SETTING GEOGRAPHIC
PRIORITIES FOR

MARINE CONSERVATION

IN LATIN AMERICA
AND THE CARIBBEAN

-







SETTING GEOGRAPHIC
PRIORITIES FOR

MARINE CONSERVATION

IN LATIN AMERICA
AND THE CARIBBEAN






SETTING GEOGRAPHIC
PRIORITIES FOR

MARINE CONSERVATION

IN LATIN AMERICA
AND THE CARIBBEAN

By Kathleen Sullivan Sealey and Georgina Bustamante

With

Karl Aiken, Pedro M. Alcolado, Tim Austin, Joaquin Buitrago, Jaime R. Cantera,
Juan C. Castilla, Segundo Coello, Omar Defeo, Vallierre Deleveaux, Juan M. Diaz,
Domingo Flores, Héctor Guzman, Ann Haynes-Sutton, Diego Lercari, Richard E.
Matheson, Patricia T. Monteiro-Cunningham, José Orensanz, Melquiades Pinto
Paiva, Arthur Potts, Enrique Pugibet, Gustavo Riestra, Juan C. Riveros Salcedo,
George Sedberry, Luis Sierra, Guillermo Soberon, Carlos Valdés, Vance Vicente,
Juan C. Villagran, Mark Chiappone, John Kelly, Robb Wright, Thomas Hourigan,
Carlos de Paco, Roger Sayre, John Tschirky, and Xiaojun Li

Biodiversity Th
e
Support Nature
Program CO”S@WC"’IW@

‘llll.'



THE NATURE CONSERVANCY’S MISSION is to preserve
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Executive

EARTH, THE BLUE PLANET. A full three-
quarters of its area lies under water yet
we continue to regard it in terms of land-
mass and territory. Throughout the
globe, humans represent the greatest
threat to the marine environment,
degrading marine ecosystems, and reduc-
ing the capacity of estuaries and oceans
to thrive.

As a result, approximately three-
quarters of marine fisheries are in drastic
decline due to fleet modernization, over-
subsidization and ineffective management
regimes. Mangroves, coastal wetlands
and estuaries around the world are being
cleared for croplands and urban develop-
ment. Coral reef bleaching is a worldwide
crisis that may be a result of increased
water temperatures due to global warm-
ing. And, many marine species are now
considered threatened or endangered due
to overfishing, overhunting, habitat
destruction and other factors.

Due to the transboundary nature of
the marine realm, solutions to these
problems cannot be implemented only at
single sites. On the contrary, it is increas-
ingly recognized that ecosystem-based
approaches are needed to improve the
management of water systems that suffer
from the problems mentioned above.
Yet, while it is widely believed that
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Summary

ecosystem-based approaches are essential
for effective marine conservation, all
such approaches must depend first on
efforts to define and better understand
marine ecosystems.

By classifying marine environments,
developing methods for establishing geo-
graphic priorities and finally, identifying
high-priority conservation areas, this
report hopes to serve as an initial step in
the direction of greater understanding of
the marine realm in the LAC region. It is
the third and final component of a larger
effort undertaken by the Biodiversity
Support Program (BSP), a USAID-funded
consortium of World Wildlife Fund, The
Nature Conservancy and World
Resources Institute. The goal of this
effort has been to identify high-priority
conservation areas in Latin America and
the Caribbean. The first priority-setting
workshop took place in 1994 and
focused on terrestrial ecoregions (A
regional analysis of geographic priorities
for biodiversity conservation in Latin
America and the Caribbean, BSP et al.,
1995). Participants at that workshop rec-
ognized the urgent need to adapt the pri-
ority-setting framework they used to
aquatic freshwater and marine systems.
Responding to this need, USAID pro-
vided BSP with funding to carry out pri-
ority-setting exercises for freshwater and



marine habitats. The results of the fresh-
water analysis, undertaken by World
Wildlife Fund and Wetlands Interna-
tional, were published in 1998 (Freshwa-
ter biodiversity of Latin America and the
Caribbean: A conservation assessment,
Olson et al., 1998).

Methods

This study comprises two parts. The pri-
mary study (detailed in chapters I and
11), was supported by BSP and USAID
and consisted of the following steps:

1) delineating coastal biogeographic
provinces

2) delineating coastal biogeographic
regions (also called here as marine
ecoregions)

3) ranking ecoregions within provinces.

Delineation of Coastal
Biogeographic Provinces

To distinguish provinces a number of
biological, physical, and geographic
characteristics had to be considered,
including the features of the continental
shelf and ocean currents, the water tem-
perature regime, and the occurrence of
upwellings.

Nine provinces were thus delineated
along the Atlantic and Pacific coasts of
Latin America and the wider Caribbean,
including south Florida, the Gulf of
Mexico, and the Bahamas (see Figure 1
and Appendix A-2). The provinces and
ecoregions are described in detail in
Chapter 1.

‘Wiornismpercis
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Figure 1 - Coastal Biogeographic Provinces of Latin America and the wider Caribbean
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Figure 2 - Coastal Biogeographic Regions (or Marine Ecoregions)

Delineation of
Marine Ecoregions

Each large province consists of smaller
geographic units called Coastal Biogeo-
graphic Regions, or simply Marine
Ecoregions. These were defined and
delineated according to patterns of ocean
circulation, coastal geomorphology, and
distribution of major faunal populations
(see Figure 2 and Appendix A-3).

Ranking Ecoregions
Within Provinces

The study involved ranking ecoregions
within each province according to bio-
logical value and conservation status.
There is no basis for the comparison of
ecoregions across provinces as these are
very distinct from one another. For
example, there is little basis for compari-
son between an ecoregion in the Warm-
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temperate Southeastern Pacific and one
in the Tropical Northwestern Atlantic.

To establish priorities, four main tasks
were carried out.

* Project Design: Indicators were selected
as direct and indirect measures of bio-
logical value and conservation status.
Reviews of the credibility of these
parameters as measures of biodiversity,
resource abundance, or changes in
natural systems were performed.

Information Compilation: Information
specific to ecoregions was compiled
from library research, scientists, local
naturalists, and technical data sources.

* Expert Assessment: The collected
information was evaluated and ecore-
gions were ranked for biological value

xi



and conservation status. The institu-
tional capacity and political commit-
ment to marine resource conservation
of each country within the project area
were examined, but not used in the
ranking of ecoregions.

* Review and Ranking: A workshop was
held in Miami from September 11 to
15, 1996. Regional experts and project
personnel reviewed the compiled infor-
mation and decided on which indica-
tors should be used for ranking within
each province. The ranking process
and criteria were examined to deter-
mine the scientific validity of establish-
ing geographic priorities. Indicators of
biological value and conservation sta-
tus were ranked as low (L), medium
(M) and high (H), with assigned
numerical values (1, 2, and 3 points
respectively). Ranks for each indicator

in each ecoregion were generated after
examining the range of scores across
all ecoregions within the province.
When quantitative data of important
indicators were not available, ranks
were produced after a qualitative
assessment based on the experts’ best
knowledge. Overall ranking for biolog-
ical value/conservation status was
obtained by a simple sum of all ranked
values. Experts held that this method
provided reasonable and scientifically
supported results, therefore no attempt
was made to use discriminated weight-
ing or grouped indicators. A matrix
created by cross-referencing biological
value and conservation status made it
possible to develop a list of priorities.

Results

No attempt was made to rank ecoregions
within the Galdapagos, and Juan Fernan-
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dez and Desventuradas provinces, due
both to lack of information and the small
size of the provinces. For the other seven
provinces, the priority ecoregions are as
shown (see Figure 3 and Appendix A-4).

* Warm-temperate Northeastern Pacific
province: The Cortezian ecoregion.
The ranking indicates the unusual set-
ting of the Gulf of California and its
vulnerability, as an enclosed sea, to
over-exploitation and land-based
sources of pollution.

Tropical Eastern Pacific province: The
Panama Bight ecoregion. This ecore-
gion includes unique coastal communi-
ties such as mangroves and coral reefs,
several highly productive rivers and
estuaries, breeding sites for marine
mammals, and an abundance of com-
mercially important fish and crustaceans.

e Warm-temperate Southeastern Pacific
province: The Humboldtian ecoregion.
This ecoregion includes abundant
populations of fish, seabirds, and
marine mammals. It also has numer-
ous conservation problems, including
coastal pollution and over-fishing.
Marine pollution from fish processing
plants is a real threat to both the
Peruvian and Chilean portions of
the ecoregion.

Cold-temperate South America
province: The North Patagonian Gulfs
ecoregion. Numerous seabird colonies
and abundant fishery resources give
the ecoregion a high value for biodiver-
sity and production. The high conser-
vation status score is due mostly to
threats such as over-harvesting of mol-
lusk and crustacean populations,
numerous ports and oil facilities, and
high tourist visitation.

Warm-temperate Southwestern
Atlantic province: The Uruguay-Buenos
Aires Shelf ecoregion. The Uruguay-
Buenos Aires Shelf is a wide platform

The Nature Conservancy

with high biological productivity, abun-
dant populations of finfish, and numer-
ous colonies of marine mammals and
seabirds that feed upon those fish.
However, pollution generated from
industries and oil facilities, together
with the exploitation of coastal mol-
lusks, coastal development, and inten-
sive tourism, have combined to assign
this ecoregion the highest rank with
regard to conservation concerns.

Tropical Southwestern Atlantic
province: The Northeastern Brazil
ecoregion. This ecoregion has large
numbers of nesting sites and nursery
grounds for sea turtles, along with
abundant fish and seabird populations.
The presence of coral reefs also adds to
the ecoregion’s conservation value.

Tropical Northwestern Atlantic
province: The Central Caribbean
ecoregion. The coastlines of this ecore-
gion are diverse, including large river
deltas and estuaries, mangrove forests,
complex bays and coastal lagoons, and
upwelling areas. A series of coral atolls
is located along the western extent of
the ecoregion. The ecoregion also has
high coastal population densities, a
long history of human use of marine
resources, and significant land-based
sources of pollution associated with
oil extraction, port development, and
agriculture.

These high-priority ecoregions are
discussed in more detail in Chapter 2.

Central Caribbean

Marine Ecoregion Case Study
High-priority ecoregions are still gener-
ally too large to provide useful guidance
to donors and policymakers about
investing in specific areas. Consequently,
the authors conducted a separate case
study to delineate, assess and rank the
“coastal systems” that comprise the Cen-
tral Caribbean ecoregion of the Tropical
Northwestern Atlantic province. This

xiii
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Figure 4 - Coastal Systems of the Central Caribbean Coastal Biogeographic Region (or Marine Ecoregion)
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case study was supported by The Nature
Conservancy and the University of
Miami but due to lack of additional
funds, it was not possible to apply this
level of analysis to other ecoregions.

This case study (detailed in Chapter 3)
created a framework to identify and rank
smaller “Coastal Systems” (see Figures 4
and 5 and Appendices A-13 and A-14)
based on conservation targets such as nat-
ural communities and their geographic
location relative to ocean currents. This
more detailed process is intended to iden-
tify specific sites for marine conservation
action and coastal stewardship programs.

The process of setting priorities within
ecoregions was carried out in three steps.
First, a further classification delineated
smaller segments of the coastal shelf.
These units, called coastal systems, were
defined in terms of coastal morphology,
hydrology, geology, and dominant biolog-

ical features, on a scale that was practical
for the collection of information.

The Central Caribbean ecoregion was
segmented into 51 coastal systems that
extend from coastal wetlands (mangroves)
outward to the 1,000-m depth contour
(see Figure 4 and Appendices A-13 and
A-14). Coastal systems varied in size
from a few thousand square kilometers
in the Samana Bay to more than 28,000
km? in the Orinoco River Delta. The
coastal systems are described in
Appendix B.

The 51 coastal systems can be
grouped into seven types:
« reef-dominated
« seagrass-dominated
- mangrove-dominated
» mixed seagrass-mangrove-reef dominated
« rocky platform dominated

« beach/sand-bottom dominated
« upwelling dominated.

Setting Geographic Priorities for Marine Conservation




After this process of classification,
the second step in the priority setting
exercise was to use “scorecard” criteria
to evaluate biological value and conser-
vation status of the coastal systems.
The process drew less on quantitative
data (which did not exist for the scale
of coastal systems), and more on expert
opinion regarding the diversity and sta-
tus of the smaller coastal systems. The
objective was to identify and locate
the “best” reef systems or mangrove
forest systems.

The final portfolio of priority coastal
systems targeted for conservation action
should include the best (or least dis-
turbed) examples of each type of coastal
system with some geographic distribu-
tion in upstream to downstream posi-
tions in the ecoregion. The third step—a
review of the feasibility of investing in a

particular site—was added to select 25 of
the 51 coastal systems as priority sites
(see Figure 5 and Appendix A-14).

In each of these 25 coastal systems,
conservation of the region’s coastal bio-
logical diversity should be a critical pri-
ority. Some part of the coastal system
needs to be in a marine protected area or
marine reserve. The hydrological pro-
cesses linking land and sea need to be
intact and coastal habitats and shorelines
need to be protected.

Unfortunately, there are many coastal
systems of spectacular natural beauty
and biological diversity that are already
severely impacted by land-based sources
of pollution, loss of coastal habitats, and
over-harvesting. Based on this method of
priority setting, these are not good candi-
date sites for conservation action.

The Nature Conservancy

Figure 5 - High Priority Coastal Systems of the Central Caribbean Marine Ecoregion
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Conclusions and
Recommendations

Once geographic priorities have been
established, practitioners and policy
makers can develop strategies for marine
conservation that aim to keep coastal
environments intact and functioning.
These may include

« The preservation of natural hydrologi-
cal and hydrochemical linkages
between rivers, streams, and terrestrial
run-off to the coastal environment.

* The protection of natural links between
land and sea (such as coastal wetlands)
to help preserve coastal ecology and
productivity.

e The selection and design of “corner-
stone sites” (parks, protected areas, or
sanctuaries) that are important for pro-
ductivity, ecological processes, or natu-
ral community composition.

* The promotion of grass-roots programs
in coastal communities to assume stew-
ardship and protection of sustainable
marine resource use.

 The development of methods needed to
transfer information to local communi-
ties for coastal development, sustain-
able harvesting, and preservation of the
quality of life associated with living at
the ocean’s edge.

The preservation or restoration of
linkages, the selection of special conser-
vation sites, and effective stewardship
action all depend on sound scientific
information. We hope that this report
serves as an initial step in the provision
of this information. Conservation donors
can then use such analyses to strategi-
cally target their investments so that the
greatest conservation good is achieved.
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INTRODUCTION

THE THREE QUARTERS of the Earth’s area
covered by water is an environment of
extraordinary complexity and extraor-
dinary value. The combined benefits of
coastal wetlands and mangroves, estuar-
ies, and ocean ecosystems—both in
terms of marine and other resources as
well as ecological services—have not
been quantified, but are surely worth
trillions of dollars each year.

Tragically, human activities are
threatening many marine species,
undermining the ability of the oceans
to provide food resources, degrading
marine ecosystems, reducing the capac-
ity of estuaries and oceans to provide
ecological services, and possibly threat-
ening the very physical and biological
dynamics of ocean ecosystems.

For example:

* The global catch of finfish and shell-
fish provide close to 10% of the ani-
mal protein consumed by people
annually, and probably much more in
some parts of the developing world.
Most marine food resources are taken
from the continental shelf which cov-
ers only about 8% of the ocean. Yet,
due to factors such as fleet modern-
ization, oversubsidization, and inef-
fective management regimes, some
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three fourths of marine fisheries are
in drastic decline.

Estuaries, coastal wetlands, and man-
grove forests provide a multitude of
valuable services. They act to filter
land-borne pollutants, provide shelter
for the reproduction and growth of
many finfish and shellfish, serve as
vital habitats for many species of
birds, and help reduce coastal ero-
sion. All over the world, however,
these ecosystems are being cleared for
croplands, urban development, mari-
culture ponds, and garbage dumps.

Coral reefs, one of the oldest and
richest environments on earth, are
threatened by human activities
throughout the tropics. Bleaching of
coral reefs, which occurs when corals
expel their symbiotic zooxanthellae,
is a worldwide crisis that may be a
result of increased water temperatures
stemming from global warming.

Overfishing, overhunting, habitat
destruction, pollution, and other fac-
tors have so reduced numerous
marine species that many are now
considered threatened or endangered.
Whales and other marine mammals,
giant clams, sea snakes, and many
other species are threatened, endan-



gered, or facing extermination. All
seven species of sea turtles are
endangered. Seabird populations have
declined in many parts of the world,
partly as a result of overfishing.

Anthropogenic emissions of carbon
dioxide have increased concentrations
of CO: in the atmosphere. If the
global climate is warming, as many
scientists believe, the consequences
are expected to include substantial
sea-level rise and greater frequency of
storms. Substantial sea-level rise
could have a devastating effect on
coastal environments and marine
resources. Increased frequency of
storms also has many important eco-
nomic and social impacts. For exam-
ple, many developing nations already
have large populations living in low-
lying coastal plains. There is already
some evidence that storm damage is
rising; the insurance industry incurred
$14 billion in weather-related claims
in the 1980s, which increased to
almost $50 billion in the 1990-95
period.

The Conservation
Imperative

The growth of human population and
the environmental pressures imposed
by economic development pose great
challenges to the future health of marine
ecosystems, as they do to most other
components of the global environment.

On many fronts, however, we can
see examples that provide some hope
for the future. Global and regional
agreements have been established regu-
lating fishing rights, wetlands protection,
water allocation procedures, reduction
of transborder pollution, and contami-
nation of marine waters. The intent of
such agreements (including the UN
Convention on the Law of the Sea and
the 1995 Global Programme of Action
for the Protection of the Marine Envi-
ronment from Land-Based Activities) is

for the global solution to be imple-
mented in site-specific, regional coop-
erative efforts in areas such as the
wider Caribbean.

It is also increasingly recognized that
ecosystem-based approaches are needed
for improving the management of trans-
boundary water systems that suffer from
overfishing, habitat loss, and biological
diversity issues. Yet, while it is widely
believed that ecosystem-based approaches
are essential for effective marine conser-
vation, all such approaches depend on
efforts to define and better understand
marine ecosystems.

Context and Objectives

The context for this report is a larger
effort undertaken by the Biodiversity
Support Program (BSP) to identify
high-priority conservation areas in
Latin America and the Caribbean.

BSP is a consortium of the World
Wildlife Fund (WWF), The Nature
Conservancy, and the World Resources
Institute (WRI). It is funded by the U.S.
Agency for International Development
(USAID).

Establishing the location and scale
of marine conservation initiatives is
the final component of BSP’s review of
biodiversity protection in Latin America
and the Caribbean (see Appendix A-1
for a map of the study area). This
research project aimed at setting geo-
graphic priorities for marine conserva-
tion along the coastal areas of Latin
America and the Caribbean by 1)
delineating coastal biogeographic
provinces; 2) delineating coastal bio-
geographic regions (also called marine
ecoregions); and 3) ranking ecoregions
within provinces.

Similar priority-setting exercises
assessing terrestrial, mangrove, and
freshwater ecosystems are described
briefly in Box 1. Taken together, these

Setting Geographic Priorities for Marine Conservation



four studies can serve as a useful
framework for investment decisions by
donors concerned with biodiversity
conservation.

In all four assessments, the princi-
ples underlying this geographic priority-
setting approach have remained the
same:

* Every nation’s biodiversity is critical
to its own sustainable development.
Therefore, biodiversity conservation
is important for every country. The
recommendations from this exercise
will help determine which areas
should be priorities for biodiversity
conservation at the regional level.
The focus is on where to conserve,
not on what, how, or why to con-
serve.

Biodiversity includes not only diver-
sity of species, but also diversity of
biological communities and ecosys-
tems. Since conservation areas cut
across national boundaries, the prior-
ity-setting analysis should be based
on biogeographic units, not country
units.

Biological importance alone is not a
sufficient criterion for determining
biodiversity conservation priorities
at a regional level, since natural habi-
tats have been degraded to varying
extents and because national commit-
ment to biodiversity conservation
varies. Biodiversity conservation pri-
orities should integrate consideration
of an area’s biological importance,
conservation threat, and institutional
feasibility and utility factors.
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Box 1. Developing Priorities for Biodiversity Conservation in Latin America and the Caribbean:

A Brief History

This report on developing priorities for conservation
of marine ecosystems in Latin America and the
Caribbean is the third and final report in a series
assessing geographic priorities for biodiversity
conservation in the region.

These reports were sponsored by the Biodiversity
Support Program (BSP) and funded by the U.S. Agency
for International Development (USAID). BSP is a con-
sortium of The Nature Conservancy, World Wildlife
Fund, and World Resources Institute. It is funded
through a cooperative agreement between World
Wildlife Fund (WWF), the lead consortium institu-
tion, and USAID. BSP is governed by an executive
committee comprising representatives of the three
consortium partners and managed by a professional
staff unit within WWF.

In December 1993, USAID hosted a meeting to
explore criteria for setting geographic priorities for
biodiversity conservation of terrestrial systems. Partici-
pants agreed on four criteria: biological importance,
conservation threat and opportunity, political and insti-
tutional feasibility, and human utility. Using these crite-
ria, BSP started an effort to develop a priority-setting
framework. Five leading conservation organizations
were invited—the three consortium partners plus Con-
servation International and the Wildlife Conservation
Society—to serve on a working group to develop a
framework for conservation priorities and then apply
the framework to Latin America and the Caribbean.
The framework was developed early in 1994, data
were collected that summer, and in September 1994
leading biodiversity experts held a workshop to review
the data and apply the framework.

All of the analyses, with the exception of political/
institutional feasibility, were based on biologically and
ecologically distinct geographic units, not countries.
These geographic units were called Regional Habitat
Units (RHUs). Seven RHUs were recommended as
highest priority for biodiversity conservation: the
Atlantic Forest, Tropical Andes, Cerrado-Pantanal,
Mexican Xerics, Patagonian Steppe, Puna, and
Mexican Pine-Oak.

In the initial report, the analysis was limited to ter-
restrial priorities and excluded marine and freshwater
ecoregions. In an effort to fill in these gaps, USAID
provided BSP with funding fo carry out similar priority-
sefting exercises for freshwater and marine habitats.

BSP commissioned WWF and Wetlands Interna-
tional fo undertake a conservation assessment of fresh-
water ecoregions in LA/C. Regional priorities were
assessed at a workshop in Santa Cruz, Bolivia, in the
fall of 1995. Workshop participants identified 42
freshwater ecoregion complexes, within which 117
ecoregions were delineated. Integrating biological dis-
tinctiveness and conservation status provided a frame-
work for priority-setting. The 10 ecoregions that were
given a priority status of 1 (highest priority for conser-
vation action) had biological distinctiveness that was
considered globally outstanding and a threat ranking
that was either endangered or vulnerable.

A complementary marine analysis of Latin America
and the Caribbean, organized by The Nature Conser-
vancy with funding from BSP, was conducted in
September 1996, after 10 months of data compilation
by project staff and in-country experts. The methodol-
ogy and identification of preliminary priorities for
coastal and marine habitats are available in a separate
report (Bustamante and Sullivan Sealey, 1998) and
are summarized in this volume.

With funding from The Nature Conservancy and
the University of Miami, the same authors also produced
a second volume that analyzed one ecoregion—the
Central Caribbean—and delineated 51 smaller coastal
systems within the ecoregion. The study then used a
ranking process to identify 25 of the 51 systems as
priority sites for biodiversity conservation (Sullivan
Sealey and Bustamante, 1998).

Complementing these studies are two additional
reports published by WWF and Wetlands Interna-
tional on mangrove and wetlands ecosystems respec-
tively (Olson et al., 1996; Canevari et al., 1998).
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Delineating Provinces and Ranking
Ecoregions within Provinces

Chapter 1

THE EFFORT TO DISTINGUISH provinces
involved consideration of a number of
biological, physical, and geographic
characteristics, including the features of
the continental shelf, sea surface temper-
ature, ocean currents, and the occurrence
of upwellings.

The Continental Shelf

The vastness of surface oceans can be
initially divided into coastal waters above
the continental shelf and offshore waters
of the deep ocean (see Figs. 1.1 and 1.2).
Coastal oceans are characterized by broad
versus narrow continental shelves. Open
oceans are further subdivided into sur-
face environments (to a depth of 1,000 m)
and deep-sea environments. Each envi-
ronment has unique abiotic features,
such as circulation, temperature, salinity,
nutrients, and oxygen content, that con-
trol the biogeographic distribution of
marine life.

This study used the 200-mile Exclusive
Economic Zone (EEZ) to delineate the
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outer confines of provinces. Although
the EEZ has little ecological significance,
it allows for a consistent representation
of coastal features at the atlas scale.
Furthermore, the EEZ delineates those
areas in which national governments are
responsible for the management of
marine resources.

Sea Surface Temperature

Sea surface temperature is an important
factor in the delineation of provinces
(see Fig. 1.3). Temperatures can range
from polar to temperate to tropical. The
distribution of most marine organisms is
generally limited by provinces. Animals
whose distribution ranges across provinces
are often rare, very large, and robust
swimmers, or animals—such as whales
and tuna—that can regulate their own
temperature and are indifferent to sea
temperature change.

Ocean Currents

All major ocean currents are driven by
the wind which is itself driven by heat



energy from the sun. Friction between the
wind and ocean surface causes the upper
layer of water to move while the influence
of the Coriolis effect (the deflection of
water bodies as a result of the earth’s
eastward rotation) deflects surface currents
45 degrees to the wind. The combined
effect of wind-driven currents and the
Coriolis effect produce large oceanic
gyres, flowing clockwise in the northern
hemisphere, counter-clockwise in the
southern hemisphere (see Fig. 1.4).
These gyres transport vast quantities of
warm equatorial water to the higher lati-
tudes while returning cold polar water to
the equator, and therefore have an enor-
mous impact on the climate and biology
of the planet. The location of the major
surface currents, particularly gyres,
define the boundaries of provinces.

Upwellings

Upwelling occurs when the prevailing
wind fields of a region blow parallel to
the coast and the effect of the Coriolis
force is such that the mass transport of
surface water is away from shore. Usually
occurring on the western coast of conti-

nents, upwelling also provides the
replacement of warm, nutrient-poor sur-
face water with cold, nutrient-rich water
from the ocean depths. In a nutrient-
limited system such as the ocean surface,
this continual replenishment sustains a
vast number of phytoplankton, an abun-
dant food source for larger organisms.
The bathymetry (the depth and relief of
water basins) of the coastal region is also
important, as upwellings are usually
located in areas where the continental
shelf is very narrow and deep oceanic
water is close to shore. In the Americas,
upwellings are found off the coasts of
California, Peru, and Chile and are asso-
ciated with the high biological productiv-
ity found in these regions. Smaller,
seasonal upwellings are located off the
coasts of Venezuela and Cabo Frio, Brazil.

Using these characteristics, nine
provinces and their ecoregions were
delineated along the Atlantic and
Pacific coasts in Latin America and the
wider Caribbean (see Appendix A-2).
The provinces and ecoregions are
described below.

Figure 1.1 Typical Pacific coast bathymetric profile illustrating a narrow coastal shelf
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Figure 1.2 Typical Atlantic coast bathymetric profile illustrating a broad coastal shelf
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Warm-temperate
Northeastern Pacific Province

This province stretches from Point Con-
cepcion, California, to Cabo San Lucas,
the southernmost tip of the Baja Califor-
nia Peninsula and Cabo Corrientes,
Jalisco (Mexico), including the Gulf of
California or Sea of Cortez (see Table 1.1
and Appendix A-5). The province includes
coastal areas of the Mexican states of Baja
California Norte, Baja California Sur,
Sonora, Sinaloa, Nayarit, and the north-
ern part of Jalisco to Cabo Corrientes.
The province is influenced by extensions
of the Equatorial Counter Current and to
a lesser extent of the California Current.
The abrupt curvature of the coast south
of Point Concepcién and the presence of
the outer islands of the Southern Califor-
nia Bight tend to insulate South Califor-
nia and the coastal area southward from
the cooling influence of the California
Current. The province is defined as
warm-temperate by sea surface tempera-
tures, but some tropical communities
occur in the shallower and protected
lagoons of the Gulf of California. The
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climate regime in the province is arid

to semi-arid. At about 30°N, an
upwelling occurs, seasonally drawing
deep water from the California Current
to the surface. Waters flow across the
mouth of the Sea of Cortez, partially iso-
lating the gulf from the warmer waters
flowing northward from the Tropical
Eastern Pacific.

The northern limit of the distribution
of coral reefs for the eastern Pacific lies
in this province, at the Gulf of California.
For many cetaceans, the province repre-
sents the southern or northern limits of
their range.

This province was divided into three
ecoregions: Mexican Temperate Pacific,
Magdalena Transition, and Cortezian.

Mexican Temperate Pacific Ecoregion

This is the largest ecoregion within the
province by area and includes the offshore
Guadalupe Islands. Eighty-seven percent
of this ecoregion is over 1,000 m deep
and the continental shelf is relatively
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Figure 1.3 Sea surface temperature (from Castro and Huber, 1997)
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narrow. This ecoregion is characterized
by the flow of the California Current
along the coast and the onshore movement
of the current flowing from the south
during the winter. The latter influence
makes water temperatures warmer along
the Baja California coast than they are to
the north. Climate is dry with 500 mm
of annual rainfall. Thermal annual fluc-
tuation is low, 3-4°C at the surface. At
its upper part, local coastal upwellings
occur seasonally drawing water of about
3-9°C from the California Current to
the ecoregion. During such events,
northern California fish, invertebrates,
and algae reappear.

The ecoregion’s coast is classified as a
collision coast with a narrow continental
shelf. It widens to 110 to 140 km at
Sebastian Vizcaino Bay and north of
Magdalena Bay. Coastal morphology
varies from mountainous, cliffed coast-
line with pocket beaches to mangrove

swamps along a coastal plain in the
south. The shoreline at this latter area
contains sandy pocket beaches and cliffs.
Mangrove communities have their north-
ernmost extension in the eastern Pacific
at 28-29°N; however, mangroves are not
abundant, even in coastal lagoons. The
total coverage is only 314 km?* along 109
km of coastline. This is attributable to
the high relief physiography with cliffed
and narrow shorelines, steeply inclined
coastal plains, and reduced intertidal
areas bordered by mountain ranges.

Marine fauna has a double origin:
from the Monterreyan region to the
north and from the Tropical Eastern
Pacific to the south. Here, in contrast to
the Cortezian fauna (see below), about
two thirds of the non-endemics along the
coast are eurythermic temperate species
coming from north of Point Concepcion;
however, endemism is very high.
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A small island (Guadalupe) and rocks
(Alijos) are located off the coast of Baja
California. The Guadalupe Island (35 km
long and 6-10 km wide) is situated about
260 km off the coast of northern Baja
California. Despite the isolation of the
island, which is surrounded by deep
waters, mollusk fauna share a high per-
centage of species with the mainland,
south and north of the province. The
rate of endemics was not enough to
designate it as a separate province. The
Alijos rocks barely project from the water
and lie about 300 km off Cape Lazardo,
Baja California.

Magdalena Transition Ecoregion

This ecoregion stretches from the
northern limit of the Magdalena wetland
system, south to Cabo San Lucas, along
1,321 km of coastline. Shelf area occupies
about one fifth of the whole ecoregion.

This ecoregion is a transitional region
between the Eastern Mexican and the
Cortezian ecoregions. Here the Equato-

rial and California Currents mix to gen-
erate a transitional zone between the
warm-temperate and tropical provinces.
It has been defined as a sub-tropical
transitional zone.

Magdalena Bay is enclosed by barrier
islands. Coastal vegetation is composed
of desert flora including sagebrush, with
pockets of chaparral. About 1,450 km?
of mangroves stretch along 811 km of
coastline. There is an important mangrove
community at Magdalena Bay.

