENT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Cactaceae Leptocereus wrightii
Convolvulaceae Ipomoea walpersiana Ipomoea WGIperSIanG 1
.
Annex Il SPAW Protocol - Strictly Protected Fauna
EAUNA — EAUNE — EAUNA
Class/ Classe/Clase : GASTROPODA
Qrder/ Ordre/ Orden: STYIOMMATOPHORA (formerly PULMONATA)
Bulimulidae Orthalicus reses reses Stock Island, Florida tree snail Escargot arboricole gara:tl)llterdrestre StOCk IS I an d, F I (0] r|d a tree sSnal I 1 l
otck Islan
Class/ Classe/Clase : AMPHIBIA
Order/ Ordre/ Orden: ANURA
Eleutherodactylus barlagnei Barlagne Robber frog Hylode de Barlagne Ba rI agn e RO b be r frog 1
1
Eleutherodactylidae Eleutherodactylus johnstonei Johnstone's Robber Frog Hylode de Johnstone coqui antillano J (0] h n StO ne's RO b b er F rog 4
(formerly included in
Leptodactylidae ) Eleutherodactylus martinicensis Martinique Robber frog Hylode de la Martinique M artini q ue RO b be r fI’Og 4
Pinchon's Piping F 1
Eleutherodactylus pinchoni Pinchon's Piping Frog Hylode de Pinchon Incnon's | p'ng rOg
Class/ Classe/Clase : REPTILIA
Order/ Ordre/ Orden: CROCODYLIA
Cocodril i dril H H
Crocodylus acutus American crocodile Crocodile américain ocodrilo americano cocodrilo Ame rican CrOCOd ||e 7
narigudo Cocodrilo de Tumbes
Crocodylidae
Tocodrio de Morelet cocodrilo
Morelet' dil tral ! H
Crocodylus moreletii orelet's crocodile / centra Crocodile de Morelet mexicano |V|0re|et S CrOCOd ||e 1
american crocodile
o de pantang
Order/ Ordre/ Orden: SQUAMATA
Cyclura nubila Cuban Ground iguana Iguane terrestre de Cuba Iguana cubana CU ba n G roun d |gu dana 2
Iguanidae
. 1 .
Cyclura ricordii Ricord's rock iguana Iguane de Ricord La lguana Ricordi RICO rd S rOCk |gua na 1
Eumeces egregius Mole Skink M (0] I e Sk| n k ]
Scincidae
Neoseps reynoldsi Florida sand skink F|Orlda Sand Sklnk
Typhlopidae Typhlops guadeloupensis Guadeloupe blind snake Typhlops de Guadeloupe G ua d e I ou pe bI n d sSna ke 1 l
Order/ Ordre/ Orden: TESTUDINES
Caretta caretta Loggerhead sea turtle Tortue caouanne Cayuma, LOgge rh ea d Sea tu rtle 1 6
Tortuga-marina caguama
Chelonia mydas Green sea turtle Tortue verte Tortuga verde G reen sea tu rtle 23
Cheloniidae Eretmochelys imbricata Hawksbill turtle Tortue imbriquée Tortuga de carey H aw kS b| I I tu I’t|e 24
1 .
Lepidochelys kempii Kemp's Ridley turtle Tortue de Kemp Tortuga lora Ke m p S R|d Iey tu rtle 2
Lepidochelys olivacea Olive ridley turtle Tortue olivatre Tortuga Golfina, Olivacea O I ve r|d Iey tu I‘t|e 2
Dermochelyidae Dermochelys coriacea Leatherback sea turtle Tortue luth Tortuga laud Leath e rba Ck sea tu rtle 1 7
Class/ Classe/Clase : AVES
Order/ Ordre/ Orden: CHARADRIIFORMES
Chorlo chiflad H2 Y]
Charadriidae Charadrius melodus Piping Plover Pluvier siffleur, Gravelot siffleur orlo chiftador P | p| ng P I over 4
Frailecillo silbador
Sternula antillarum antillarum Least Tern Petite sterne Charrancito americano Lea St Te rn 1 1
(formerly Sterna antillarum antillarum)
Laridae
Sterna dougallii dougallii Roseate Tern Sterne de Dougall Charran rosado Roseate Te rn 7
Order/ Ordre/ Orden: CICONIIFORMES
Ciconiidae Mycteria americana Wood stork Tantale d'Amérique Téntalo Americano WOOd StO rk 1 l
Order/ Ordre/ Orden: COLUMBIFORMES
Columbidae (for Patagioenas inornata wetmorei rei) | Puerto Rican plain pigeon Pigeon simple de Puerto Rico ‘I';orcazaRboba de . Puerto R|Ca n pla N p|geon 2 -
uerto Rico
Order/ Ordre/ Orden: FALCONIFORMES
Haliaeetus leucocephalus Bald Eagle Pygargue a téte blanche Aguila cabeza blanca Bald Eagle 1
Accipitridae
Rostrhamus sociabilis plumbeus Everglade Snail kite Milan des marais Caracolero comun EVe rg I a d e Sn al I k|te ]
Falconidae Falco peregrinus Peregrine Falcon Faucon peélerin Halcén peregrino - Pe regr' ne Fa ICO n 7
Order/ Ordre/ Orden: PASSERIFORMES
Cardinalidae Passerina ciris Painted bunting Passerin nonpareil Azulillo pintado . Pa | nted b u nt' ng 1
Corvidae Corvus leucognaphalus White-necked Crow Corneille d'Hispaniola Cuervo de cuello blanco Wh |tE' n ecked CI‘OW 3
Emberezidae Ammodramus maritimus mirabilis Cape Sable Seaside sparrow Bruant maritime du Cap Sable -: Ca pe Sa b I e Sea Sl d e Spa rrow 2
Mimidae Cinclocerthia ruficauda Brown Trembler Trembleur brun Cocobino Pardo B rown Tre m b I er 2
Parulidae (tormerly B h \ bI 1
included in Vermivora bachmanii Bachman's warbler Paruline de Bachman Bijirita de Bachman achman's warbler
p idae)
R 1
Turdidae Catharus bicknelli Bicknell's Thrush Grive de Bicknell Zorzal/ tordo de Bicknell B IC kn e I I S Th ru Sh 2
Order/ Ordre/ Orden: PELECANIFORMES
Pelecanidae Pelecanus occidentalis Brown Pelican Pélican brun Pelicano Pardo B rown Pe I ICan ] 2 —
Order/ Ordre/ Orden: PROCELLARIIFORMES
Petrel de Cornill
Pterodroma hasitata Black-capped Petrel Pétrel diablotin etrel de Lornifla negra Black‘ca pped Petrel 2
Procellariidae Petrel Antillano
1
Puffinus Iherminieri Audubon's Shearwater Puffin d'Audubon Pardela de Audubon Au d u bO ns Sh ea rWate r 7
Order/ Ordre/ Orden: PSITTACIFORMES
R Cuban Ai ,rot -
Psittacidae Amazona leucocephala uban Amazon,rot ose Amazone de Cuba Amazona cubana CU ba n Am azon Pa rrOt 1
throated par
Class/ Classe/Clase : CHONDRICHTHYES
Order/ Ordre/ Orden: PRISTIFORMES
Pristidae Pristis pectinata Smalltooth sawfish Poisson-scie trident Pez sierra peine S ma I |t00t h Sa Wf' S h 1 l
Class/ Classe/Clase : MAMMALIA
Order/ Ordre/ Orden: CETACEA (All spp)
Balaenoptera musculus Blue whale Rorqual bleu Ballena azul Blue Wha Ie 2
Balaenoptera physalus Fin whale Rorqual commun Rorcual comun, ballena de aleta F|n Wha Ie 3
Balaenoptera borealis Sei whale Rorqual boréal Ballena sei SEI Wh a I e 4
Bal pteridae
1
Balaenoptera edeni Bryde's whale Rorqual tropical (de Bryde) Ballena de Bryde, Bl‘yde S Whale 3
Megaptera novaeangliae Humpback whale Baleine a bosse Ballena jorobada . . H umpbaCk Wha Ie 9
Balaenoptera acutorostrata Common minke whale Petit Rorqual Ballena minke CO mmon min ke Wh d I e
Balaenidae Eubalaena glacialis North Atlantic right whale Baleine franche des Basques Ballena franca del norte . N 0 I’t h At I a ntIC r|g ht Wha Ie 3
Physeter macrocephalus Sperm whale Cachalot Cachalote . Spe rm Whale 4
Physeteridae Kogia breviceps Pygmy sperm whale Cachalot pygmée Cachalote pigmeo Pygmy S pe rm Wh a I e 3
Kogia Simia (formerly Kogia simus) Dwarf sperm whale Cachalot nain Cachalote enano DWa rf S pe rm Wh d Ie 4
-
Ziphius cavirostris Cuvier’s beaked whale Baleine a bec de Cuvier Ballena de Cuvier CUV|e rs bea ked Wha Ie 4
L
Mesoplodon europaeus Gervais' beaked whale Baleine a bec de Gervais Ballena de pico de Gervais GervaIS bea ked Wha Ie 5
. . ,
Ziphiidae Mesoplodon densirostris Blainville’s beaked whale Baleine a bec de Blainville Ballena de pico de Blainville Bla Invi I Ie S bea ked Whale 3
’
Mesoplodon mirus True’s beaked whale Mésoplodon de True Ballena de pico de True True S bea ked Whale 1
’
Mesoplodon bidens Sowerby’s beaked whale Mésoplodon de Sowbery Ballena de pico de Sowerby SOWE rby S bea ked Wh a Ie 1
Orcinus orca Killer whale Orque Orca . . KI”eI‘ Wha Ie 5
Feresa attenuata Pygmy killer whale Orque pygmée Orca pigmea Pygmy k| I I er Wh d I e 1
Pseudorca crassidens False killer whale Fausse orque Orca falsa Fa Ise kl I Ie r Wh d Ie 2
Globicephala macrorhynchus Short-finned pilot whale Globicéphale tropical Calderdn de aleta corta . S hO I’t-fl nn ed p | I Ot Wha I e 4
Peponocephala electra Melon-headed whale Péponocéphale Delfin cabeza de meldn |V|e|0n-headed Whale 4
Fraser's dolphi 3
Lagenodelphis hosei Fraser's dolphin Dauphin de Fraser Delfin De Fraser, Borneo raser's do p n
Stenella attenuata Pantropical spotted dolphin Dauphin tacheté pantropical Delfin manchado pantropical . Pa ntrop'cal Spotted d0|ph N 8
Stenella frontalis Atlantic spotted dolphin Dauphin tacheté atlantique Delfin manchado del Atlantico Atla ntIC spotted d0| ph n 5
Delphinidae
Stenella longirostris Spinner dolphin Dauphin a long bec Delfin rotador . * * S p Inner d OI p h n 4
Stenella clymene Clymene dolphin Dauphin de clyméne Delfin de clymen * * Clymene d0| ph N 2
Delphinus delphis Short-beaked Common Dolphin | Dauphin commun Delfin comun de pico corto * * Short'bea ked Com mon Dolph N 1