Cortezian Ecoregion

The Gulf of California (also referred to
as the Sea of Cortez) is a semi-enclosed
sea of 181,000 km? The whole ecoregion
extends to Cabo Corrientes in Jalisco
and occupies 276,606 km? About a third
of this area is covered by waters shal-
lower than 200 m. The Gulf is separated
from the adjacent regions by the Baja
California Peninsula. The peninsula
attained its present geomorphology at
the beginning of the Pleistocene when

Figure 1.4 Surface circulation patterns of the world’s oceans (from Castro and Huber, 1997)
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Table 1.1 Geographic indicators of Provinces and Ecoregions

. N e e A o Batymery
Province (km?) and % and % of and % of Lengrmskrrl]r)‘eond (km?) and % within Ecoregion
Ecoregion of Province Province Province % of Province | O-200m ‘ 200-1,000m ‘ >1,000m
Warm-temperate Northeastern Pacific
Mexican Temperate Pacific 527,828 55% | 2,063 22% 3149 4% 109 4% 47,601  9%| 21,067 4% | 459,160 -87%
Magdalena Transition 158,974 17%| 1,321 14% | 1,451.0 19% 811 33% 14,241 9% | 19,421 12% | 125,313 79%
Cortezian 276,621 29%| 6,211 65% | 5,820.6 77% 1,515 62% 93,873 34%| 66,485 24x% | 116,248 42%

Tropical Eastern Pacific

Clipperton & Revillagigedo Islands 1,035,466 29% 118 1% 0% 0 0% 314 <1% 502 <1% [1,034,650 100%
Mexican Tropical Pacific 767,409 18%| 1,412 11% 1,510 6% 322 4% 12,144 2%| 16,831 3% | 738,433 95%
Chiapas-Nicaragua 392,204 12% | 2,638 20% 7,306 31% 1,871  26% 84,893 22%| 29,256 7% |278,055 71%
Cocos Islands 298,829 9% 26 <lI% a 5-7b 7-20% 43 <1% 2,487 1% | 296,299 99%
Panama Bight 508,357 15% | 4,227 32% 8,719 37% 2,441 34« 54,996 11%| 27,150 5% | 426,211 84%
Nicoya 330,336 10%| 2,756 21% 2,100 9% 1,513 21% 26,242 8% | 12,842 4% | 291,252 88%
Guayaquil 263,423 8% | 2,087 16% 3,727 16% 1,099  15% 31,035 12%| 8,441 3% | 223,947 85%

Galépagos Islands

Northern Galdpagos Islands 224,673 26% 15 1% 0 0% 0 0% 30 <% 698 <l% | 223,945 100%
Eastern Galapagos Islands 411,657 47%| 1,001 70% 0 0% 0 0% 7157  2%| 24,910 6% | 379,590 92%
Western Galapagos Islands 240,711 27% 410 29% 0 0% 0 0% 1,932 1% 1,388 1% | 237,391 99%

Warm-temperate Southeastern Pacific

Central Peru 328,220 19%| 1,164 19% 0 0% 0 0% 65,686 20%| 20,242 6% | 242,292 74%
Humboldtian 668,339 39%| 2,308 37% 0 0% 0 0% 33,249 5%| 30,587 5% | 604,503 Q0%
Central Chile 344,625 20% | 1,277 20% 0 0% 0 0% 7,212 2%| 11,150 3% | 326,263 95%
Araucanian 375,598 22%| 1,486 24% 0 0% 0 0% 31,888 8%| 20,129 5% | 323,581 86%

Cold-temperate South America

Chiloense 277,646 12%| 10,705 19% 0 0% 0 0% 56,860 20%| 11,687 5% | 209,099 75%
Channels & Fjords of Southern Chile 849,252 38% | 39,126  68% 0 0% 0 0% |124,935 15%| 30,375 4% | 693,941 81%
Malvinas/Falklands 507,118 23%| 4,375 8% 0 0% 0 0% [150,930 30%| 154,323 30% | 201,865 40%
Patagonian Shelf 401,724 18%| 1,361 2% 0 0% 0 0% |360,424 90%| 31,486 8% 9,814 2%
North Patagonian Gulfs 198,809 9% | 1,898 3% 0 0% 0 0% |198,809 100%
Warm-temperate Southwestern Atlantic
Uruguay-Buenos Aires Shelf 381,123 36% | 1,740 21% 0 0% 0 0% |237,064 62%| 26,792 7% | 117,267 31%
Rio de la Plata 29,499 3% | 1,337 17% 0 0% 0 0% 29,499 100%
Rio Grande 276,629 26% | 1,897 23% 0 0% 0 0% | 104,237 38%| 21,104 8% | 151,288 54%
Southeastern Brazil 378,224 35%| 3,180 39% | 2,923 100% 755 100% | 143,631 38%| 36,865 10% | 197,728 524
Tropical Southwestern Atlantic
Eastern Brazil 497,583 17%| 2,050 14% 3,215 10% 504 7% 99,667 20%| 21,678 4% | 376,238 76%
Trindade and Martin Vaz Islands 437,177 15% 8 <l% 0 0% 0 0% 21 <% 64 <1% | 437,114 100%
Northeastern Brazil 1,043,712 35%| 2,106 15% 3,940 13% 355 5% 74,082 7%| 26,531 3% | 943,100 90%
S&o Pedro and Sdo Pablo Islands 465,415 15% 12 <% 0 0% 0 0% 7 <% 23 <l% | 465,361 100%
Amazonian 556,062 18% | 10,252 71% | 23,661 77% 6301 88% (287,516 52%| 23,678 4% | 244,869 44%

Juan Ferndndez and Desventuradas

Juan Ferndndez & 968,991 100% 116 100% 0 0% 0 0% 445 <% 2,109 <1% | 966,436 100%
Desventuradas Islands

a: Present but not quantified; b: Héctor Guzmén, personal communication
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Table 1.1 Geographic indicators of Provinces and Ecoregions (continued)
Area of Coastline | Area of Man- | Mangrove
Provi Ecoregion Length (km) | groves (km? Cesriliing
rovince (km?) and % and % of and % of | length (km) and
Ecoregion of Province Province Province % of Province 0-200m
Tropical Northwestern Atlantic
Guianan 384,566 7% 1,814 4% 7,067 11% 969 4% 147,820 38%
Lesser Antilles 655,092 12% 2,508 6% 314 <1% 369 2% 28,587 4%
Bahamian 855,017 14% 7,225 16% 6,299 9% 3,045 14% 123,274
Central Caribbean 2,654,945 46% | 26,969 59% | 38913 59% | 14940 68% | 422,470
South Florida 27,195 <l% 1,238 3% 1,661 3% 711 3% 22,073
Gulf of Mexico 1,186,745 21% 5616 12% 12,170 18% 1,788 8% | 336,407

tectonic movements spread the land
mass to the west, creating the Baja Cali-
fornia Peninsula and the unique gulf.
Waters inside the gulf are distinguished
from those of the Pacific side due to the
high salinity of the upper layer. This
higher salinity (34.9-35.9%o, in compari-
son to 34.6%o outside the gulf) is the
result of the mixing of waters produced
by the intense evaporation in the upper
gulf and the subsurface waters of the
Eastern Tropical Pacific. The funnel
shape and the gradual slope of the bottom
in the northern part of the gulf create
large intertidal areas (up to 5 km wide),
and very high tides (up to 9 m), among
the largest in the world. A nearshore
current system prevails in the gulf as a
result of the combination of its shape
and tidal regime. In the upper part of the
gulf, surface temperatures range between
14°C in February, to 30°C in August,
while in the southern part, it only fluctu-
ates from 20 to 30°C. These physical
features strongly influence the biotic
composition of the region. The upper
(shallower than 200 m) and lower parts
of the gulf are separated by Midriff
Islands. The upper part, the Grandes
Islas area, has five deep basins and
strong tidal currents that dominate the
water circulation. This is the most pro-
ductive area of the Gulf. The central
portion, down to La Paz, has intermediate
characteristics, and the greatest depths as
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evidenced in the Guaymas Basin: 2,000
m deep and 220 km long. Hydrothermal
vents have been found recently in this
basin. The southern portion, from La
Paz to the gulf mouth, is oceanic influ-
enced, but also has basins up to 3,700 m
in depth. The deepest seafloor (about
6,400 m) is located in this area near the
international border.

Coastal morphology is a mixture of
recent volcanic activity along the Baja
California coast. On the eastern side, the
coast varies from mainly alluvial along
the coast of Sinaloa to alluvial with rocky
and metamorphic volcanic deposits on
the coasts of Sonora. The upper Gulf
area includes the Colorado River delta
and the Salado Lake. Rocky shores are
abundant at the central and lower part.
Hundreds of kilometers of sandy beaches,
interrupted by rocky headlands are
found along the mainland. Both coast-
lines have numerous embayments bor-
dered by mangroves and salt marshes.
Estuaries in the south are fed by rivers,
while those in the north are considered
“negative” or “esteros” (hypersaline).

The endemic marine fauna of the
gulf is derived from the Eastern Tropical
Pacific to the south. During the Pleis-
tocene, apparently only tropical organisms
had open access to the gulf. The temper-
ature barrier imposed by the cooler Cali-

15%
16%

78%

29%

Area of Bathymetry
(km?) and % within Ecoregion

200-1,000m

28,936
52,116
102,236
295,549
5123
118,733

8%
8%
12%
11%
22%

10%

>1,000m
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fornia Current flowing outside is the
principal reason for the development of a
highly endemic fauna and flora. Almost
all the non-endemics may be classified as
eurythermic tropical species. The small
group of species that are also found in the
Mexican Eastern Pacific region is mostly
distributed in the upper part of the gulf.

Several cetaceans live in the gulf. The
porpoise Phocoena sinus is endemic in
the northern gulf. The gray whale has
wintering, breeding, and calving grounds
in the gulf. Sea turtles also are present.

Tropical Eastern
Pacific Province

The Tropical Eastern Pacific is the second
largest province in the study area, span-
ning the Pacific coasts of southern
Mexico and Central America to northern
South America. The province area encom-
passes 3,372,702 km? (see Table 1.1 and
Appendix A-6.) and is tropical with a
wide range of sea surface temperatures.
The province supports tropical commu-
nities such as coral reefs with maximum
monthly mean surface temperatures of
33°C, but sea surface temperatures can
drop to 15°C with coastal upwelling.
This province is defined by the influence
of tropical waters flowing in the North
Equatorial Current, the Equatorial
Counter-Current, and the South Equatorial
Current. These systems flow west from
both the northern and southern oceanic
gyres as well as exhibit complex topogra-
phy with the intersections of the Cocos
Plate, the Pacific Plate, and the Nazca
Plate. Throughout the entire province,
the continental shelf is very narrow, the
EEZ area is over 95% deep water, with
depths over 1,000 m. The province
includes two groups of oceanic islands,
and five continental regions stretching
from Mexico to Peru. Mangrove commu-
nities occupy a significant portion of the
shoreline along the coasts of Central and
South America. The Gulf of Panama area
is one of the most complex in terms of its

oceanography, topography, and biology.

This province includes seven ecoregions.

Clipperton and Revillagigedo
Islands Ecoregion

This ecoregion consists of the isolated
island atoll of Clipperton and the small
island group to the north, the Revillagigedo
Islands. These islands are isolated and
are often described as a stepping stone in
the migration of coastal marine species
from the western Pacific to the eastern
Pacific. They are 1,100 km from the coast
of Mexico. Information on the species
composition of corals suggests that the
islands are more similar to each other
than to reefs along the continent. The
islands are influenced by the Northern
Equatorial Current that moves tropical
water from west to east. The shelf area
occupies less than 1% of the ecoregion.

Mexican Tropical Pacific Ecoregion

This ecoregion includes the Mexican
states of Jalisco (south of Cabo Corrientes),
Colima, Michoacan, Guerrero, and a
portion of Oaxaca north of Tehuantepec
Isthmus. The mountains of Sierra Madre
del Sur are located along the coast,
except for the lowlands at the Balsas
river basin. Offshore, the continental
shelf is quite narrow, falling precipitously
into the Middle America Trench. Coastal
oceanography is influenced by the
North Equatorial Current. The area has
a relatively dry climate with a coastline
broken by 16 coastal lagoon systems
stretching along a narrow coastal plain.
Mangrove shores occupy about 28% of
the whole coastline.

Chiapas-Nicaragua Ecoregion

This ecoregion stretches along 2,638 km
of coastline and includes EEZ areas of
southern Mexico, Guatemala, El Salvador,
Nicaragua, and a small part of Costa
Rica. In this ecoregion, the continental
shelf widens, occupying 29% of the area.
A coastal plain includes seven lagoons,
most of them along the Mexican portion,
in Oaxaca and Chiapas states. There are
numerous cliffs along the coast of El
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Salvador, the Gulf of Fonseca, and
Nicaragua. Mangroves are extensive and
well developed and cover most of the
coastline from the northern boundary
of the ecoregion to south of the Gulf of
Fonseca in Nicaragua. This gulf is one
of the most productive coastal systems of
the ecoregion. However, mangrove forests,
which constitute the major habitat for
coastal fauna and fisheries, have been
degraded by shrimp-pond construction in
many areas. Upwelling of colder nutrient-
rich waters occurs off Papagayo Gulf,
north of the Nicoya Peninsula, originated
by Atlantic winds that blow seasonally
across the mountains moving surface
water offshore. Tropical cyclones origi-
nate in the Gulf of Tehuantepec area
and either move directly westward or
follow a northwest course parallel to
the coastline.

Nicoya Ecoregion

This ecoregion is defined by the pres-
ence of the Gulf of Nicoya in Costa Rica
and the several bays and gulfs situated
southeast to the Azuero Peninsula. The
ecoregion extends from the Gulf of
Papagayo, Costa Rica (at about 11°30’
N) to the Azuero Peninsula, Panama (at
about 80°30°W), along 2,756 km of
coastline, covering an area of 330,360
km? It includes most of the Costa Rican
Pacific area and the region offshore of
the western half of the Panama coast.
One fifth of the coastline is occupied by
mangroves. Mangrove forests are exten-
sive along rivers and estuaries in Costa
Rica. The continental shelf is relatively
wide, and includes numerous gulfs,
bays, and coves. A group of eight
islands are found in the Gulf of Nicoya,
four of which are biological reserves.
The North Equatorial Counter Current
penetrates the ecoregion and splits
north and south off the coast of Costa
Rica. Despite the discontinuous occur-
rence and limited development due to
upwellings and river drainage, coral
formations have been described off
Costa Rica and Panama. There are over
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40 coral formations off Costa Rica, and
the reefl communities are richer in the
southern portion, although they are
generally small and shallow with few
coral species. Despite the huge distance
between the Central Pacific and the
Eastern Pacific, reef faunas are essen-
tially similar. The main coral areas of
the Pacific Central America are found
off Panama south of Azuero Peninsula
and Coiba Island.

Panama Bight Ecoregion

This ecoregion encompasses 508,357
km? and stretches along 4,227 km of
coastline (from Azuero Peninsula, at
about 80°30'W, to Caraquez Bay, Ecuador)
and includes three countries: Panama,
Colombia, and the northern portion of
Ecuador. The Gulf of Panama and the
Pacific coast of Colombia form a bight of
significant value. This ecoregion contains
the largest mangrove coverage of the
whole province (37%). The middle part
of the Gulf of Panama ranges from 50 to
100 m in depth. Most of the coast is flat
with several river mouths, swamps, and
mangroves. Extensive flats are found
west, extending to the Panama Canal.
Cliff-dominated coasts, with occasional
fjords and gorges, are the predominant
coastal morphology from the Panama
border to Cabo Corrientes, Colombia.
From this point to the Ecuador border,
large mangrove forests and river deltas
are present. River discharge affects reef
development along the Colombia coasts.
It is important to note that every Septem-
ber, young whales (Megaptera novaean-
gliae) visit the area off Tumaco, Colombia.
The most important reef formations of
the Pacific Colombia are located at the
Gorgona and Malpelo islands. Coral reefs
are also present along mainland Ecuador.
The deltaic-estuarine system of Mataja-
La Tola in northern Ecuador has the
most developed mangrove forests of the
country. Despite the exploitation of man-
groves, this area is considered one of the
most conserved coastal areas of Ecuador.
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Guayagquil Ecoregion

The Guayaquil ecoregion extends from
Caraquez Bay by the equator to Penin-
sula Illescas, Peru (about 6°S). The
ecoregion comprises 263,411 km? of
area, and stretches along 2,087 km of
coastline, half of which is occupied by
mangrove forests. The Gulf of Guayaquil
is the main feature of this ecoregion.
The southernmost extent of the influence
of the tropical waters flowing southward,
as well as the southern limit of man-
groves in continental coasts, is located in
northern Peru. Local currents merge
with the northward flowing Humboldt
Current and deflect westward to the
Galdpagos Islands.

In Caraquez Bay, most of the mangrove
forests along the estuary have been lost
due to shrimp-culture facilities. This area,
together with the Gulf of Guayaquil,
supports abundant shorebird populations.
An upwelling area and important pelagic
fisheries (mostly sardines and squid)
occur off Machalilla (Ecuador). These
populations are the main food source for
pilot whales (Globicephala macrorhynchus).
Marine turtles are also abundant in this
area, as are seabirds. Sea lions (Zalophus
californianus) and several cetacean
species are sighted in and around La
Plata island.

Terrestrial runoff, coastal morphology,
oceanic productivity, and habitat diversity
make the Gulf of Guayaquil the most
important coastal area of the ecoregion.
The gulf supports an intricate community
by providing habitat for abundant popu-
lations of fish, birds, reptiles, inverte-
brates, and many other ecologically and
commercially significant groups. Pond
construction, mangrove exploitation, and
pollutant discharge in the Guaymas river
have severely degraded this highly pro-
ductive environment.

Cocos Islands Ecoregion

The Cocos Islands comprise only 5,000
ha and are situated about 500 km south-

west of Costa Rica. They are of volcanic
origin and rise from the Cocos Plate.
Strong westward Equatorial Currents
wash the islands. Coral formations are
found in this ecoregion.

Galapagos Islands
Province

This coastal province has an EEZ area
of 864,646 km? Despite the small size
(only 4.6% of the total study area), the
Galdpagos Archipelago is one of the most
charismatic island groups in the world.
Unique features make this a special area
for terrestrial and marine conservation.
The province can be subdivided into
three ecoregions (see Table 1.1 and
Appendix A-6). This province is unusual
in that it falls entirely under one national
jurisdiction, that of Ecuador.

The archipelago is situated at the
equator, between longitudes of 86°W and
93°W. The Galapagos include 13 major
islands and numerous islets and rocks,
situated at about 950 km west of South
America. The islands are volcanic in
origin and are located at the crossing of
several ocean currents, warm and cold
that flow from east and west. This pecu-
liarity creates a range of marine habitats.

The South Equatorial Current flows
westward and meets the Cromwell Cur-
rent flowing eastward, creating frontal
systems around the islands. The Cromwell
Current moves across the Pacific just
below the surface, typically at depths of
100-400 m. When the cooler water of
the Cromwell Current is pushed to the
surface, the mixing of cool, nutrient-
rich water with the warmer South Equa-
torial Current water generates high
biological productivity in the waters
around the archipelago.

The geographic isolation of the
Galapagos combined with unique
oceanographic conditions results in high
biodiversity and endemism. Abundant
populations of fish, whales, dolphins,
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sea lions, fur seals, sea turtles, cormorants,
and the Galapagos penguin occur
throughout the archipelago. Nesting
sites for seabirds and turtles are impor-
tant. The widely distributed green turtle
(Chelonia midas) has a major breeding
site in the Galdpagos. The islands are
also home to the only existing true
marine lizard of the world, the sea
iguana (Amblyrhynchus cristatus).

The southernmost limit of the coral
reef formations along the Eastern Pacific
occurs in the Galdpagos. Thirteen her-
matypic and 32 ahermatypic (30% of them
endemic) coral species are recorded for
the islands. The black coral (Anthipates
panamensis) is endemic. There are also
dozens of endemic fish species. Sixteen
species of whales and eight species of
dolphins are found in the Galapagos
Province, while two pinnipeds are
endemics: the sea lion (Zallophus wolle-
baecki) and the fur seal (Arctocephalus
galapagoensis). The rate of endemism is
high among marine invertebrates.

The most important conservation
issues in the area include: the decline of
black coral, which is due to tourist
demand for jewelry, overfishing, particu-
larly of hammerhead sharks (Sphyrna
spp.) and sea cucumber (Stichopus fuscus).
Asian fishing fleets are a significant and
increasing pressure on fisheries resources.
Ecuadorian fishermen migrating from
the mainland are also a potential threat
to marine resources because of their arti-
sanal, non-sustainable methods. Predators
(cats, rats, and dogs) of seabirds and
marine iguanas have increased in num-
bers. Tourist visitation has increased in
the last 20 years, leading to a corre-
sponding increase in pollution.

This province was divided into three
ecoregions. There are clear biogeographic
differences across ecoregions within the
archipelago due to differences in oceano-
graphic conditions. These regions vary in
size, area of coastline, and shelf area.
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Northern Galdpagos Islands Ecoregion

This ecoregion extends around the
northern islands of Darwin, Wolf, Pinta,
Marchena, and Genovesa. The EEZ area
of this ecoregion covers 226,017 km?
The ecoregion has the shortest coastline
(15 km) of the province. There is a 728
km? shelf area (less than 1% of the EEZ
extension), surrounded by warm waters
(about 28°C). True coral reefs are only
found in the northernmost islands, Dar-
win and Wolf, because of the warmer
water temperatures.

Eastern Galdpagos Islands Ecoregion

This is the largest ecoregion, and com-
prises the coastal area of the islands San-
tiago, Pinzon, Santa Cruz, and Santa Fé.
This ecoregion has cooler oceanic waters
(about 24°C). Altogether this group of
islands form a 403,591 km?* EEZ, making
up 47% of the whole province. This is
the ecoregion with the largest coastal
area (33,067 km?) in relation to the
whole EEZ extension (8%).

Western Galdpagos Islands Ecoregion

The Isabela and Fernandina Islands are
influenced by waters from the Cromwell
Current which are even cooler (about
14°C) and are associated with a signifi-
cant upwelling. The coastline is 410 km
long, and the platform area is 3,320 km?
which constitutes only 2% of the total
EEZ area of the ecoregion.

Warm-temperate
Southeastern Pacific Province

The Warm-temperate Southeastern
Pacific Province stretches, from north to
south, over 36 degrees of latitude cover-
ing 6,235 km of coastline (see Table 1.1
and Appendix A-7). The province area is
963,423 km? but just 27% of it is occu-
pied by continental shelf waters. The
province stretches from Peninsula
Illescas, in north Peru at 6°S, to the
Chacao Channel at the Chiloé Island,
Chile, located at 40°30’S. The northern
limit of the province is determined by an
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abrupt change of climate and consequen-
tial shift in fauna. South of Peninsula
Illescas, ocean waters are notably cooler;
the maximum sea surface temperature is
18-19°C. This is three to four degrees
cooler than areas of northern Peru
because the influence of the Humboldt
Current brings colder water from the
south. Mangroves and other tropical
fauna have a southernmost limit in the
eastern Pacific at 5°S.

At this southern limit of the tropics,
the coastal morphology, oceanography;,
climate, and biota change notably. A nar-
row continental shelf and deep oceanic
trenches are the dominant features in the
province, thus most of the area within
the EEZ is deep oceanic water. The
Peruvian coast has a number of small
near-shore islands. The Chilean coastline
is continuous without indentations or
embayments. The oceanic archipelagos of
Juan Fernandez and Desventuradas, 600
km off the Chilean coast, are not included
in this province because of their unique
climatic, faunal, and floral features.

The climate of the province ranges
from warm-temperate in the north to
cold-temperate in southern Chile. The
Andes Mountains stretch along the entire
coast of this province, and combined
with the prevailing winds, determine the
coastal rainfall regime. Winds blowing
from east to west bring arid conditions to
the coast in the northern sector. In central
Peru, mean annual rainfall is low (from
15 to 31 mm) and variable: desiccation is
intense between occasional rains. At this
latitude, coastal waters are abnormally
cool due to the upwelling of cold waters
from oceanic depths.

The coasts of Peru and Chile are
directly influenced by two surface-water
masses that converge in this area: Antarctic
waters and subtropical surface waters.
The West Wind Drift makes the cold and
nutrient-rich waters of the Antarctic Cir-
cumpolar Current approach the southern

tip of South America from the west at
around 45 to 50°S. The Antarctic waters
branch at this point and the Humboldt
(or Peru Coastal) Current moves north
from this divergence point while the Peru
Oceanic Current heads south. The two
currents are separated by the warm, south-
flowing Peru-Chile Counter Current.

Oceanographic features from north
Chile to Peru suffer considerable modifi-
cations at irregular intervals during the
El Nifno Southern Oscillation (ENSO)
events. As a result of this planetary-scale
climatic event, warmer waters penetrate
further south, altering the dynamics of
the circulation patterns, water mass char-
acteristics, and biota. Abnormal, high
temperatures (23-29°C) and low-salinity
waters spill southward. During these
periods, water temperature can rise to
30 or 40°C, and precipitation increases
to three to ten times the normal average.
Upwelling is reduced and downwelling is
increased close to shore. The geographic
influence of this phenomenon is variable
in time and space.

One of the most productive fisheries
of the world is found in this province
and is based mainly upon hake, sardine,
and anchovy. The annual catch off Peru
of anchovy (Engraulis ringens) ranges
from one to twelve million metric tons,
with great fluctuation due to the impact
of climatic changes and fisheries
exploitation. The top trophic level carni-
vores are marine mammals and seabirds
whose immense populations inhabit
islands and coastal promontories. The
northern limit of the South America fur
seal (Arctocephalus australis) is located
south of Callao, Peru.

Seabirds are abundant, with some
species being endemic to the Peru-Chile
current system. Important breeding sites
for seabirds are located along the shore
and in islands off Peru: Lobos de Tierra,
Lobos de Afuera, Macabi, Diego Martin,
Pescadores, and Santa Rosa, located
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between 6 and 16°S. This area includes
important nesting sites for the penguin
(Spheniscus humboldti).

As for biodiversity and endemism,
reports indicate that 6% of the species of
marine macroalgae, approximately 40%
of littoral bivalve mollusks and 70 species
of marine perciform fish, are endemic.
Most of the cetacean species of the world
have been sighted in this province.

The Warm-temperate Southeastern
Pacific Province was divided into four
ecoregions according to climatic, oceano-
graphic, and coastal morphological con-
ditions, as well as some biological features.

Central Peru Ecoregion

This ecoregion extends from Peninsula
Illescas (6°S) to the San Lorenzo Island
area (12°S, north of Callao) along 1,164
km of coastline. Although this ecoregion
has a relatively short coastline extension,
it has the broadest continental shelf area
in the province; 20% of the EEZ area is
covered by waters shallower than 200 m.
This is in contrast to the remaining
ecoregions of the province where shelf
areas are less than 8%. The southern
boundary of the ecoregion is defined as
the northern distribution limit of kelp
forest communities (Lessonia nigrescens
and Macrocystis pirifera).

Cliffs and a few pocket beaches are
found along the coast. Several rivers are
present, but their effluent is primarily
seasonal. No deltas, coastal wetlands, or
lagoons are found in this ecoregion. High
coastal dunes are present south of Diego
Martin. The shelf width in this ecoregion
averages 80 km. Oceanic islands are
abundant and include the islands of
Lobos de Tierra, Lobos de Afuera, and
Macabi. The most intense upwelling
associated with oceanic productivity
occurs in this ecoregion, mostly north of
9°S. At its southern boundary, the warm
counter current flowing from the north
diminishes. Salinity is higher than
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34.5%o. The average sea surface tempera-
ture maximum is 18 to 19°C.

The influence of El Nifio Southern
Oscillation events is not as strong at the
southern part of this ecoregion. The con-
sistent upwelling supports large numbers
of guano-producing birds. To the north,
anchovies are exploited by the local fish-
eries and remain an important forage
base for seals and birds.

Humboldtian Ecoregion

This is the largest in the province, extend-
ing from 12°S (in Peru) to 25°S (south of
Antofagasta, Chile), for some 2,308 km?
of coastline. The continental shelf is nar-
row (63,836 km? within the 1,000-m con-
tour). The Andean foothills approach and
intersect the coastline, and there are little
or no coastal plains. Frequent earthquakes
have produced coastal uplifts and subsi-
dence. The coastline is solid, with few
geographic accidents, forming almost a
straight line on a macroscale. It is exposed
to surge and wind, with some pocket sand
beaches, and scarce sheltered embayments.
Towering cliffs with narrow beaches are
abundant. Throughout this ecoregion,
only the northern side of the rocky points
and islands form sheltered coastal habitats.
The continental shelf is fairly narrow at
the southern end of the ecoregion. Rain
is scarce with few seasonal rivers (exclu-
sive of Rio Loa, with 1.5-2m’/s) that
originate in the Andes and disappear or
percolate underground.

The oceanographic regime is deter-
mined by the cold waters of the Humboldt
Current. Off Peru, the sea surface tem-
perature maximum is 16 to 17°C. Winds
cause surface waters to flow offshore, gen-
erating local upwellings of cold nutrient-
rich waters. The most intense upwellings
of the Humboldt Current occur in this
ecoregion and are associated with abun-
dant finfish stocks. The predominant fish
are anchovy (Engraulis ringens), sardines
(Clupea benticki and Sardinops sagax),
and jurel (Trachurus murphy).
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Fisheries and land-based sources of
pollution are the main threats to marine
resources in Chile. No reports on over-
fishing exist; however, there is insuffi-
cient knowledge of the status of marine
tish stocks.

Central Chile Ecoregion

This ecoregion extends between 25°S,
north of Antofagasta, to near Navidad
(33°26’S), covering 1,277 km of coast-
line. The coastal range is composed pri-
marily of granitic rock, and has elevations
with medium-size marine terraces inter-
rupted by few open sandy beaches. The
continental shelf here is among the nar-
rowest in the province (5%) and there
are isolated upwelling foci along the
coast (e.g. off Valparaiso and Coquimbo).
In contrast to the Humboldtian ecoregion,
the pelagic ecosystems are much less
productive. Rivers are more numerous
and permanent rather than seasonal. The
El Nifno Southern Oscillation influences
are moderate. This ecoregion can be con-
sidered as a transitional zone between
the Humboldtian and the Araucanian
ecoregions, which show very distinctive
biotic and bioeconomic characteristics.

Disturbance of the coastline due to
coastal development, the presence of
over-exploited populations (e.g. finfish
and mollusks), and the impact of coastal
pollution from industries and ports seem
to be the main conservation issues.

Araucanian Ecoregion

The ecoregion extends from Navidad
(33°26’) to Chiloé (41°30’S) along 1,486
km of coastline. The Coastal Cordillera is
formed by low metamorphic rocks that
generate more extended terraces. Climate
is humid-temperate and rainfall is greater
than 1,500 mm annually. Rivers drain
both melted snow from the Andes and
rainwater which is increasingly abundant
southward. The more important effect of
these two kinds of terrestrial runoffs is
local dilution of water salinity and input
of sediments and terrigenous material to

the coastline. Several important estuaries
(e.g. Valdivia) and extensive mud flats are
found in this ecoregion. There are highly
productive salt marshes at 35-41°S. Sea
temperature ranges from 11.5 to 13.5°C.
Spring tide amplitude is 2 to 10 m, with
8 to 12 m at Chiloé Island. There is a
distinctive demersal fishery in this ecore-
gion. The influence of ENSO is low.

The main conservation issues are
related to the overfishing of the mollusk
Concholepas concholepas and some crus-
taceans. Petrel populations are abundant
and there is thought to be a high number
of endemic marine flora and fauna in
this area.

Juan Fernédndez and
Desventuradas Islands Province

Situated respectively about 600 and
900 km from South America, the Juan
Fernandez (at 33°40’ to 33°45’S) and
Desventuradas (26°17’ to 26°20’S) Islands
constitute a unique biogeographic unit
(see Table 1.1 and Appendix A-7). The
Archipelago of Juan Fernandez is com-
posed of three islands and several cays.
The Desventuradas Islands are made up
of two small island groups: the San Felix
Islands and San Ambrosio Islands, sepa-
rated by 16 km. Altogether, they comprise
about 300 km? of emerged land and 116
km of coastline. Less than 1% of this area
(2,544 km?) is covered by shelf waters.