Tursiops truncatus Common bottlenose dolphin Grand dauphin Delfin nariz de botella CO mmon bOtt I enose d (0] I p h n 15
Stenella coeruleoalba Striped dolphin Dauphin bleu et blanc Delfin listado St” ped d (0] I p h N 4
. fl .
Grampus griseus Risso's dolphin Dauphin de Risso Delfin de Risso R'SSO S dOI ph N 2
Steno bredanensis Rough-toothed dolphin Steno rostré, steno a rostre Delfin de dientes rugosos RO Ugh'tOOt h ed d OI p h n 3
étroit
Sotalia fluviatilis Tucuxi Sotalie Tucuxi TUCUX| ]
Order/ Ordre/ Orden: CHIROPTERA
Molossidae Tadarida brasiliensis Brazilian Free-tailed Bat Molosse du Brésil Murciélago cola de ratén BraZ| I|a n Free'ta | Ied Bat ]
Ptéronote de Davy, Chauve- ! -
Mormoopidae Pteronotus davyi Davy's naked-backed bat eronf) € de Davy, Lhauve Murciélago de espalda desnuda DaVy S na ked baCked bat 1
souris a dos nu
Ardops nichollsi Tree Bat Ardops des Petites Antilles Tree Bat 2
Phyllostomidae Brachyphylla cavernarum Antillean Fruit-eating Bat Brachyphylle des antilles Ant | I Iea n Fl’u |t‘eat| ng Bat 2
Chiroderma improvisum Guadeloupe Big-eyed Bat Chiroderme de la Guadeloupe G ua d e I ou pe B|g'eyed Bat 1
Vespertilionidae Eptesicus guadeloupensis Guadeloupe Big brown bat Sérotine de la Guadeloupe Gran murciélago G ua d e I ou pe B'g b rown bat 1
Marrén de Guadalupe
Order/ Ordre/ Orden: RODENTIA
Capromyidae Mesocapromys sanfelipensis San Felipe Hutia Jutia de la Tierra Sa n Fe I | pe H Ut|a 1
(formerly Capromys sanfelipensis)
Cricetidae Peromyscus gossypinus allapaticola Cotton mouse Souris de coton COttO n mouse ]
Trichechidae Trichechus manatus West Indian manatee Lamantin des Antilles Manati antillano _ - WeSt | n d lan ma natee 9 —
Class/ Classe/Clase : ANTHOZOA
Order/ Ordre/ Orden: SCLERACTINIA
Acropora cervicornis Staghorn coral Corne de cerf Coral cuerno de ciervo Stagh orn cora | 8
Acroporidae
Acropora palmata Elkhorn coral Corne d'élan Coral cuerno de alce EI kh orn cora I 10
Montastraea annularis Boulder star coral Corail étoile massif BO u Id er Sta r cora I 8
Faviidae
Montastraea faveolata Mountainous star coral Corail étoile massif MountaInOUS Star co I’a| 8
. . . .
Annex IIT SPAW Protocol - Flora and Fauna with exploitation regulations
Family — Famille | Scientific name - Nom scientifique
— Familia — Nombre cientifico
FLORA - FLORE - FLORA
Division/ Embranck / Filo o Divisién : TRACHEOPHYTA (Vascular plants)
Acanthaceae Avicennia germinans Black mangrove Palétuvier noir, Bois de meche Mangle negro B I d Ck ma ngrove 15
(formerly Avicennia nitida)
Arecaceae Syagrus amara Overtop palm Petit coco OVe rtop pa I m 2
(formerly Rhyticocos amara)
Ch landes (Haiti) Roble df
Bignoniaceae Ekmanianthe longiflora ene a glandes (Haiti) Roble de Roblillo — Roble real (Cuba) Royal Oak 2
Puerto Rico
1
Cactaceae Melocactus intortus Turk's cap Téte a |'Anglais Melén de costa TU rk SCa p 3
Botoncill
Conocarpus erectus Buttonwood Manglier gris otoncilio ButtonWOOd ] 5
Mangle botén
Combr eae
Laguncularia racemosa White mangrove Manglier blanc Mangle blanco Wh |te ma ng rove 16
Halodule wrighti Shoalgrass Shoalgrass (formerly Seagrass) 10
(formerly Seagrass)
C doceaceae
Syringodium filiforme Manatee-grass (Seagrass) Manatee‘gra SS (Seagl’a SS) ]4
(formerly Cymodocea manatorum)
Thalassia testudinum Turtle grass Herbe a tortue Hierba de tortuga Tu rt I e graSS 19
Halophila baillonis Florida Keys seagrass Halophile nervurée FIO”da KeyS Seagra SS 4
(formerly Halophila achersonii)
Hydrocharitaceae
Halophila decipiens Hairy spoon seagrass, Caribbean - Hall’y SpOOh / Ca I‘Ibbean SeagraSS 8
seagrass
Engel ' 2
Halophila engelmannii Engelmann's seagrass nge mann's Seag rass
'
Elleanthus dussii DuSS Elleanthus 1
Orchidaceae
Epidendrum mutelianum Orange-flower star orchid Ora nge‘ﬂower Stal‘ OI‘ChId ]
Mangl j
Rhizophoraceae Rhizophora mangle Red mangrove Palétuvier rouge, Mangle-chandelle ang'e rojo Red ma ngrove 16
Mangle colorado —de chifle
Ruppiaceae Ruppia maritima I Ruppie maritime Ocoshal de agua Beaked Tasselweed, widgeongrass 4
widgeongrass
C Li Vit . . .
Guaiacum officinale ommoner Lignum Vitae Gafac — Bois Saint Guayaco, guayacan Com moner ngnum V|tae GuaIaC Tree 6
Guaiac Tree
phyllaceae
Guaiacum sanctum Roughbark Lignum vitae, Gafac guayacan ROUgh ba rk ngnum V|tae, HOIyWOOd 2
Holywood
FAUNA - FAUNE - FAUNA
Class/ Classe/Clase : HYDROZOA
Order/ Ordre/ Orden: MILLEPORINA
Milleporidae All spp. fire corals corail de feu Coral de Fuego f' re cora I S 15
Stylasteridae All spp. hydrocorals hydrocoralliaires hyd rocora IS 7
Class/ Classe/Clase : ANTHOZOA }
Order/ Ordre/ Orden: ANTIPATHARIA
Antipatharia All spp. black corals, thorny corals . . . . . . . b|aCk C0ra|S, thorny C0ra|S 9
Order/ Ordre/ Orden: ALCYONACEA (formerly GORGONACEA)
e e e e e e e e . . - i:- . . - go rgo " a ns’ sea fa " S 14 —
Order/ Ordre/ Orden: SCLERACTINIA
e " e o e e - . - - . . . -: Sto ny co ra IS 1 5 —
Class/ Classe/Clase : BIVALVIA
Order/ Ordre/ Orden: UNIONOIDA %
Margaritiferidae Margaritifera hembeli Louisiana pearlshell Moule d'eau douce de Louisiane Lo uisiana pea rI S h eI I 1 ;
Class/ Classe/Clase : GASTROPODA f
Order/ Ordre/ Orden: MESOGASTROPODA
o e eeneent - i - . - - . - Qu ee n CO n Ch ] 3
Class/ Classe/Clase : CRUSTACEA ;
Order/ Ordre/ Orden: DECAPODA
Palinuridae Panulirus argus Caribbean Spiny lobster Langouste blanche Langosta comun del Caribe - . - - . . Ca rl b bea n Sp| ny IO bste r 13 —
Class/ Classe/Clase : ACTINOPTERYGII
Order/ Ordre/ Orden: PERCIFORMES
Epinephel
p’.nep e Epinephelus striatus Nassau grouper Mérou Agrupador - . Nassau grouper 4 -
striatus
Class/ Classe/Clase : CHONDRICHTHYES
Order/ Ordre/ Orden: Carcharhiniformes
Oceanic whitetip shark Requin longimane Tiburén ocednico de punta blanca . . .
Carcharhinus longimanus Ocea nic Wh |tet| p S h a rk ]
Carcharhinidae
Rhincodontidae Rhincodon typus Whale shark Requin-baleine Tiburén ballena . Wh d | es ha I’k 3
Sphyrnidae Sphyrna mokarran Great hammerhead shark Requin marteau Tiburén martillo G reat ha mme rh ea d Sh a rk 1
Order/ Ordre/ Orden: MYLIOBATIFORMES
Mobulidae Manta birostris Manta ray Raie manta Mantarraya, Manta gigante . M a nta ray 2 -
Class/ Classe/Clase : REPTILIA
Order/ Ordre/ Orden: SQUAMATA
Boa constrictora, mantona, mazacuata, . 2
Boidae Boa constrictor Boa constrictor Boa constricteur tragavenao, jibdia, lampalagua, Boa con St rICtO r
macarye
Iguana delicatissima Lesser Antilles iguana Iguane des Petites Antilles Iguana del Caribe Lesse r Ant' I I es |gu ana 5
Iguana iguana Green iguana, common iguana Iguane vert Iguana verde, teyd . Green |guana, common |guana 8
Order/ Ordre/ Orden: TESTUDINES
Kinosternidae Kinosternon scorpioides Scorpion mud turtle Tortue scorpion Tortuga escorpion . SCO I“p Ion mu d tu rtle 1 l
Class/ Classe/Clase : AVES
Order/ Ordre/ Orden: ANSERIFORMES
Cairina moschata Muscovy duck Canard musqué Pato real M u SCOVy d u Ck 1 l
Anatidae Dendrocygna arborea West Indian whistling-duck Dendrocygne des Antilles Yaguasa de pico negro . WeSt I n d lIan Wh |St I | ng‘d UCk
Suiriri bicolor. sirirf colorado, Ia i . .
Dendrocygna bicolor Fulvous Whistling Duck Dendrocygne fauve Nl:mln icolor, siriri colerado, a Jguasa F u IVO us Wh |St| | ng D uc k 3 -
aria
Order/ Ordre/ Orden: CICONIIFORMES
Threskiornithidae | Eudocimus ruber Scarlet ibis Ibis rouge Ibis escarleta . Sca rl et |b IS 1 l
Order/ Ordre/ Orden: COLUMBIFORMES
Patagi I hal 1 H
Columbidae atagloenas feucacephala White-crowned pigeon Pigeon a couronne blanche White-crowned pigeon Wh Ite-CrOWI”Ied p|geon 2
Columba leucocephala)
Order/ Ordre/ Orden: PHOENICOPTERIFORMES
Phoenicopteridae | Phoenicopterus ruber Greater flamingo Flamant des Caraibes Flamenco del caribe . G reate r ﬂa mi ngO 4 -
Class/ Classe/Clase : MAMMALIA
Order/ Ordre/ Orden: CARNIVORA
Eira barbara Tayra Martre a téte grise, tayra Irard, eira, tayra, hurén mayor Tayra 1 l
Mustelidae Galictis vittata Greater grison Grison Grisén, huroncito G reate r gr| son
Lontra longicaudis enudris Southern (neotropical) river :_outre de Guyane, loutre a Lobito de rio SO Uth ern (neotrO p ICa I) river Otte r 1 l
otter ongue queue