Average precipitation in Juan Ferndn-
dez is about 1,000 mm of rainfall. Mean
annual temperature is 15.2°C, with a
6.3°C amplitude between February
(summer) and July (winter). Minimum
air temperature never drops below 3°C,
and the maximum rarely exceeds 25°C.

Superficial waters surrounding the
Juan Fernandez Islands are of subtropical
origin in summer and subantarctic in
winter. The Desventuradas Islands are
more influenced by subtropical waters
than the Juan Fernandez Islands. Water
from the surface to 200 m ranges from
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0-19°C, with salinity between 34.0 and
43.2%o. The ocean circulation around
the islands at 75-78°W falls under the
influence of the strong northward flow of
the Humboldt Oceanic branch (the Peru-
Chile Current). Currents at 78-90°S (a
strong southward flow, corresponding to
the Peru Oceanic Counter Current), and
beyond 81°S (a current flowing northward
with low velocity and small volume
transport), has been recorded.

Both the Juan Fernandez and the
Desventuradas Archipelagos are volcanic
in origin. Sandy coastal areas are small.
Separated from continental Chile by the
Humboldt cold current, which flows
between them, these two archipelagos
are as old as the Galapagos and, like
those islands, have remarkable cases of
speciation and endemism. Among the
examples of endemism are the Juan Fer-
nandez spiny lobster (Jasus frontalis), a
subspecies of a gastropod mollusk locally
called “loco” (Concholepas concholepas)
and the sunstar (Heliaster helianthus).
Despite relatively little information
about marine flora and fauna, endemics
are abundant in almost any invertebrate
and fish high taxonomic group. Several
species of cnidaria endemics are recorded
at between 37 and 73 m in depth. Marine
fish endemism is reported to be about 20%.

An estimated 32 species of seabirds
are present in the islands; 22 species are
visitors and the rest nest in either one or
both archipelagos. There are two endemic
subspecies (Pterodroma externa and P
coki defilippiana).

The Juan Fernandez fur seal (Arcto-
cephalus philippii) is an endemic species
of these islands. Some individuals have
been recorded in Peru, but there does
not appear to be a regular settlement of
this species outside of the Juan Fernan-
dez Islands. This is the only part of Chile
where the species is fully protected (see
Castilla, 1987). Other fur seals are present
in the province, but in low numbers:
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Arctocephalus tropicalis, Hydrurga leptonix,
and Leptonychotes wedelli. The sea lion
(Mirounga leonina) is recorded in the
islands as well.

There are 120 marine macroalgae
inhabiting the Juan Ferndndez and
Desventuradas Islands; 29% are endemic
to both archipelagos. The similarity of the
marine flora with other areas (South
Pacific, South America, Tropical East
Pacific, etc.) demonstrates the relative iso-
lation of these islands with respect to the
South American continent. Furthermore,
it has been suggested that the archipelago
could be considered a source of algae
species for continental South America.
Some evidence suggests that strong Fl
Nino Southern Oscillation events should
be able to reach the islands and thus play
an important role in the dispersal and
gene flow of some algal species, reducing
the survival potential of some cold-water
species and contributing to the low species
richness reported in the area. Alternatively,
it may accelerate the differentiation of the
animal population in the islands, thus
speeding the speciation process.

No attempt was made to divide this
province into ecoregions. The small size
of the Juan Fernandez and Desventuradas
Archipelagos suggest that any conserva-
tion effort would have to include the
whole province. Despite its low marine
biodiversity, the biological importance of
these islands is high due to their high
endemism, and their position as a center
of geographic dispersal and speciation of
marine biota.

Experts consider the Juan Fernandez
Islands to be badly managed and over-
developed. The historical use of the
islands as penal colonies led to deforesta-
tion (burns) for agriculture and road
construction. Loss of vegetation impacted
the nesting habitat and success of petrels
(Procellariformes). The introduction of
cats and other predators has likely
affected the seabird colonies.
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The exploitation of fur seals started
in late 1600s, after the discovery of the
islands by the Spanish navigator Juan
Ferndndez in 1554. Fur seals (“lobos
finos”) were hunted for their fur and
melting grease. Historical records indi-
cate that millions of fur seals used the
islands as rookeries up to the early
1700s. The indiscriminate harvesting of
fur seals led to a decline of their popula-
tion. Sixty-five years after the Juan Fer-
nandez fur seal was considered extinct, a
survey recorded the presence of two
hundred individuals. The 1969 census
generated an overall number of 459 indi-
viduals for two islands, Robinson Crusoe
and Alejandro Seikirk. Two juveniles
were observed in the Desventuradas
Islands in 1970 after more than a century
of absence. Between 1984 and 1985, sci-
entists recorded 1,578 individuals in 28
sites distributed on the Robinson Crusoe
and Alejandro Seikirk Islands.

In 1929, a ban on the taking of fur
seals was established. In 1950, a total
ban on harvesting of pinnipeds was
enacted. The species A. philippi is listed
in Annex 2 of the Convention on Inter-
national Trade in Endangered Species of
Wild Fauna and Flora (CITES), which
was signed by Chile in 1975. However,
in 1976, a law regulating hunting of fur
seals affected the total ban enacted previ-
ously for A. philippi. Due to Chilean sci-
entists’ efforts to reform this law, all
species of otarids (sea lions and elephant
seals) were protected (total ban for hunt-
ing) in 1978.

At present, the fisheries exploitation
in the Juan Fernandez Islands is focused
mostly on the endemic rocky lobster
(Jasus frontalis), and to a lesser degree,
on the cod or rocky bass Polyprion (Hec-
toria) oxygenerios. The rocky lobster
dwells at 2 to 200-m depths in caves and
rocky bottoms. Despite the existence of
fisheries regulations concerning this
species, a decline of the stock has been
attributed to overfishing.

Cold-temperate
South America Province

The Cold-temperate South America
province includes the coastal areas under
the jurisdiction of three countries: Chile,
Argentina, and the United Kingdom (the
sovereignty of the Malvinas/Falkland
Islands is disputed with Argentina). The
province has diverse coastal morphology
types and shelf contours along 57,466 km
of coastline (see Table 1.1 and Appendix
A-8). This province, together with the
nearby Warm-temperate Southwestern
Atlantic, have the largest continental
shelf area—the Argentina shelf—in the
western hemisphere. The northern
boundary of this province on both sides
of the southern cone is situated at a simi-
lar latitude: 41°30’S in the Pacific and
41°S in the Atlantic. Both are washed by
northward flowing cold currents fed by
the Pacific West Wind Drift. The south-
ern limit is in Cape Horn, Argentina.

The boundary between the Warm-
temperate Southeast Pacific and the Cold-
temperate South America provinces is
associated with the greatest faunal change.
For example, the diversity of fish fauna
declines from north to south: 79 families
of teleosts (with 179 species) in the
Araucanian Ecoregion of the Warm-
temperate South-eastern Pacific, but 63
families (with 135 species) recorded for
the two ecoregions of southern Chile
combined. At the Atlantic side of the
province, the Falkland Current flowing
northward upon the shelf area of
Argentina is responsible for the dispersion
of the flora and fauna along the coastal
area of Argentina. The marine biogeogra-
phy of this coastal province (named at
that time Magellan-Falkland by several
authors) has been the focus of discussion
after the compilation of data on the dis-
tribution of some taxonomical groups
such as fish and isopods. The taxonomi-
cal and systematics studies revealed high
endemic rates for echinoderms, pelecypod
mollusks, isopods, and fish.
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An intricate array of channels, fjords,
and passages facing a narrow shelf domi-
nates the coastal geomorphology along
the southern coast of Chile, in compari-
son with the extensive platform of the
Argentinean portion, including the
Malvinas/Falkland Islands.

On the Patagonian coast of Chile
(from about 45°S to 50°S), fjords and
straits excavated from granitic and meta-
morphic rocks form an intricate coastal
topography related to structural linea-
ments and faults eroded by water and
ice. At this zone, the depression between
the Coastal Cordillera and the Andes is
submerged. From 40 to 48°S, river
drainage is abundant. Further south,
from 48 to 52°S, the large fjords have an
ice crust that reaches sea level; the ice
formation changes the salinity pattern in
the sheltered embayments. Glaciers reach
the coastline of Patagonia at several
places south of 46°30’S. Waves, substrate
type, salinity, and temperature differences
between the open coast and the channels
south of parallel 42° generate a high
habitat diversification in comparison
with the coastline of the central and
northern part of Chile.

The tip of South America extends
almost 20° farther south than any of
other continental mass reaching the
Circum-Antarctic region. This means
that a considerable portion of its coast is
directly exposed to the West Wind Drift.
A minor portion of this oceanic current
is deflected northward along Chile’s coast
(contributing to the Humboldt Current),
but the major branch flows through
Drake’s Passage between South America
and the Antarctica. Another branch of
the Falkland Current turns northward to
run between Tierra del Fuego and the
Falkland (Malvinas) Islands. This current
flows slowly along the Argentina coast
up to the mouth of Rio de la Plata, and
then turns eastward and rejoins the
West Wind Drift.
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The Falkland Current is stronger along
the outer edge of the continental shellf,
with a speed of about two kilometers per
hour. Upwellings occur at the edge of the
platform. The huge continental shelf is
covered by nutrient-rich waters that sup-
port extensive kelp beds in coastal areas
as well as abundant biological populations.
There are huge colonies of penguins,
sea lions, sea elephants, fur seals, and
seabirds along the Patagonian shores,
with many breeding areas. Two marine
mammals and three seabirds are
endemic for the ecoregion.

According to climate and biological
features of the marine fauna, the Cold-
temperate South America Province can
be divided into five ecoregions. Off
Argentina, the ecoregion divisions were
delineated based on dominant fishery
resources, oceanographic features, and
the influence of major rivers.

Chiloense Ecoregion

Between 41°30’S (Chacao Channel) and
47°S (Taitao Peninsula) exists an intri-
cate array of inner passages, channels,
fjords, and archipelagos stretching along
10,705 km of coastline. Twenty-four per-
cent of the EEZ area is occupied by the
shelf area, so the shelf/coastline ratio is
fairly high (5.6 km? per km). This is the
so-called “Chiloé’s Inner Sea” (between
Chiloé Island and the continent) where
the maze of channels is characterized by
a wide tidal range (up to 8 m) and abun-
dant freshwater inputs from copious pre-
cipitation. Offshore, a system associated
with the West Wind Drift splits into a
northward flowing branch (which gives
origin to the Humboldt Current) and a
southward flowing branch, known as the
Cape Horn Current. The diversity of
benthic macroalgae of this ecoregion and
the one described below (totaling alto-
gether 60 families of macroalgae, includ-
ing 212 species of Rhodophytes) is
substantially higher than on the Chilean
coasts to the north (respective figures
are 47 and 97 for the Araucanian Ecore-
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gion of the Warm-temperate Southeast-
ern Pacific). By contrast, isolated to the
south by the Taitao Peninsula, and to
the north by the end of the channel
landscape, the Chiloense ecoregion
contains a still poorly known endemic
fauna and flora, some of whose compo-
nents are Weddellian relicts with
closely related forms in the southwest
Pacific (e.g. the Chilean oyster, Tiostrea
chilensis, is closely related to a species
from New Zealand).

This ecoregion, with a strong tradition
of artisanal fishing, has in recent years
seen the explosive development of a
technologically advanced aquaculture
industry, mostly oriented to salmon pro-
duction. In the inner waters of Chiloé,
the farming of introduced Pacific and
Atlantic salmon may cause water quality
deterioration. Eutrophication caused by
food supply is a major threat to the
coastal environment. Potential impact on
sea lions (Otaria flavescens), fur seals
(Arctocephalus australis), and some
cetaceans are reported. The presence of
salmon in the natural ecosystem has been
reported already. The ecological conse-
quences of this introduction has not yet
been examined. The Chiloé National Park
is only terrestrial and has no marine
component (there are no marine parks in
Chile). The area surrounding Guamblin
Island has been proposed as a marine park.

Channels and Fjords
of Southern Chile Ecoregion

From the Taitao Peninsula (47°S) to Cape
Horn there is an extremely complex sys-
tem of fjords, sounds, channels, and
islands that define a unique ecoregion,
somewhat comparable to the system that
extends through the northeastern Pacific
from British Columbia to the Alaska pan-
handle. The intricate coastline totals
39,126 km, the largest of all the ecore-
gions in the study area and even longer
than the coastline length of other
provinces (exclusive of the Tropical
Northwestern Atlantic). The Argentinean

southern portion of Tierra del Fuego and
Isla de los Estados (Staten Island) are
included in this ecoregion. All together
they comprise an EEZ of 849,251 km?
82% of which is beyond the shelf area.
The fjord systems end in either seaward-
moving glaciers, which cut the Andes
Mountains, or numerous small rivers.
The coastline and islands delineate a
fringe about 220 km wide and more than
1,000 km long. Rocky shores, with some
sandy beaches, small estuaries, very high
cliffs, and salt marshes are the main geo-
morphological features along the coast-
line. Mean annual temperatures decrease
from 11° to 4-5°C at Cape Horn. Rain-
falls exceed 1,500 mm (mean annual).
Surface water temperatures range from
4-11°C in summer to 2-7°C in winter.

While the biota of the southern end
(Magellan Straits and areas to the south)
had been intensively studied by scientific
expeditions during the 19th century and
the first half of the 20th century, much
of the ecoregion is poorly known. The
Macrocystis kelp forests are a dominant
feature in this area.

Malvinas/Falklands Ecoregion

Located in the southwestern Atlantic,
480 km off the coast of southern South
America (51° to 52°30’S), these islands
are at the center of the extensive Malvinas/
Falkland Shelf. Their coastline stretches
4,375 km, and the EEZ extends for
507,117 km?* about 60% is occupied by
the shelf. The shelf of the Burdwood
Bank, to the south, is also included. The
Malvinas/Falkland Archipelago consists
of two large islands (East and West) with
a total area of 1,300 km? and 200 to 300
nearby small islands and islets of variable
size, in addition to the more isolated
Beauchene Island to the southeast. The
islands consist largely of Paleozoic sedi-
mentary material. Air temperature is low
year round (averaging 9°C during the
summer and 7°C during the winter) and
strong winds are characteristic (mean
over 30 km/h). There are no true rivers
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or estuaries. The most distinctive subti-
dal community is a kelp forest composed
principally of Macrocystis (but also
Durvillea and Lessonia). The marine cli-
mate is under the influence of the West
Wind Drift (WWD) system, a splinter of
which gives origin to the Malvinas/Falk-
land Current flowing northward along
the continental slope off South America.
The current has two branches: one
(weaker) flowing to the west and the
other (stronger) to the east of the islands.
The temperature of the cold-temperate
surface waters rarely exceeds 10°C.

Some 78 species of fish are reported
for this ecoregion. The most important
is the Notothenid family, which has the
highest (17) number of species. Four
species of fish (Salilota australis,
Micromesistius australis, Macruronus
magellanicus, and the notothenid
Patagonotothen guenteri) are commercially
significant. Two mollusks and the king
crab also are caught. Three macroalgae
are exploited for agar (Gracillaria) and
carrageenan (kelp Macrocystis). Other
species are potentially significant, but
have not yet been exploited.

There are two main groups of
seabirds: pelagic species, widespread at
subantarctic islands and usually in
southernmost South America (some
species of Macaroni Penguin, Black-
browed Albatross, and King Shag) and
coastal species otherwise confined to
southern South America (Magellan Pen-
guin, Rock Shag, Dolphin Gull, South
American Tern). Up to 24 bird species
may still nest in the islands.

Twenty-two species of marine mammals,
including 16 toothed whales, 2 baleen
whales, and 4 pinnipeds are reported to
inhabit the island waters. The Malvinas are
the main nesting habitat for several marine
birds as well as a refuge for pinnipeds.

Some 59 species of seabirds are pre-
sent, 17 of them nesting, together with
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23 shorebirds and 3 marine ducks. Esti-
mated population for the Rockhopper
penguin reaches two million individuals.
Shearwaters and petrels are also very
abundant. Dozens of seabird colonies
have been sighted.

Much of the coastal zone physiog-
nomy was defined in the past by the
presence of tussock grass (Poa flabellata),
which may live up to 300 years. The tus-
sock grass community has been greatly
damaged by human disturbance (mostly
fires), and survives only in isolated pock-
ets. These intentional fires may have
heavily affected nesting sites of birds.
Egg-taking has been a common practice
in the Malvinas Islands, although its cur-
rent significance is unknown. Predators
such as cats and dogs may also have
affected seabird colonies. There is no
data available for marine mammal abun-
dance in the ecoregion.

An important international fishery
has developed in the Malvinas/Falkland
Shelf and adjacent areas, targeting mostly
short- and long-fin squid. The offshore
fishery of hake makes this species a
serious candidate for overfishing.

Offshore oil exploration is likely to
start soon, creating the single most impor-
tant anthropogenic risk for the ecological
integrity of the southwestern Atlantic.

Patagonian Shelf Ecoregion

The Patagonian Shelf ecoregion includes
the Atlantic coast of the Argentinean
provinces of Santa Cruz, Tierra del Fuego,
and the adjacent shelf north of the Le
Maire Strait and Isla de los Estados
(Staten Island). It occupies 401,724 km?
and is bound to the east by the Malvinas/
Falkland ecoregion and to the north by
the shelf break. The northern boundary,
north of 47°S, follows the 100-m depth
contour that runs close to the coast south
of 47°S and close to the slope north of
41°S. Between 47° and 41°S, the isobath
runs diagonally across the shelf, roughly
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defining the average transition zone
between two major ecosystems. The zones
are dominated by anchovy and Argentina
hake to the north, and to the south by the
Fueguian sprat, hoki, blue whiting, and
southern hake. This boundary partition
is also associated with fish assemblages
and benthic communities. The ecoregion
has a total area of 401,723 km?; 90% is
less than 200 m deep, which has great
significance for resources management.

Climate in the ecoregion is cold and
annual rainfall decreases southward
from 1,100 to 600 mm. In the south, the
climate is dry and arid or semi-arid (in
Patagonia western winds are responsible
for rain in the Andes). The coastal land-
scape is dominated by long, high cliffs
of Cenozoic marine sediments. There is
only one major river, the Santa Cruz,
plus smaller rivers such as the Deseado,
Coig, and Gallegos. The hydrology of
coastal waters is influenced by the strong
southwesterly winds. A low salinity zone
(“tongue”) over the intermediate shelf is
a very characteristic feature and has been
erroneously interpreted as evidence of
the existence of a “current” originating
from the Magellan Strait, the so-called
“Patagonian Current.” The low-salinity
region results from diffusion of low-
salinity water from the straits; its orienta-
tion is influenced by the Coriolis effect.
A still poorly known frontal system
occurs seasonally off Bahia Grande (51
to 52°S). Towards the north, the coastal
ecosystem is characterized by extensive
Macrocystis kelp forests.

While the number of fish families is
similar from the Fuegin area to the
Patagonian Gulfs (34-36), they become
more speciose: from 65 in Tierra del
Fuego to 82 in this ecoregion. This is
probably due to the increase in shelf
width and subsequent habitat diversity.
On the contrary, macroflora diversity
decreases northward: from 326 species of
macroalgae in the channel and fjords to
178 species in the Patagonian shelf. Two

baleen whales, 17 toothed whales
(seven are dolphins), and three otarids
(sea lions and elephant seals) are
recorded for this ecoregion.

As for conservation threats, three
projects for the construction of a power
plant are proposed for the basin of the
only large river (Santa Cruz) draining
into this ecoregion. This construction
might affect the coastal ecology due to
river damming.

While no fish stock collapses have
been documented, the offshore fishery
of hake makes this species a candidate
for overfishing. Overfishing is one of the
highest threats for marine conservation
in this ecoregion (including illegal fish-
ing by foreign fleets).

Seven species of dolphins are caught
in fishing operations. In recent years, the
use of monofilament nets increased dol-
phin mortality which was estimated to be
over 100 dolphins per year in the Tierra
del Fuego ecoregion alone. The impact of
the surimi fleet on marine mammals has
not been well recorded. Some marine
mammals are known to be captured for
use as bait in king crab pot fisheries.
While the relationship has not been
properly documented, it is supposed that
fisheries compete with marine mammals
and birds for food resources. Addition-
ally, hake and squid overfishing is one of
the most serious conservation issues in
the southern Atlantic.

Plans for introducing exotic oysters
have apparently been halted. However,
if such plans were to continue, they
might threaten the native, and commer-
cially valuable, Ostrea puelchana, which
is susceptible to the disease bonomiasis.

Oil extraction and transportation is a
potential threat to this ecoregion. At the
Magellan Strait, there are about 50 Chilean
and 6 Argentinean oil platforms con-
nected by pipelines with the Punta Are-
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nas or Punta Loyola terminals. At Punta
Loyola, at the entrance of the Ria Gallegos
(20 km from town), crude oil is loaded
from docks with no containment buoys.
Offshore oil exploration and exploitation
in the Patagonian Gulfs and the Malvinas
are perhaps the most important threat
to marine biodiversity in the entire
southwestern Atlantic. In addition, gold
mining is expected to begin soon at San
Julian. The potential impact of this pro-
ject has not been assessed.

North-Patagonian Gulfs Ecoregion

This ecoregion stretches along 1,898 km
of coastline, and has 198,808 km? of EEZ
less than 100 m deep. Between 47° and
41°S, the coastal zone of eastern Patagonia
is characterized by a series of prominent
gulfs, from south to north: San Jorge,
Nuevo, San José, and San Matias. All of
them have an inner basin deeper than
the adjacent shelf. They range in shape
from the wide-open San Jorge to the
semi-enclosed San José Gulf. The latter,
together with the Nuevo Gulf and the
Valdés Peninsula, form a coastal system
of remarkable importance from the view-
point of marine conservation. The coast-
line is primarily formed by Cenozoic
marine sedimentary terrain, which devel-
ops in long stretches of uninterrupted
cliffs. Freshwater inputs are meager;
precipitation is around 250 mm per year.
The only river, the Chubut (which is
dammed), drains to the sea, but does not
form an estuary. Coastal circulation is
driven by tides (tidal range reaches eight
meters in some areas) and the strong
southwesterly wind. Several important
frontal areas develop recurrently: two
thermohaline fronts (in the San Matias
and San Jorge gulfs) and a well-studied
frontal system off Valdés Peninsula
which develops during the spring at the
boundary of well-mixed coastal water
and offshore stratified water.

Kelp forests are sparse and patchy

between 42 and 44°S. Coverage from Punta
Lobos to Punta Marqués is about 2,160 ha.
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The area is highly significant for marine
mammals and seabirds such as penguins
and cormorants. The San José Gulf (an
important breeding area for southern
right whales) is the only marine park in
Argentina. Other cetaceans, elephant
seals, sea lions, and fur seals are common
and abundant.

Some 178 species of macroalgae are
found in this ecoregion while 73 species
of fish grouped in 44 families (65 species
are bony fish) compose the ecoregion’s
fish fauna. One shark and 17 bony fish
have commercial significance. In addition,
seven mollusks and three crustacean
species are harvested. The macroalgae
genera Gracillaria is harvested for agar
extraction and Gigartina is harvested for
carrageen extraction.

Major spawning/nursery grounds exist
for hake (Isla Escondida) and shrimp
(southern San Jorge Gulf). Some impor-
tant fisheries target stocks (e.g. hake,
shrimp, scallops) are fully contained
within the boundaries of the ecoregion.
The blue mussel (Mytilus edulis) and the
Tehuelche scallop (Aechipecten Tehuelche)
fishery grounds were closed due to
decline of their populations. The king
crab or centolla (Lithodes antarctica)
population was overharvested. In addi-
tion, kelp forests are sparse and patchy
between 42 and 44°S. Coverage from
Punta Lobos to Punta Marqués is about
2,160 ha.

Warm-temperate
Southwestern Atlantic Province

The Warm-temperate Southwestern
Atlantic province is defined to the south
by the Valdés Peninsula 41°S to Cabo Frio,
Brazil at 23°S (see Table 1.1 and Appendix
A-9). This is one of the smallest provinces
(1,065,474 km?) of the study area, with
8,154 km of coastline length. About 56%
of the area is occupied by the continental
shelf. This province corresponds to (but
does not coincide exactly with) the East-
ern South American Faunal Province
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proposed by Hayden et al. (1984). The
province enjoys a warm-temperate climate
that constitutes a transition between
the Cold-temperate South America
province and the Tropical Southwestern
Atlantic province.

The distribution of marine biota led
experts to locate the southern limit of
this province at 41°S (around Matias
Gulf/Valdés Peninsula). The delineation
of this limit is consistent with many
biogeographic studies which found a
rapid biotic transition in coastal assem-
blages that occurs near this latitude.
Several criteria were used for locating
the southern limit:

e Most of the biota from the coastal
zone and inner shelf of the Province
of Buenos Aires (Argentina)
between Rio de la Plata and 41°S
have warm-temperate, rather than
cold-temperate affinities.

Coastal communities off Rio de la
Plata are characterized by the absence
of the typical cold-temperate south
Atlantic forms such as Macrocystis or
Aulacomya, the absence of significant
invertebrate predators from the rocky
intertidal zone (e.g. Trophon, Anaste-
rias), and the presence of a community
dominated by the yellow clam
(Mesodesma) in exposed sandy beaches.

Estuarine communities in the ecore-
gion of Rio de la Plata are clearly of
the type found in the north.

Fisheries resources in the common
Fishing Zone of Argentina and Uruguay
(the “Frente Maritimo Comun”) are
different from those found in the rest
of the Argentina shelf.

The northern limit of the province is
determined by the influence of the Falk-
land Current (which can be felt north to
Rio de Janeiro), and the beginning of the
presence of mangroves (around 27°).

Mangrove forests cover only 2,923 km?
along 755 km of coastline, yet the exten-
sion is only 2% of the total mangrove
coverage of the study area. North of this
point, at the Abrolhos Bank, the south-
ernmost extent of the Caribbean coral
species may be found. The province has
599,191 km? of shelf area and more than
half of the total EEZ (1,065,474 km?).
The coastal areas of Argentina, Uruguay,
and Brazil are included in the province.

The coastal geomorphology of the
province is diverse. The Brazilian section
of the coastline runs southwestward and
consists of wide sandy barrier forma-
tions enclosing major lagoon systems,
Lagoa Mirim and Lagoa dos Patos, with
associated salt marshes and sedge
swamps. The coastal plain in Rio Grande
do Sul is up to 120 km wide with exten-
sive dunes driven by predominantly
southerly winds. Broad sandy beaches
extend along the coast for 640 km, with
ridge systems and coastal dunes reach-
ing 25 m in elevation. The area’s shelf
width is relatively narrow (about 200
km) in comparison with the rest of
northern part of the country, but south
from Mar del Plata, Argentina, the shelf
broadens noticeably.

The Uruguayan coastline extends for
600 km and includes the northern shore
of the Rio de la Plata and the section fac-
ing the Atlantic Ocean. Characterized by
uplifts, highlands, coastal lagoons, and
river estuaries, the coast is exposed to a
southeasterly ocean swell east of Espinillo
Point (modified by the circulation at Rio
de la Plata) and storm waves mainly from
the southeast and southwest. The mean
spring tide ranges from 0.4 to 0.6 m,
with southeasterly winds producing
storm surges between 1.9 m (at the
mouth of Rio de la Plata), 21.7 m (Mon-
tevideo), and 3.7 m (Colonia). Together,
southern Brazil and northern Uruguay,
form an extensive chain of approxi-
mately 60 coastal lagoons, separated
from the ocean by sandy barrier islands.
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Most rivers have strong drainage into
estuarine lagoons with sea entrances
blocked by sand deposits carried in by
storms. Swampy shores with salt marshes
(containing Juncus and Spartina grass)
occupy the more sheltered parts of the
coast between Montevideo and Arazati.

At Rio de la Plata, the Parand River
forms a large 15,000-km? delta. From
Buenos Aires south to Punta Rasa’s Sam-
borombon Bay, an extensive low area of
the Pampas Plain is occupied by
Holocene marine and estuarine deposits.
A brackish marsh and an extensive mud
flat are present at Samborombon Bay;,
while open marine coastline with dunes
and beaches are typical near Punta Rasa
south. At Mar Chiquita (about 38°S),
coastal lagoon, estuarine, and marine
deposits are well developed. Immediately
south of the inlet, Mar Chiquita’s beaches
are being severely eroded. Southward,
the Mar del Plata coastline is principally
made up of cliffs. From this point to
Monte Hermoso (near 39°S), the cliffs of
the Pampa Interserrana are located.

The oceanic circulation regime of the
province is characterized by the meeting
of the north Falkland Current, flowing
northward, and the warm southwesterly
Brazilian Current that meet along that
country’s coast and becomes progres-
sively weaker. The meeting of cold and
warm waters varies both seasonally and
yearly. The influence of the Falkland
Current can be felt as far north as Rio de
Janeiro. An upwelling also occurs off the
coast of Cabo Frio.

A reported 43 species of bony fish are
present in the Rio de la Plata and north-
ern Argentina, 29 of them inhabiting the
continental platform. Some 26 marine
mammals are reported to be present in
the area: two toothed whales, seven
baleen whales and dolphins, and three
pinnipeds (Arctocephalus australis, Otaria
flavescens, and Mirounga leonina). Both
the Arctocephalus australis and Otaria
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flavescens breed at Isla de Lobos and
Isla de Castillos.

It is estimated that 97 species of
seabirds and shorebirds are present.
There are more than 100 seabird and
shorebird breeding sites in islets, estuar-
ies, and wetlands along the coast, some
of which are heavily impacted by egg
extraction in Argentina and Uruguay.

Uruguay-Buenos Aires Shelf Ecoregion

Extending from the Brazil-Uruguay bor-
der (about 34°S) to the latitude 41°S
(San Matias Gulf, at the Valdés Penin-
sula, Argentina), this ecoregion roughly
follows the Uruguayan-Argentinean
Common Fishing Zone. It is the
province’s largest ecoregion (36%), with
a coastline extension of 1,740 km, and
an EEZ of 381,123 km?, 69% of which is
occupied by the shelf. The most promi-
nent oceanographic feature is the conflu-
ence of the Malvinas and Brazil Currents.
The Malvinas Current moves northward
along the slope, encountering the south-
flowing Brazil Current at a latitude that
varies seasonally. As a result, the biota is
distinguished from the adjacent ones
(e.g. Rio de la Plata, North Patagonian
Gulfs, Patagonian shelf, and Rio Grande).
It contains pelagic species that are absent
southward along the slope, such as the
Spanish mackerel (Scomber japonicus)
and the white croaker (Micropogonias
furnieri). The ecoregion’s northern limit
is characterized by a high number of
species and a very important multi-
species nursery area defined by the con-
fluence of the Malvinas and Brazil
Currents during the austral summer.

Barra del Chuy, a barrier coastal
lagoon on the northern limit, is defined
as the southern limit of disintegrating
beaches (sensu) characterized by a gentle
slope of approximately 3 degrees, fine to
very fine well-sorted sands, high wave
environments, wide surf zones, and large
eolic tide ranges (minimum astronomic
tides of 0.5 meters). The beaches south



28

of Chuy are also characterized by high
primary production represented by surf
diatoms and are hence defined as semi-
enclosed ecosystems. Approaching the
Rio de la Plata ecoregion, marine macroin-
fauna is replaced by eurihaline species.

Conservation issues and threats are
found in coastal pollution from rice
plantation fertilizers and domestic waste
as well as in habitat deterioration due to
the use of tractors and shovels for har-
vesting. This has led to the decline of
some mollusk populations (e.g.
Mesodesma mactroides, Donax hanleyanus,
and Mytilus edulis) on the Uruguayan
coast. No finfish stock appears to be
overfished. The mass mortality in 1994
of the yellow clam Mesodesma mactroides,
due to a toxic microalgae bloom,
impeded the reopening of the fisheries
season in the Argentina-Uruguay Com-
mon Fishing Zone. Blue crab populations
have been on the decline since the
1970s; the causes of stock fluctuations
are still unknown.

Yellow scallop (Mesodesma mactroides)
and blue mussel (Mytilus edulis) fisheries
were closed due to overfishing. The poly-
chaete Ficopomatus enigmaticus, intro-
duced in the 1930s, forms extensive
calcareous reefs in Mar Chiquita
Lagoon—an important regional coastal
environment of this ecoregion. Intro-
duced in the early ‘70s, the barnacle Bal-
anus glandula has developed a barnacle
belt along the rocky shores and most of
the components of the fouling communi-
ties remain exotic species.

Several ports, including Mar del
Plata, Quequén, and Bahia Blanca, are
potential threats to the coastal zone, as
are oil terminals, refineries, and petro-
chemical industries. It is estimated that
the incidental catch of dolphins fluctu-
ates between 50 and 300 porpoises per
year (Corcuera et al., 1994), most of
them franciscana.

Rio de la Plata Ecoregion

Rio de la Plata (34° to 36°20°S and 55°
to 58°30°'W) has a 1,337 km coastline
and a total area of 24,499 km?. The
width varies from 38 km at the upstream
end to 230 km in the mouth, between
Punta Rasa and Punta del Este. The
major tributaries are the Parana and the
Uruguay rivers, with annual average dis-
charges of 16,000 and 6,000 m%s,
respectively. The Rio de la Plata drains
the second largest basin in South Amer-
ica and, with an area of 3.1 x 106 km?,
extends through Argentina, Bolivia,
Brazil, Paraguay, and Uruguay. Variations
in physio-chemical characteristics allow
the definition of the existence of a
clearly differentiated system. High tur-
bidity values, with suspended sediment
concentrations from 100 to 300 mg/1
resulting from the discharge of the
Parana and Uruguay rivers and the
strong gradient of decreasing salinity
from the outer to the inner part, consti-
tute remarkable features of the system.
Suspended sediments carried by the
river make up an important factor in
bottom formation, turbidity, and primary
production variability. The estuarine
zone of the river was estimated at
18,000 km?, with a depth of range of
four to eight meters. The Rio de la Plata
constitutes a natural barrier for many
benthic species distributed along the
Atlantic coasts of Uruguay and
Argentina. This, in turn, determines a
marked predominance of freshwater
species towards the inner section of the
river, followed by an increasing predom-
inance of euryhaline species close to the
river’s mouth. Moreover, several fish
species temporarily inhabit the estuary
(e.g. Samborombén Bay, Santa Lucia
zone), particularly for the purpose of
reproduction (e.g. the important com-
mercially exploited white croaker Micro-
pogonias furnieri). Trawl surveys yielded
up to 150,000 tons of fish biomass, or
about 8 g/m? fish density. Some demersal
fish, such as common hake, are very
important.
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The main conservation concern in this
ecoregion is the highly populated urban
center of greater Buenos Aires (both city
and province), with approximately 12
million inhabitants. The ecoregion has
the highest area to coastline length ratio
(22 km¥km) of all ecoregions and, as a
result, land-based sources of marine pol-
lution are an important issue. The dis-
charge of pollutants to the river and
estuary from numerous industries
reaches gargantuan proportions in the
Argentinean Province of Buenos Aires.
The cleansing of the river is a high prior-
ity for the Department of the Environ-
ment, but no results are yet visible. Two
ports, five refineries and four petrochem-
ical industries are located in greater
Buenos Aires.

Aggregations of the fish papamoscas
(Nemadactylus bergi) were wiped out in
Province of Buenos Aires during the ‘60s:
overfishing was attributed to the Soviet
fishing fleet. The papamoscas developed
into the basis of a small fish meal indus-
try. At present, it has low significance; the
status of the stock is poorly documented.

Large sectors of the Rio de la Plata
estuary have been strongly modified by
urban development, dredging of naviga-
tion channels, etc. Further coastal devel-
opment of Buenos Aires is a potential
threat to coastal lagoons and dunes.

The deterioration of habitat is elimi-
nating important seabird nesting sites in
Province of Buenos Aires. Impacts include
the disappearance of wetlands due to
intense tourism in Mar del Plata.

Rio Grande Ecoregion

The northern limit of this ecoregion is
Cabo de Santa Marta Grande (28°S); the
southern limit is Barra del Chuy (34°S).
The ecoregion stretches along 1,897 km
of coastline with numerous large coastal
lagoons and extensive salt marshes
(Spartina spp.). The Patos Lagoon (985,000
ha) and the Mirim Lagoon (230,000 ha)
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are the South Atlantic’s largest coastal
lagoons. These lagoons, together with
those in northern Uruguay, form a major
habitat for highly diverse communities of
migratory birds coming from North
America and the Antarctic. The EEZ area
covered by the ecoregion is 276,629 km?,
of which 125,341 km? (46%) is occupied
by the shelf. Rivers discharge directly
into the lagoons, not into the ocean. Sed-
imentation is the primary conditioning
feature. Shelves are generally wide with a
gentle slope. The circulation pattern is
determined by the seasonal position of
the sub-tropical convergence.

Coastal development is the main
conservation issue in the coastal area.
The input of freshwater to these lagoons
is affected.

Southeastern Brazil Ecoregion

This ecoregion’s northern limit is Cabo
Frio (23°S); the southern limit is Cabo
de Santa Marta Grande (28°S). It is char-
acterized by the presence of numerous
coastal lagoons, embayments, and estuar-
ies along 3,180 km of coastline. Sedi-
mentation dominates coastal geological
processes. The southern extent of the
mangrove distribution range in the South
Atlantic is located here. About 755 km of
coastline have mangroves which cover
2,923 km? This ecoregion corresponds
with the Mangrove Complex Unit of the
same name delineated by WWE The
ecoregion has an EEZ of 378,224 km?
and a 125,341-km? continental shelf
composed of sand and mud. There is an
absence of major river systems draining
into the ecoregion (in comparison with
those to the north), but the coast is dom-
inated by numerous rivers, including the
Sao Sebastido, Grande, and Santa Cata-
rina. The encounter of the Malvinas Cur-
rent with the Brazil Current can reach
this area, creating a subtropical conver-
gence. This supports high primary pro-
ductivity due to local upwellings off
Cabo Frio.
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Conservation problems in this ecore-
gion are related mostly to the presence of
highly dense populations. Rio de Janeiro
lies in the northern part of the ecoregion’s
coastline, while Sao Paulo is located at a
50-km distance from the coast. Anthro-
pogenic impacts to the coast include
coastal development, domestic and
industrial wastes, and port activities.
The conservation status of mangroves
was assessed as endangered by WWE

Tropical Southwestern
Atlantic Province

The Tropical Southwestern Atlantic
province exists entirely in Brazil, extend-
ing from the Brazil-French Guiana bor-
der (4°N) to Cabo Frio (23°S) (see Table
1.1 and Appendix A-10). The coastline is
long (14,419 km); 17% of the EEZ
(2,999,950 km?) is occupied by shelf
waters (533,244 km?). Nearly one quar-
ter of the total mangrove area of the
study zone is located in this province.

The province has a great variety of
coastal formations, from the Amazon
River and the reefs in the north, to coastal
lagoons (and associated barrier islands),
sand dunes, and cliffs along the shore.

The climate is typically tropical, with
July air temperatures ranging from 25-30°
at the northern limit, to 20-25°C in the
south. Precipitation is abundant and mean
annual rainfall ranges between 1,000 and
2,000 mm in the south and 1,000 and
4,000 mm near the mouth of the Amazon
River. The northeast area is dry with only
250 to 1,000 mm of mean annual rainfall.

The coastal morphology of this mas-
sive province is diverse. Three different
sectors can be distinguished: the north-
ern portion, dominated by the Amazon
River and its sediment and water drainage,
the narrow coastal margin fringing the
Brazilian shield, and the barrier islands
and rear coastal lagoons to the south.

From Cabo Frio, the first major feature
is the deltaic protrusion at the Paraiba do
Sul river which is followed by several
deltaic river mouths. From 30 to 27°S,
the shelf broadens to form the Abrolhos
Banks. The Abrolhos Archipelago is set-
tled over a broad bank and is composed
of islets and banks of calcareous reef
sandstone that emerged in the Holocene.
Most coral species are endemic; some
Caribbean coral species have their south-
ernmost extent in this location. North of
Itacaré, the coastline becomes indented
with rias and embayments, the largest of
which is Todos os Santos Bay. North-
ward, beyond of the influence of the
Falkland Current, the climate is increas-
ingly warm and wet with estuaries and
rias fringed by mangroves.

North of Salvador Peninsula, the
straight coastline is bordered offshore by
beach rocks and calcareous reef sand-
stones, some of them cemented dune sands
(eolian calcarenites). Coastal terraces are
two to eight meters high and tidal range
increases to three to four meters.

Humid tropical conditions dominate
the coastline from Recife to Natal (annual
rainfall ranges from 1,000 to 2,000 mm).
Here the coastal morphology is simple,
with beach-ridge plains, nearshore sand-
stone reefs, and some cliff areas. At
Calcanhar Cape, the coastline abruptly
changes its orientation to west to north-
west, and is dominated by beach ridges
and dunes alternating with lagoons,
swamps, and salt deposits. The dry sea-
son is lengthy.

Tidal range increases westward and the
coastline at this equatorial sector is
indented with islets and estuaries bordered
by mangrove swamps and alternating with
by small sedimentary rocky-cliffed sectors.
The Para and Amazon rivers are separated
by the deltaic island of Marajo. Both have
an intricate channel topography and
numerous mangrove-fringed alluvial
islands which are highly variable in config-
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uration as a result of the interactions of
waves and tidal-fluvial currents.

The massive drainage of water and
sediment from the Amazon produces an
accretion at the coastline, especially
northward, as the result of tidal move-
ments of the longshore Guiana Current.
At this sector, climate is perennially hot
and wet with more than 2,000 mm of
annual rainfall and luxuriant vegetation.
Coastal waters are turbid due to sedi-
ment suspension. The discharge of the
Amazon River strongly influences the
composition and abundance of coastal
flora and fauna. In the rest of the
province area, the oceanographic condi-
tions are determined by the presence of
the Brazil (flowing southward) and the
Guiana (flowing northward) Currents.
Both originate from the branching of the
warm South Equatorial Current which
flows westerly from the Atlantic Ocean.

Biodiversity and productivity in the
coastal ecosystems of the Tropical South-
western Atlantic province are highly
influenced by the nourishment coming
from terrestrial runoff. Therefore, main
areas of high productivity are associated
with estuarine and mangrove formations.

More than 30 species of marine mam-
mals are reported to occur in Brazilian
waters. The southernmost limit of the
Antillean manatee (Trichechus manatus)
is currently situated at northeastern
Brazil (as far as the Bahia State). The
Amazonian manatee (T. inunguis) is also
found in this area. Thousands of green
turtles (Chelonia midas) are reported to
nest along the coastline from Maranhao
to Espirito Santo States. The other four
species of turtles also occur and nest in
some areas of Brazil. Fisheries resources
have been intensively exploited and
overfished in most cases.

Five ecoregions (three at the continen-

tal shelf and two around offshore islands)
were delineated within this province.
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Eastern Brazil Ecoregion

The northern limit is Salvador (13°S)
and the southern limit is Cabo Frio
(23°S). This ecoregion is characterized
by tropical forests and restingas close to
land masses. The shelf is generally
broad (121,244 km?, 24% of the ecore-
gion area), but gets narrower in the
northern portion. The coastline length
is similar to that of Northeastern Brazil
and stretches along 2,050 km. About 7%
(504 km) of the coastline is fringed by
mangroves which cover 3,215 km?.
Well-developed biogenic formations rest
on a volcanic substrate. Coastal sedi-
ments are highly variable with granitic
and gneiss components. Macrophyte
banks are common throughout the
ecoregion to a depth of 10 m. This
ecoregion corresponds to Unit 12¢ of
the Northeastern Brazil Mangrove Com-
plex delineated by WWE

Several important rivers drain into
this ecoregion. Water circulation flows
southwesterly due to the presence of the
tropical, nutrient-poor Brazil Current.
Temperature gradients become influen-
tial near Cabo Frio and an important
upwelling occurs here. At Cabo Frio, the
Brazil Current changes from a southerly
to southwesterly direction.

The Archipelago de Abrolhos is an
important area for humpback whale
breeding and calving. The southernmost
limit of Caribbean coral species occurs
here. Mangroves are under endangered
conservation status.

Trindade and Martin
Vaz Islands Ecoregion

These small volcanic islands have a total
coastline length of about 8 km. Influ-
enced by the Brazil Current returning to
the deep Atlantic, they form the farthest
extent of a submarine mountain range
extending out from the coast. These
small islands, with a very narrow shelf
(30 km?), are relatively unknown.
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Northeastern Brazil Ecoregion

The northern limit is the Parnaiba River
(3°S); the southern limit is Salvador
(13°S). This is the largest ecoregion of
the province with 2,106 m of coastline
fringed by 355 km of mangroves, cover-
ing 3,904 km* The total ecoregion has
an area of 1,043,712 km? (35% of the
whole province). Of this total, 100,613
km? are occupied by shelf waters, includ-
ing the insular platforms of Atol das
Rocas and the Fernando de Noronha
Islands. This is the driest area of Brazil,
with 250 to 1,000 mm of mean annual
rainfall. The coastal morphology is char-
acterized by an indented coastline of cal-
careous origin with dunes and some
mangroves. This ecoregion corresponds
with the Northeastern Brazil Mangrove
Complex (units 12a-b) delineated by
WWE Some reefs and many banks are
found off the northern sector with sub-
stantial presence of macrophytes up to
the 10-m depth. Coastal lagoons dominate
the southern portion of the ecoregion.

Primary production is extremely low
due to limited nutrient input from the
lack of rivers and the low-productivity
influence of the oceanic current. Rivers
are typically coastal in origin, not drain-
ing from inland. The northern portion
has some ephemeral rivers with seasonal
discharge. The Sao Francisco is the
major river system.

Water temperature and salinity are
high. Limited thermoclines constrain
nutrient turnover and availability. The
warm South Equatorial Current impacts
the continent near Natal and splits into a
southerly and westerly branches.

The Archipelagos Fernando de
Noronha and Atol das Rocas are situated
off the Calcanhar Cape. The latter lies
about 200 km northeast of the coast of
Rio Grande do Norte State. It is an
almost circular atoll reef. The former is a
volcanic archipelago of one principal 17-
km? island and 18 islets, lying 350 km

northeast of Cape Sdo Roque. Both
archipelagos have a similar flora and
fauna and lie on the same shelf.

Regarding conservation threats, Atol
das Rocas is known for its abundant
seabird nesting colonies and great variety
of marine fauna. Fernando de Noronha
Archipelago is an important habitat for
dolphins. The mangroves in the ecore-
gion are in relatively stable condition.

Sao Pedro and Sao
Paulo Islands Ecoregion

These small islands, with just 12 km of
coastline, are situated in the Atlantic
Ocean about 500 km northeast of Fer-
nando de Noronha. Both islands are
influenced by the northern boundary of
the North Equatorial Current. The
islands have a narrow shelf surrounded
by deep ocean waters with typical pelagic
fish species (tuna, etc.).

Amazonian Ecoregion

This ecoregion’s northern limit is
French Guiana (4°30’N); its southern
limit (3°S) is the Parnaiba River. The
coastline length is 10,252 km; EEZ area
is 556,062 km?. More than half of this
area is occupied by continental shelf area
(211,194 km?). Mangroves cover 23,6761
km? along 6,301 km of coastline. They
comprise 77% of the province’s total
mangrove area.

Extensive pristine mangroves, numer-
ous large river discharges (Amazon),
broad shelf, humid tropical climate,
coastal geology of Pleistocene origin, and
sedimentary formations are the main
coastal features of the ecoregion. Large
quantities of sand, silt, and clay are accu-
mulated along the shore. The Amazon
delta forms a huge system of inlets,
islands, mangrove forests, brackish
lagoons, and swamps that provide shel-
ter, nourishment, and breeding habitat
for fish, invertebrates, and shore birds.
The large wetland areas, mangroves, and
estuaries at the Maranhao (Sdo Luis)
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Gulf constitute the habitat for over 100
species of shorebirds. Here, extensive
dune formations associated with lagoons,
extend several kilometers inland. This
ecoregion corresponds with the Brazilian
portion of the Amazon-Orinoco-Maran-
hao Mangrove Complex (units 11c-e)
delineated by WWE

The shelf relief is relatively smooth.
Primary production is relatively high,
and levels of suspended materials are
high. The ocean circulation is dominated
by the northerly flowing warm Guiana
Current. Benthic communities are rich
and pelagic biota are relatively scarce.
Depositional and erosional processes are
extremely influential. This ecoregion
includes a notable submerged bank
(Manuel Luis).

Tropical Northwestern
Atlantic Province

The Tropical Northwestern Atlantic
(TNWA) is the largest province in the
western hemisphere and extends from
the tropical waters of the Gulf of Mexico
and South Florida to the French Guiana-
Brazil border (see Table 1.1 and Appendix
A-11). The province encompasses a com-
plex tropical area of shallow seas, banks,
atolls, continental, and island coastlines.

The province is popularly referred to as
the “wider Caribbean” and is most known
for the extensive coral reef development,
both fringing coastlines and at shallow
platform margins (barrier reef systems).

This province is remarkable for a
number of reasons. It is the largest
province overall, at 5.7 million km?, and
encompasses more than 28% of the
entire study area. It has the largest area
of shallow coastal shelf, both by percent
area of the province, as well as total
area. It has the largest number of
islands and largest island area within a
province as well as the most diverse and
largest inclusion of enclosed seas, bays,
and gulfs.
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The entire province extends from the
northeastern corner of Brazil to the coast
of east Texas and then to south Florida.
The area includes not only shallow water
resources, but also several large deep basins
included within the Caribbean Sea and the
Gulf of Mexico. The ecoregion is tropical
in surface water temperature, with
monthly means ranging from 24-31°C.
The average surface temperature is 27°C
typically with about 4°C annual variability.

The oceanography of the province is
dominated by western boundary currents
of the Atlantic that span a scale of thou-
sands of kilometers. The Equatorial Cur-
rent of the Atlantic turns north at the
coast of Brazil and becomes the Guiana
Current, running offshore to the eastern
Venezuelan shelf. At the shelf, mixing
with the vast effluent of the Orinoco
River, the current runs to the west and
north through the Caribbean Basin,
forming the Caribbean Current. Part of
the Equatorial Current remains wind-
ward of the Lesser Antilles and later the
Bahamian Archipelago to form the Antil-
lean Current. Waters that have moved
west and north through the Caribbean,
up the coast of Central America, and
through a “loop” in the Gulf of Mexico,
funnel abruptly back to the east through
the straits of Florida.

Antillean Current and Florida Straits
water combine to form the powerful Gulf
Stream moving up and across the north-
ern Atlantic. This large-scale gyre moves
water clockwise through the northern
Atlantic and carries warm tropical water
from the equator throughout the
province to exit at the Gulf Stream. This
general circulation pattern found
throughout the province controls macro-
scale phenomena such as propagule dis-
tribution and climate. The large-scale
features are generally well understood.
Deeper water circulation is restricted by
shallow sills between the deeper basins;
throughout the area, an average ocean
depth is recorded at almost 2,200 m,
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with a maximum depth in the Cayman
Trench of 7,100 m.

The entire province is influenced by
the development of tropical storms and
hurricanes that usually start as tropical
waves west of the Cape Verde Islands. The
occurrence of these disturbances can vary
throughout the province and influences
the ecology of shallow-water coastal sys-
tems. The development of hurricanes
corresponds to seasonal increases in rain-
fall. Throughout the province, seasonality
is punctuated by rainfall patterns from
approximately May through November.
There are latitudinal and longitudinal
gradients in climate throughout the
province. The eastern half of the province
tends to be drier; the western half tends
to have higher rainfall.

The marine resources of this province
include coral reefs, mangroves, seagrass
meadows, and tropical coastal fisheries.
The most important commercial fisheries
throughout the entire province are spiny
lobster, reef fish (snapper and grouper),
shrimp, and queen conch.

This province may also have the dis-
tinction of being the most threatened by
anthropogenic changes. There are well
described threats that apply to coastal
systems throughout the Tropical North-
western Atlantic. Tropical shallow water
systems are particularly susceptible to
changes in coastal hydrology and water
quality. Nearshore marine communities
are impacted by large-scale changes in
coastal landforms, resulting in both acute
and chronic sedimentation of coral reefs
and hard-bottom communities. The prac-
tice of dredging shallow water areas for
the development of ports and harbors
results not only in sedimentation, but
loss of habitat for many species. Much
concern has been raised throughout the
province over the input of inorganic
nutrients to a tropical oligotrophic system.
The process known as “eutrophication”
results in changes in nearshore produc-

tivity and alters ecological balances
responsible for maintaining coral reefs.
Changes in coastal water quality, due pri-
marily to organic nutrients, but also to
contaminants such as polycyclic aromatic
hydrocarbons (PAHs), has raised regional
concerns about the continued degrada-
tion of nearshore marine communities
from land-based sources of pollution.

These water quality and sedimenta-
tion threats may increase the suscepti-
bility of organisms such as corals to
disease. Diseases that are a natural part
of the organisms’ biology are apparently
becoming more frequent and more severe
with natural climatic cycles such as El
Nifno Southern Oscillation (ENSO)
events. ENSO events tend to result in
elevated surface temperatures through-
out this province; there is anecdotal
information on the occurrence of coral
bleaching, white band, and black band
disease in stony corals as well as cellular
proliferative disorders (neoplasm or
hyperplasm). Water quality changes
result from rapid changes in coastal land
use accompanied by loss of mangroves
and loss of seagrass beds. The province
has the highest coastal population den-
sity in the entire study area.

The large number of countries that
share the marine resources of this province
creates conflicts over harvesting and fish-
ing rights of coastal shelf and bank areas.
The province has been described as a
large marine ecosystem in crisis in terms
of declines in catch per unit effort and
shift in catch from predator reef fish
(snappers and groupers) to herbivorous
fish (parrotfish) and other smaller and
less valuable species (grunts, porgies,
wrasses, etc.). Coastal resources are man-
aged differently throughout the province;
the collapse of fisheries and decline in
their economic importance is most acute
in the eastern Caribbean from Hispaniola
to Jamaica and throughout the Lesser
Antilles. There are a series of problems
associated with managing stocks of fish
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that occur in a number of national EEZs.
In addition to jurisdictional disputes,
many fishing methods are destructive to
the resource and are thought to be non-
sustainable at present levels of effort. These
include the use of bleach; collection of
live rock, coral, fish, and invertebrates for
the aquarium trade; and use of hookahs
and fishing spawning aggregations dur-
ing the spawning season of a species.

There are six ecoregions described in
this province. Divisions were based on
the faunal distribution of stony corals,
octocorals, and fish. They represent
ecoregions in which unique species for
the province occur or species occur in
different communities or abundance.

Guianan Ecoregion

This eastern-most ecoregion consists
entirely of the dense mangrove coastline
of Guyana, Surinam, and French Guiana.
The ecoregion itself is small, with
384,000 km? or 7% of the total province,
but accounts for 11% of the total man-
grove area. The area is characterized by
an absence of carbonate geology and a
wide coastal shelf consisting primarily of
soft mud-bottom communities. It is
dominated by the northern flow of the
Amazon River plume. There is limited
reef development, but important fisheries
resources exist in the marine and estuar-
ine systems.

Of all the ecoregions within this
province, the Guianan has the least
information on coastal resources. The
natural communities are relatively
unknown It is undoubtedly the most
unique of the ecoregions and, located
east of the Orinoco River delta, may have
the least faunal similarities to other
ecoregions in the province.

There are few documented conserva-
tion threats to this ecoregion, though
there are signs of increasing development
pressure, oil drilling, timber concessions,
and mangrove removal.
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Lesser Antilles Ecoregion

The Lesser Antilles ecoregion includes a
relatively small landmass, consisting of
small islands from Culebra Island, off
Puerto Rico to the Grenadines to
Grenada. The oceanography and coastal
processes associated with a broad coastal
shelf and soft-bottom benthic communi-
ties separate Trinidad and Tobago from
the Lesser Antilles. The Lesser Antilles
ecoregion consists of small volcanic and
carbonate islands and banks covering
689,000 km? or 12% of the total
province. The climate is marine tropical
with pronounced wet and dry seasons.
This ecoregion has the smallest area of
mangrove coastlines, though many of the
original fringing mangroves of these
islands were likely removed during the
more than 400 years of post-Columbian
settlements. Therefore, mangrove com-
munities are relatively small and are
either a narrow fringe or associated with
the mouth of small rivers and streams.

The islands have traditionally been
divided into the northern Leeward
Islands and the southern Windward
Islands, an historical designation relating
to the ability of sailing ships to travel
between the islands. All islands of the
ecoregion are exposed to the northeast
trade winds with high wave and wind
energy from the western Atlantic. They
vary in size from relatively small islands
of only a few thousand square kilome-
ters, such as St. Maarten and St.
Barthélémy, to the largest island of
Guadeloupe with 63,020 km?. For some
island nations, the area of reefs and
banks is equal to or greater than the area
of land. Reef fish populations have been
over-exploited for years. Large popula-
tions on small islands have looked to
coastal pelagic fisheries such as flying
fish, dolphin (mahi mahi), and tuna as
relatively new fisheries resources.

The reef resources have been well doc-
umented by local marine laboratories.
Coastal resources have been described by
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country for Puerto Rico (Culebra), U.S.
Virgin Islands, British Virgin Islands,
Anguilla, Barbuda, Nevis and St. Kitts,
St. Maarten, Saba, Dominica, St. Vincent,
St. Lucia, Barbados, the Grenadines, and
Grenada. The large number of countries
and territories with jurisdiction over the
marine resources of this ecoregion
makes it difficult to produce a regional
synopsis. Countries vary in their ability
to collect and track long-term informa-
tion on the status of marine resources;
there is no regional scientific institution
that could provide technical assistance
for all the island nations.

The island economies are typically
based on small-scale agriculture and
tourism with relatively little industrial
development. Sugarcane and bananas
have been the historically important
crops. The cultivation of sugar cane cre-
ates associated problems of fertilizer and
pesticide usage as well as pollution from
mill processing, all of which can present
a threat to nearshore marine communi-
ties. Runoff and dumping of wastes in
the ocean can have long-term impacts to
coastal systems. The growth of tourism
has spurred a boom in coastal develop-
ment for resorts and cruise ship ports.

The issues associated with declining
catch per unit effort and loss of fisheries
revenue have been discussed locally by a
number of countries. Attempts have been
made to examine the utility of marine
fisheries reserves (e.g. St. Lucia), small-
scale aquaculture of invertebrates or
macroalgae as well as alternative fishing
methods to improve the catch and prof-
itability of fishing.

The small size of these islands and the
pressures of growing populations that
may depend on growing port and trans-
portation infrastructure to support
tourism, make for a very vulnerable
marine conservation setting. The chal-
lenge is to balance the growth needed for
economic development with the need to

maintain a high level of environmental
quality in coastal waters. Coastal systems
are, after all, the very commodity tourists
are coming to experience.

Bahamian Ecoregion

The Bahamian archipelago includes car-
bonate banks and islands stretching more
than 3,200 km from Little Bahama Banks
to the north to Navidad and Silver Banks
to the south. Three countries have juris-
diction over this area: the Bahamas and
the British territory of the Turks and
Caicos occupy most of the 823,000 km?,
while the Dominican Republic claims
jurisdiction over the Silver and Navidad
banks to the extreme southern end of the
archipelago. The archipelago is made up
of a relatively young carbonate bank sys-
tem dominated by the lithogenic and
biogenic production of calcium carbon-
ate sediments. There are more than 1,300
small islands and cays, only a handful
occupied, with two large population
centers—Nassau and Freeport in the
Bahamas. Though the total population is
less than 350,000 people, more than half
that number resides in Nassau.

The climate is subtropical in the
northern Bahamas with a noticeably
cooler and drier winter season, but
becomes distinctly tropical and dry in
the southern Bahamas and Turks and
Caicos Islands (e.g. less than 750 mm
rain per year). The Bahamas represents
the most popular tourist destination in
the province outside of Canctn, Mexico—
the province’s mega-resort destination.
The proximity to the Miami-Fort
Lauderdale area has supported the
growth of a billion-dollar tourist indus-
try in the Bahamas which is the envy of
the wider Caribbean. American tourists
are attracted by the proximity, ease of
travel (especially by cruise ship),
beaches, yachting, and fishing. A strong
commercial and recreational fishing
industry exists in both the Bahamas and
the Turks and Caicos.
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Rocky shores and beaches on wind-
ward exposures and mangrove forests to
the leeward side of the islands dominate
the low-relief coastlines. The mangrove
lagoons and bays dominate much of the
actual land area, particularly on large
islands such as Andros. Mangroves are
critical coastal nursery areas for recre-
ational fishing target species such as tarpon,
bonefish, and permit. The mangrove trees
themselves can be structurally small and
sparse in the extremely oligotrophic
coastal environment. There are no large
riverine systems on these carbonate islands.

Fisheries resources are abundant
throughout the archipelago. The area of
shallow water bank is large in compari-
son to the overall land area. Historically,
fishermen have exploited sponges, fin-
fish, lobster, turtles, and conch. The total
catch of finfish in the Bahamas and Turks
and Caicos islands is market-driven. Fin-
fish are only caught in large numbers
when the international market for export
can support such effort. Most fishermen
focus on spiny lobsters, the highest cash
value species. Recreational fishing
attracts anglers from around the world
for coastal pelagics, reef fish, and game-
fish that are caught and released.

This ecoregion can be considered the
most pristine in the province, but this
word should be used with caution. The
resources are certainly not “pristine” in
terms of intact ecological systems, but
rather the ecoregion reports no collapsed
fisheries. Grouper and snapper still dom-
inate the finfish catch. The threats are
essentially the same throughout the
province, but vary greatly with location
within the ecoregion. Growing popula-
tion centers in Nassau, Freeport, Marsh
Harbor, Georgetown, and Providenciales
are experiencing rapid degradation of
coastal water quality and destruction of
coastal habitats. Mangroves are almost
systematically cleared in an attempt to
make way for waterfront access and to
control mosquito populations.
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In populated areas there are early indi-
cations of water quality changes such as
small-scale fish kills, reports of seafood
poisoning, and loss of seagrass commu-
nities near developed shoreline areas. The
potential threat of overfishing exists,
though there is a growing awareness of
the importance of enforcement of exist-
ing regulations on gear, closed seasons,
and size limits.

South Florida Ecoregion

This ecoregion represents the smallest and
perhaps most unique ecoregion within
the province. This ecoregion is part of the
continental United States and represents
a faunal transition area with elements of
tropical, subtropical, and temperate faunal
assemblages. The area is only 23,600 km?*
and less than 1% of the entire province
area, but is an important mosaic of natural
communities, ranging from hard-bottom
communities off the east coast of Florida
to Florida Bay to the atolls of the Dry
Tortugas.

Throughout this ecoregion, there is
intensive management of shallow-water
marine resources in the following pro-
tected areas:

* National parks that include Ever-
glades National Park, Biscayne
National Park, Dry Tortugas National
Park, and Rookery Bay National
Estuarine Research Reserve;

Florida Keys National Marine Sanc-
tuary, which oversees the protection
of most of the shallow-water com-
munities, including the Florida reef
tract in the Florida Keys;

Bays and beaches adjacent to the

large urban centers of Miami and
Fort Lauderdale, which are under
aggressive surface water improve-
ment programs; and

Smaller parks and aquatic reserves
in Florida that protect nearshore
marine communities.
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The South Florida ecoregion includes
diverse biotic elements with tropical,
subtropical, and temperate affinities.
Florida is downstream from the rest of
the Tropical Northwestern Atlantic and
receives propagules from many of the
tropical reefs, seagrass beds, and man-
grove bays to the south. Diversity also
comes from the northwest in the Gulf of
Mexico and from the eastern seaboard of
the Atlantic coast of the U.S. Endemism
is relatively low in South Florida, but
there is an extremely high number of
species for many taxa groups. Marine
and estuarine species occupy habitats
from full-strength seawater to oligohaline
or freshwater lenses in the numerous
mangrove creeks. For example, there are
more than 200 recorded fish species that
represent unique continental U.S. popu-
lations, but only two endemic species.