Section 5: CONNECTIVITY OF SPAW-LISTED PROTECTED AREAS THROUGH SEA
TURTLE NESTING AND CONSERVATION

Sea Turtles are highly migratory during all their life-history stages. They rely on marine and coastal
habitats within the EEZs of all nations and territories of the Wider Caribbean and these habitats are
critical for turtle dispersal, foraging, refuge, mating, migration and nesting (Eckert and Eckert 2019). As
a result, populations of turtles in any part of the Caribbean are influenced by threats imposed on turtles
and their habitats hundreds or even thousands of kilometers away. Cooperative species protection and
habitat management strategies between nations are therefore essential to ensure local sea turtle
conservation policies are effective. Because of their distant migratory movements, numerous threats to
their survival, and the widely held desire by the people of the Caribbean to protect sea turtles, turtle
species are icons for the interconnected nature of the Caribbean ecosystem, for the threats to its integrity,
and for management efforts in marine protected areas throughout the region.

The majority of the nations and territories of the Wider Caribbean protect sea turtles from exploitation.
All six of the sea turtle species found in the Caribbean are on the [UCN Red List of Threatened Species
and protected by the international conservation accords such as the SPAW Protocol, the Convention on
Migratory Species (CMS), and the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES). Although some Caribbean nations allow the harvest of turtles for what is
considered “traditional or subsistence use” and illegal harvest is often reported in the region, national and
international regulations, as well as important changes in attitudes regarding conservation of turtles, have
allowed sea turtle populations to gradually recover from historic declines caused by the exploitation of
turtle eggs, juveniles and adults. Many threats to turtle populations still exist however, including fisheries
bycatch, fishing gear entanglement, degradation of foraging habitats, coastal development, water quality
declines and climate change.

Sea turtles migrate between areas where they breed, nest and forage. Effective protection strategies for
turtles in the Caribbean must therefore be a cooperative and coordinated effort across the many
jurisdictional borders of the region. The hubs of the migratory pathways and for critical protections of
turtles are the nesting beaches, which are central in the lifecycles of female and juvenile turtles. Figure
5.1 1s reproduced from Eckert et al 2020. It shows the distribution of turtle nesting by species location
and abundance of nesting crawls across the Caribbean. These distinctive nesting hubs are connected to
other parts of the region through the migrations of the turtles from these sites to and through their
foraging ranges. Figure 5.2 shows these ranges derived from tracking data and the management units
presented in Eckert et al (2020). These management units were developed by Wallace et al (2010) to
coordinate the biogeographic application of conservation strategies for turtle species beyond their nesting
sites.
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Figure 5.1. urtlnting sits t aribbn showing relative abundance of Icrawls by turtle species. Reproduced from Eékert et al (2020)
Sea Turtles of the Caribbean in the State of the World’s Sea Turtles 2020 Report https://www.seaturtlestatus.org/swot-report-vol-15.
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Flgure 5.2. Reglonal Management Units (cross-hatched areas) for sea turtle species in the Atlantic developed by Wallace etal 2010 based on
telemetry, genetics, tagging and nesting data. Migration corridors and foraging areas based on satellite telemetry data are shown by different
colors for each species. This figure is a compilation of maps that are in Eckert et al (2020).



Figure 5.3 below evaluates the role that SPAW sites play in protecting turtle nesting sites, and through
these protections, how the sites help to sustain turtle populations over their foraging ranges.
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Figure 5.3. Sea turtle nesting at SPAW sites prepared from data provide by the SPAW listing documents
and by the Wider Caribbean Sea Turtle Conservation Network’s (WIDECAST) database of sea turtle
nesting in the Caribbean (Eckert and Eckert 2019). The matrix indicates that the SPAW nations and
territories have nesting beaches within their SPAW protected areas for most of the turtle species that nest
within their territorial boundaries. Other beaches in these nations and territories, which are outside
SPAW protected areas, are also places where turtles nest and may have some form of protection, but these
sites are not included in this figure. The bar graph at the bottom shows the total number of nesting
beaches for each turtle species that are collectively within SPAW sites. Numbers below the bar graph
show the percentages for each species nesting in the SPAW sites and compares it to the total species-
specific nesting sites for the entire Caribbean. This Caribbean-wide data comes from Eckert and Eckert
(2019) who document a total of 1,341 nesting sites in the Wider Caribbean. However, those nesting sites
are often associated with multiple species, so the species-specific nesting site total of 2,667 is used to
compare percentages between SPAW nesting sites and those across the entire region. The percentage
numbers are similar, which suggests the nesting sites within SPAW protected areas generally reflect the
proportion of nesting sites used by each species throughout the region. However, this is not to suggest
that nesting site protections across the region is adequate for all species.

These results combined with tracking data shown in Figure 5.2 indicate that individual turtles migrate
from nesting sites to local and distant foraging areas, making journeys that can span the entire Caribbean
basin and beyond. For example, Blumenthal et al (2006) used satellite tags to track green, loggerhead
turtles from the Cayman Islands to foraging areas in Belize, Florida, Guatemala, Honduras, Mexico, and
Nicaragua. Data from Iverson et al (2020) tracked a loggerhead turtle from the Dry Tortugas to
Nicaragua. Figure 5.4 shows data from Becking et al (2016) who tracked green, loggerhead and
hawksbill turtles making migratory journeys of 197 to 3135 km from breeding sites in Bonaire to foraging
sites 176 to 2202 km away in various widely-dispersed locations. Long distance migrations of loggerhead
and leatherback populations can even connect these species to habitats and populations on the opposite
side of the Atlantic as is shown by the planning units for these species in Figure 5.2. These data establish
extensive links from the nesting hubs at SPAW and other protected areas to diverse locations in other
parts of the Caribbean and Atlantic.



Figure 5.4 (Reproduced from Becking et al 2016). Post-breeding migrations and foraging locations
(black dots at end of migration tracks) for 5 loggerhead turtles (Caretta caretta; C.c.), 4 green turtles
(Chelonia mydas; C.m.), and 15 hawksbill turtles (Eretmochelys imbricata; E.i.) from Bonaire and Klein
Bonaire. White dots indicate last known location for turtles not tracked to their foraging grounds due to
transmitter failure or loss. White dashed lines are exclusive economic zone boundaries. These tracks
show how turtles ecologically connect breeding and nesting sites in Bonaire to distant parts of the
Caribbean.

These turtle migrations are compelling examples of how survival of migratory species and successful
conservation actions are independent of protected area boundaries. Migrations connect wide areas of the
Caribbean to local nesting hubs within SPAW and other protected areas. All the SPAW marine protected
areas incorporate sea turtle foraging habitats and nearly all species have been reported to occur within
each of the SPAW sites. This common utilization of protected area habitats by sea turtles, as well as by
other migratory species (marine mammals, sharks, some fishes and birds), is an opportunity to use iconic
“flagship” species for conveying the concept of connectivity and how a network of protected areas
strengthens the ecological integrity and resilience for many components of the Wider Caribbean
ecosystem. It also highlights the strategic role that SPAW protected areas and their network connections
can play in turtle research and conservation initiatives in the Caribbean.



Section 6. CONNECTIVITY ANALYSIS OF THE SPAW MARINE PROTECTED
AREAS USING MODELS OF LARVAE PRODUCTION, DISTRIBUTION AND
SETTLEMENT PATTERNS ON CORAL REEFS IN THE WIDER CARIBBEAN

The connectivity of places in the ocean is either passive or active (Cannizzo et al 2020). Passive
connectivity occurs when organisms, nutrients and materials are moved by physical processes,
like the transport of larvae via ocean currents (Figure 6.1). Active connectivity occurs when
organisms move themselves from place to place. The scales at which these movements occur
can vary substantially in space and time. Animals can utilize both during their development and
lifecycles, and larvae of some species have the ability to be both passive and active.

The amount of time larvae of marine fishes and invertebrates spend in the plankton before
settlement is a measure of potential connectivity. It will determine the scale at which
connectivity operates, which varies from the small scale (minutes or hours where larvae settling
close to their origin) to scales that can span months with currents dispersing larvae across entire
ocean basins (Cowen et al 2006, Jones et al 2009, Green et al 2014).

Figure 6.1. Hybrid Coordinate Ocean Model (HY COM) of ocean circulation in the Caribbean
showing speed (color: cm/sec) and direction (arrows) of currents. This snapshot is for August 18,
2020 and shows the complex pattern of circulation that is fundamental in physically distributing
larvae and other water-borne impacts between locations and marine populations throughout the
Caribbean. Image from HY COM Consortium for Data-Assimilative Ocean Modeling, US Naval
Research Laboratory: https://www7320.nrlssc.navy.mil/GLBhycomcicel-12/




Many species of corals throughout the Caribbean, as in other parts of the world, undergo
synchronous spawning events at particular times of the year (Szmant 1986, Gittings et al 1992).
While the timing of these events can vary between species and be influenced by a number of
environmental factors (van Woesik et al 2006, Levitan et al 2011), they mainly occur in the
Caribbean during August and September. These synchronized mass spawning events increase
the probability of reproductive success in coral populations. Water currents carry the coral
larvae produced during these events to sites where they settle and begin new coral colonies. The
settlement may occur on the same reef, or at reef sites hundreds of kilometers from a larvae’s
parent colony. This process of reproductive spawning, transport and settlement is fundamental
in determining the distribution and resiliency of coral reef communities. It is also fundamental in
the spatial and temporal scale of ecological connectivity between coral reef populations (Steneck
et al 2009, Sale et al 2010).

Research into this reproductive process has been the focus of numerous studies seeking to
understand connectivity between different coral reef fish, coral and other reef dwelling
populations, and within and between marine protected areas (Palumbi 2004, Cowen et al 2006 &
2007, Jones et al 2007, Grober-Dunsmore and Keller 2008, Schill et al 2015). Given the
importance of protecting and sustaining coral reef habitats in the majority of the SPAW and
other marine protected areas in the Caribbean, an understanding of the connectivity between
MPAs through this reproductive process will be central in determining the wider ecological
benefits of coral reef conservation strategies at each of the SPAW sites.

Schill et al (2015) undertook a detailed analysis of coral reef connectivity through larval
transport modeling as a way to inform establishing MPA networks in the Caribbean. The results
of this study provide a valuable dataset and framework for assessing how the existing SPAW
sites are potentially interconnected by larval production and coral recruitment. The research
used regional ocean circulation data for the period 2008 to 2011, combined with an
understanding of coral reproduction and larval biology (spawning frequency, pelagic larvae
duration, rate of mortality, settlement probability), to model larvae dispersal patterns between
coral reef areas within different national jurisdictions. Their results show the variety of
geographic connectivity relationships between sources and destinations of coral larvae across the
Caribbean.