The manatee population is the largest
of the province and stretches throughout
the east and west coasts of the Florida
Peninsula. Manatees are under increasing
pressure from coastal development which
threatens the species with toxic algal
blooms and increased boat traffic. There
are many important coastal systems
within the ecoregion that are critical to
the life history of commercially targeted
marine species. Florida Bay is a large tri-
angular marine lagoon that includes
shallow mud banks and deeper seagrass-
carpeted basins. The bay receives a por-
tion of the drainage from the large
drainage basin of the south-central
Florida Peninsula (Kissimee River-Lake
Okeechobee-Taylor Slough). The bay and
its associated mangrove creeks are nurs-
ery areas for important reef fish such as
gray snapper, as well as valuable game-
fish like tarpon, permit, and spotted sea
trout. These same areas are also the criti-
cal remaining habitat of the American
crocodile in the U.S. The Dry Tortugas,
located at the western edge of the ecore-
gion, represent an important stopover
point for many migratory bird species,
including nesting colonies of brown nod-

dies and sooty terns. There are at least
four species of sea turtles that use the

carbonate beaches of the Dry Tortugas
for nesting, an activity that is well pro-
tected within the park’s boundaries.

The ecoregion can be characterized as
both intensively used and intensively
managed. Institutionally, there are three
separate foci in the management of
marine resources and coastal systems:
management of fisheries by the appropri-
ate management councils and agencies;
management of water quality and
wastewater treatment issues by the
county and state with federal oversight
through the Environmental Protection
Agency; and management of coastal
development and population growth
within the counties by local county and
state governments. With this intensive
management of specific threats, there
appears to be no overall management
entity addressing system-wide carrying
capacity. Tourism and trade within the
ecoregion continue to grow as agencies
and conservation organizations race to
secure lands into public ownership to
prevent future development. For exam-
ple, the effort to restore hydrological
cycles in the Everglades includes buying
back land from agricultural use and
restoring the area to natural vegetation
and community types.

The cost of development in the South
Florida ecoregion is certainly higher than
in any other part of the province. Envi-
ronmental and construction regulations
make the capital investment high, but
investment resources are likely more
available, and there is a high demand
from both residents and tourists. With all
the resources of a “developed country,”
South Florida may be an interesting case
study as a sustainable coastal zone with
multi-jurisdictional management. Marine
resources are intensively used and inten-
sively managed. Time will tell if manage-
ment strategies have been successful.
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Gulf of Mexico Ecoregion

The Gulf of Mexico is the second largest
ecoregion, covering 193,000 km? and 21%
of the entire province. The ecoregion
represents a continuum of soft-bottom
coastal lagoons and shorelines stretching
from the northeastern tip of the Yucatan
Peninsula, around the Gulf of Mexico to
the Texas border and including the Texas
Flower Garden Banks and Florida Middle
Grounds. This ecoregion is bounded to
the north by the temperate coastal systems
of the Gulf Coast states of the U.S. (Texas,
Louisiana, Mississippi, Alabama, and the
Florida panhandle).

The ecoregion has very diverse systems
including the reefs and hard-bottom
communities of the Flower Garden Banks
and the Florida Middle Grounds. The
Flower Garden Banks are in U.S. waters
and are designated as a National Marine
Sanctuary. Here, there are deep coral banks
with no emerged islands. The Florida
Middle Grounds represent the wide
coastal shelf area off the West Coast of
Florida. These low-relief hard-bottom
areas are important to Florida’s recre-
ational and tourist fishing industries.

The Mexican components of the Gulf
of Mexico ecoregion are quite different.
The Gulf’s extensive coastlines can be
broken into three sections: Tamaulipas,
Veracruz to Campeche, and Yucatan to
the east. The Tamaulipas section of the
Gulf extends into the southern tip of
Texas and includes large coastal lagoons
and bays. It contains important nesting
beaches for the Kemp’s Ridley turtle, as
well as offshore soft-bottom communities
that have supported a trawl fishing
industry for shrimp.

The coast from Veracruz to
Campeche is likely the most affected
within the ecoregion. The area’s largest
port, numerous oil drilling platforms,
and point sources of industrial waste are
all situated here. Contamination of
groundwater and drinking water supplies
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has already posed a health problem for
both people and livestock, while coral
reefs off Veracruz have been described as
severely degraded.

The Yucatdan Peninsula and Campeche
banks represent one of the most produc-
tive fishing grounds in the province.
The fishery for red grouper is managed
between three countries: Cuba, Mexico,
and the United States. This area is devel-
oped for tourism. There is a faunal break
point to the east, just north of Cancun.
Cancun and the coast of Quintana Roo
fall in the Central Caribbean ecoregion.

Throughout the ecoregion, there are
significant land-based sources of pollution
stemming from industrial wastes, oil
terminals, and oil exploration. The
United Nations Environment Programme
(UNEP) reports this ecoregion as having
the highest load of land-based sources of
pollution, from petrochemicals to organic
nutrients (phosphorus and nitrogen).
There are important commercial fisheries
for octopus, red grouper, and other fin-
fish that are managed with size and gear
limitations, as well as closed seasons
for reproduction.

In all likelihood, fisheries are severely
affected by loss and degradation of
coastal habitats and nursery areas. There
are initiatives to protect large coastal
lagoon systems, but regional pollution
issues have yet to be addressed.

Central Caribbean Ecoregion

The Central Caribbean is the largest and
most complex of the ecoregions in the
TNWA. The ecoregion includes both
continental and insular systems sur-
rounding the Caribbean Sea. The ecore-
gion occupies 46% of the total area of the
entire province with 419,554 km? of
shallow banks and coastal shelf. Jurisdic-
tion over the area is shared by Venezuela,
Aruba, Curacao, Bonaire, Colombia,
Panama, Costa Rica, Nicaragua, Hon-
duras, Guatemala, Belize, Mexico (state
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of Quintana Roo), Cuba, Haiti, Jamaica,
Trinidad and Tobago, Puerto Rico, the
Dominican Republic, and the Cayman
Islands. As a pattern, the islands have
higher coastal population densities than
continental areas. There is a wide dispar-
ity of wealth throughout the ecoregion,
from very poor (such as Haiti) to rela-
tively rich (such as the Cayman Islands
and Aruba).

The entire ecoregion can be divided
into insular and continental components.
A large proportion of marine species are
distributed along both the coasts of the
greater Antilles and the coasts of Central
and South America. Thus, there are bio-
geographic reasons to group this large
area as one ecoregion. However, there are
differences in coastal processes, abundance,
and distribution of natural communities
from islands to continent and from east
to west. The coastlines of the ecoregion
are diverse, including large river deltas
and estuaries, mangrove forests, complex
bays and coastal lagoons, offshore cays,
upwelling areas, rocky shorelines, and
offshore blue holes. There are also a
series of coral atolls along the western
extent of the ecoregion.

This ecoregion is unique in its coastal
morphology. It harbors large land masses
with adjacent mountains on both the
continent and the larger islands (e.g. Cuba
and Hispaniola). There are numerous
rivers, both large and small, that naturally
transport silt and sediment to deltas,
shore, and beaches. Rivers can be both
permanent and seasonal. Endemic species
have been described for locations in the
ecoregion. For example, in the Cayman
Islands, three species of mollusks and a
species of blenny (Starksia yuineata) are
endemic. The species inventories and
descriptions of many taxa are considered
incomplete, and there are likely other
species restricted to this ecoregion as well.
There are regionally critical populations of
seabirds and marine mammals (e.g. West
Indian manatee), but unfortunately there

are no ecological borders incorporated in
the management of marine resources.

This large ecoregion—more than 2
million km?>—has large coastal population
densities, a long history of human use of
marine resources, and significant land-
based sources of pollution associated
with oil extraction, port development,
and agriculture. The ecoregion has expe-
rienced loss of coastal habitats in the
removal of mangroves and diversion of
rivers for agriculture. There has been a
loss of species, including the Caribbean
monk seal and the Jamaican petrel.
Spawning aggregations of grouper and
snapper species have disappeared
throughout the ecoregion. Many countries
report the collapse and closure of at least
one fishery over the past 20 years.
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Chapter 2

THE FIRST PHASE of the effort to rank
ecoregions within provinces involved the
selection of indicators as direct and indi-
rect measures of biological value and
conservation status. When quantitative
data were not available, ranks were pro-
duced after a qualitative assessment
based on experts’ knowledge. The overall
ranking for biological value and for con-
servation status was obtained by a simple
sum of all ranked values.

Indicators of Biological Value

The combination of physical and biologi-
cal indicators provides a reasonable view
of the ecological diversity of an area.
Information was compiled on three
scales: by province, by ecoregions, and
by smaller units (depending on availabil-
ity, usually national boundaries or coastal
systems). Table 2.1 shows a completed
biological value table for Belize made by
the experts.

The indicators are grouped as follows:

The Nature Conservancy

Assessing and
Ranking Ecoregions
within Provinces

Physical Characteristics

Physical characteristics of the marine
environment such as coastline extension,
shelf extent, and the measurement of ter-
restrial runoff are indirect indicators of
the biological value of coastal areas. Such
characteristics are a reflection of the abi-
otic environment that shapes the associ-
ated biological communities and are
directly connected to the diversity and
productivity of marine flora and fauna.

For example, the occurrence of bio-
logical processes such as reproduction,
feeding, and growth are linked to shelf
width. This feature, together with the
length of the coastline, is related to the
spatial complexity necessary to sustain
numerous physical environments for the
different life history stages of animals
and plants.

Nutrient flow (organic and inorganic)
in biological communities was also indi-
rectly evaluated. The source of nutrients
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Table 2.1 Example of completed biological value table: Belize

Indicators of biological and ecological value of marine bioregions

# INDICATORS DATA SOURCE SQ
PHYSICAL CONDITI ONS
1 Coastline extension (km)
2 Shelf width {min.-max./mean) 13-400 km wide Wells, 1988.; A
Rutzler et al., 1982
3 Shelf area (km?)
4 Presence of outstanding communities fringing mangrove, barrier coral reef, Wells, 1988; Perkins and Carr, 1985 A
(mangrove/kelp forests, coral reefs, atolls, blue holes, extensive lagoon,
barrier/atoll reef formations, seagrass, mangrove cays, longest reef
upwellings, etc.) in western hemisphere; faroes
5 Coral reef extension 257 km (~100%) barrier and Wells, 1988. A
(% of the total coastline extension) fringing reef; three offshore atolls
6 Mangrove extension Most of coast, especially near river Wells, 1988. A
(% of the total coastline extension) mouths. Over 200 mangrove cays Mumby et al., 1995
in the barrier reef lagoon
7 Kelp forest extension 0
(% of the total coastline extension)
8 Position relative to the ocean current midstream Brucks, 1971; Kinder, 1983; A
(upstream, downstream, midstream) Stoddart et al., 1982
9 Number of rivers per 100 km
of coastline
S PECIES COMPOSITION
10 % estuaries/rias/deltas on overall number of rivers
Fishes
11 # of neritic teleost species 600 Carter, pers com. C
12 # of neritic Perciformes species
13 # of species of selected families
Invertebrates and Macroalgae
14 # of spp./genera/families of selected
groups of coastal mollusks
15 # of families of benthic macroalgae 165 taxa; 40 families; 34 genera; Norris and Bucher, 1982 B
77 spp.; 247 total spp. marine flora
16 # of species of selected 9 Cynaophyta, 73 Chlorophyta, Norris and Bucher, 1982; B
macroalgae families 32 Phaeophyta, 124 Rhodophyta, Stoddart et al., 1982
4 Angiospermae (seagrasses); 100
spp. marine algae (Stoddart et al., 1982)
17 total # of stony coral species 3 hydrozoan and 42 scleractinian Cairns, 1982 B
Marine Mammals
18 total # of species
42 Setting Geographic Priorities for Marine Conservation



Table 2.1 Example of completed biological value table: Belize (continved)

19

20

21

22

23

24

25

26

27

28

INDICATORS
S PECIES

# of species of selected groups

Seabirds

# of species/genera of selected groups

# of families of selected groups

Sea Reptiles
# of species of sea turtles
and sea iguana

A B UNDANTCE

# of individuals of selected species

Annual catch for selected
species/genera

B REEDING

Presence of breeding/nesting sites
for selected fish/seabird/sea
reptile species/genera

ENDEMISM

DATA

C O MPO SI T I O N (CONTINUED)

1 Manatee (Trichechus manatus);
3 dolphin (Tursiops truncatus, Stenella
plagiodon and Steno bredanensis)

3 turtles; 2 crocodile (C. acutus,
C. moreleti);

Largest number of manatees in

Caribbean (1977-1989)

1995 exports: 800,000 lbs lobster,
~400,000 lbs conch. 1994 exports:
27,000 aquarium fish & inverts;

Lobster annual exports 1970-77 (metric

tons) 205.9, 219.2, 199.0, 170.8,
206.7,210.4, 223.9.
Shrimp annual exports 197276

(mi) 11.3,6.5,7.0, 12.7, 28.6. Shrimp
began in 1965 (23k Ibs exported). Finfish
exports 1970-76 (mt) 111.8, 65.3, 52.0,
47.9, 68.9, 65.6, 190.2. Q. conch
exports 1970-76 (mf) 364.8, 477.1,
563.0, 506.6, 442.9, 406.6, 359.7

Six shrimp trawlers in 1979

loggerhead, hawksbill, green turtles;
magnificent frigatebird, red-footed

booby, brown pelican, sooty tern, brown
noddy, snapper/grouper. Data available

in GIS for birds, turtles, crocs, protected areas,
conservation status, fisheries and recreation.

Snapper/Grouper aggregation sites: 6

# endemic species for the Biogeographic Province

FI1SHERIES

# of finfish species that are
commercially significant

# of species of mollusks that
are commercially significant
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RESOURTCES
75% of catch is snappers (Lutjanidae);
11% is groupers (Serranidae); 2% is
grunts (Haemulidae). 47 spp. exploited,

and also include sharks, Scaridae,

Acanthuridae, Holocentridae, Sparidae,
Carangidae, Sphyraenidae and others.

65 finfish spp.

Conch fishery based on Queen conch
(also horse, milk, helmet) (jewelry and

shell trade active); octopus

SOURCE SQ

Wells, 1988; Bengston C
and Magor, 1979

Wells, 1988; Perkins and Carr, A
1985; Abercrombie et al., 1980

O'Shea and Salisbury, 1991

Wells et al., in press; Gibson, 1978

Day, 1979

Wells, 1988; Mumby et al., B
1995; Trivelpiece and
Ferraris, 1987; Moll, 1985

Carter and Perrine, 1994;
Carter et al., 1994

Koslow et al., 1994; Polunin A
and Roberts, 1993; Richards
and Bohnsack, 1990

Gibson, 1978; Creswell and Davis,
1991; Sedberry, pers obs.
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Table 2.1 Example of completed biological value table: Belize (continved)

# INDICATORS DATA
FI1SHERIES RESOUURCES

29 # of species of crustaceans 99.9% of lobster catch is Panulirus argus;
that are commercially significant Stone crab, Menippe mercenaria
traditionally local, recent export, 4-5k

Ibs/yr caught for 1986-87 for N-Central BZ.

SOURCE SQ

(CONTINUED)

Gibson, 1978; Bert and
Hochberg, 1992

30 # of genera of macroalgae that
are commercially significant

Indicators of biological and ecological value of marine bioregions; SQ = (Source Quality): A = Data complete and reliable according to best available sources
B = Data reliable, but geographically incomplete

C = Data uncertain
Explanation of indicators for table 2.1

1-3 These data will be automatically estimated by us through GIS.
4 Record each type on separate rows.
5.7 Estimate the linear extension of each ecosystem type and the % will be
estimated by us.
9 You may record just the # of rivers and we will estimate the rest.
11-12 Species inhabiting the platform (oceanic ones are excluded).

24 Select groups according to fishery significance in the region. Record
separately for each group.

25 Record number of sites for each species/group of species.
Snapper/Grouper aggregation sites: é
Breeding aggregations of snapper/groupers, seabird nesting sites in
oceanic islands and rookeries, and sea turtle beach sites are suggested.

13-21 Select the groups according to their biological importance in the region
(specious families, population abundance, commercial significance, efc.).
22 Sea turtles and the Galépagos sea iguana.

23 Select groups according to data availability. Some groups of seabirds

are suggested.

26 Just marine species.
27-30 Species under fishery exploitation (do not include introduced exotic
species for aquaculture). Other groups can be suggested.

Note: zoological/botanical groups will be selected after consulting with the Project in order to standardize criteria with experts of adjacent regions.
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in a system is varied and can include
upwellings, water mass convergence, and
freshwater drainage which provide the
hydrochemical and hydrophysical condi-
tions necessary for phytoplankton blooms
in the water column. Terrestrial runoff
contributes to coastal productivity by
providing inorganic nutrients and organ-
ic detritus to the marine environment.

The presence and extension of certain
outstanding features or communities,
such as coral reefs, mangrove, kelp
forests, and fjords, provide indirect infor-
mation on the occurrence of ecologically
valuable marine habitats. In the tropics,
coral reefs and mangrove forests provide
food and shelter for invertebrates and
fish. Kelp forests play a comparable role
in cold-water regions.

Presence and Abundance of Species

The species richness of certain groups,
such as fish, corals, seabirds, and
marine mammals, was used as an
indicator of biodiversity.

For a number of reasons, fish are
valuable as a standard for comparing

biological diversity and productivity.
There are known and established quanti-
tative collection methods. Statistics of
catches are thus available in most areas
and can be used as an indirect measure
of abundance. Additionally, fish have
been thoroughly studied and reliable
taxonomic references exist, thus allowing
for useful comparisons between coun-
tries or ecoregions. Seabirds and marine
mammals are also extremely important
in the marine environment since they are
at the top of the food web and their
populations are relatively vulnerable to
human exploitation.

Many species of pinnipeds and
seabirds aggregate in specific sites for
breeding, nesting, and raising young
which makes them easy to observe and
count, but also extremely vulnerable to
human impact (e.g., taking, habitat dete-
rioration, overfishing of their target food).

Hermatypic corals constitute the most
important group of reef builders in tropi-
cal waters. Coral reefs provide a topo-
graphically complex substrate on which
extremely diverse assemblages of fish
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and invertebrates depend. The presence
and abundance of these corals are con-
sidered very valuable for marine biodi-
versity; however, their low tolerance to
varying physical conditions (e.g., tem-
perature, salinity, sedimentation) and
their slow growth make them extremely
vulnerable to anthropogenic impact.

Endemism

Despite the fact that endemism is not
common in the marine environment,
many species do in fact have a distribu-
tion range restricted to a marine
province. The presence of endemics was
considered as an indicator of biological
uniqueness for an ecoregion or province.

Breeding

The presence of breeding sites of certain
groups of animals such as seabirds, fish,
and both marine mammals and reptiles is
of great importance in the evaluation of
biological value. Some locations are the
sole site for the reproduction of certain
seabirds and marine mammals.

Fisheries Resources

The number and abundance of commer-
cially significant species was used as an
indicator of the biological value of
ecoregions. Conservation and sustainable
planning need to take into consideration
the harvesting of these biological resources.
Numerous species of finfish (e.g., hakes,
sardines, anchovies, snappers, groupers,
sciaenids, etc.), coastal mollusks (e.g.,
clams, oysters, abalone, etc.), crustaceans
(e.g., lobsters, shrimps), and macro-algae
(brown and red) are important resources
in marine ecoregions.

Species Lists

It is often difficult to provide species lists
for country-scale areas. In many cases,
detailed lists of macroalgae, sponges,
corals, and fish could be found for only
one or a few sampling sites. Although it
is difficult to take data from one habitat
type and extrapolate it to cover a country
or ecoregion’s entire range of habitats,
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scientists concluded that a species list was
nonetheless useful as it provided a relative
basis for comparison across ecoregions.

Conservation Status

The challenge of marine conservation
will be to identify the possible causes
and mechanisms of change in marine
systems and to segregate potentially
degrading anthropogenic events from
natural processes. An integral part of this
challenge is the ability to characterize
and measure change on different scales
and levels of detail.

The evaluation and ranking of conserva-
tion status relied on 33 potential indica-
tors that are applicable to entire provinces,
ecoregions, and coastal systems. In this
exercise, conservation status is a measure
of the need for conservation rather than
a measure of existing conservation efforts.

Indicators are grouped as follows:

Alteration of Habitats

The level of disturbance of the coastline,
the reduction of the extension of critical
coastal habitats (coral reefs, mangrove
and kelp forests, sand dunes, estuaries),
and the diminishing of terrestrial runoff
through river damming were used as
indicators of the conservation status of
marine biodiversity and productivity.
Depending on the geographical and cli-
matic characteristics of the ecoregion,
different critical features and communi-
ties can describe the deterioration of
coastal conditions. Coastal development
for tourism, wood exploitation, shrimp
culture, road construction, and other
practices have deteriorated continental
and insular coastal habitats for many
marine organisms. River damming has, in
many cases, provoked habitat alteration
in the drainage vicinity. The lessening of
freshwater input reduces not only the
input of organic nutrients, but also alters
hydrology and sedimentation dynamics,
modifying the bottom vegetation as well
as the biological assemblages.
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Loss of Species

Extinction of species is possible, but not
well documented in the marine environ-
ment. Over-harvesting and other anthro-
pogenic impacts, however, may cause the
disappearance of species in some locations
situated at the limits of the distribution
area. Manatees, for example, have disap-
peared from some parts of their historical
distribution, notably the Bahamas, the
Lesser Antilles, and south of Bahia state
in Brazil, as a result of hunting and inci-
dental mortality. The Caribbean monk
seal (monacus tropicalis) became extinct
in the 1950s in the entire Caribbean.

Loss of Breeding and Nursery Sites

Loss of nesting and breeding sites for
seabirds, pinnipeds, fish, and sea turtles
are indicators of threats to marine biodi-
versity and productivity. They not only
indicate the decline of the population size,
but also the likely deterioration of the
habitat conditions necessary for reproduc-
tion and feeding, two biological processes
that are critical for animal survival.

Changes in Abundance

Scientists record changes in the abun-
dance of fish, invertebrates, seabirds,
marine mammals, and other marine
groups. For commercial species, over-
fished stocks are an indicator of chang-
ing abundance. The reduction of popula-
tion size may lead to irreversible varia-
tions in that population’s genetic fea-
tures. Changes in abundance that have
had both a significant economic and bio-
logical impact include: the severe deple-
tion of sea turtles throughout the
Caribbean; the intense over-fishing of
Clupeiformes (e.g., anchovies, sardines,
etc.) stocks in Peru and Chile; the com-
mercial extinction of Nassau grouper
(Epinephelus striatus) from the U.S.
Virgin Islands, Puerto Rico, and much of
the Lesser Antilles; and the decline of
lobster and conch populations through-
out most of the Caribbean.

Potential Threats

Potential threats in the coastal and marine
environments are related to the presence
of different kinds of human impacts to the
coastal zone. There is no information,
however, about these threats from any
country and the lack of data makes it dif-
ficult to assess the relative intensity of
each of these threats (pollutant load of
each source, etc.). The only way to assess
them is through indirect stressors related
to human activities in the coast or near
the coast, but these may be under-repre-
sented if they have a cumulative effect.

There are some indicators of potential
threats to marine conservation posed by
human activity. These include: the num-
ber of exotic species introduced; the
number of industries discharging
untreated wastes to coastal waters; the
existence of major ports, petroleum ter-
minals, refineries, and pipelines; and the
concentration of large human populations
in coastal areas. All pose a challenge to
the environment because of their poten-
tial for altering natural habitats. These
indicators are of particular interest since
most major cities in Latin America are
situated on or near the coast.

Tourism can also become a serious
threat in areas where there is insufficient
infrastructure and planning to support a
large number of visitors. Unregulated
coastal building, poor sewage treatment,
and potentially damaging visitation
strategies such as the use of anchors in
lieu of mooring buoys, can cause serious
damage to delicate habitats. Coral reefs,
pinniped colonies, and sea turtle nesting
beaches have all suffered as a result.

Table 2.2 illustrates a sample conser-
vation status table for the region of Belize.
In this case, locating quantitative country-
scale information on conservation status
proved to be far more difficult than
anticipated. Experts working in well-
studied countries (such as Argentina,
Colombia, Cuba, Jamaica, Mexico,
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Table 2.2 Example of completed conservation status table: Belize

# INDICATORS DATA
PHYSICAL
1 Extension of pristine coastline (%) The data for this section may be available

in GIS (ARC/INFO)] files—see Mumby et al.

1995 and references therein
2 Extension of moderately altered coastline (%)
3 Extension of heavily altered coastline (%)
4 Portion of mangrove coastline altered by
construction, wood exploitation, shrimp pond

excavations, efc. (% of total coastline extension)

5 Number of rivers dammed
(% of total # of rivers draining in the coast)

6 Extension of coral reefs altered by natural/
anthropogenic factors (% of total extension)

LOSS OF SPECIES

7 # of extinct species in the last 100 years
8 # of extinct species in the last 50 years
9 # of endemic species lost in the last 100 years

10 # of endemic species lost in the last 50 years

LOSS OF BREEDING AND NURSERY AREAS

Fish

11 % of disappeared aggregations 1 Nassau grouper (16.7% of known
(write in species name) Nassau grouper aggregations)

12 % of grouper/snapper/other species 83.3% (seasonal (winter grouper)
aggregations still fished spawning closure at Glovers Reef)

13 # of nursery grounds (seagrass, coastal
lagoons, estuaries) lost due to habitat alteration

Seabirds

14 % nesting sites impacted by egg/adult
taking or the introduction of predators

15 % nesting sites lost

Marine Reptiles
16 % sea turtle nesting sites lost
17 % sea iguana nesting sites lost
CHANGES IN ABUNDANCE
18 # of fisheries stocks that collapsed in the conch

last 10 years

19 # overfished finfish populations Nassau and other groupers;
(attach list of species names)

20 Presence of overexploited black coral populations

21 Presence of overexploited mollusk conch overexploited; declines in catches
populations from 1973-1983 indicate overfishing

22 Presence of overexploited crustacean lobster at or above MSY; shrimp “depleted
populations in readily accessible waters”

The Nature Conservancy

SOURCE SQ

Mumby et al., 1995

Wells et al., in press; Eklund, 1994

Carter and Sedberry, in press

Richards and Bohnsack, 1990

Wells et al., in press; Carter and
Sedberry, in press; Shusterich, 1984

Wells et al., in press; Creswell A
and Davis 1991; Shusterich,
1984; Gibson et al., 1983

Wells et al., in press
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Table 2.2 Example of completed conservation status table: Belize (continued)

# INDICATORS

CHANGES

23 # species whose early stages

IN ABUNDANCE

DATA

(CONTINUED)

Queen conch egg masses

are captured for aquaculture

(attach species name)

24 # coastal mollusk populations heavily
deferiorated by pollution or habitat loss

(attach species name)

POTENTIAL THREATS

25 # introduced coastal/marine

exofic species

Tilapia mozambica

26 # industries discharging untreated
pollutants into coastal waters

27 # major ports

28 # cargo/passenger vessels entering

ports per year

29 Presence of oil (or derivatives)

yes

terminals/ refineries/ pipes

30 Coastal (within 60 km from shore)

population per km of coastline

31 # of unprotected threatened species

32 # of unprotected CITES species

33 # reef sites visited by tourists

48

Mumby et al., 1995

Uruguay, and Venezuela) were able to
provide detailed data, while others had
greater difficulties. On average, researchers
provided data for 16-33 indicators with
the easiest being fisheries data, usually
regarding changes in abundance.

The Ranking Process

After devoting four to six months to
examining and completing the Biological
Value and Conservation Status data
tables, regional experts and project per-
sonnel met at a four-day workshop in
September 1996 in order to review
province, ecoregion, and coastal system
delineation and rank ecoregions.

Scientists and staff were divided into
groups according to the provinces in
which their areas of expertise fell. After

Data may be available in GIS-see

SOURCE SQ
Creswell and Davis, 1991 A
Carter, pers. comm., Belize C
Audubon Society
Mumby et al., 1995 C

first reaching a consensus on province
and ecoregion boundaries, the groups
discussed the quality and extent of the
accumulated data. Based on the presence
or absence of data, each group agreed
upon which criteria to use for ranking
ecoregions within their province. A num-
ber of parameters were discarded because
they were either inappropriate (e.g., the
presence of coral reefs in Cold-temperate
South America) or data were simply
unavailable (e.g., number of species
extinct within the last century for the
Tropical Northwestern Atlantic). In some
cases, information on one or more indi-
cators was not available for all ecore-
gions within a province. While published
data may not always exist for all areas,
the unpublished experience of acknowl-
edged regional experts, some of whom
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Table 2.3 Example of completed biological value ranking scorecard: Tropical Northwestern Atlantic Province

21 # of families of selected groups

The Nature Conservancy

# INDICATORS Gulf of
Mexico
PHYSICAL CONDITIONS Data  Rank
1 Coastline extension (km) M
2 Shelf width (min.-max./mean) H
3 Shelf area (km? H
4 Presence of outstanding communities L
(mangrove/kelp forests, coral reefs,
barrier/atoll reef formations, upwellings, efc.)
5 Coral reef extension L
(% of the total coastline extension)
6 Mangrove extension (% of the total coastline extension) M
7 Kelp forest extension (% of the total coastline extension)
8 Position relative to the ocean current L
(upstream, downstream, midstream)
9 Number of rivers per 100 km of coastline
10 % estuaries/rias/deltas on overall number of rivers
SPECIES COMPOSITION
Fishes
11 # of neritic teleost species 383 M
12 # of neritic Perciformes species
13 # of species of selected families
(Serranidae, Lutjanidae, Carangidae,
Pomacentridae, Scaridae, Haemulidae, Labridae)
Invertebrates and macroalgae
14 # of spp./genera/families of selected groups
of coastal mollusks ** (need more data) 337 bivalves
15 # of families of benthic macroalgae
16 # of species of selected macroalgae families 323
** (need more data)
17 total # of stony coral species (Hermatypic) 36 M
Marine Mammals
18 total # of species (31 spp. overall) 18 M
19 # of species of selected groups
Seabirds
20 # of species/genera of selected groups 44

Ecoregions

South
Florida

Data Rank

L
M
L

750 H

634 bivalves +
gastropods

(shallow water only)

400+

62 H

18 M

28

Bahamian
Data Rank
M
M
M
H
H
M
M
488 M
89 (2)
61 H
18 M
34

Central
Caribbean
Data  Rank
H
H
H
H
M
H
H
715+ H

791 gastropods
427 bivalves

456

6070 H

29 H

Lesser
Antilles
Data  Rank
M
L
L
L
L
L
H
433 M
mid 40's M
11 L
12+
49



Table 2.3 Example of a completed biological value ranking scorecard (continved)

Ecoregions

# INDICATORS

Gulf of South Bahamian Central Lesser
Mexico Florida Caribbean Antilles
SPECIES COMPOSITION conmuey Dota Rank | Data  Rank | Data Rank Data  Rank Data  Rank
Sea Reptiles
22 # of species of sea turtles and crocodiles Stules H | Sturtles H | 5turtles H Sturles H | 5turtles H
1 crocodiles 1 crocodile 2 crocodiles
ABUNDANCE
23 # of individuals of manatee L H L H L
(H = thousands, L = hundreds or less)
24 Annual catch for selected groups (tons)
Total 40,000 M 17,000 L 10,000 L |>5000000 H no data L
Finfish 18,000 M 9,000 M 1,500 L >300,000 H no data L
Shrimp 16,000 H 2,360 M |notlanded L >20,000 H |notlanded L
Lobster L 3,000 M 8,200 H |10-15,000 H no data L
BREEDING
25 Presence of breeding/nesting sites for 3 L 4 M 4 M 5 H 4 M
selected fish/seabird/sea reptile species/genera
# of species of nesting turtles
ENDEMISM
26 # endemic species for the Biogeographic Province
FISHERIES RESOURCES
27 # of finfish species that are commercially significant
28 # of species of mollusks that are 4 H 2L 3 L 14 H 1 L
commercially significant
29 # of species of crustaceans that are 19 H 14 M 4 L 23 H 10 M
commercially significant
30 # of genera of macroalgae that are
commercially significant
Total High Points 18 18 15 54 6
Total Medium Points 14 16 16 2 10
Total Low Points 6 5 6 12
Grand Total 38 39 37 56 28

Note: High = 3 points, Medium = 2 points, Low = 1 point

may have worked in the same region for

The sample scorecard in Tables 2.3

50

decades, can be equally valuable.

After an agreement was reached on
which criteria to consider, each ecoregion
was ranked relative to the other ecoregions
in the same province. The group ranked
each indicator as low (L), medium (M),
and high (H). Ranks were assigned a
numerical value (1, 2, and 3 respectively)
and totaled for each table of indicators.

and 2.4 shows the ranking for the
Tropical Northwestern Atlantic. These
scorecards are typical of the product that
was generated for all provinces. Note
that each ecoregion was ranked relative
to the other ecoregions in the province,
therefore a value of “H” for shelf width
in Peru cannot be compared with an “H”
in the Central Caribbean.
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Matrices were then designed for each
province by cross-referencing the total L,
M, H scores of biological value and con-
servation status. Table 2.5 shows the
ordinal and L, M, H ranks and matrices
of the ecoregions within the Tropical
Northwestern Atlantic Province. The
ordinal matrix may be misleading if
ecoregions differ by only a point or two.
For example, an ecoregion with a biologi-
cal value score of 34 would appear to be
of greater value than one with a score of
33, yet the actual difference is negligible.
To compensate for the inaccuracy, the L,
M, H matrix was also prepared such that
both regions would be ranked the same.
Yet, caution must be used when setting
priorities based upon matrices. An ecore-
gion’s position on the matrix is not neces-
sarily “good” or “bad,” it merely signifies
that different methods should be
employed for conservation. An ecoregion
with an “H” position may require imme-
diate intervention and assistance, whereas
an L or M region may have success with
increased education and outreach programs.

For a discussion on sources and quality
of information, see Appendix C.

Regional Priorities
within Provinces

This section presents the results of the
ranking of ecoregions within each province.

The highest-ranking ecoregions for
seven provinces are highlighted in
Appendix A-4, and include:

Warm-temperate Northeastern Pacific
Province: The Cortezian Ecoregion

The three ecoregions occurring in
Mexico were ranked, with the Gulf of
California’s (also referred to as the Sea of
Cortez) Cortezian ecoregion ranking the
highest in both biological value and con-
servation status (see Table 2.6). The
assessment of the biological value in this
province was based upon the following
indicators: presence and extension of
unique coastal communities; number of

The Nature Conservancy

rivers and number of estuaries (all indi-
cators of terrestrial sources of coastal
productivity); species richness of fish
and use of the area by marine mammals
and seabirds; and the number of endemic
species in the ecoregion.

The conservation status of the ecore-
gions was assessed using the following
indicators: coastal disturbance and rivers
dammed; number of species lost or
declining in abundance in the past cen-
tury; and number of over-exploited pop-
ulations of finfish or invertebrates.

The resulting ranks for both biological
value and conservation status ranged
from 15 to 55 points, with the Cortezian
ecoregion having consistently higher
scores than the other two ecoregions. The
ranking indicates the unusual setting of
the Gulf of California and its vulnerabili-
ty as an enclosed sea to over-exploitation
and land-based sources of pollution.

Tropical Eastern Pacific Province:
The Panama Bight Ecoregion

Seven ecoregions in the Tropical Eastern
Pacific were ranked (see Table 2.7), but
the highest ranking ecoregion, the
Panama Bight, was tied with the Nicoya
ecoregion in biological value. The two
ecoregions could be segregated on the
basis of conservation status; on this
basis, the Panama Bight was evaluated as
the more threatened of the two.

The assessment of the biological value
of the ecoregions in this province was
based upon the following indicators:
presence and extension of unique coastal
communities such as mangroves and
coral reefs; number of rivers and number
of estuaries (all indicators of terrestrial
sources of coastal productivity); species
richness of stony corals; breeding sites for
marine mammals; and number of com-
mercially important fish and crustaceans.

The conservation status of the ecore-
gions was assessed through the following
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Table 2.4 Example of completed conservation status ranking scorecard: Tropical Northwestern Atlantic Province

Higher rank means a higher degree of threats.

# INDICATORS Gulf of
Mexico
PHYSICAL CONDITIONS Data  Rank

1 Extension of pristine coastline (%) M
(vegetation intact)

2 Extension of moderately altered coastline (%)
3 Extension of heavily altered coastline (%)

4 Portion of mangrove coastline altered by M
construction, wood exploitation, shrimp pond
excavations, etc. (% of total coastline extension)

5 Number of rivers dammed
(% of total # of rivers draining in the coast)

6 Extension of coral reefs altered by natural/ H
anthropogenic factors (% of total extension)

LOSS OF SPECIES
7 # of extinct species in the last 100 years
8 # of extinct species in the last 50 years
9 # of endemic species lost in the last 100 years
10# of endemic species lost in the last 50 years
LOSS OF BREEDING/NURSERY AREAS
Fish
11 % of disappeared aggregations (write in species name} L

12 % of grouper/snapper/other species
aggregations still fished

13 # of nursery grounds (seagrass, coastal
lagoons, estuaries) lost due to habitat alteration

Seabirds

14% nesting sites impacted by egg/adult taking
or the introduction of predators (Need more data)
15 % nesting sites lost (Need more data)
Marine Reptiles
16 Quality of sea turtle nesting sites (H= high risk) H
17 % sea iguana nesting sites lost
CHANGES IN ABUNDANCE

18# of fisheries stocks collapsed (past 10 years) 2 M

19 # overfished finfish populotions (attach list of species names)

20 Presence of overexploited black coral populations

21 Presence of over-exploited mollusk populations 3-Strombids  H
22 Presence of overexploited crustacean populations 4 M
23 # species whose early stages are captured for

aquaculture (attach species name)
24 # coastal mollusk populations heavily deteriorated 2 M

by pollution or habitat loss (atiach species name)

52

South
Florida
Data

3-4

Ecoregions

Rank
M

Bahamian

Rank
L

Data

Central
Caribbean
Data  Rank

Colombia-45% M

Costa Rica-80%
Venezuela-25%

M
M
H
H
2-Colombi
P
12-Cuba
H
9 H
7 H

Lesser
Antilles
Data  Rank
H
H
H
H
H
~10 ~M
H
YES
1 M
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Table 2.4 Example of completed conservation status ranking scorecard (continued)

Indicators of conservation status

# INDICATORS

POTENTIAL THREATS

25 # introduced coastal/marine exotic species
(established— ie. breeding)

26 # industries discharging untreated pollutants
info coastal waters

27 # major ports
28 # cargo/passenger vessels entering ports per year

29 Presence of oil (or derivatives) terminals/
refineries/ pipes

30 Coastal (within 60km from shore) population
per km of coastline

31# of unprotected threatened species
32# of unprotected CITES species
33 # reef sites visited by tourists

Total High Points

Total Medium Points

Total Low Points

Grand Total

Ecoregions

Gulf of South Bahamian Central
Mexico Florida Caribbean
Data  Rank | Data  Rank | Data  Rank Data  Rank
1 M >4 H 0 L 4 H
H L L M
19 M 3 L 2 L >65 H
H H M H
4/12/7/3 2/1/00 L
petroleum
buoys
820 H | ~500 M 40 L Colombia-40, M
Cayman-126,
DR-4584
L H L M
21 12 0 30
14 14 14
3 6 16 0
38 32 18 44

Note: High = 3 points, Medium = 2 points, Low = 1 point

indicators: coastal disturbance and rivers
dammed; number of species lost or declin-
ing in abundance in the past century; and
number of over-fished or over-exploited
populations of finfish or invertebrates.

Warm-temperate Southeastern Pacific
Province: The Humboldtian Ecoregion

Information was abundantly available for
this province. The assessment of the bio-
logical value of the ecoregions was based
upon the following indicators: presence
and extension of kelp forests and
upwellings (indicators of benthic and
pelagic productivity); number of rivers
and estuaries (indicators of terrestrial
sources of coastal productivity); species
richness of fish, macroalgae, marine
mammals, seabirds, and marine reptiles;
abundance of penguins, sea lions, fur
seals, sea otter (an endemic species), and
commercial species.

The Nature Conservancy

The conservation status of the ecore-
gions was based on the following indica-
tors: coastal disturbance and rivers
dammed; seabird colony sites impacted
or lost; number of over-fished popula-
tions; incidence of sources of pollution;
and number of unprotected threatened
species and sites.

Due to the presence of abundant pop-
ulations of fish, seabirds, and marine
mammals in the Humboldtian ecoregion,
this ecoregion scored the highest in bio-
logical value (72 points) for the
province, well ahead of the other three
ecoregions (58-62 points) (see Table
2.8). Twenty-nine species of marine
mammals are reported to occur in this
area, and 76 species of seabirds are
reported as common on Peruvian coasts.
This ecoregion has the highest abun-
dance of penguin, sea lion, guano bird,
and fur seal colonies.

Lesser
Antilles
Data

1

~10

Rank
M

M

24
16

41
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Table 2.5 Example of ranking matrices: Tropical Northwestern Atlantic Province. Higher rank of conservation

status means a higher degree of threats.

Biological and Ecological Value

Gulf of South Bahamian Central  Lesser
Mexico Florida Caribbean Antilles

Score 38 38 37 56 27
Ordinal Rank 2 2 3 1 4

HMLRank M M M H L

Matrix based on ordinal 1-5 rank:

Conservation Status

1 2 3 4 5
Central
Caribbean
o 2 Gulf of South
5 i Florid
K Mexico orida
_S 3 Bahamian
3
S 4 Lesser
=] Antilles

5
1= High Value/Priority, 5= Low Value/Priority

Conservation Status

Gulf of South Bahamian Central  lesser
Mexico Florida Caribbean Antilles

Score 38 32 18 44 41
Ordinal Rank 3 4 5 1 2
HM,LRank M M L H H

Alternate matrix based on High, Medium, Low rank:

Conservation Status

H M L
Central
H .
Caribbean
Gulf of Mexico,
Bahamian

South Florida

Biological Value
z

Lesser
Antilles

—
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The Paracas National Reserve, the
most important marine protected area in
Peru (declared a RAMSAR site in 1992),
includes islands, peninsulas, and high
coastal productivity. The black storm
petrel (Oceanodroma markami) has its
only nesting sites in this area. The diving
petrel (Pelecanus garnotti) and the
Peruvian penguin (Spheniscus humboldti)
are endemic to the province. Flamingos
(Phoenicopterus chilensis), pelicans
(Pelecanus thagus), the guano cormorant
(Phalocrocorax bougainvilli), and boobies
(Sula variegata) are all abundant. The
Paracas Peninsula is also the northern
breeding limit of the southern sea lion
(Otaria byronia) and the Peruvian pen-
guin (Spheniscus humboldti), which has
its only breeding site in this area. Young
sea turtles (Chelonia mydas) also find
refuge in the park.

The Humboldtian ecoregion has the
highest level of conservation problems,
including coastal pollution, over-fishing,
and human impacts on seabirds and pin-
nipeds. Guano harvesting in some nest-
ing areas is a potential threat for seabird
colonies while sea lions and fur seals are
sometimes killed by fisheries operations.
Marine pollution from fish processing
plants, which discharge their wastes into
the sea, is a real threat to this area, both
in the Peruvian and Chilean portion of
the ecoregion.

Endemic species of the Humboldt
Current have their northern distribution
boundary in Central Peru. The brown
pelican (Pelecanus occidentalis), the blue-
footed booby (Sula nebouxii), the Inca
tern (Larosterna inca), and possibly the
diving petrel (Pelecanus garnotti) are
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found in this area. Penguins are abun-
dant in the Central Chile Ecoregion, as
well as hake (Merluccius) and commer-
cial mollusks (particularly, Concholepas
concholepas).

In Punta San Juan, millions of guano
birds make their homes in the area’s high
cliffs and beaches, feeding upon the
abundant fish populations. This is also
the most important breeding site for the
Peruvian penguin and the illegal killing
of fur seal pups has been reported here.

The Humboldtian ecoregion was fol-
lowed in the priority matrix by the two
nearby ecoregions, Central Peru and
Central Chile, both of which had similar
scores of biological value and conserva-
tion status. The cross matrices allowed
the experts to assign the first three prior-
ities for conservation investments to the

Table 2.6 Cross matrices of biological value

Humboldtian, Central Peru, and Central
Chile ecoregions. These three areas have
the highest current and potential biologi-
cal value and conservation concerns of
the entire province. Conservation actions
must focus on waste treatment, fisheries
regulations, and guano exploitation.

Cold-temperate South America Province:
The North Patagonian Gulfs Ecoregion

This was one of the most documented
provinces of the entire study area. The
biological value of each ecoregion was
assessed through the following indica-
tors: coastline and platform extension
(since the most valuable resources are
associated with the shelf and the highly
indented coastline); the presence and
extension of outstanding features such as
upwellings, channels, fjords, rivers, and
estuaries; species richness of fish,
macroalgae, and seabirds; abundance of

and conservation status for setting geographic priorities within

the Warm-temperate Northeastern Pacific Province. Higher rank of conservation status means a higher degree of threats.

Biological and Ecological Value

Mexican Magdalena

Temperate Pacific ~ Transition Cortezian
Score 30 34 55
Ordinal Rank 3 2 1
H,M,L Rank L M H
Matrix based on ordinal 1-3 rank:
Conservation Status
1 2 3

9 1 Cortezian

é 2 Magdalena
~§) Transition
g 3 Mexican

Temperate Pacific

1= High Value/Priority, 3= Low Value/Priority

The Nature Conservancy

Conservation Status

Mexican Magdalena Cortezian
Temperate Pacific  Transition
Score 25 34 37
Ordinal Rank 2 3 1
H,M,L Rank M L H

Alternate matrix based on High, Medium, Low rank:

Conservation Status

H M L

H Cortezian
g
)
> Magdalena
S M Transition
)
)
2 Mexican

L Temperate Pacific
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Table 2.7 Cross matrices of biological value and conservation status for setting geographic priorities
within the Tropical Eastern Pacific Province. Higher rank of conservation status means a higher degree of threats.

Mexican
Tropical Pacific
Score 32
Ordinal Rank 6
H,M,L Rank L
Mexican

Tropical Pacific
Score 43

Ordinal Rank 6
H,M,L Rank M

Matrix based on ordinal 1-5 rank:

1 2

1 Panama

Bight

N

Chiapas/
Nicaragua

A

Biological Value

(6]

o

7

Chiapas/
Nicaragua

Biological and Ecological Value

Neomagna Neove TRoN Comosle Guoyomul  FEEEE
41 42 45 33 40 23
3 2 1 5 4 7
M H H L M L

Conservation Status

. Panama . Clipperton and
Nicoya Bight Cocos s. Guayaquil Revillagigedo Is.

48 39 47 25 45 21

3 2 1 5 4 7

H M H L M L
Conservation Status

3 4 5 6 7
Nicoya
Guayaquil

Mexican
Tropical Pacific

Clipperton and
Revillagigedo ls.

1= High Value/Priority, 7= Low Value/Priority

Alternate matrix based on High, Medium, Low rank:

Z

Biological Value

—

Conservation Status

H M L
Panama )
Bight Nicoya
C‘hiapas/ Guayaquil
Nicaragua
Mexican Cocos Is.

Clipperton and

Tropical Pacific Revillagigedo Is
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ries, and islands along the gulfs, as well
as abundant fishery resources in the wide
and productive adjacent shelf, gave the
ecoregion a high value for bioproductivi-
ty. The Valdés Peninsula and surround-
ing gulfs constitute a critical area for
conservation due to the abundance of
marine mammals, seabirds, and the high
rate of tourism.

various groups of marine mammals (sea
otters, dolphins, whales, pinnipeds);
breeding sites of marine mammals and
seabirds; abundance of commercially sig-
nificant populations; and presence of
endemics (seabirds, invertebrates).

Conservation status was assessed
through the following indicators: degree
of disturbance of coastline; impacted or
lost breeding sites for fish and seabirds;
number of over-fished populations; pres-
ence of red tides (toxic algal blooms);
introduced species; presence of polluting
industries and ports; number of unpro-
tected threatened species; and intensity
of tourist visitation in critical areas.

Fifty-nine species of seabirds inhabit
the ecoregion. Of these, 17 breed in the
area while 42 use it as foraging and
migratory grounds. In addition, 23
shorebirds and three marine ducks are
also found here.

The high conservation status score
(43) principally results from the over-
harvesting of invertebrate (mollusk and
crustacean) populations; high potential
threats generated by the existence of
numerous ports and oil facilities; and

The North Patagonian Gulfs ecoregion
received the highest rank for biological
value and conservation concerns (see
Table 2.9). The numerous seabird and
pinniped colonies on rocks, promonto-

Table 2.8 Cross matrices of biological value and conservation status for setting geographic priorities within
the Warm-temperate Southeastern Pacific Province. Higher rank of conservation status means a higher degree of threats.

Biological and Ecological Value Conservation Status

Central ~ Humboltian Central  Araucanian Central  Humboltian  Central Araucanian
Peru Chile Peru Chile
Score 62 72 59 58 Score 25 34 27 19
Ordinal Rank 2 1 3 4 Ordinal Rank 3 1 2 4
HMLRank M H L L HMLRank M H M L
Matrix based on ordinal 1-5 rank: Alternate matrix based on High, Medium, Low rank:
Conservation Status Conservation Status
1 2 3 4 H M L
1 Humboltian o H Humboltian
o >
= G
= 2 Central = Central
© Peru S M Peru
O o
) Central o]
% 3 Chile IS Central  Araucanian
& , QL Chile
4 Araucanian

1= High Value/Priority, 4= Low Value/Priority
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Table 2.9 Cross matrices of biological value and conservation status for setting geographic priorities within
the Cold-temperate South America Province. Higher rank of conservation status means a higher degree of threats.

Biological and Ecological Value

Conservation Status

Chiloense Channels and Malvinas/ Patagonian  North Chiloense Channels and Malvinas/ Patagonian  North
Fiords of  Falklands  Shelf  Patagonian Fiords of ~ Falklands ~ Shelf  Patagonian
Southern Chile Gulfs Southern Chile Gulfs
Score 59 60 62 60 64 Score 34 30 27 29 43
Ordinal Rank 4 3 2 3 1 Ordinal Rank 2 3 5 4 1
HML Rank M M H M H HM,L Rank M M L M H
Matrix based on ordinal 1-5 rank: Alternate matrix based on High, Medium, Low rank:
Conservation Status Conservation Status
H M L
1 2 3 4 5
North Malvi
: North Q H Patagonian F:IIZIg]:js/
Patagonian Gulfs = Gulfs
> .
Malvinas/ 5 Ch|lqense, Channels
) Falkland g M and Fjords of Southern
§ aldands 'gv Chile, Patagonian Shelf
= Channels and . o
S 3 Fiords of 0% olr;wn =L
e Southern Chile e
;% 4 Chiloense
5

1= High Value/Priority; 4= Low Value/Priority
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abundant tourist visitation to important
pinniped and seabird aggregation sites as
well as depletion of coastal fisheries
resources. Both scores gave this ecore-
gion the highest priority for conserva-
tion investments.

Sixty-seven seabird colonies, inhabit-
ing 32 sites along the coastline of San
Matias, San José, Nuevo, and San Jorge
Gulfs, are threatened by oil pollution and
guano collection. At San Jorge Gulf, oil
extraction and transportation have resulted
in dumping of oily ballast water and the
die-off of seabirds. Some breeding sites
are recorded as having been lost in the
last few years due to guano gathering.

San Antonio Bay is the most impor-
tant coastal ecotourism site in Chubut
Province, with more than 100,000 visi-

tors per year. Six sea bird and shore bird
species nest in the area and 17 species of
migratory birds (with more than 100,000
individuals) winter in the area. The sea
lion (O. flavescens) and the endemic
Franciscana dolphin (P, blainvillei) are
also found here. Discharge of untreated
wastes into San Antonio Bay (in the San
Matias Gulf) has resulted in localized
eutrophication. A mineral processing
plant (Geotectdnica), currently closed,
polluted the coastal zone with heavy
metals (zinc, lead, copper) that are now
leaking into the bays. There are projected
plans to clean the area.

In Madryn Port, fishing plants are
equipped for effluent treatment, but
compliance with regulations is irregular.
Biological treatment is inefficient in two
of the facilities (Harengus and
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Conarpesa). The secondary treatment
plant (Servicorp) is ineffective. Effluents
of an aluminum plant (Aluar) are used
for irrigation and coastal eutrophication
has steadily increased along coastal
waters over recent years.

In Comodoro Rivadavia, cement
plants (Cemento Patagonico), petroleum
dehydration, and fish processing either
do not treat effluents or have deficient
treatment methods. Sewage treatment is
non-existent; pipes discharge directly
into the ocean and coastal eutrophication
is significant.

At Caleta Olivia, there is ineffective
secondary treatment of sewage effluents,
yet a fishing harbor will soon be opened.
It remains unclear whether the regula-
tions will comply with the recommenda-
tions of the Environmental Impact
Statement.

The barnacle Balanus glandula (intro-
duced in the early 70s) has developed a
belt along rocky shores whereas prior to
this date, the species did not exist in this
area. Exotic species make up most of the
components of harbor fouling communi-
ties, as in Bahia Blanca.

The two second-ranked ecoregions for
both biological value and conservation
concerns (Chiloense Channels and Fjords
of Southern Chile), also have important
breeding colonies of penguins, cormorants,
sea lions, and fur seals. The increasing
salmon culture activity represents a
potential threat to the Chiloense ecore-
gion. Aquaculture operations may gener-
ate water eutrophication, an increase in
pinniped mortality, and an unknown
impact from the introduction of exotic
salmon species to coastal ecosystems.

Warm-temperate Southwestern
Atlantic Province: The Buenos
Aires-Uruguay Shelf Ecoregion

Information was fairly abundant for this
province. Experts assessed the biological
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value of the ecoregions using 28 indica-
tors which can be grouped in the follow-
ing categories: coastline and shelf exten-
sion; presence and extension of out-
standing features/communities such as
upwellings, kelp and mangrove forests,
coral reefs; terrestrial runoff; species
richness of fish, macroalgae, corals,
toothed and beaked whales, pinnipeds,
seabirds, and marine turtles; abundance
of marine mammals, seabirds, and fish;
presence of breeding/nesting sites for
marine mammals, seabirds, and fish;
presence of endemic species for the
province; and number and abundance of
commercially significant species.

Conservation concerns were assessed
through 17 indicators in the following
categories: alteration of coastline; impacted
or lost seabird nesting sites; fish nursery
grounds and spawning aggregations lost
due to anthropogenic impact; overhar-
vested fisheries resources; introduced
species; unprotected threatened species;
intensity of land-based sources of pollu-
tion (industries, oil facilities); and
tourism and military maneuvers.

The Uruguay-Buenos Aires Shelf
ecoregion received the highest score on
biological importance and on conserva-
tion concerns (see Table 2.10). The
Uruguay-Buenos Aires Shelf constitutes a
wide platform with high biological pro-
ductivity, abundant populations of fin-
fish, and numerous colonies of marine
mammals and seabirds that feed upon
those fish. The confluence of the
Malvinas and Brazil Currents, together
with the abundant terrestrial runoff of
Rio de la Plata, and the relatively shallow
waters of the area, combine to produce a
unique environment. However, pollution
generated from industries and oil facili-
ties, together with the exploitation of
coastal mollusks, coastal development,
and intensive tourism, have all combined
to assign this ecoregion the highest rank
on conservation concerns.
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Table 2.10 Cross matrices of biological value and conservation status for setting geographic priorities within
the Warm-temperate Southwestern Atlantic Province. Higher rank of conservation status means a higher degree of threats.

Biological and Ecological Value

Conservation Status

Uruguay- Rio de la Rio South- Uruguay- Rio de la Rio South-
Buenos Aires Plata Grande eastern Buenos Plata Grande eastern
Shelf Brazil Aires Shelf Brazil
Score 69 36 53 60 Score 39 29 29 37
Ordinal Rank 1 4 3 2 Ordinal Rank 1 3 3 2
H,M,L Rank H L M M H,M,L Rank H L L H
Matrix based on ordinal 1-5 rank: Alternate matrix based on High, Medium, Low rank:
Conservation Status Conservation Status
1 2 3 4 H M L
Uruguay- Uru 5
/ guay-
1 Buens?]s l?ures Buenos Aires
g = Shelf
= o
9 2 South-eastern =)
= Brazil 9 M South- Rio
9 5 eastern Grande
83 Rio Grande %_, Brazil
.0 o)
@ o Rio de la
4 Rio de la o L Plata
Plata

1= High Value/Priority; 4= Low Value/Priority
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Sixty-five seabirds (e.g. penguins,
albatrosses, petrels, shearwaters, gulls,
etc.) and 41 estuarine birds can be found
in nearby cliffs, promontories, estuaries,
coastal wetlands, and sand dunes.
Thousands of migratory birds visit this
ecoregion. The tern (Larus atlanticus) is
endemic to the province while 20 species
of tooth whales (Phocoenids, Delphinids,
Ziphiids, and Physeterids), the right
whale and five pinnipeds are reported to
inhabit the ecoregion. Endemic to the
South Atlantic, the franciscana dolphin
(P blainvillei), the southern fur seal (A.
australis), the sea lion (Otaria flavescens),
and the southern right whale (Eubalaena
australis) have breeding grounds in the
area. Marine turtles (Chelonia mydas,
Dermochelys coriacea, Caretta caretta)
reach this latitude as well.

About 22 species of fish, 9 mollusks,
and 5 crustaceans are commercially signifi-

cant, and together account for the produc-
tion of hundreds of thousands of metric
tons. The population of hake (Merluccius
hubbsi) alone has an estimated potential
fishable stock of 350,000 metric tons.

The two ecoregions ranked second for
biological value and conservation con-
cerns after the Uruguay-Buenos Aires
Shelf, were Southeastern Brazil and Rio
Grande (Brazil). Adjacent to one another,
Southeastern Brazil has higher levels of
conservation concerns than Rio Grande,
though the two ecoregions have a similar
shelf coverage within the EEZ contour
(about 30%). Rio Grande is characterized
by numerous coastal lagoons, including
the Patos (the largest in South America)
and Mirim lagoons. These lagoons have
an important freshwater discharge that
create a productive environment for fish,
invertebrates, and migratory birds, as
well as resident shorebirds and seabirds.
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The conservation status of South-
eastern Brazil's mangroves was assessed

forests, macroalgae beds, and terrestrial
runoff); species richness for fish, mollusks,

by WWF as endangered, considering its macroalgae, corals, marine mammals,

medium level of threat. A combination
of sustainable use and restoration was
recommended.

seabirds, and sea turtles; and abundance
of fishery resources.

Conservation concerns were evaluated
Impacts from human activities in great through the following indicators: level of
metropolitan areas such as Rio de Janeiro  coastal, mangrove, and reef disturbance;

and Sao Paulo are the main threat to
marine conservation in the ecoregion.

number of extinct species; impact and
loss of fish nursery grounds, seabird, and

marine turtles nesting sites; changes in
Tropical Southwestern Atlantic Province: abundance of fishery resources; sources

The Northeastern Brazil Ecoregion

Limited data was available for this
province. Experts assessed this ecoregion

of pollution; and reef visitation.

The Northeastern and Eastern Brazil

using 21 indicators, including: presence  ecoregions received the highest biological

and extension of outstanding features/
communities (coral reefs, mangrove

importance rank followed by Amazonian
(see Table 2.11). In Northeastern Brazil,

Table 2.11 Cross matrices of biological value and conservation status for setting geographic priorities within
the Tropical Southwestern Atlantic Province. Higher rank of conservation status means a higher degree of threats.

Biological and Ecological Value
Amazonian North- Sdo Pedro Eastern Trindade

eastern and Sdo  Brazil and Martin
Brazil Paulo Is. Vaz Is.

Score 39 52 23 50 22
Ordinal Rank 3 1 4 2 5

H,M,LRank M H L H L

Matrix based on ordinal 1-5 rank:

Conservation Status

1 2 3 4 5
Northeastern

1 Brazil
[ Eastern
—g 2 Brazil
>
'8 3 Amazonian
o
e Sdo Pedro
b% 4 and Sdo

Paulo Is.
5 Trindade
and Martin
Vaz ls.

1= High Value/Priority; 5= Low Value/Priority
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Conservation Status

Amazonian North- Sdo Pedro Eastern Trindade
eastern and Sdo  Brazil and Martin

Brazil  Paulo Is. Vaz Is.
Score 24 44 19 41 20
Ordinal Rank 3 1 5 2 4
H,M,LRank L H L H L

Alternate matrix based on High, Medium, Low rank:

Conservation Status

H M L
H Northeastern
Brazil,Eastern
Brazil
M Amazonian

Biological Value

Séo Pedro and Sdo
L Paulo Is., Trindade
and Martin Vaz Is.
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as in Eastern Brazil, fish, seabird, and
turtle richness and the presence of coral
reefs combine to produce these results.
Large numbers of nesting sites and nurs-
ery grounds for sea turtles are also
found. In Northeastern Brazil, coral reefs
at Atol das Rocas and the Fernando de
Noronha archipelago give the ecoregion
a high conservation value. In Eastern
Brazil, the Abrolhos Bank is the south-
ernmost extent of the Caribbean coral
species. The bank contains high coral-
based biodiversity and is a major habitat
for the breeding and calving of hump-
back whales.

The Amazonian ecoregion is occupied
mostly by the delta—a good habitat for
abundant populations of shorebirds. The
waters covering the platform area (20%
of the ecoregion), particularly its north-
ern portion, contain high densities of
suspended sediments that prevent the
existence of certain diverse tropical com-
munities such as coral reefs. The conser-
vation status of mangroves of both the
Northeastern Brazil and Eastern Brazil
ecoregions were assessed respectively as
Vulnerable to Endangered (both with
medium level of threats) by WWF
(Olson et al., 1996). In contrast, the
mangroves of the Amazonian ecoregion
were evaluated as one of the two best
conserved (in Relatively Stable status) in
South America (together with the man-
grove units of the Panama Bight ecore-
gion, in the Tropical Eastern Pacific),
with a medium level of threat. For the
Amazonian ecoregion, sustainable use (at
the delta and to the east) and restricted
access, combined with sustainable use
(from this area to the eastern boundary
of the ecoregion), were recommended.
Restoration was advised for the
Northeastern Brazil ecoregion.

The biological value and conservation
status scores for the Northeastern Brazil
and Eastern Brazil ecoregions were similar.
Only a slight difference made the former
outrank the latter. Conservation investors

should consider this slight difference
when making investment decisions.

Tropical Northwestern Atlantic Province:
The Central Caribbean Ecoregion

The Central Caribbean ecoregion is the
subject of a case study in the next chapter.

Conclusion

As opposed to the ad hoc processes
generally used in the past to delineate
high-priority sites for marine conserva-
tion, the framework first developed in
the study of terrestrial ecoregions and
applied here with some modifications,
provides an empirical basis for identify-
ing marine ecoregions that are a high
priority for biodiversity conservation.

The high-priority ecoregions identified
here are still generally much too large
to be considered as sites for actively
managed biodiversity conservation.

In the next chapter, a framework for
identifying high-priority coastal systems
in the Central Caribbean ecoregion of the
Tropical Northwestern Atlantic province
is proposed. These smaller systems are
examples of the types of systems that
donors, governments, NGOs, and con-
servation organizations could target for
active conservation management.
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Delineating, Classifying,
and Ranking PO I'T 2

Coastal Systems

Chapter 3

THE DELINEATION OF PROVINCES and
ecoregions as well as the ranking of
ecoregions within each province provides
valuable information for governments,
donors, and others interested in marine
conservation. In order to identify specific
sites for marine conservation action and
coastal stewardship programs, however,
it is necessary to go one step further
and identify and rank smaller “Coastal
Systems” within an ecoregion. As a case
study, the Central Caribbean ecoregion
in the Tropical Northwestern Atlantic
has been selected.

This chapter includes a brief descrip-
tion of the Tropical Northwestern Atlantic
province, followed by a description of
the approach used to rank the ecoregions
within the province and background on
the Central Caribbean ecoregion. This
effort to rank coastal systems within the
ecoregion represents a preliminary attempt
to develop conservation priorities for
geographic units. With more accurate
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Identifying and
Ranking Coastal
Systems in the
Central Caribbean
Ecoregion

information, the process could be sub-
stantially improved.