In order to visualize how spawning events and current patterns interact to distribute coral larvae
over key parts of the Caribbean, animations from the above study were edited to show snapshots
of probable larvae concentrations at specific time intervals following spawning events. Figure
6.2 presents simulated coral larvae distribution over 30 days during three different years in the
Mesoamerican Barrier Reef region of Mexico, Belize and Honduras, and in the Lesser Antilles.
These areas were chosen to illustrate because they contain several SPAW-listed sites. The
amount of larvae produced by the model is based on the geographic area of coral reef habitat at
the sources (black areas at day zero). Over subsequent snapshot intervals, the predicted
distribution and concentration of larvae are indicated by different colors for each of three annual
spawning events.
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Figure 6.2. Coral spawning events simulated for three different years (data extracted from Schill
et al 2015): Blue = 2009, Red = 2010, Yellow = 2011. Underlying ocean current data is from
NOAA'’s Real-Time Ocean Forecast System. Color key at upper right shows blending of colors
to illustrate areas where the trajectories of the products from spawning events overlap or diverge
between years. Black areas are the coral reef sources at Day 0, and where potential settlement
locations by all three spawning events overlap at subsequent periods up to 30 days. These black
colored reef areas are the locations predicted by the model to have the highest probability of new
coral colony recruitment. The locations of SPAW sites are shown at Day 0 with a key for the
sites in the upper left.

This presentation of the study’s results shows that the larvae distribution and settlement
probability following any spawning event will vary significantly between sites and years.
However, the results indicate that some locations have higher probabilities of receiving larvae
from local and distant sources. This is shown by the range of colors and particularly by the black
areas where larvae settlement is most likely to occur and maintain a strong connection with
spawning sources over time. From these data, interpreting the relative strength of the connections
between the places that give and receive larvae across the Caribbean region starts to be possible.

As part of their analysis, Schill et al (2015) assessed the strength of the connections between
different parts of the Caribbean based on the amount of coral larvae produced and received by
EEZ jurisdictions. In order to evaluate how these results can be applied directly to MPAs that
are SPAW sites, the results were reinterpreted to consider how EEZ’s with SPAW MPAs in
different locations are likely to contribute and receive larvae.

The matrixes below (Figures 6.3, 6.4 & 6.5) present a dissection of the model output, which
identified relative connection strengths between Caribbean EEZs based on larval production,
transport and settlement. EEZs with and without SPAW sites were extracted and presented to
show the relative connectivity between jurisdictions with SPAW sites, and between jurisdictions
with and without SPAW sites. The resulting matrixes and graphs are a measure of how SPAW
sites are connected to each other by the output and receipt of reproductive products, and how the
SPAW sites are connected to other parts of the Caribbean through these products. These data
will be useful in targeting how the SPAW sites are developed into a MPA network, and how the
SPAW sites should be working with other MPAs to ensure resiliency of their coral populations.
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Figure 6.3. Coral larvae connectivity between country EEZs with SPAW-listed marine protected
areas. Country EEZs produce and export (giving) coral larvae are shown on the left y-axis and
country EEZs receiving coral larvae are shown on the top x-axis. Very strong connections are
obvious where coral larvae are produced and received locally and where EEZs are
geographically adjacent or close. This is shown by the darker blue fields, which indicate the
potential for self-seeding of reefs within an EEZ or reefs within a SPAW site. Strong and
moderate connections are indicated where larvae are potentially exported beyond their origin
EEZ’s border to be received in other EEZs. The bar graph at the bottom shows the number of
EEZs contributing larvae. Bar graph on right shows the number of EEZs receiving larvae.

These data show the relative importance of Cuba, the Dominican Republic,
Guadeloupe/Martinique, Grenada and Saint Vincent & the Grenadines in potentially contributing
larvae to other SPAW sites, and Cuba, the Dominican Republic and Saint Martin/Sint Maarten in
receiving larvae from other SPAW sites. The data also shows how Saint-Martin and Sint



Maarten have strong connectivity that gives and receives larvae between the adjacent seascapes
they share.
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Figure 6.4. Coral larvae connectivity between country EEZs with SPAW-listed marine protected
areas giving larvae to other country EEZs without SPAW-listed MPAs. Belize and Cuba have
very strong connections to the Bahamas and Honduras respectively. Cuba and Belize both have
large coral reef areas and the model predicts their reefs will export larvae. However, as shown in
the graph on the right, coral reefs at SPAW sites in the Dominican Republic, Guadeloupe and
Martinique, Grenada and Saint Vincent and the Grenadines have the potential to influence larvae
recruitment in the largest number of EEZs without SPAW sites. The graph at the bottom shows
the relative contribution of larvae from SPAW sites to each of the EEZs that don’t have SPAW
sites. Coral reefs in Costa Rica, Panama and Trinidad and Tobago receive larvae from a
relatively small number of SPAW sites compared to the other EEZs without SPAW sites.
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Figure 6.5. Coral larvae connectivity between countries without SPAW-listed marine protected
areas giving larvae to countries with SPAW-listed MPAs. The model results show the
importance of geographic proximity in the strength of the connections, but larvae from relatively
distant locations can contribute to coral populations in SPAW sites. For example, larvae
originating in Saint Lucia have the potential to settle on Cuban reefs. The graph to the right
indicates that Jamaica, Saint Lucia and Trinidad & Tabago are potentially exporting to the
largest number of SPAW sites, while larvae originating in Bermuda, Costa Rica and Panama
mostly settle in areas without SPAW sites. The graph at the bottom highlights the potential



strong links that Cuba, the Dominican Republic and Saint-Martin/Sint Maarten have to countries
that don’t have SPAW sites. Larvae settling in the Netherland Antilles come from the fewest
number of areas without SPAW sites.

Other coral reef populations have been used to investigate connectivity through larval
distribution modeling (Treml et al 2012). Cowen et al (2006) analyzed connectivity in the
Caribbean through larval dispersal from spawning of coral reef fishes. Their study evaluated the
spatial scales over which fish larvae may be dispersed by currents, but included variability in
larval concentrations and distributions over time resulting from reproductive timing, pelagic
larval duration and larval swimming behavior. As in Schill et al (2015), Cowen et al (2006) used
this understanding of the factors influencing larval production, transport and settlement to assess
the level of connectivity, but they also included how these factors influence the degree to which
larval dispersal is able to maintain ecological and genetic connectivity between coral reef fish
populations in different parts of the Caribbean.

Figure 6.6 shows part of the output from Cowen et al (2006) modeling results. These data show
the dominance of “self-recruitment” of fish populations. Retention of most of the produced
larvae causes recruitment to be mainly local in scale. Cowen et al (2006) indicate that
ecologically significant numbers of settling larvae are sourced from reef areas separated by only
50 to 100 km distance, with the majority of larvae locally retained. They show how the levels of
larval exchange indicated by these results provide a basis for biogeographic breaks in the genetic
structure of fish and other reef populations in the Caribbean. However, the data in Figure 6.6
reveals certain reef areas have potential connections through recruitment of larvae from more
distant sites even if these connections may be defined by low numbers of settling larvae. In
addition, stochastic events such as hurricanes, that can modify the underlying current patterns,
may allow for periodic intense exchange between distant coral reef populations. This would
potentially reduce the isolation of reefs from one another for short, but ecologically
consequential, periods of time.

The combination of stable weak connections with random strong larval exchange between
different areas of the Caribbean over time may provide for connectivity that is ecologically
relevant to sustaining fish and other species on coral reefs in particular parts of the region. It
also provides a basis for building management relationships between protected areas in certain
part of the Caribbean.
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Figure 6.6. Connectivity matrix modified from Cowen et al (2006) modeling results that show
the strength of the connections between coral reef fish larvae sources and destinations in
different parts of the Caribbean. The model used biophysical parameters for fish species and
ocean circulation models generated over five years and divided coral reef sites into 260 model
habitats (9 km x 50 km in size) in the Caribbean. The colors within the matrix indicate the level
of probability for virtual larvae sources (y-axis) to settle at destinations (x-axis) after a 30-day
pelagic larval duration and the onset of active larval movement (swimming) after 15 days. The
gray lines group the reef habitat used in the model into sub-regions and indicate the relative
amount of reef area contributing and receiving larvae within sub-regions. Sub-regions with
SPAW sites are highlighted in red in the axes. As shown in the model results produced by Schill
et al (2015) for coral, fish populations are dominated by self-seeding, which is shown by a high
proportion of larvae produced settling on or near their source (the concentration of red and
yellow color along the diagonal in the matrix). The proportion of produced larvae surviving and
settling will determine if recruitment will maintain fish populations at a settlement reef. This
limits the connection strength indicated between source and settlement reefs, but the cumulative
strength of multiple sources contributing larvae to a settlement site may be ecologically
significant. For example, looking vertically from the bottom x-axis, the model suggests
southwest Cuba (SPAW site Guanahacabibes) may be accumulating larvae from the Colombian
Islands (SPAW site Seaflower), Belize (SPAW sites Hol Chan, Glovers & Port Honduras),
Mexico, other Cuban reefs, Cayman Islands and Jamaica. The Colombian Islands (SPAW site



Seaflower) may accumulate larvae from sources in Gulf of Colombia, Panama & Costa Rica,
Nicaraguan Rise Islands, Cuban reefs, Jamaica, the Dominican Republic, and Haiti. Looking
horizontally from the left x-axis, the Venezuelan Corridor (SPAW site Bonaire) may be
contributing larvae as far as the Colombian Islands, Jamaica, Dominican Republic, Haiti, and
Puerto Rico. Other sub-regional interconnections may also be highlighted in groups of source-
settlement relationships shown in the matrix and help to focus attention on important long-term
ecological links within and between the sub-regions of the Caribbean.

As part of their analyses, Schill et al (2015) evaluated the importance of particular coral reefs in
maintaining connectivity in the region. Their analysis of “betweenness centrality” identified
particular sites that act as bridges, or “stepping stones,” between sites (Figure 6.7). These data
show that although two sites may not have strong direct connections between them through
larvae production and settlement, they can have important connections through other reefs that
link their biological populations over many generations of reproduction. In this way, different
strengths of connectivity work together to build ecological and evolutionary bonds between
different areas of the Caribbean and to maintain the robustness of the reef communities they
support throughout the region.

Figure 6.7. Relative betweenness centrality by coral reef unit measured by Schill et al (2015)
showing important ecological bridges in the Caribbean. The circles represent sites of



interconnection between reefs that export and receive coral larvae. The larger the circle, the
greater the importance of the reef as a bridge, or “stepping stone,” between sites. The bridges
mean that coral populations at the site have connections to larvae coming from sources and also
have connections to other locations through the bridge-site’s export of larvae. SPAW sites
occurring where reefs rank high as important bridges or “stepping stones” include Seaflower,
Guanahacabibes, Saba Bank, and Guadeloupe MPAs. Dark lines on the map are boundaries of
designated Ecoregions in the Caribbean (Spalding et al 2007).

To further explore and visualize the potential for individual MPAs to export and receive larvae to
and from other coral reef areas, three SPAW sites in different parts of the Caribbean were
selected to analyze in detail. With the assistance of Dr. Jorge Brenner, one of the authors of
Schill et al (2015), connectivity data were extracted from their modeling results for Glover’s
Reef, Guanahacabibes, Bonaire and Guadeloupe. Figure 6.8 through Figure 6.15 show the
strength of connectivity to and from other reef sites in the region as revealed by the modeling
results for coral larvae originating at each site, and for coral larvae received at each site. The
straight lines represent the strength of the connections between larvae source and settlement sites,
but the actual pathways vary in length and trajectory because they are defined by circulation
patterns. This analysis, which is possible to do for other coral reef areas in the region, refines the
analyses shown in Figures 6.3 through 6.5 and provides a tool for further evaluating the
ecological bridges created by particular reefs and MPAs (Figure 6.7). As shown previously,
larval sources and destinations in close proximity to the analyzed sites show the strongest
connections, but the data show that ecological exchange with distant reefs is possible. They also
show how complex local current patterns often allow for the interchange of larvae between sites,
where they give and receive larvae to each other. These presentations of the modeled data help
to improve understanding of how particular places in the Caribbean are linked through the
geographic distribution of reproductive products, and can be used in designing research and
management relationships between different MPAs.
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Figure 6.8. Relative strength of coral reef connectivity showmg sources of coral larvae received
by Glover’s Reef, Belize based on results of larvae dispersal modeling.
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Figure 6.9. Relative strength of coral reef connectivity showing destinations of coral larvae
exported by Glover’s Reef, Belize based on results of larvae dispersal modeling.
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Figure 6.10. Relative strength of coral reef connectivity showing sources of coral larvae

received by Guanahacabibes, Cuba based on results of larvae dispersal modeling.
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Figure 6.11. Relative strength of coral reef connectivity showing destinations of coral larvae
exported by Guanahacabibes, Cuba based on results of larvae dispersal modeling.
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Figure 6.12. Relative strength of coral reef connectivity showing sources of coral larvae
received by Bonaire based on results of larvae dispersal modeling.
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Figure 6.13. Relative strength of coral reef connectivity showiﬁg destinations of coral larvae
exported by Bonaire based on results of larvae dispersal modeling.
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Figure 6.14. Relative strength of coral reef connectivity showing sources of coral larvae
received by Guadeloupe based on results of larvae dispersal modeling.
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Figure 6.15. Relative strength of coral reef connectivity showing destinations of coral larvae
exported by Guadeloupe based on results of larvae dispersal modeling.

The connections created by these complex ecological processes of reproduction, larval transport
and recruitment on coral reefs highlight the ecological dependence and influence different coral
reef areas and marine protected areas have on each other. Conditions that decrease the
reproductive health of reef species and the larvae they produce in one place will have an impact
on the health of coral reefs that receive their larvae. If a SPAW site, or any other MPA, can
maintain or improve this reproductive health and the survival of the resulting larvae then it and
other coral reef areas benefit.

Whether or not a coral reef is in a SPAW-listed marine protected area has no real ecological
basis for the coral reef’s ability to export or import larvae to and from other coral reefs of the
Caribbean, unless however the protected area provides for enhanced larvae production and
settlement. The data presented show how coral reefs, and any marine protected area that
contains coral reefs, have potentially important links to other coral reef areas of the Caribbean.
The reproductive condition of coral reef populations in the territorial waters of a country or in an
MPA will influence the amount of larvae produced by those populations. How those produced
larvae will influence other coral communities inside or outside that country or MPA will depend



on what happens to the larvae after a spawning event. Numerous physical and biological factors,
including water conditions that influence larvae survival, will determine the fate of larvae
produced by spawning events. However, the more larvae a marine protected area is able to
produce, and if environmental factors in the region are favorable for larvae survival, the
contribution a protected area will have on larvae arriving at other MPAs will be strengthened.

This concept of MPA connectivity through coral reef larvae production and distribution
emphasizes the important role that a network of MPAs has in ensuring that all sites in the
network realize ecological dividends from the protection investments made at single sites in the
network. The data presented here show the potential impact that preservation and restoration
efforts at the existing SPAW sites have beyond their borders, and how other MPAs potentially
impact the SPAW sites. The resiliency of coral reef populations within a SPAW MPA will be
higher if its number of sources for larvae is higher. Working collaboratively with other MPAs,
whether they are part of SPAW or not, will help to ensure connections to larvae sources and
destinations are maintained.



Section 7: OTHER ECOSYSTEM CONNECTIONS BETWEEN CARIBBEAN
PROTECTED AREAS

In addition to the assessments of ecological connectivity through the migration of sea turtles
from nesting to feeding areas (Section 5) and the distribution and recruitment of larvae by reefs
in the region (Section 6), it is also considered important to at least highlight marine mammal and
bird migrations in connecting distant parts of the Wider Caribbean and beyond. Although an in-
depth analysis isn’t presented below, the ecological and conservation significance of whale and
bird populations is recognized as a priority for establishing protected area networks and linking
protection programs and policies for terrestrial and marine habitats across the region.

Marine Mammals

Several marine mammal sanctuaries in the Caribbean have developed “Sister Sanctuary”
relationships with Stellwagen Bank National Marine Sanctuary in the United States (Wenzel et al
2018) (Figure 7.1). This initiative has been formally recognized by the SPAW Protocol as the
Marine Mammal Protected Areas Network with the purpose to cooperate in humpback whale
research, monitoring, protection strategies and management programs. Humpback whales
seasonally migrate from summer feeding areas at Stellwagen Bank and the North Atlantic to
winter breeding sites in the Caribbean. The SPAW-listed Agoa Marine Mammal Sanctuary in
the French Antilles, together with the US, Dutch, Dominican Republic and Bermuda sanctuaries
(Figure 7.2) protect whale populations at both ends of their seasonal migrations. However, the
cooperative international relationships bring needed attention to expanding conservation
programs and policies to include the migratory pathways these whales take between the
sanctuaries. As a result, this network of sanctuaries for marine mammals is a model for building
other protected area relationships to ensure conservation benefits are not only achieved within
the protected area boundaries, but also within the habitats traversed by migratory species that
connect protected areas across the Caribbean (Figure 7.3).

The Important Marine Mammal Area initiative of [IUCN’s Marine Mammal Protected Areas
Task Force has been established to bring wider protections to marine mammal populations
around the globe (https://www.marinemammalhabitat.org/immas/). Working with this and other
marine mammal protection initiatives to highlight Caribbean marine mammal connections may
be an opportunity to make marine mammals umbrella species for all Caribbean MPAs. An
ongoing review of the Marine Mammal Action Plan, adopted by the SPAW Protocol in 2008, is
likely to provide a framework for integrating marine mammal conservation into an expanded
network of SPAW and other MPAs in the Caribbean.
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Figure 7.2. Marine Protected Areas of the Caribbean that have specific legislative and/or
management policies for marine mammal protections prepared in 2012 by the Spain-UNEP
WebLife Project (http://www.ancien-site.car-spaw-rac.org/?Scenarios-for-marine-mammal) The
Dutch Caribbean has subsequently established the Yarari Marine Mammal and Shark Sanctuary
in 2015, which includes Saba, Saba Bank and Bonaire EEZs.
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Figure 7.3. Distribution of 25 marine mammal species in the Caribbean. These data were part of
the Spain-UNEP LifeWeb Project (http://www.ancien-site.car-spaw-rac.org/?Scenarios-for-
marine-mammal) to support development of transboundary marine mammal management actions
for the Wider Caribbean.

Migratory Birds

Any assessment of migratory species in the Caribbean would not be complete without
consideration of the important Caribbean flyway for bird populations. Billions of migratory
birds seasonally move between North and South America and the tropical shores and islands of
the Caribbean (Faaborg et al 2010). The large expanses of the Gulf of Mexico and Caribbean
Sea are challenging bridges for many of these migrations for which species have evolved diverse
strategies to cross (La Sorte et al 2016). For some species, the Caribbean islands are important
stopover sites and destinations in these migrations, and the terrestrial habitat conservation
measures within Caribbean protected areas are essential to the survival of birds making these
annual movements. The Cornell Lab of Ornithology maintains an extensive database
(https://ebird.org/) in conjunction with Birds Caribbean (https://www.birdscaribbean.org,
Gerbracht and Levesque 2019) of bird biogeography in the region. These data are a valuable
tool for highlighting migratory connectivity of key Caribbean locations and potential gaps in
protection over the range of different bird species. Brenner et al (2016) used the convergence of




data for bird (and marine) species and threats due to wetland and forest loss in their analysis of
migratory corridors (https://maps.migratoryblueways.org) in the Gulf of Mexico (Figure 7.3).
Expanding this analysis for the Caribbean using the ebird.org data would show how habitat
integrity at key sites in the Wider Caribbean has ecological significance to essential biodiversity
conservation programs throughout North and South America.

Figure 7.3. Combined data from Brenner et al (2016) for four satellite-tracked bird species. This
shows the broad migratory corridors between summer breeding areas in North America and
wintering areas in Central and South America. The interactive data and maps can be viewed
here: https://maps.migratoryblueways.org.




Section 8: CONNECTIVITY OF ECOSYSTEM THREATS

In addition to supporting ecosystem integrity, physical and biological connectivity also brings
threats to that integrity. Water-borne pathogens, the spread of invasive species and pollution
have had dramatic impacts on marine communities in recent decades. The examples given here
are not meant to be comprehensive, but they show how shared management challenges and direct
connections presented by these and other human and climate induced threats make establishing
networks of sites important in rapidly identifying and facilitating collaborative responses to them.
An ecological network of the SPAW protected areas is not only a network of ecosystem
protections, but also a network of ecosystem sentinels that can report and coordinate responses to
existing and new threats as they emerge.

In the Caribbean, the mass die-off of the long-spined sea-urchin Diadema antillarum in 1983-
1984 was particularly consequential (Lessios et al 1984). The mortality of urchins spread rapidly
throughout the Wider Caribbean eliminating nearly all populations of the species within a year of
its first appearance in Panama in January 1983. The loss of this keystone herbivore significantly
transformed the character of Caribbean coral reefs by increasing the widespread abundance of
benthic algae populations. The specific pathogen responsible for the disease has not been
conclusively identified, but its impact was significant. Its rapid rate of spread followed water
current patterns and killed on average 98% of all the D. antillarium in its wake (Lessios 1988).

Numerous coral diseases have also been described since the 1970s. These diseases, exacerbated
by ocean temperature increases and coral bleaching due to climate change, have contributed
dramatically to the decline in coral populations in the Caribbean, particularly Acropora species,
and have often spread rapidly from one location to another (see review by Bruckner 2009). Most
recently, a new disease outbreak, termed stony coral tissue loss disease (SCTLD), has spreading
through the region impacting numerous coral species (Precht et al 2016, Aeby et al 2019, Doyle
and O’Sullivan 2020). Ocean currents are important in the spread these coral diseases locally,
but divers and ship ballast water may also be facilitating their more widespread occurrence. In
response to the severe spread of this disease a Caribbean-wide research and coordinated response
strategy has been proposed (Skrivanek and Wusinich-Mendez 2020).

Invasive species exemplify how connectivity of biological systems can bring rapid change to
marine ecosystems. The introduction of the Indo-Pacific lionfish is an important example. This
fish has spread throughout the Western Atlantic and Caribbean since it was first found in the
region in the 1980s (Johnston et al 2017). These fish have been recorded to occur in densities
greater than 390 fish per hectare (Green and Co6té 2009) and their voracious feeding can reduce
prey biomass and biodiversity with significant impacts on coral reef fish, crustacean and mollusk
populations (Albins and Hixon 2013). Dispersal modeling has shown how currents spread
lionfish larvae between regions of the Wider Caribbean and suggests that targeted removal of
these invasive fish from key larval source locations could provide some measure of control on
their populations (Johnston and Purkis 2015, Johnston et al 2017). Another invasive species that
has spread throughout the Caribbean and Gulf of Mexico is the orange cup coral Tubastraea sp.
Introduced in Puerto Rico and/or Curagao in the 1930s, probably on ship hulls, the larvae of this
azooxanthellate coral have been dispersed widely by currents to colonized natural and artificial
substrates and compete with native benthic communities (Creed et al 2017).