The Tropical Northwestern

Atlantic Province

The Tropical Northwestern Atlantic is
the largest coastal marine province in the
Western Hemisphere and extends from
the tropical waters of the Gulf of Mexico
and South Florida to the French Guiana-
Brazil border (see Appendix A-11). The
province is popularly referred to as the
“wider Caribbean” and is principally
known for the extensive coral reef devel-
opment along coastlines and at shallow
platform margins (barrier reef systems).
The description of this province and its
ecoregions is provided in Chapter 1.

Three threats can be described as
impacting marine diversity province-wide:

 Changes in water quality leading
to dynamic habitat degradation
Nutrification occurs when naturally
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oligotrophic systems, such as coral reefs,
receive elevated levels of inorganic nutri-
ents, especially phosphorus and nitro-
gen. The primary source of these nutri-
ents is untreated sewage or agricultural
runoff entering the marine environment
from outfalls and streams, with lesser
amounts discharged by vessels into large
marinas and harbors. Pollution abate-
ment is relatively rare; less than 10% of
all sewage generated in the province’s
coastal areas receives secondary treatment.
Livestock operations and forestry can
also contribute to elevated nutrient levels
in nearshore marine environments by
releasing large amounts of nitrogen and
phosphorus into coastal rivers.

Agriculture contributes nutrients dur-
ing cropland conversion and through the
application of fertilizers. Silt and sedi-
ment come from land conversion and
dredging. Upland management, includ-
ing livestock ranching, timber practices,
road building, and agriculture alter the
amount and rate of sediment deposition
in waterways and runoff destined for the
nearshore marine environment. Coastal
development produces beach alteration
and frequently destroys mangrove sys-
tems and coastal lagoons; coastal wet-
lands that are critical for filtering land-
borne particles. Silt and sediment smoth-
er coral reefs, decreasing growth and
reproductive rates in corals and possibly
increasing the incidence of coral dis-
eases. Sediments and nutrification can
also negatively affect sponges. Large shal-
low-water sponges are important for
water filtering and for fauna habitat on
both reefs and in seagrass beds.

* Coastal development leading to
physical habitat degradation and loss
Mangrove complexes and coastal lagoons
are vitally important habitats for many
fish and invertebrate species, especially
during the early stages in their life
cycles. Development poses a constant
threat to such systems. Mangroves are
cleared for wood and charcoal and to

make way for shoreline development.
Coastal lagoons are dredged for harbors,
converted to shrimp farms, and lost to
resort development. The decline in
coastal vegetation communities, nearshore
marine habitats, and mangrove wetlands
can contribute to the decline of commer-
cially important species such as lobster,
snapper, and grunt which rely on
coastal areas as juveniles.

 Over-harvesting or extraction
threats to populations and natural
communities
Over-fishing occurs chronically through-
out the province. Destructive fishing
practices, poor enforcement of existing
regulations, and insufficient fisheries
management coupled with severe eco-
nomic constraints make over-fishing a
difficult problem to tackle. Over-fishing
is a particularly insidious threat. Depletion
of target species not only impacts the
specific population, but also results in
second-order effects for the entire biolog-
ical community. Removal of spiny lob-
sters, for example, not only changes the
population dynamics of the lobster, but
also alters the reef environments where
lobsters play a key ecological role as
detritivores in recycling nutrients. Over-
exploitation of some snapper and grouper
species has resulted in the alteration of
the fish community structure of seagrass-
reef complexes in many areas.

Ranking the Ecoregions
The Tropical Northwestern Atlantic
province includes six ecoregions: the
Guianan, the Lesser Antilles, the
Bahamian, the Central Caribbean, the
South Florida, and the Gulf of Mexico
(see Chapter 1 for their description and
Tables 2.3-5 for ranking). These divi-
sions were based on faunal distribution
of organisms such as stony corals, octo-
corals, and fishes. Bermuda may also be
included as the seventh ecoregion in this
province, but was excluded from this
exercise. Geographic indicators of the
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ecoregions within the province are given
in Table 1.1.

The ranking of ecoregions within the
Tropical Northwestern Atlantic followed
the same approach outlined earlier.
Indicators of biological and ecological
value were compiled for five of the six
ecoregions. Due to insufficient information,
the Guianan ecoregion was not ranked.

The indicators of biological and eco-
logical value included physical conditions,
species composition, abundance of species,
breeding areas, and fishery resources. With
a score of 56, the Central Caribbean was
clearly the highest scoring ecoregion
while the Gulf of Mexico, South Florida
and the Bahamian ecoregions had scores
of 38, 39, and 37, respectively. The Lesser
Antilles ranked the lowest with a score of
28 (see Table 2.3).

The conservation status score was
based on changes in physical conditions,
loss or changes in abundance of species,
loss of breeding areas or nesting sites,
and changes in fisheries. All ecoregions
except the Bahamian were assessed as
having serious conservation threats to
coastal marine biological diversity. The
Central Caribbean and the Lesser Antilles
ranked the highest in conservation status
(most threatened) with scores of 44 and
41 (see Table 2.4).

Case Study: The Central

Caribbean Ecoregion

The Central Caribbean is the largest and
most complex of the ecoregions in the
Tropical Northwestern Atlantic province.
Including both continental and insular
systems and some 2,648,000 km? of shal-
low banks and coastal shelf, the ecoregion
occupies 46% of the entire province.
Politically, the ecoregion includes the
entire coastal areas of Venezuela, Aruba,
Curacao, Bonaire, Belize, Cuba, Haiti,
Jamaica, Trinidad and Tobago, Puerto
Rico, the Dominican Republic, and the
Cayman Islands. It includes parts of
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Colombia, Panama, Costa Rica,
Nicaragua, Honduras, Guatemala, and
Mexico (see Appendix A-12).

The islands typically have higher
coastal population densities than conti-
nental areas. There is a wide disparity of
wealth throughout the ecoregion, from
very poor (such as Haiti) to relatively rich
(such as the Cayman Islands and Aruba).

The entire ecoregion can be divided
into insular and continental components.
A large proportion of marine species are
distributed along both the coasts of the
greater Antilles and the coasts of Central
and South America. Thus, there are bio-
geographic reasons to group this large
area as one ecoregion. However, there are
differences in coastal processes, abun-
dance, and distribution of natural com-
munities from islands to continent and
from east to west. The coastlines of the
ecoregion are diverse, including large
river deltas and estuaries, mangrove
forests, sandy beaches, complex bays and
coastal lagoons, offshore cays, upwelling
areas, rocky shorelines, and offshore blue
holes. There are also a series of coral
atolls along the western extent of the
ecoregion and a few oceanic banks.

This ecoregion is unique in its coastal
morphology. It harbors large land masses
with adjacent mountains on both the
continent and the larger islands (e.g.
Cuba and Hispaniola). There are numer-
ous rivers, both large and small, that
naturally transport silt and sediment to
deltas, shore, and beaches. Rivers can be
both permanent and seasonal. Endemic
species have been described for locations
in the ecoregion. For example, in the
Cayman Islands, three species of mol-
lusks and a species of fish of the blenny
family (Starksia y-lineata) are endemic.
The species inventories and descriptions
of many taxa are considered incomplete,
and there are likely other species restrict-
ed to this ecoregion as well. There are
regionally critical populations of seabirds
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and marine mammals (e.g. West Indian
manatee), but unfortunately there are no
ecological borders incorporated in the
management of marine resources.

This vast ecoregion has large coastal
population densities, a long history of
human use of marine resources, and sig-
nificant land-based sources of pollution
associated with oil extraction, port devel-
opment, and agriculture. The ecoregion
has experienced loss of coastal habitats in
the removal of mangroves and diversion
of rivers for agriculture. Species have
been lost, including the Caribbean monk
seal and the Jamaican petrel. Spawning
aggregations of grouper and snapper
species have disappeared throughout the
ecoregion. Many countries report the
collapse and closure of at least one fishery
in the past 20 years.

The Ecoregion’s

Biological Value

The Central Caribbean provides a multi-
tude of challenges for the conservation of
marine resources, most notably large
diverse coastal areas under multinational
jurisdictions (see Appendix A-12). Table
2.3 shows a scorecard for the ecoregion’s
biological value.

Physical conditions

The Central Caribbean extends across
more than 20 degrees of longitude and
more than 10 degrees of latitude, poised
just north of the equator. Physical char-
acteristics such as coastline shape, conti-
nental shelf width, and abundance of
rivers and estuaries all contribute to a
very complex matrix of oceanographic
and geomorphological features which
support a wide variety of marine com-
munities and systems. From the south,
the ecoregion begins at the Orinoco
River delta, the third largest river in the
hemisphere, and extends to the eastern
shore of the Yucatan Peninsula. The
ecoregion is made up geographically of
three components: the continental coast-
line of Central and South America, the

insular coasts of the Greater Antilles
(Cuba, Jamaica, Hispaniola, and Puerto
Rico), and a number of small islands and
banks. No other ecoregion contains such
diversity of geography.

Species composition

The Caribbean coasts of Colombia and
Venezuela alone can account for a
province-wide maximum of fish, macro-
algae, seabird, and marine mammal species.
The number of seabird and marine mam-
mal species tends to be slightly higher for
the coasts of Colombia and Venezuela
than for other locations in the ecoregion.
The number of fish and mollusk species is
especially high, including both marine and
estuarine species. Only South Florida, an
important faunal transition area, has com-
parable numbers of teleost and mollusk
species. Some 791 species of gastropods
and 427 species of bivalves are reported
for the Caribbean coast of South America.
Of the 31 species of marine mammals that
are recorded province wide, 29 are report-
ed for the Central Caribbean Ecoregion.

Abundance of marine

life and fisheries resources

The coast of Venezuela boasts the highest
tonnage of fish landed in both the province
and the ecoregion. The total tonnage of
fisheries landings for invertebrates and
finfish exceed half a million tons annually.
The second highest fisheries landings are
in the Gulf of Mexico. The central
Caribbean is ranked highest in fisheries
resources in terms of total tonnage land-
ed and number of species harvested com-
mercially, yet it is difficult to compare
catches over broad areas and between
countries due to lack of fisheries statistics
in many countries.

Breeding and nesting sites for marine life
This ecoregion has important nesting
sites for turtles as well as for seabirds.
Almost all the province’s nesting sites for
boobies and gannets (family Sulidae) are
found within this ecoregion.
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The Ecoregion’s

Conservation Status
Conservation status indicators were
compiled for all five ecoregions within
the Tropical Northwestern Atlantic for
which we have data (see Table 2.4).

The ranking of conservation status
was based on four main groups of indica-
tors: changes in the ecoregion’s physical
coastline; loss of species; changes in
abundance of species; and evaluation of
potential threats.

Physical changes in the coastline can
often be evaluated by remote sensing.
Measures such as the extent of altered
coastlines, number of rivers dammed,
and the number of major ports or oil
terminals, are indicators of both local
changes in water quality and land-based
sources of pollution. Losses of species
(both in recorded extinction and in local
loss of species) were recorded for fish,
invertebrates, seabirds, and marine mam-
mals. Historical documentation of the
decrease in abundance of organisms has
been compiled primarily for fishery target
species, but some records are also avail-
able for seabirds. A summary of the
ranking between ecoregions in the
province is given in Table 2.4.

There appears to be a high correlation
between the number of people living on
coastal plains and the quality of the
marine environment. More people typi-
cally mean more land-based sources of
pollution, more port development, more
fishing activity, and greater loss of coastal
wetlands and nearshore habitats. There
are a number of marine species that are
listed as threatened or endangered for the
ecoregion. Corals, mollusks, crustaceans,
fish, seabirds, and marine mammals that
are of regional concern are listed in both
the ITUCN “redbook” or identified as
CITES species needing protection.
Unfortunately, there is no comprehensive
dataset on the status of these species
throughout the ecoregion or the
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province. The lack of information does
not make the problem of species loss and
decline any less real. These threats are
likely to persist, since there is no reason
to believe that trends in coastal develop-
ment, over-harvesting, or pollution of
coastal waters are abating.

Reports on the conservation status of
the ecoregion from an objective set of
criteria do not provide information on the
specific threats in a given area. Threats to
marine biodiversity occur on a regional
scale, such as increased land-based sources
of pollution throughout the Caribbean
Sea, or on a very localized scale, such as
an oil spill. Site-based action depends on
an analysis of threats to determine their
scale or extent, scope and duration,
severity, reversibility, and sometimes,
probability or likelihood of occurrence.

Clearly, there are close ties between
land-based activities in coastal areas
and consequent impacts on marine
resources. Coastal marine conservation
must be, by necessity, closely linked to
terrestrial conservation.

There appear to be two main types of
threats to coastal marine biological diver-
sity: threats to coastal water quality and
coastal habitats such as mangrove forests
and direct threats to targeted species.
Threats that may be significant in a given
location, but are less prevalent regionally
include: oil pollution; salinity changes
due to alteration of river flows; water-
borne or airborne pesticides and other
chemical contaminants; mechanical
damage from vessel grounding and inad-
equate anchoring; propeller impacts to
substrate materials; disturbance by
divers; introduction of exotic or alien
species; marine debris; and beach erosion.

Threats that affect directly species tar-
gets include: manatee hunting; turtle
and turtle-egg gathering; seabird-egg
gathering; fishing for spawning aggrega-
tions; and intensive fishing of fish stocks
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at critical life stages, such as juveniles
and spawning stocks.

Delineating
Coastal Systems in

the Central Caribbean

In previous sections, oceanography,
coastal morphology, climate changes,
and specific faunal complexes defined
the delineation of ecoregions. Ranking
ecoregions within provinces required
completing “scorecards” on biological
value and conservation status of individ-
ual ecoregions.

For effective conservation action, an
additional level of resolution needs to
be added to look at smaller ecological
units of the coastline. This classification
needs to balance both the need to initiate
conservation action against the cost or
difficulty of compiling information at a
smaller scale.

Experts from around the region pro-
posed creating smaller ecologically sensi-
tive units with a realistic scale to both
track information and plan management
actions. These smaller units were desig-
nated as coastal biogeographic systems
or more simply coastal systems.

A coastal system can be described as
an area of coastline and shelf waters with
similar geology, shelf morphology, runoff,
and coastal oceanography. Coastal sys-
tems are influenced both by land from
drainage areas and by sea from coastal
oceanography, including currents, tides,
and upwellings. Ideally, there would be
sufficient information on the physiogra-
phy and ecology of coastal areas to
define units that contain a discrete
assemblage of natural communities and,
perhaps, discrete populations of some
marine organisms.

Coastal systems are larger than any
marine park or protected area, as parks
and protected areas are designed to be

only one component of coastal zone
management. Rather, the Coastal System
should be considered a minimum size
for considering ecological and physical
processes that are essential to maintaining
coastal biological diversity. Sections of the
coastal shelf were delineated by bound-
aries generated by expert opinion.

The Central Caribbean ecoregion was
broken up into 51 coastal systems that
extended from coastal wetlands (man-
groves) to the 1,000-m depth contour or
isobath (see Appendix A-13). Coastal
systems varied in size from a few thousand
square kilometers to more than 28,000
km? in the Orinoco River Delta. These
coastal systems were classified both by
physical features and by dominant natu-
ral community types, including:

* Mangrove-dominated coastal systems
with both continental forest and island
forest systems;

* Reef-dominated coastal systems with
island reef systems, banks, atolls,
high-energy rocky shore/fringing reef
systems, and mixed-shore fringing
reef systems;

* Mixed coastal systems that include
large shallow bays, numerous offshore
islands, coral reefs, seagrass beds, and
mangrove forests;

« Seagrass-dominated coastal systems;
¢ Beach-dominated coastal systems;

» Upwelling systems; and

* Rocky platform systems.

Selecting Priority Sites
for Conservation Action
As a next step, a priority-setting exercise
developed methods for identifying loca-
tions within the Central Caribbean
ecoregion for site-based conservation.
There were two questions to be addressed:
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Table 3.1 Sources of threats and their associated stresses to different coastal system types in the Central

Caribbean.

Coastal System type

(according to dominant habitat)

Seagrass

Mangrove
(island and continental)

Coral reef
(atolls, banks,
fringing reef)

Mixed
(large areas with offshore
islands, mangroves, coral
reefs, and seagrass beds)

Upwelling

Beach

Rocky platform ————

The Nature Conservancy

Sources of threats

overfishing (with no quota, closed
seasons, size limits, fishing gear
restrictions, or no-take zones) and
illegal hunting

sewage, agricultural run-off
mangrove deforestation
irresponsible boating

hydrologic alteration for irrigation,
urban development, flood control
logging

development of coastal wetlands
(dredge and fill activities); coastal
aquaculture

overfishing (with no quota, closed
seasons, size limits, fishing gear
restrictions, or notake zones)
sewage, shoreline development

upland deforestation, agricultural
run-off

irresponsible diving and boating,
destructive fishing practices

overfishing (with no closed sea-
sons, size or quota limits, fishing
gear restrictions, or notake zones)
sewage, shoreline development
upland deforestation, agricultural
run-off

development of coastal wetlands
(dredge and fill activities)
irresponsible diving and boating,
destructive fishing practices

overfishing (with no closed sea-
sons, size or quota limits, fishing
gear restrictions, or notake zones)

unregulated or irresponsible
construction

littering, shoreline development

« decline of populations of fish, inverte-

Stress

brates, sea turtles, manatees, and alter-
ation of biological communities and
habitats

nutrification

near-shore sedimentation

mechanical damage to seafloor, and
habitat degradation

water quality changes (freshwa-
ter diversion)

loss of mangrove habitats

loss of coastal fish habitat;
coastal erosion

decline of reef fish and invertebrate
populations, and alteration of bio-
logical communities and habitats
nutrification; increase of algae cov-
erage and coral deterioration
sedimentation; coral deterioration

mechanical damage to coral reefs

decline of populations and alter-
ation of biological communities
and habitats

nutrification

sedimentation

deforestation of mangrove keys

mechanical damage to seafloor
(seagrass beds, coral reefs)

population decline of dolphins and
pelagic fish

beach erosion; habitat degrada-
tion for sea turtles nesting

habitat degradation
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What are the smaller units of ecological
significance, and which of these smaller
units should be targeted for initial action?

Conservation targets such as species
or natural communities can represent
one method of mapping and identifying
priority sites. However, complete infor-
mation on the status of species and
communities does not exist on a coastal-
system scale. In the selection of coastal
sites, three approaches were employed:

* Selecting the best representatives of each
type of coastal setting or environment:
In the Central Caribbean, each type is
represented by the seven kinds of
coastal systems listed above.

* Selecting the widest geographic distribu-
tion of coastal systems: The circulation
pattern in the Central Caribbean is from
east to west through the Caribbean
basin, then north through the straits of
Yucatan to the Gulf of Mexico. Colombia
and Venezuela represent upstream sys-
tems, while Belize, Mexico (coast of the
state of Quintana Roo), and Cuba are
downstream systems.

Selecting sites based on feasibility and
the urgency of their conservation status:
A discussion of the current status of
resources, amount of coastal develop-
ment and habitat loss, as well as feasi-
bility for working in these areas served
to finalize the selection of priority
coastal systems.

Delineation of Coastal Systems

The delineation of coastal systems repre-
sents a viable starting point for recogniz-
ing that there are large sections of coast-
line that should be included in a conser-
vation portfolio. These include unique
features such as extensive mangrove
forests, wide coastal shelves and seagrass
beds, and well-developed coral reefs.
These criteria comprise one method of
assigning a biological value to different
geographic areas. Each type of coastal

system needs to be represented in a pri-
ority portfolio.

In addition, the threats and human
impacts to these units were assessed in
order to identify the most intact sites.
Three central threats—over-harvesting,
loss of coastal habitats, and changes in
water quality—can occur on both region-
al and local scales. Specific threats can
jeopardize the ecological processes of
coastal systems (see Table 3.1). Many
times, in a priority-setting exercise there
may be quantitative information on the
status of each geographic unit, but spe-
cific information on, for example, the
status of fisheries target species or the
amount of oil pollution does not exist at
the level of coastal systems in the
Central Caribbean ecoregion. The threats
assessment needs to be evaluated on a
more generic level by regional experts who
can give an opinion based on personal
experience and observations of changes
to an area over time. This method
assigns a conservation status to smaller
coastal areas, but because of the smaller
scale, the emphasis must be placed on
areas with the lowest level of disturbance
and change from human activities.

Finally, a feasibility assessment can
help identify those sites with the best
chance for coastal marine conservation
programs. Environmental degradation
and loss of biological diversity are often
the consequences of other social, eco-
nomic, or political problems. Ideally, an
area’s population would already possess a
high level of problem awareness; have
organizations willing to take a leadership
role in improving marine park manage-
ment or in changing fishing practices;
and the government would be willing to
support academic institutions working in
the area as well as government agencies
with jurisdictional responsibility. This
feasibility assessment can also be based
on an area’s accessibility, since work in
remote regions is inherently more difficult.

Setting Geographic Priorities for Marine Conservation



There is one additional factor in the
ranking of coastal systems: geographic
position. We recognize that the larvae
and propagules of many species rely on
ocean currents and coastal circulation for
dispersal. Ocean currents are well
described and move primarily from the
southeastern area of the ecoregion to the
northwestern areas. This general pattern
of water circulation places coastal sys-
tems as “upstream,” “midstream,” and
“downstream.” However, this positioning
is based only on a macro-scale model.
Coastal currents can vary both seasonally
and yearly, and the actual transport
process of larvae and propagules can be
highly stochastic. Smaller-scale gyres,
eddies, and upwelling events can impact
larval dispersal and recruitment and,
thus, species population dynamics and
distribution within and between coastal
systems. The seasonal and inter-annual
variability of coastal circulation and the
impact of freshwater runoff are key areas
for research and monitoring of coastal
systems and help to form a better under-
standing of how larvae travel from one
coastal system to the other. Geographic
position can serve as an initial approxi-
mation of a system’s importance as a
source of propagules from one system to
another coastal system. This study
attempted to capture both upstream and
downstream components of each type of
coastal system.

These criteria for the selection of pri-
ority coastal systems within the Central
Caribbean ecoregion were developed and
applied by a number of conservation sci-
entists and planners of The Nature
Conservancy’s Latin America and
Caribbean Region. The result of this
exercise was reviewed by the project con-
tributors who delineated and classified
the coastal systems. Additional informa-
tion about ecological integrity and
threats to coastal systems, as well as the
local social and political context, might
refine this process or lead to a different
result. The authors view this as a first
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attempt to develop priorities for marine
conservation units in the Caribbean.
Further efforts to improve this process
and to adapt it to the specific conditions
of other ecoregions are welcomed.

Conservation Status Assessment

The assessment of threats or conserva-
tion status of a coastal system is outlined
in Table 3.2, where coastal systems are
arranged by type. For example, there is
only one atoll reef coastal system (Belize
and Mexican Atolls) and one bank reef
system (Pedro Bank) within the Central
Caribbean ecoregion. Both of these sys-
tems are a long distance from the main-
land or population centers and are
threatened primarily by over-harvesting.
They are given a high urgency classifica-
tion for conservation action based on the
present low level of human disturbance,
but the high probability for increased
impacts in the near future.

The assessment of feasibility for con-
servation action was based upon the
existence of parks and protected areas as
well as the institutional capacity for the
protection of coastal resources (see Table
3.3). The latter includes the presence of
conservation nongovernmental organiza-
tions, research centers, and government
agencies actively involved in local
resource stewardship.

Existing parks or protected areas that
include coastal environments were con-
sidered an important starting point for
site-based conservation programs. Often,
the design and authorization of a park
or protected area can take years. Thus,
the existence of a park, even without a
management structure, is an advantage.
Coastal systems that include more than
one country can provide additional
challenges and difficulties in site-based
conservation, unless there is already a
history of collaborative programs and
cooperation in managing coastal resources
such as fisheries. High feasibility areas
are likely to involve only a single country
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Table 3.2 Analysis of threats and urgency for conservation by coastal system for the Central Caribbean

marine ecoregion. Coastal systems types are grouped by main category. Loss or decline of species abundance include
targeted fisheries species (finfish and invertebrates). Urgency for conservation action reflects the needs to abate current or
potential threats from habitat degradation and resource extraction activities and is based on regional expert opinion.

Coastal System Area  Coastal Sources Stress Urgency for
(km?)  System of threats F=loss or decline in species  conservation action
oo’ s WG et igh s b
Belize and Mexican Atolls 9,438 A overfishing F H
Pedro Bank 20,133 B overfishing FH H
Barlovento 14,506 M deforestation WQ, F, H M
Central Honduran Coast 11,247 M agriculture, fishing WQ, F H
Falcén 14,648 M urbanization, oil WQ, H H
Gulf of Venezuela-lago 27,937 M oil, fishing WQ, F, H H
de Maracaibo
Orinoco Delta 28,694 M oil WwQ M-H
Gulf of Honduras 6,154 M overfishing, logging WQ, F H
Southwestern Colombia 9,708 M - - L
North Central Cuba 16,886 M development WQ, F H
Samand 2,094 MI agriculture, fishing WQ, F, H MH
Southern Jamaica 7,496 MI development, fishing WQ, F H H
Bocas del Toro 4,780  MX oil, fishing WQ, F H H
Coastal Belize 4,855 MX farming, development WQ, F H H
East Panama Canal 2,473 MX tourism WQ, H -M
Eastern Yucatdn Bays 7,667  MX overfishing, development WQ, F H M
Gulf of Batabané 27,673  MX overfishing, coastal WQ, F, H M
development, pollution, tourism
Offshore Venezuela Is. 13,475 MX overfishing, tourism F M
San Blas 6,795 MX overfishing F H
West Central Colombia 12,534  MX highway construction WQ, H H
Northwestern Cuba 6,044  MX fishing, development, mining ~ WQ, F, H M-H
Southeastern Cuba 24,422 MX river damming, WQ, F, H MH
) industrial wastes, fishing

Central Venezuela 12,734 (@) industry WQ H
East Central Colombia 2,330 (@) development, WQ, F H

overfishing, tourism
Eastern Colombia 24,345 (@) overfishing F L
San Juan River 13,065 O tourism, fishing WQ, F H
South Central Cuba 2,849 (@) industrial waste WQ, F H
West Panama Canal 8,486 O - L
Central Hispaniola 8,942 RF overfishing, development WQ, F, H L
Eastern Cuba 13,407 RF mining, . ..

development, dverfishing WQ, H H

Southern Puerto Rico 9,082 RF fishing, development WQ, F M-H
Eastern Hispaniola 11,314 RF overfishing, WQ, F, H M-H

development, fourism
Southeastern Jamaica 5,563 RF urbanization WQ, F, H H
Southwestern Hispaniola 11,757 RF deforestation, overfishing WQ, F, H MH
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Table 3.2 Analysis of threats and urgency for conservation by coastal system for the Central Caribbean
marine ecoregion (continued)

Coastal System Area Coastal Sources Stress Urgency for
(km?)  System of threats F=loss or decline in species  conservation action
pe’ e WO el igh madum b
Western Cuba 1,899 RF isolated area WQ, F L
Western Hispaniola 8,372 RF all WQ, F, H M
Aruba-Curacao-Bonaire 4,505 RI oil, development, overfishing WQ, F, H M-H
Bay Islands 6,284 RI fishing, tourism WQ, F, H H
Cayman Islands 3,380 RI fishing, tourism WQ, F M
Offshore Colombian Islands 11,446 RI fishing, tourism WQ, F H
Swan Islands 5,453 RI overfishing F M
Costa Rican Reefs 1,719 RMS  deforestation, development WQ, F H
Havana-Matanzas 2,109 RMS pollution, development WQ, H L
(large city, tourist beaches)
Northern Jamaica 3,382 RMS coastal development WQ, F H H
Quintana Roo 12,131 RMS tourism development, WQ, F H
overfishing
Northern Hispaniola 8,599 RMS/MI deforestation, WQ, F, H M
agriculture, fishing
Northern Puerto Rico 4,223 RMS/MI fishing, development WQ, F, H M
Eastern Venezuela 50,457 S overfishing, WQ, F MH
development, natural gas
Northern Miskitos 85,504 S deforestation, overfishing WQ, F M-HA
Southern Miskitos 73,238 S overfishing F M
Trinidad and Tobago 36,604 S development, overfishing WQ, F, H L-M
total area 722,817

Coastal system types (according to dominant habitat present): A- atoll; B- bank; M- mangrove continental forest;

MI- mangrove island forest; MX- mixed mangrove-reefseagrass; RF- high-energy rocky shore/fringing reef;
RI- island reefs; RMS- mixed shore/fringing reef; S- seagrass; O- other such as upwelling areas, beaches and

rocky platforms; a- higher in the coastal wetlands and flooded plains, M-H- when considered the whole system.

where protected areas and organizations
active in coastal management and conser-
vation issues are already in place. Also,
the presence of marine laboratories or
national universities that have worked in
the area is a tremendous advantage.

Unfortunately, there are areas of spec-
tacular natural beauty and biological
importance that are already impacted by
oil extraction, port development, or large
coastal populations. These sites may be
the focus of specific restoration projects
which require different skills and fund-
ing sources than conservation projects.
The feasibility assessment includes as
“high” feasibility areas the Belize and
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Mexican Atolls. Although this coastal
system is a long distance from shore and
there are accessibility issues, both Belize
and Mexico are active in protecting their
reefs and recognize the contributions of
these reefs to tourism and fisheries.
There are already nongovernmental con-
servation organizations working in both
countries for the protection of this area
and several research institutions are car-
rying out ecological and fisheries
research at these sites. In Cuba, particu-
larly in the Gulf of Batabano and the
Southeastern Cuba and North Central
Cuba coastal systems, extensive ecologi-
cal and fisheries resource assessments
have been conducted during the last 20
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Table 3.3 Analysis of feasibility for conservation investment by coastal system (grouped by type) for the
Central Caribbean Ecoregion. Feasibility evaluation includes the presence of protected areas and parks, as well
as the current national capacity for marine resource research and protection, and the political will to conserve resources

in the area (analysis based on regional expert opinion).

Coastal System Area Coastline Coastline Coastal  Feasibility Feasibility comments
(km?)  length Mangrove System (_pigh,
(km) Length (km) Type* M=medium, L=low)

Belize and Mexican Atolls 9,438 366 366 A H Belize and Mexico both have high interest in
coral reef conservation

Pedro Bank 20,133 0 0 B L Bank belongs to Jamaica, but is offshore and
inaccessible

Barlovento 14,506 412 258 M L One protected area along this section of
the Venezuelan coast

Central Honduran Coast 11,247 404 260 M M Some protfected areas exist; extensive
agricultural development occurring

Falcén 14,648 499 140 M M-H Three national parks and one wildlife
refuge exist

Gulf of Venezuela- 27,937 1,435 659 M L Coast is heavily impacted by oil exploration

Lago de Maracaibo

Orinoco Delta 28,694 1,923 1,839 M M-H Largely intact estuary with many upstream
alterations to drainage basin

Gulf of Honduras 6,154 404 314 M H Tri-national area with ongoing initiative for
marine resource management

Southwestern Colombia 9,708 486 293 M L Extensive coastal development exists

North Central Cuba 16,886 3,573 3,013 M H Zoning with protected areas proposed after
comprehensive ecological assessment

Samana 2,094 204 77 M L Already a large national park, with part of
bay as a humpback whale sanctuary

Southern Jamaica 7,496 302 144 M M-H Proposed park in the area with strong
conservation NGO community

Bocas del Toro 4,780 633 191 MX H Straddles two countries where two parks
already exist; park zoning proposed; on-going
initiatives in cooperative management

Coastal Belize 4,855 360 338 MX M Lack of resources for protection and a small
marine reserve is present. On-going process
for the designation of another marine reserve

East Panama Canal 2,473 166 49 MX M One park already exists

Eastern Yucatan Bays 7,667 901 850 MX H One half of area is a bioreserve; much activity
under way in reef conservation

Gulf of Batabané 27,673 1,831 1,688 MX H Marine resources well studied and one
protected area exists

Offshore Venezuela Islands 13,475 232 222 MX H Public land with two national parks and one
wildlife refuge in existence

San Blas 6,795 356 50 MX M Cooast is largely the Kuna Indian Reservation

West Central Colombia 12,534 516 244 MX M One national park exists

Northwestern Cuba 6,044 375 355 MX M No MPAs exist

Southeastern Cuba 24,422 1,434 1,351 MX H Small reef reserve present
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Table 3.3 Analysis of feasibility for conservation investment by coastal system (continved)

Coastal System Area Coastline Coastline Coastal  Feasibility Feasibility comments
(km?)  Llength  Mangrove System {H=high,
(km) Lengfh (km) Type* M=medium, L=low)

Central Venezuela 12,734 209 25 O M-H Two national parks exist; some part composed
of military lands

East Central Colombia 2,330 119 31 O L-M An important national fisheries area

Eastern Colombia 24,345 445 42 0] -M

San Juan River 13,065 292 104 O M Two parks straddling borders of two countries

South Central Cuba 2,849 196 38 O L Nuclear power station under construction

West Panama Canal 8,486 188 0 e} L

Central Hispaniola 8,942 325 46 RF L No parks exist

Eastern Cuba 13,407 939 92 RF M National park exists with coastal jurisdiction

Southern Puerto Rico 9,082 348 117 RF M-H Marine fisheries reserves under discussion;
university marine lab present

Eastern Hispaniola 11,314 325 60 RF H One national park present with comprehen-
sive environmental assessment

Southeastern Jamaica 5,563 132 37 RF M Three parks and one proposed park present

Southwestern Hispaniola 11,757 676 142 RF L Area includes two countries with one

national park; NGOs exist.