Pollution is a significant threat to the health of the Caribbean ecosystem and its human
communities. The intimate association of coastal and island environments with the ocean
through watersheds and ocean currents mean that nowhere in the Caribbean is isolated from
land-based and other sources of water-borne pollution. Nutrient, chemical, oil, plastic and other
pollutants are considered significant threats to the people and natural resources of all the nations
of the Caribbean (Diez et al 2019).

The LBS Protocol of the Cartagena Convention is a key agreement to limit pollution in the
Wider Caribbean through obligations and regional cooperation among the Contracting Parties
(https://www.unenvironment.org/cep/what-our-pollution-or-lbs-protocol). This agreement,
together with its sister agreement on combating oil spills supported through the Assessment and
Management of Environmental Pollution (AMEP: https://www.unenvironment.org/cep/what-we-
do/assessment-management-environmental-pollution-amep-programme), is a framework on
which to integrate the protections provided by the SPAW Protocol into a comprehensive
Caribbean-wide environmental and resource protection strategy through a network of focal
points created by the SPAW-listed protected areas. With physical and ecological connectivity at
the core of this framework, the actions taken by the protocols of the Cartagena Convention are
mutually supportive and mirror the ecological linkages between species, habitats and the
environmental conditions that sustain them.




Section 9: RECOMMENDATIONS

This evaluation of the physical and ecological processes that interconnect the SPAW and other
protected areas in the Caribbean is a basic blueprint for building alliances based on ecological
connectivity. It is meant to be the beginning of a process to better understand the relevance of
each protected area in sustaining the condition and resiliency of the marine ecosystem of the
Wider Caribbean. The species, habitats and ecological connections that have been highlighted
are just a few of the ecosystem elements that can be used as a foundation on which to start
building management relationships between marine and terrestrial protected areas.

To begin constructing those relationships, the following actions are recommended. These
actions should be implemented in collaboration with protected area managers and their
representatives. The CaMPAM Caribbean Marine Protected Area Management Network and
Forum (presently under review by UNEP-CEP) and MPAConnect
(https://www.gcfi.org/initiatives/mpa-capacity-program) have previously supported
communication and capacity among MPA practitioners in the Caribbean and these programs
should be jointly engaged to help facilitate these actions.

1. Establish Sub-regional Networks

The evaluation of ecological linkages shows that all parts of the Caribbean are connected, but the
linkages are strongest at the sub-regional scale. Building network relationships between
protected areas may be most efficient and provide the most relevance to country jurisdictions if
they are initially focused at the sub-regional scale. These sub-regional networks can be the basis
for linking the Caribbean into a larger network of these sub-regional relationships (Figure 9.1)
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Figure 9.1. Conceptual grouping of protected areas into sub-regional networks. These groupings
should be developed by the marine and terrestrial protected areas they incorporate and by
utilizing what is known about ecological connectivity between them. The boundaries overlap to
indicate that they are arbitrary in concept and that some protected areas can be considered to be
part of more than one sub-regional network.

The protected areas within each sub-region should determine how these relationships are
assembled and the extent of their geographic scope. The Ecoregions that were developed by
Spalding et al (2007) for the Caribbean could also be used as a basis for these networks. Some
sub-regional collaborations already exist and should be used to help form the relationships. A
few of these include:

* The Dutch Caribbean Nature Alliance (https://www.dcnanature.org), a regional network
of protected areas for Aruba, Bonaire, Curacao, Saba, St. Eustatius and St. Maarten.

* Healthy Reefs Initiative (https://www.healthyreefs.org/cms), a collaboration between
Mexico, Belize, Guatemala and Honduras to promote the integrity of the Mesoamerican
Reef Ecosystem

* Caribbean Biological Corridor Initiative (http://cbcbio.org), an intergovernmental
initiative by Cuba, Haiti, Dominican Republic and Puerto Rico for implementing projects
to conserve and manage shared terrestrial and marine biodiversity.




¢ RedGolfo — Gulf of Mexico Marine Protected Area Network
(http://www.cubamar.org/redgolfo, Gil-Agudelo et al 2020), an initiative between MPAs
in Mexico, Cuba and United States and proposed as a project of the GEF-funded Gulf of
Mexico Large Marine Ecosystem Program
(https://iwlearn.net/learning/twinning/twinning-exchanges/creating-a-trilateral-
cooperation-between-cuba-mexico-and-the-usa-28-november-2-december-2017).

The SPAW-listed protected areas could take on roles as coordinating “hubs” in sub-regional
“clusters” of MPAs (Figure 9.2). This would create a more inclusive network of protected areas
incorporating sites that are not listed under SPAW, but are important to the SPAW sites through
their ecological connections. This could also help to bring new protected areas to the SPAW
listing process by highlighting their ecological value to regional conservation efforts.
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Figure 9.2. Caribbean marine protected areas (red dots) and SPAW protected areas (blue stars),
which could coordinate network relationships between sub-regional clusters of protected areas.
Base map of Caribbean MPAs from databasin.org
(https://databasin.org/datasets/aecb22a5c5e44de29ecSbdcdbbfacl 86/).

Developing network relationships among marine protected areas in the Wider Caribbean to
cooperatively sustain and improve marine environmental conditions and living marine resources
has important application to the goals of the Caribbean and North Brazil Shelf Large Marine
Ecosystem project (CLME+ https://clmeplus.org). This GEF-funded, UNDP-implemented
initiative between 25 countries and 8 overseas territories of the Caribbean is broadly focused on




strategies and actions to improve trans-boundary governance and management of shared living
marine resources, particularly those related to fisheries. Its regional-level approach to
ecosystem-based management of marine resources is an important objective that is obviously
shared with a coordinated network of marine protected areas in the Caribbean. Partnering with
the large scope of the CLME+ program will ensure that the ecological benefits of a SPAW
marine protected area network are realized in the outcome of the CLME+ program’s strategic
plans.

2. Fill Gaps in Species Inventories and Prepare an Interactive Habitat Atlas

The foundation on which to start building protected area network relationships is knowledge of
the species and habitats found at each site in the network. The inventories and habitat
descriptions that have been presented in Sections 3 & 4 are an initial assemblage of comparable
data across the network of SPAW sites. Sites should be engaged and assisted to fill gaps in the
data to allow a more complete inventory of the biological components and characteristics of each
site and the network. These data should be combined with an online atlas of the sites that builds
on what is presented in Section 2 to create an interactive database of comparable information
about each site. The Allen Coral Atlas project (https://allencoralatlas.org) and The Nature
Conservancy’s Caribbean Benthic Habitat Mapping Project
(https://tnc.maps.arcgis.com/apps/opsdashboard/index.html#/7655¢d9235554926807f7f587376¢
lae) have used satellite imagery to assess and visualize the distribution of key coral reef habitat
types in many parts of the Caribbean. The interpretations of satellite imagery incorporated in
these projects, combined with local knowledge of habitats, could be used to display quantitative
habitat data at the MPA scale and allow comparisons to be made between network sites.
Combining these maps with species inventories and other data, such as bathymetry and
characteristics of deep-water habitats, would provide a valuable reference tool for understanding
what is in SPAW and other protected area sites and allow protected area managers to better
understand what their sites have in common.

3. Invest in the Science of Ecosystem Connectivity and Marine Protected Areas

Sections 5-7 have presented just a small selection of results from the large amount of research
that has been published about ecological connectivity in the Caribbean and elsewhere. However,
those few studies show how the movement of species and their offspring is essential to the
survival of biological populations and to designing effective conservation actions that can have a
meaningful impact beyond where they occur. Research also shows that understanding and
tracking ecological connectivity is important in preparing for and responding to impacts that
threaten marine populations throughout the Caribbean (Section 8). This is particularly true for
the challenges that climate change impacts bring to protected areas. Understanding ecosystem
connectivity will be fundamental in managing species populations and their habitats to build
resiliency to climate change inside and outside protected area boundaries.



Protected area managers, and their policymakers, need efficient access to scientists and the data
they produce to ensure research is designed to address their needs and that management
decisions are based on sound science.

A significant amount of modeling and tracking data has already been produced that will be
valuable in designing how networks of marine protected areas function. These data should be
assembled into an interactive database that can be used to further assess ecological connections
and their strengths throughout the region. In addition to working with the models produced by
Schill et al (2015), Cowen (2006) and others for invertebrate and fish larvae in the Caribbean,
databases of the distribution and movement of species should be part of a protected area network
toolkit for exploring biological connections and corridors. A few of these databases include:

* WIDECAST — Wider Caribbean Sea Turtle Conservation Network
(https://www.widecast.org), maintains data on nesting locations and facilitates regional
conservation and management of sea turtle populations.

*  SWOT - State of the World’s Sea Turtles (https://www.seaturtlestatus.org), compiles and
publishes global sea turtle migratory, nesting and conservation data.

* Migratory Connectivity in the Ocean (https://mico.eco), tracking data for fish, seabird,
sea turtles and marine mammals around the world.

* AquaMaps (https://www.aquamaps.org), a global database on the distribution of fishes,
marine mammals and invertebrates.

* IMMA E-Atlas (https://www.marinemammalhabitat.org/imma-eatlas/), a product of
IUCN’s Important Marine Mammal Area initiative and Marine Mammal Protected Areas
Task Force. It has established regional groups dedicated to wider protections of marine
mammal populations around the globe. However, it presently lacks representation for the
Caribbean. Integrating the data and maps produced for Caribbean marine mammal
corridors in the LifeWeb Initiative (http://www.ancien-site.car-spaw-rac.org/?-Maps-and-
reports-) and from other sources with the IMMA atlas is needed.

* Global Shark Movement Project (https://www.globalsharkmovement.org), a database and
research program that assembles global tracking and environmental data on shark
populations and their movements.

* eBird (https://ebird.org), an extensive global interactive database of sightings, movements
and biology of bird species and populations maintained by Cornell University.

An effort to assemble some of these data into a comprehensive analysis of migratory corridors
for the Gulf of Mexico was done by Brenner et al (2016) (https://maps.migratoryblueways.org).
Expanding this analysis to the Wider Caribbean would significantly improve access to the
regional information contained within these diverse data sites.




Developing a network of local, regional and global scientists to advise and respond to the needs
of protected areas in the Caribbean should be part of the goals in creating a network of protected
areas. CARICOMP was a cooperative international scientific network and monitoring effort by
marine laboratories throughout the Caribbean from 1985 to 2007 (Cortes et al 2019). It
coordinated standardized monitoring of marine and coastal productivity and condition by local
scientists. Reviving this network could provide an important resource of local knowledge, long-
term monitoring data and established relationships of scientists with local governments. These
laboratories, their association with regional academic institutions and scientists, and their use of
local and regional protected areas as study sites, would help to cultivate and promote a new
generation of Caribbean marine scientists and protected area managers.

Networks of protected areas are networks of sentinels that can identify and report threats when
they emerge. Access to good science will allow a network to rapidly recognize these threats and
their origin. It will also help to accurately target a collective response.

4. Develop a Network Condition Evaluation

All the SPAW-listed protected areas have some form of assessment for documenting the state of
their protected resources and environment, and a review process for evaluating the effectiveness
of the protected area’s management. However, differences in the way these assessments and
evaluation are done and reported limit the ability to compare the status and trends of resource
and environmental conditions across the network of sites. A few innovative and informative
“report cards” have been developed for some parts of the Caribbean based on key indictors of
ecosystem health. Some of these reporting programs include:

* Mesoamerican Reef Report Card (https://www.healthyreefs.org/cms/report-cards/)
produced by the Healthy Reefs Initiative. Six report cards have been developed since
2008 that use a Reef Health Index based on coral cover, macroalgae abundance, and fish
populations. These series of reports on the health of reefs in Mexico, Belize, Guatemala
and Honduras allow an evaluation of ecosystem trends over time in context to the success
of management strategies and conservation initiatives in response to ongoing and new
threats to the integrity of reef and associated communities.

* [Eastern Caribbean Report Cards (accessible here: https://www.agrra.org/resources/)
produced in 2016 by the Nature Conservancy for Antigua & Barbuda, Dominica,
Grenada, St Kitts & Nevis, St Lucia and St Vincent & the Grenadines. These individual
country reports also used the Reef Health Index indicators to display scores based on
local monitoring data collected as part of the ECMMAN Project
(https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/Caribb
ean/science/management/Documents/ ECMMAN%20Project%20Accomplishments%20(2

013-2017).pdf)

* Other “report card” initiatives have been established in the Bahamas
(http://www.perryinstitute.org/category/coral-reef-publication/) and Cayman Islands
(https://reefresearch.org/wp-content/uploads/2020/06/HRR-Card-Final-2020.pdf).




* The Atlantic and Gulf Rapid Reef Assessment Program (https://www.agrra.org), while
not a “report card,” is a widely used monitoring protocol for providing the data that is
used in preparing the above reports. Its database is a useful tool for evaluating coral reef
condition across the region.

* Twelve countries of Latin America have conducted a “coordinated audit” of terrestrial
and marine protected areas through Latin American and Caribbean Organization of
Supreme Audit Institutions (OLACEFS) based on a set of common indicators using the
Protected Areas Implementation and Management Index (INDIMAPA) tool
(https://www.olacefs.com/auditorias-coordinadas/). The process uses data from each
country to identify the strengths and weaknesses in the management of protected area
resources.

The processes used to produce these ecosystem report cards, while delivering valuable measures
of resource and management conditions that are visually engaging, often require expenditure of
significant time and resources and may require specific data collection protocols beyond what
are already used at a site. Such a reporting system may not be practical for repeated assessment
of status and trends in ecosystem condition for a large network of diverse protected areas.

An alternative system of reporting on the condition of the SPAW network of sites could be
developed from procedures used by NOAA’s Office of National Marine Sanctuaries in the
United States (https://sanctuaries.noaa.gov/science/condition/). These procedures summarize
local monitoring data and expert knowledge of water quality, habitats and living resources, and
the human activities that affect them, without requiring new data or specific indicators to be
measured. The process recognizes that the physical and biological structure of the ecosystem at
each reported site may differ, but that answers to a series of common evaluation questions based
on information that is already known by local scientists, managers and other stakeholders, can
produce a local evaluation of ecological criteria and compare the results across a diverse network
of protected areas. This wide applicability gives the network a tool for measuring its collective
progress toward maintaining and improving the natural resources and the services they provide
throughout the network. At the same time, the strengths and weaknesses across the system can
be determined, which can help to direct resources to sites where they are most needed. This
network reporting system would not compete with or replace local monitoring or reporting
procedures. It would expand the results of local reporting and apply them to an evaluation of the
larger network.

No matter what type of reporting method is used to compare the status and trends in ecosystem
condition and the effectiveness of management across the network of sites, it should be
developed in close consultation with the SPAW site managers. This will ensure a full
understanding of, participation in, and support for the design and production of the local and
regional evaluations.

5. Build Effective Communication and Outreach Mechanisms



The functional success of a protected area network will hinge not only on the strength of its
ecological connections, but also, and possibly most importantly, on the strength of its human
connections. Implementing any of the recommendations made above will require an effective
and lasting communication mechanism that maintains protected area managers and the SPAW
Protocol Secretariat in professional and personal relationships. Facilitating these relationships is
a critical part of designing what the network of sites can and will achieve. Since 1997, the
Caribbean Marine Protected Areas Network and Forum (CaMPAM) (http://campam.gcfi.org,
Bustamante et al 2018) has worked to connect SPAW and other protected area managers and
stakeholders through the sharing of information, capacity trainings, grants and collaboration on
regional projects. MPAConnect (https://www.gcfi.org/initiatives/mpa-capacity-program) has
also pioneered a program for building capacity among Caribbean MPA managers through peer-
to-peer engagement in training programs that target the specific needs of protected areas.
MPAConnect maintains an interactive database of its 31 MPAs that displays site information and
status of collaborative projects. CaMPAM is undergoing a review to determine its future
direction. This is an opportunity to explore how these two programs can work together with the
SPAW sites to improve communication among Caribbean protected area stakeholders, and show
how building protected area networks based on ecosystem and management connections has
tangible relevance to each of its members.

In addition to knowing that other protected areas value the conservation achievements at each of
the sites in the SPAW network, it is also important for protected area managers to know that their
local community values their achievements. Partnering with local and regional organizations
that promote participatory engagement in protecting natural resource is needed to ensure local
knowledge, cultural connections and livelihoods are reflected in how protected areas are
established, managed and incorporated into networks. A network of Caribbean protected areas
should work with community-based programs, such as the Caribbean Natural Resources Institute
(https://canari.org), to help people understand how their natural environment, and their
relationship to it, is interconnected to places and people in other parts of the Caribbean and
beyond. Community pride in those connections, and in the role local conservation efforts play in
strengthening them, will be key to the success of this or any other program designed to keep
intact the interconnected ecological mosaic of the Wider Caribbean.




Section 10: REFERENCES CITED

Aeby GS, Ushijima B, Campbell JE, Jones S, Williams GJ, Meyer JL, Hase C, Paul V]
(2019) Pathogenesis of a tissue loss disease affecting multiple species of corals along the
Florida reef tract. Front Mar Sci 6:678. https://doi.org/10.3389/fmars.2019.00678

Albins MA, Hixon MA (2013) Worst case scenario: potential long-term effects of invasive
predatory lionfish (Pferois volitans) on Atlantic and Caribbean coral-reef communities.
Environ Biol Fishes 96:1151-1157

Becking LE, Christianen M, Nava M, Miller N, Willis S, Dam R. (2016) Post-breeding
migration routes of marine turtles from Bonaire and Klein Bonaire, Caribbean
Netherlands. Endangered Species Research 30: 117-124

Blumenthal JM, Solomon JL, Bell CD, Austin TJ, Ebanks-Petrie G, Coyne MS, Broderick
AC, Godley BJ (2006) Satellite tracking highlights the need for international cooperation in
marine turtle management. Endangered Species Research 2: 51—61

Brenner J, Voight C, and Mehlman D (2016) Migratory Species in the Gulf of Mexico Large
Marine Ecosystem: Pathways, Threats and Conservation. The Nature Conservancy, Arlington,

93 pp.

Brock RJ, Kenchington E, Martinez-Arroyo A (editors). (2012) Scientific Guidelines for
Designing Resilient Marine Protected Area Networks in a Changing Climate. Commission
for Environmental Cooperation. Montreal, Canada. 95 pp.

Bruckner A (2009) Progress in Understanding Coral Diseases in the Caribbean.
https://www.coris.noaa.gov/activities/cdh_vision/pdfs/whitepapers_2.pdf

Bustamante G, Vanzella A, Glazer R, Collado-Vides L (2018) The evolution of the
Caribbean Marine Protected Area Management Network and Forum (CaMPAM): 20 years of
the regional, multidimensional program for strengthening MPA practitioners. Gulf and
Caribbean Research 29:GCFI1-9

Cannizzo Z, Wahle C, Wenzel L (2020) Ecological connectivity for marine protected areas.
NOAA National MPA Center.
https://nmsmarineprotectedareas.blob.core.windows.net/marineprotectedareas-
prod/media/docs/20201103-ecological-connectivity-for-mpas.pdf

Cortés J, Oxenford HA, van Tussenbroek BI, Jorddn-Dahlgren E, Croquer A, Bastidas C,
Ogden JC (2019) The CARICOMP Network of Caribbean Marine Laboratories (1985-2007):
History, Key Findings, and Lessons Learned. Front. Mar. Sci. 5:519. doi:
10.3389/fmars.2018.00519

Cowen R, Gawarkiewicz G, Pineda J, Thorrold S, Werner F (2007) Population Connectivity
in Marine Systems, An Overview. Oceanography Vol. 20, No. 3, 14-21



Cowen RK, Paris CB, Srinivasan A. (2006) Scaling of connectivity in marine populations.
Science 311: 522-527

Creed JC, Fenner D, Sammarco PW, Cairns S, Capel K, Junqueira AOR, Cruz ICS, Miranda
RJ, Carlos-Junior L, Mantelatto MC, Oigman-Pszczol S (2017) The invasion of the
azooxanthellate coral Tubastraea (Scleractinia: Dendrophylliidae) throughout the world:
history, pathways and vectors. Biol Invasions 19(1): 283-305

Diez SM, Patil PG, Morton J, Rodriguez DJ, Vanzella A, Robin DV, Maes T, Corbin C
(2019) Marine Pollution in the Caribbean: Not a Minute to Waste. Washington, D.C.: World
Bank Group.
http://documents1.worldbank.org/curated/en/482391554225185720/pdf/Marine-Pollution-in-
the-Caribbean-Not-a-Minute-to-Waste.pdf

Doyle E, O’Sullivan C (2020) Stony Coral Tissue Loss Disease Template Monitoring and
Response Action Plan for Caribbean Marine Natural Resource Managers. August, 2019, Key
West, Florida. https://reefresilience.org/wp-content/uploads/MPA Connect-Template-
Monitoring-and-Response-Action-Plan-October-Final2.pdf

Eckert K, Ricardo JA, Barrientos-Mufioz, and others (2020) Sea turtles of the Caribbean, in:
Mast RB, Hutchinson BJ, and Villegas PE (eds), SWOT — The State of the Worlds Sea
Turtles Report Volume XV, Oceanic Society, pages 14-27
https://www.seaturtlestatus.org/swot-report-vol-15

Eckert KL, Eckert AE (2019) An Atlas of Sea Turtle Nesting Habitat for the Wider
Caribbean Region. Revised Edition. WIDECAST Technical Report No. 19. Godfrey, Illinois.
232 pages, plus electronic Appendices.

https://www.widecast.org/Resources/Docs/Atlas/19 Eckert and Eckert (2019) Atlas of C
aribbean Sea Turtle Nesting.pdf

Faaborg J, Holmes RT, Anders AD, Bildstein KL, Dugger KM, Gauthreaux SA Jr, Heglund
P, Hobson KA, Jahn AE, Johnson DH, Latta SC, Levey DJ, Marra PP, Merkord CL, Nol E,
Rothstein SI, Sherry TW, Sillett TS, Thompson FR III and Warnock N (2010) Recent
advances in understanding migration systems of New World land birds. Ecological
Monographs, 80: 3-48. https://doi.org/10.1890/09-0395.1

Gerbracht J, Levesque A (2019) The complete checklist of the birds of the West
Indies: v1.1. BirdsCaribbean Checklist Committee. www.birdscaribbean.org/caribbean-birds/

Gil-Agudelo DL, Cintra-Buenrostro CE, Brenner J, Gonzalez-Diaz P, Kiene W, Lustic C,
Pérez-Espania H (2020) Coral Reefs in the Gulf of Mexico Large Marine Ecosystem:
Conservation Status, Challenges, and Opportunities. Front. Mar. Sci. 6:807. doi:
10.3389/fmars.2019.00807



Gittings SR, Boland GS, Deslarzes KJP, Combs C, Holland BS, Bright TJ (1992) Mass
spawning and reproductive viability of reef corals at the East Flower Garden Bank, northwest
Gulf of Mexico. Bull Mar Sci 51:420-428

Green AL, Fernandes L, Almany G, Abesamis R, McLeod E, Alifio PM, White AT, Salm R,
Tanzer J, Pressey RL. (2014) Designing marine reserves for fisheries management,
biodiversity conservation, and climate change adaptation. Coastal Management 42: 143—159

Green A, White A, Kilarski S (Eds.) (2013) Designing marine protected area networks to
achieve fisheries, biodiversity, and climate change objectives in tropical ecosystems: A
practitioner guide. The Nature Conservancy, and the USAID Coral Triangle Support
Partnership, Cebu City, Philippines. viii + 35 pp.

Green SJ, Coté IM (2009) Record densities of Indo-Pacific lionfish on Bahamian coral
reefs. Coral Reefs 28, 107. https://doi.org/10.1007/s00338-008-0446-8

Grober-Dunsmore R, Keller BD, eds. (2008). Caribbean connectivity: Implications for
marine protected area management. Proceedings of a Special Symposium, 9-11 November
2006, 59th Annual Meeting of the Gulf and Caribbean Fisheries Institute, Belize City, Belize.
Marine Sanctuaries Conservation Series ONMS-08-07. U.S. Department of Commerce,
National Oceanic and Atmospheric Administration, Office of National Marine Sanctuaries,
Silver Spring, MD. 195 pp. https://sanctuaries.noaa.gov/science/conservation/carib.html

Grorud-Colvert K, Claudet J, Tissot BN, Caselle JE, Carr MH, Day JC, Friedlander AM,
Lester SE, Lison de Loma T, Malone D, Walsh WJ. (2014) Marine Protected Area Networks:
Assessing Whether the Whole Is Greater than the Sum of Its Parts. PLoS ONE 9(8): €102298.
https://doi.org/10.1371/journal.pone.0102298

Hilty J, Worboys GL, Keeley A, Woodley S, Lausche B, Locke H, Carr M, Pulsford I,
Pittock J, White JW, Theobald DM, Levine J, Reuling M, Watson JEM, Ament R, Tabor GM
(2020) Guidelines for conserving connectivity through ecological networks and corridors.
Best Practice Protected Area Guidelines Series No. 30. Gland, Switzerland: ITUCN.

IUCN World Commission on Protected Areas (IUCN-WCPA) (2008) Establishing Marine
Protected Area Networks—Making It Happen. Washington, D.C.: IUCN-WCPA, National
Oceanic and Atmospheric Administration and The Nature Conservancy. 118 p.

Iverson AR, Benscoter AM, Fujisaki I, Lamont MM, Hart KM (2020) Migration Corridors
and Threats in the Gulf of Mexico and Florida Straits for Loggerhead Sea Turtles. Front.
Mar. Sci. 7:208. doi: 10.3389/fmars.2020.00208

Johnston MW, Bernard AM, Shivji MS (2017) Forecasting lionfish sources and sinks in the
Atlantic: are Gulf of Mexico reef fisheries at risk?. Coral Reefs 36, 169—181
https://doi.org/10.1007/s00338-016-1511-3



Johnston MW, Purkis SJ (2015) A coordinated and sustained international strategy is
required to turn the tide on the Atlantic lionfish invasion. Mar Ecol Prog Ser 533:219-235

Jones GP, Almany GR, Russ GR, Sale PF, Steneck RS, van Oppen MJH, Willis BL (2009)
Larval retention and connectivity among populations of corals and reef fishes: history,
advances and challenges. Coral Reefs 28: 307-325.

Jones GP, Srinivasan M, Almany GR (2007) Population connectivity and conservation of
marine biodiversity. Oceanography 20:100-111

Knowles J, Doyle E, Schill S, Roth L, Milam A, Raber G. (2015) Establishing a marine
conservation baseline for the insular Caribbean. Marine Policy 60. 84-97.

La Sorte FA, Fink D, Hochachka WM, Kelling S. (2016) Convergence of broad-scale
migration strategies in terrestrial birds. Proc. R. Soc. B 283: 20152588.
http://dx.doi.org/10.1098/rspb.2015.2588

Lagabrielle E, Crochelet E, Andrello M, Schill S R, Arnaud-Haond S, Alloncle N, Ponge
B (2014) Connecting MPAs — eight challenges for science and management, Aquatic
Conserv: Mar. Freshw. Ecosyst., 24, pages 94— 110. doi: 10.1002/aqc.2500

Lessios HA (1988) Mass mortality of Diadema antillarum in the Caribbean: what have we
learned? Annu Rev Ecol Syst 19:371-393

Lessios HA, Robertson DR and Cubit JD (1984) Spread of Diadema mass mortality through
the Caribbean. Science 226: 335-337 https://doi.org/10.1126/science.226.4672.335

Levitan DR, Fogarty ND, Jara J, Lotterhos KE, Knowlton N (2011) Genetic, spatial, and
temporal components of precise spawning synchrony in reef building corals of
the Montastraea annularis species complex. Evolution 65:1254-1270

Olds AD, Connolly RM, Pitt KA, Pittman SJ, Maxwell PS, Huijbers CM, Moore BR, Albert
S, Rissik D, Babcock RC, Schlacher TA (2016), The conservation value of seascape
connectivity. Global Ecology and Biogeography 25: 3-15 https://doi.org/10.1111/geb.12388

Palumbi SR (2004) Marine reserves and ocean neighborhoods: The spatial scale of marine
populations and their management. Annual Review of Environment and Resources 29:31-68.

Precht WF, Gintert BE, Robbart ML, Fura R, van Woesik R (2016) Unprecedented Disease-
Related Coral Mortality in Southeastern Florida. Sci Rep 6:1-11

Sale PF, Van Lavieren H, Ablan Lagman MC, Atema J, Butler M, Fauvelot C, Hogan JD,
Jones GP, Lindeman KC, Paris CB, Steneck R, Stewart HL. (2010) Preserving Reef
Connectivity: A Handbook for Marine Protected Area Managers. Connectivity Working
Group, Coral Reef Targeted Research & Capacity Building for Management Program, UNU-
INWEH.



Sale P F, Cowen RK, Danilowicz BS, Jones GP, Kritzer JP, Lindeman KC, Planes S, Polunin,
NVC, Russ GR, Sadovy YJ, Steneck RS (2005) Critical science gaps impede use of no-take
fishery reserves. Trends in Ecology and Evolution 20, 74-80.

Schill SR, Raber GT, Roberts JJ, Treml EA, Brenner J, Halpin PN (2015) No reef is an
island: integrating coral reef connectivity data into the design of regional-scale marine
protected area networks. PLoS One 10:¢0144199

Skrivanek A, Wusinich-Mendez D (2020) NOAA Strategy for Stony Coral Tissue Loss
Disease Response and Prevention. National Oceanic and Atmospheric Administration,

November 2020. https://ocmcoralreef.blob.core.windows.net/coralreef-
prod/media/docs/NOAA_SCTLD_Strategy 2020.pdf

Spalding MD, Fox HE, Allen GR, Davidson N, Ferdana ZA, Finlayson M, Halpern BS, Jorge
MA, Lombana A, Lourie SA, Martin KD, McManus E, Molnar J, Recchia CA (2007) Marine
Ecoregions of the World: A Bioregionalization of Coastal and Shelf Areas. BioScience 57(7):
573-583.

Steneck RS, Paris CB, Arnold SN, Ablan-Lagman MC, Alcala AC, Butler MJ, McCook LJ,
Russ GR, Sale PF (2009) Thinking and managing outside the box: coalescing connectivity

networks to build region-wide resilience in coral reef ecosystems. Coral Reefs 28: 367-378.
https://doi.org/10.1007/s00338-009-0470-3

Szmant AM (1986) Reproductive ecology of Caribbean reef corals. Coral Reefs 5: 43-53

Treml EA, Roberts JJ, Chao Y, Halpin PN, Possingham HP, Riginos C (2012) Reproductive
output and duration of the pelagic larval stage determine seascape-wide connectivity of
marine populations. Integr Comp Biol 52: 525-537

van Woesik R, Lacharmoise F, Koksal S (2006) Annual cycles of solar insolation predict
spawning times of Caribbean corals. Ecol Lett 9: 390-398

Wallace BP, DiMatteo AD, Hurley BJ, Finkbeiner EM, Bolten AB, Chaloupka MY, and
others (2010) Regional Management Units for Marine Turtles: A Novel Framework for
Prioritizing Conservation and Research across Multiple Scales. PLoS ONE 5(12): e15465.
https://doi.org/10.1371/journal.pone.0015465

Wenzel L, Cid G, Haskell B, Clark A, Quiocho K, Kiene W, Causey B, Ward N

(2019) You can choose your relatives: Building marine protected area networks from sister
sites. Aquatic Conserv: Mar Freshw Ecosyst. 29 (S2): 152—

161. https://doi.org/10.1002/aqc.3041




	1 Summary and Introduction
	2 An Atlas of SPAW
	2 Atlas of SPAW Protected Areas
	1 Atlas of SPAW Sites
	2 Belize SPAW sites
	3 Cuba-Florida
	4 Seaflower2
	5 Colombia
	6 Dom Rep
	7 Northern Lesser Antilles
	8 Agoa
	9 French Guiana
	10 Southern Antilles
	11 Flower Garden Banks

	3 Habitats Represented by SPAW
	4 Species Represented at SPAW Protected Areas
	4 Table SPAW Annex Species Analysis
	6 Connectivity Analysis
	6 Connectivity Analysis
	6 Connectivity Analysis.2
	6 Connectivity Analysis.3

	7 Other Ecosystem Connections
	8 Connectivity of ecosystem threats
	9 Recommendations
	10 References
	5 Turtle nesting and connectivity.pdf
	5 Turtle nesting and connectivity
	5 Turtle nesting and connectivity.2
	5 Turtle nesting and connectivity.3