Western Cuba 1,899 302 169 RF M One coastal PA exists; isolated and well

conserved beaches and reefs

Western Hisponiolo 8,372 755 131 RF L

Aruba-Curagao-Bonaire 4,505 319 23 RI M-H Three separate islands with three
existing parks

Bay Islands 6,284 193 193 RI H Biological station and NGO present;
ongoing research

Cayman Islands 3,380 187 48 RI L-M Four protected areas

Offshore Colombian Islands 11,446 51 0 RI M No MPAs exist; NGO present

Swan Islands 5,453 6 0 RI L Military

Costa Rican Reefs 1,719 92 19 RMS M-H Two parks exist

Havana-Matanzas 2,109 280 31 RMS L No MPAs present; large cities and tourism
development included

Northern Jamaica 3,382 293 80 RMS M-H One existing park

Quintana Roo 12,131 393 236 RMS H Four protected areas present

Northern Hispaniola 8,599 787 156 RMS/MI H One national park at the border of
two countries

Northern Puerto Rico 4,223 249 68 RMS/MI M Two protected areas exist

Eastern Venezuela 50,457 949 65 S M Four national parks present

Northern Miskitos 85,504 216 64 S M Coastal parks exist

Southern Miskitos 73,238 481 332 S H One MPA exists

Trinidad and Tobago 36,583 552 72 S M-H One MPA exists

Totals 722,817 27109 15,129

* Coastal system types (according to dominant habitat present): A- atoll; B- bank; M- mangrove continental forest; MI- mangrove
island forest; MX- mixed mangrove-reef-seagrass; RF- high-energy rocky shore/fringing reef; RI- island reefs; RMS- mixed
shore/fringing reef; S- seagrass; O- other such as upwelling areas, beaches and rocky platforms.
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years. Government agencies are active in
fisheries regulations and coastal plan-
ning. Implementation of proposed zon-
ing for the North Central Coastal System
is currently under review, as is a marine
park for the Canarreos Archipelago, a
lengthy array of keys and reefs that bor-
der the Gulf of Batabano.

Priority Coastal
Systems for the Central

Caribbean Ecoregion

Based on criteria of geographic position,
conservation urgency, and a very coarse
inspection of feasibility, priority coastal
systems can be reduced to a subset of 25
sites from the total of 51 coastal systems
(see Table 3.4 and appendix A-14). The
following list of 25 coastal sites includes
all types of coastal systems and captures
areas with minimal human impact and
the greatest probability for success
while still including 57% of the ecore-
gion’s total coastal shelf. The portfolio
would include:

* Nine reef-dominated coastal systems,
including one downstream atoll sys-
tem, one midstream bank system, two
up-stream island reef systems, two
high-energy rocky shore or fringing
reef systems (one upstream, one mid-
stream), and three mixed shore/ fring-
ing reef systems (two midstream and
one downstream);

Five mixed reef-mangrove-seagrass
coastal systems (upstream, midstream,
and downstream);

Five mangrove-dominated coastal sys-
tems, including three continental man-
grove forest systems (one upstream,
one midstream, and one downstream)
and two island mangrove forest systems
(one midstream and one upstream);

o Three seagrass-dominated coastal systems
(two upstream and one midstream);

* One upstream rocky platform-dominated
coastal system,;

¢ One midstream upwelling-dominated
system; and,

 One midstream beach-dominated system.

In the case of seagrass-dominated
coastal systems of Central America
(Northern Miskitos and Southern
Miskitos) the experts recognize the
importance of mangrove forests, coastal
lagoons and flooded plains with pine
trees of the Northern Miskitos within the
Central America region. However, the
needs of prioritizing, and the fact that
Southern Miskitos has a greater habitat
diversity and higher rank in feasibility
for conservation made the latter and not
the former be selected within this category
of coastal system type.

In each of these 25 coastal systems,
conservation of the ecoregion’s coastal
biological diversity is a high priority.
Some part of the coastal system needs to
be in a marine protected area or marine
reserve; the hydrological processes link-
ing land and sea need to be intact; and
coastal habitats and shorelines need to be
protected. Unfortunately, there are many
coastal systems of spectacular natural
beauty and biological diversity that are
already severely impacted by land-based
sources of pollution, loss of coastal habi-
tats, and over-harvesting. These are not
good candidate sites for conserving bio-
logical diversity.

This process of delineating coastal sys-
tems, assessing threats and conservation
urgency, and then evaluating feasibility
for site-based conservation programs can
be refined using new criteria, additional
information, or more regional experts.
The purpose was to move from a selec-
tion of more than 50 coastal systems to a
smaller subset. It is not clear what mini-
mum number of coastal systems needs to
be protected to achieve the overall goal

Setting Geographic Priorities for Marine Conservation



of maintaining the regional coastal bio-
logical diversity. Clearly, the systems that
are “conserved” need to meet fairly rigor-
ous standards based on what we now
know about marine systems:

* At least 20% of the coastal shelf area
would need to be in a “no-take” or
fisheries reserve zone to protect the
size distribution and spawning stock
of commercially important species.

Land-based sources of pollution and
contaminants would need to be
addressed through improved runoff
control, sewage treatment, and/or
environmental regulations.

Coastal development would need to be
regulated in such a manner as to pro-
tect coastal wetlands, mangrove forests,
sandy beaches, and other nearshore
habitats that support components of
the overall system’s biodiversity and
the protection of the coastline.

Lastly, targeted species such as sea
turtles, sea birds, marine mammals, or
seasonal fish spawning aggregations
and nursery areas would need special
protective measures.

These recommendations may be
rather restrictive and might dramatically
change how people are accustomed to
using coastal resources. Yet, if all of these
measures could be effectively implemented
and managed within one coastal system,
it could serve as a global model for the
long-term protection and use of oceans.

Conclusion and

Recommendations

The design and implementation of con-
servation programs at a specific site must
consider the larger goal of preserving
regional biological resources. Each site has
to be viewed as contributing some com-
ponent of protection to the larger system
and, as a result, its success is dependent
upon the success of other site-based pro-

The Nature Conservancy

grams. The feasibility analysis included a
review of existing and proposed marine
parks and coastal protected areas in dif-
ferent coastal systems. Relatively few are
managed for biodiversity conservation;
existing marine protected areas function
as zones for tourism and recreation. In
some cases, parks may provide protection
to seabird nesting areas. Management
plans for these marine parks are often
made without reference to the adjacent
land areas that may be the source of
stresses on the reserve. The value of
these marine protected areas may be
their promotion of environmental aware-
ness, a benefit that can become the foun-
dation on which to build more effective
conservation projects.

One of the requirements for imple-
mentation is the identification of the full
range of actions needed to conserve the
portfolio of priority sites within the
ecoregion. In the Central Caribbean
ecoregion, the relative homogeneity of
species targets and the commonality of
threats enable similar strategies and pro-
grams to be initiated throughout the
coastal systems targeted. In addition to
the inherent difficulties in abating or
mitigating threats to natural resources,
there are also issues of national sover-
eignty, common property resources, tra-
ditional use rights, and conflicting, inef-
fective policies and regulations. Analysis
of the situation in the Central Caribbean
ecoregion has found that, to date, there
has been very little effective action to
deal with these stresses in any country.
Furthermore, there are too many coun-
tries sharing jurisdiction over what is a
common resource to effectively manage
an area on a regional scale. The major
strategies for marine biodiversity conser-
vation should aim to prevent nutrients
and sediment from reaching coastal
water; preserve coastal habitats; and
maintain critical population levels of
exploited species such as queen conch,
reef fishes, and spiny lobster. Overall
goals for threat abatement should include:
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Table 3.4 Conservation priorities for the Central Caribbean Ecoregion. Priority ranking was based on urgency
for conservation, feasibility for conservation investments and the position relative o principal ocean currents. The

results may change with additional ecological data and a different social context. (Coastal systems are grouped by

category and the information on the 25 highly ranked systems is highlighted.)

Coastal System

Belize and Mexican Atolls
Pedro Bank

Barlovento

Central Honduran Coast
Falcon

Gulf of Venezuela-
Lago de Maracaibo

Orinoco Delta

Gulf of Honduras
Southwestern Colombia
North Central Cuba
Samana

South Jamaica

Bocas del Toro

Coastal Belize

East Panama Canal
Eastern Yucatéan Bays
Gulf of Batabané
Offshore Venezuela Islands
San Blas

West Central Colombia
Northwestern Cuba
Southeastern Cuba
Central Venezuela

East Central Colombia
Eastern Colombia

San Juan River
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Area

(km?)

9,438
20,133
14,506
11,247
14,648
27,937

28,694
6,154
9,708
16,886
2,094
7,496
4,780
4,855
2,473
7,667
27,673
13,475
6,795
12,534
6,044
24,422
12,734
2,330
24,345

13,065

Coastal
System

Mi
M
Mi
MX
MX
MX
MX
MX

Urgency for

conservation

action (high,
medium, low)

H
H
M
H
H
H

M-H

Feasibility for Position in Conservation
conservation region (up-, mid- priority
. investr_nent or downstrearn| (highllomwe)diuml
T, srediom, s
H M HIGH
L M HIGH
L M L
M M M
M-H U HIGH
L M L
M-H U HIGH
H M HIGH
L M L
H D HIGH
L U M
M-H M HIGH
H M HIGH
M D HIGH
M M M
H D M
H D HIGH
H U HIGH
M M M
M U M
M U M
H M HIGH
M-H U HIGH
M M HIGH
L M M
M M HIGH
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Table 3.4 Conservation priorities for the Central Caribbean Ecoregion (continued)

Area  Coastal Urgency for Feasibility for Position in Conservation
Coastal System (km?)  System conservation conservation region (up-, mid- priority
Type* oc:lc?n (hlighi } }inves(;mentl or downstream) (highllon\f)dium’
medium, low)  (high, medium, low)

South Central Cuba 2,849 (@) H L M L
West Panama Canal 8,486 O L L M L
Central Hispaniola 8,942 RF L L M L
Eastern Cuba 13,407 RF H M M L
Southern Puerto Rico 9,082 RF M-H M-H U HIGH
Eastern Hispaniola 11,314 RF M-H H M-U HIGH
Southeastern Jamaica 5,563 RF H M M M
Southwestern Hispaniola 11,757 RF M-H L M L
Western Cuba 1,899 RF L M D M
Western Hispaniola 8,372 RF 2 L M L
Aruba-Curacao-Bonaire 4,505 RI M-H M-H U HIGH
Bay Islands 6,284 RI H H M HIGH
Cayman Islands 3,380 RI M -M M L
Offshore Colombian Islands 11,446 RI H M M M
Swan Islands 5,453 RI M L M L
Costa Rican Reefs 1,719 RMS H MH M M
Havana-Matanzas 2,109 RMS L L D L
Northern Jamaica 3,382 RMS H M-H M HIGH
Quintana Roo 12,131 RMS H H D HIGH
Northern Hispaniola 8,599 RMS/MI M H M HIGH
Northern Puerto Rico 4,223 RMS/MI M M u M
Eastern Venezuela 50,457 S M-H M U HIGH
Northern Miskitos 85,504 S M-H M M M
Southern Miskitos 73,238 S M H M HIGH®
Trinidad and Tobago 36,583 S L-M M-H U HIGH

PERCENT AREA IN PRIORITY SYSTEMS 58%

* Coastal system types (according to dominant habitat present): A- atoll; B- bank; M- mangrove continental forest; MI- mangrove
island forest; MX- mixed mangrove-reef-seagrass; RF- high-energy rocky shore/fringing reef; RI- island reefs; RMS- mixed
shore/fringing reef; S- seagrass; O- other such as upwelling areas, beaches and rocky platforms.

9 The needs of prioritizing, and the fact that the Southern Miskitos has a greater habitat diversity and higher rank on feasibility for con-
servation made the experts prioritize this system within the seagrass-dominated of Central America. However, the experts recognize
the importance of the mangrove forests, coastal lagoons, and flooded plains with pine trees of the Norhern Miskitos within the region.

The Nature Conservancy 79



e the establishment of marine protected
areas as a component of management
within coastal systems;

e the creation of linkages between
marine protected areas and adjacent
coastal and upland sites to control land-
based sources of pollution and main-
tain natural hydrological cycles; and

e the protection of nearshore coastal
habitats and biological resources.

The translation of ecological informa-
tion that provides “ecological end-points”
or measures for success of management
or policy actions is key in beginning the
process of site-based conservation plan-
ning. The conceptual goals addressed to
mitigate threats to coastal systems
require sound technical and scientific
knowledge to translate into effective
management strategies. A system of
marine protected areas throughout the
ecoregion should: allow no extractive
uses; be representative of all biogeo-
graphic, ecosystem, and species units in
the ecoregion; be self-sustaining; and be
protected from damaging influences from
outside the reserve. In order to design
such a system of marine protected areas,
key issues to consider are: volume/edge
ratio, proportion of total area protected,
number/size of units, spacing of units,
the limits of knowledge about the area,
and enforcement.

All marine design criteria can be
addressed if there are clearly articulated
goals from the start. No reserve design
will accommodate the biology of all
species and, thus, key species may need
to be identified for establishing reserve
design criteria. There is at present very
little knowledge concerning the structure
and functioning of marine ecosystems. It
is clear, however, that they are complex
and that both abiotic and biotic factors
play a major role in shaping the relation-
ships between organisms and their envi-

ronment. There is more complete infor-
mation available on the detrimental effects
that exploitation can have on marine
ecosystems and coral reefs in particular.

It is also clear that traditional manage-
ment of marine ecosystems has failed to
protect the environment from the destruc-
tive effects of human exploitation. This is
principally a result of inadequate knowl-
edge and lack of enforcement or compli-
ance with regulations. In many cases,
sound management has been attempted;
however, there has not been funding to
allow enforcement of the regulations.
Moreover, people are usually resistant to
regulations, particularly at the onset.

Given the overwhelming evidence, the
prudent course of action with regard to
coastal resources, is to set aside some
portion of the coastal shelf area for pro-
tection. While experts may not under-
stand the best way to design and place a
reserve, it is understood that protected
areas are needed. The understanding of
marine reserves is likely a two-step
process involving the creation and study
of the reserve. These two processes are
usually not linked. The first step is gen-
erally a political, economic, and social
decision while the second step is a scien-
tific endeavor. While knowledge about
marine fishery reserves can inform those
who make decisions about the formation
of reserves, it is usually the political, eco-
nomic, and social considerations that
take precedence. One of the most effec-
tive ways to understand human impacts
on the marine environment is to set
aside areas protected from consumptive
activities. Protected areas may be at the
core of broader coastal system manage-
ment and conservation.

Setting Geographic Priorities for Marine Conservation
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Coastal Systems in the Central Caribbean

COASTAL SYSTEMS CAN be categorized in terms of
their dominant natural community types. In the 51
coastal systems delineated in the Central Caribbean
ecoregion, the following types are present:

* Mangrove-dominated coastal systems with both
continental forest and island forest systems;

¢ Coral reef-dominated coastal systems with island
reef systems, banks, atolls, high-energy rocky
shore/fringing reef systems, and mixed-shore
fringing reef systems;

* Mixed coastal systems that include large shallow
bays, and numerous offshore islands with coral
reefs, seagrass beds, and mangrove forests;

e Seagrass-dominated coastal systems;
¢ Beach-dominated coastal systems;
¢ Upwelling systems; and

* Rocky platform-dominated coastal systems.

Mangrove Coastal Systems
Mangrove-dominated systems are described by the
total shelf area (in km?), the total coastline extent
(in km), and the mangrove coastline extent (in km).
Mangrove coverage was obtained first from the
Biodiversity Support Program’s mangrove geographic
priority setting exercise, and then modified by local
experts and additional data sources.

Mangrove coastal systems were divided into two
general categories: continental forests and island
forests. The list is arranged by size, starting with
coastal systems having the greatest extent of man-
grove coastline to the coastal systems containing
the smallest.

Mangrove Continental Forest Systems

Orinoco River Delta

This system has an area of 28,690 km? coastline
length of 1,920 km, and mangrove-coastline length
of 1,830 km. This coastal system comprises the
extensive Orinoco River delta (a 20,000-km? area)
and a large estuary (San Juan River), both fringed
by 495,000 ha of mangrove forests and the Gulf of
Paria bounded at the east by the island of Trinidad.

The Nature Conservancy

Appendix B

The Orinoco delta is the only delta that remains
practically undisturbed in the tropical Americas.

Gulf of Venezuela/ Lago de Maracaibo

This system has an area of 29,300 km? coastline
length of 1,430 km, and a mangrove-coastline length
of 650 km. This large estuary connects the lake of
Maracaibo with the outer Gulf of Venezuela. The
inner lake is highly developed with oil terminals,
refineries, and oil wells. The Lago de Maracaibo and
its canal have extensive mangrove forests and tidal
wetlands. This system comprises estuarine wetlands
in the southern region of the lake with a mangrove
forest area of 15,000 ha. The area was renowned for
abundant fisheries resources as well as more than 70
species of shore and sea birds, including flamingos.

Gulf of Honduras

This system has an area of 6,150 km? coastline
length of 400 km, and mangrove-coastline length
of 310 km. In the southernmost end of the Yucatan
Peninsula, the Gulf of Honduras comprises the
coastal areas of southern Belize, the Caribbean
Guatemala, and northern Honduras. There are
extensive mangrove forests and coastal wetlands
along coastal margins as well as a number of off-
shore mangrove cays.

Southwestern Colombia

This system has an area of 9,708 km? coastline
length of 486 km, and mangrove coastline length
of 293 km. This coastal system is made up of a rel-
atively narrow shelf in the most western portion of
Colombia. Mangroves are located in the western
half, particularly in the Gulf of Darién.

Central Honduran Coast

This system has an area of 11,240 km? coastline
length of 400 km, and mangrove-coastline length
of 260 km. The Central Honduran coast contains
many coastal lagoons and riverine estuaries, some
of which have been severely degraded by overtishing,
destruction of mangroves, and by pollution from
sewage and agrochemical runoff. The extensive
alluvial plains are the center of Honduras’ agricul-
tural export production and deforestation has
altered hydrological regimes and increased siltation.
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Barlovento

This system has an area of 50,450 km? a coastline
length of 410 km, and mangrove coastline length of
250 km. The Barlovento coastal area is made up of
a wide shelf (10 to 40 km wide) with mangroves
(fringing five coastal lagoons) and coral reefs at Piritu
islets. Coastal upwelling may reach the eastern part
of this system. Mangrove coverage is about 189,400 ha.

Falcon

This system has an area of 14,640 km?, a coastline
length of 490 km, and a mangrove-coastline length
of 140 km. The Falcon coastal system of Venezuela
includes the Trieste Gulf at its eastern end. The
coastal shelf varies in width from 20 to 60 km.
Along this coastal system are 16 km of the most
developed coral reefs of continental Venezuela. In
Morrocoy, part of this reef system is a marine pro-
tected area. There is a coastal upwelling zone at
the western end of the system. Thirty thousand
hectares of mangrove fringe the Morrocoy coast.

Mangrove Island Forest Systems

North Central Cuba

This system has an area of 17,370 km? a coastline
length of 3,570 km, and mangrove-coastline length
of 3,013 km. North Central Cuba includes the
archipelago Sabana-Camagtiey or Jardines del Rey,
which is the largest array of keys and islets in Cuba.
The coastal system includes smaller islands and
mainland areas fringed by mangroves. The shallow
areas of the coastal system experience intense evap-
oration. The high salinities are tidally diluted in the
exchange with open oceanic water. Seagrass and
muddy bottoms are extensive. Fisheries resources,
seabirds, and shorebirds are abundant; hundreds of
kilometers of pristine sandy beaches cover the sea-
ward side of the islands and keys. A unique tidal
delta is located in Esquivel Key.

Northern Hispaniola

This system has an area of 8,590 km? a coastline
length of 780 km, and mangrove-coastline length of
156 km. Northern Hispaniola comprises the north-
ern coasts of Haiti and most of the western portion
of the Dominican Republic. Rocky shores, sandy
beaches, and mangrove forests (especially in the
Dominican Republic’s Monte Cristi area) dominate
the coastline. Mangroves thrive in both fringing
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and riverine forests, and are important in fisheries
production along the narrow shelf area of the system.

Southern Jamaica

This coastal system has an area of 7,490 km? a
coastline length of 300 km, and mangrove-coastline
length of 144 km. This system covers the southern
half of Jamaica with rocky shores and fringing
mangroves covering most of the length of the shore-
line. There are several large estuaries at the mouth
of the Black River and numerous smaller mangrove
coastal wetlands. Much of the historic mangrove
areas have since been filled in for urban develop-
ment in the eastern end of the coastal system.

Samand

This system has an area of 2,090 km? a coastline
length of 200 km, and mangrove-coastline length
of 77 km. The large mangrove complex in the
Dominican Republic’s Samana Bay is located at the
western end of the inlet. Much of the shoreline is
rocky with fringing mangroves to the eastern end
of the bay. Mangrove forests in Samand Bay domi-
nate the mouths of several large rivers.

Northern Puerto Rico

This system has an area of 3,840 km? a coastline
length of 240 km, and mangrove-coastline length
of 68 km. The northeastern coast of Puerto Rico
has the highest concentration of mangrove swamps
in the country. The north coast receives year-round
rainfall and has an indented coastline with several
major river deltas and estuaries. Fifty-eight percent
of the total island runoff drains into six north coast
estuaries comprising a total area of 15,358 ha, of
which 1,825 ha (or 11.9%) are still mangroves. The
sand spit at the mouth of the Rio de la Plata forms
a barrier coast, yet the northwest coast is a series of
rocky, karst-eroded limestone cliffs that form a sec-
ondary shore type as a result of wave erosion.

Coral Reef-dominated Coastal Systems

Coral reefs have often been the target of conserva-
tion efforts as a natural community of exceptional
diversity. However, coral reefs do not occur in iso-
lation. Reef communities are dependent on sur-
rounding ecosystems for the transfer of animals,
propagules, and energy. Adjacent seagrass and man-
grove areas serve as nurseries for juvenile fish that
will later take up residence on the reef. Coastal
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systems dominated by coral reefs vary greatly
throughout the ecoregion depending on shelf
morphology, wave energy, and coastal runoff.

Coral reef-dominated coastal systems have been
sub-divided in: atoll systems; bank systems; small
island reef systems; high-energy rocky shore/fring-
ing reef systems; mixed-shore/fringing reef systems;
and mixed mangrove-seagrass-reef systems.

Small Island Reef Systems

Small island systems with associated reef commu-
nities are arranged according to area from largest
to smallest.

Offshore Colombian Islands

This system has an area of 11,446 km? a coastline
length of 51 km, and mangrove-coastline length of
about 5 km. The offshore Colombian Islands make
up about 1,500 km? of banks (Quitasueno, Serrana,
and Roncador), shoals, oceanic islands (San Andrés
and Providencia), and two atolls (Courtown and
Albuquerque). The two archipelagos have an atoll
origin and are aligned to the north-northeast along
the Nicaragua Rise. Mangroves are limited, but
coral reefs are extensive, about 180 km of fringing
reef described as very exuberant.

Bay Islands

This system has an area of 6,284 km? a coastline
length of 193 km, and mangrove-coastline length
of 190 km. Three major “high” islands dominate
this coastal system: Roatan, Guanaja, and Utila as
well as numerous smaller cays such as Cayos
Cochinos. Both Roatan and Santa Elena contain
significant mangrove wetlands. Roatdn is also the
center of the Honduran fishing industry. The coral
reefs around and between the islands make up the
southern extension of the Meso-American barrier
reef that stretches from Quintana Roo, Mexico, to
eastern Honduras.

Swan Islands

This system has an area of 5,453 km? and a coast-
line length of 6 km with no mangrove forests.
Shallow bank areas with reefs surround these small
and relatively remote islands. This is the location of
the last known sighting of the Caribbean monk seal
in the 1970s. The area is primarily used by fisher-
men and, reportedly, has depleted reef fish stocks.
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Aruba-Curacao-Bonaire

This system has an area of 4,500 km? a coastline
length of 319 km, and mangrove-coastline length
of 23 km. Coral reefs are located along the south-
ern coasts of Aruba and Curacao, and around the
entire island of Bonaire—136 km in total length.
Mangroves are limited to small formations within
some bays. In addition, rivers are lacking and shore
birds are abundant, particularly flamingos (Bonaire).

Cayman Islands

This system has an area of 3,380 km? a coastline
length of 187 km, and a mangrove-coastline length
of 48 km. This coastal system is made up of three
islands with fringing reefs: Grand Cayman, Cayman
Brac, and Little Cayman. Reefs are protected in
areas of Grand Cayman for scuba diving and the
area represents one of the most popular Caribbean
diving destinations.

Atolls and Banks
Belize and Mexican Atolls

This system has an area of 9,438 km? a coastline
length of 366 km, and a mangrove-coastline length
of 366 km. Four atolls (Chinchorro Bank, Turneffe
Atoll, Lighthouse Atoll, and Glover’s Reefs) com-
prise a unique system of atolls off the coast of
Mexico and Belize. Reefs are highly developed.
Chinchorro Bank is located 30 km off the coast of
Quintana Roo, and is 800 km? in area. Sand and
soft-bottom marine communities mainly cover the
inner lagoon of the atoll. The Belizean atolls are
more distant from the coast and have larger
emerged areas, forming islands and keys, often
with fringing mangrove communities.

Pedro Bank

This bank has an area of 20,133 km? The Pedro
Banks belong to Jamaica and are made of an unusu-
ally shallow bank with sandy areas and patch reefs.
The maximum depth is only about 40 m. Fishermen
use the small, ephemeral cays on the southern end
of the bank. This is an important regional fisheries
resource for queen conch and lobster.

High-Energy Rocky Shore/Fringing Reef Systems

Eastern Cuba

This system has an area of 12,447 km? a coastline
length of 939 km, and a mangrove-coastline length
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of 92 km. This system extends along the north-
and southeast coasts of Cuba. Rocky shores with
steep cliffs dominate the shoreline with occasional
pocket beaches. The shelf is very narrow with spur-
and-groove reefs fringing the coastline and drop-
ping sharply to abyssal depths, particularly in the
southern coast. However, there are four bays
(Guantanamo, Santiago de Cuba, Nipe, Nicaro)
that provide shallow estuarine habitats. Fringing
and riverine mangrove forests are extensive in
Guantanamo and Nipe bays. Several seasonal rivers
drain in this coastal system.

Southwestern Hispaniola

This system has an area of 11,757 km? a coastline
length of 676 km, and a mangrove-coastline length
of 142 km. Steep cliffs that can reach heights of
more than 100 m characterize the coast of south-
western Hispaniola. Coral reef development is lim-
ited along this narrow, high-energy coastline, and
mangrove growth is confined to a few protected bays.
There are a number of small bays west of Aquin,
with offshore cays and fringing coral reefs.
Northwest of Pointe 'Abacou in Haiti, there are at
least two marine terraces, one of which shows evi-
dence of differential uplift.

Eastern Hispaniola

This system has an area of 11,314 km?, a coastline
length of 325 km, and a mangrove-coastline length
of 60 km. From the Bahia de Samand to Cabo
Engaiio in the Dominican Republic, the coast is
low and is surrounded by intermittent reefs. The
remaining coast is almost continuously cliffed with
the cliff height varying from less than one meter to
approximately 18 m. A large lagoon system is
formed between the island of Saona and the penin-
sula making up Parque Nacional del Este.

Central Hispaniola

This system has an area of 8,942 km? a coastline
length of 325 km, and a mangrove-coastline length
of 46 km. The central coast of Hispaniola includes
several large river deltas and extensive rocky shore-
lines with some isolated, well-developed reefs to
30 m in depth. This coastal system contains some
of the largest cities and industrial developments in
the Dominican Republic, including the capital,
Santo Domingo.
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Western Hispaniola

This system has an area of 8,372 km? a coastline
length of 755 km, and a mangrove-coastline length
of 131 km. The north coast of Haiti’s Jacmel
Peninsula consists of rocky cliffs ranging from 10
to 18 m in height. Coral reefs are relatively rare
and, like mangroves, are mainly confined to shel-
tered locations. Gonave Island is a large island off
the coast of Haiti, stretching 57 km in length and
up to 15 km in width. The island is almost entirely
bounded by coral reefs except for the high, rocky
cliffs along the northwestern end. The alluvial low-
lands of the western coast of Hispaniola have flat,
marshy shores with fringing mangrove.

Southern Puerto Rico

This system has an area of 8,066 km? a coastline
length of 348 km, and a mangrove-coastline length
of 177 km. The Southern Puerto Rico coastal system
has extensive reef development with several fringing
reefs and well-developed offshore reefs. The south-
ern coast has a broad shelf and extensive offshore
reef development where the influence of terrestrial
runoff is low and currents are strong. Coastline fea-
tures are related to coastal geology with coastal
lands formed by limestone bedrock, igneous rock,
or sediment fans and alluvial plains of unconsoli-
dated material. The limestone forms a rocky irregu-
lar coast with small sand and gravel beaches

Southeastern Jamaica

This system has an area of 5,563 km? a coastline
length of 132 km, and a mangrove-coastline length
of 37 km. The system includes the Morant Cays, 37
km southeast of Kingston and several submerged
banks off the southeastern coast of Jamaica.
Modern coral reefs exist only as patches and are
located inshore of the shelf edge.

Mixed-Shore/Fringing Reef Systems

Northern Hispaniola

This system has an area of 8,599 km? a coastline
length of 249 km, and a mangrove-coastline length
of 68 km. High sea cliffs, and a large offshore
island—Tortue Island, 37 km long and reaching 7
km wide—dominate this coastal system. From
Haiti’s Port-de-Paix to the Dominican Republic, the
coast is approximately equally divided into sections
bounded by cliffs and lowlands. Low, mangrove-
fringed coastline, beginning near Cap Haitien, con-
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tinues, practically uninterrupted into the Dominican
Republic as far east as Punta Mangle. Coral reef
formations are common and, in the case of the broad
bight in the northeastern portion of the system,
the reef may extend as much as 12 km offshore.
Due to the scarcity of large intact fringing mangrove
forests in the insular component of the Central
Caribbean, this coastal system is also included on
the list of island mangrove systems.

Quintana Roo

This system has an area of 7,022 km? a coastline
length of 254 km, and a mangrove-coastline length
of 100 km. This coastal system in Mexico encom-
passes about 200 km of mainland coast, several
smaller keys and a large island (Cozumel) fringed
by mangroves with poorly to well-developed fring-
ing reefs. The most northern cay, Isla Contoy, faces
the Yucatan Channel, through which Caribbean
oceanic waters enter the Gulf of Mexico. These
conditions result in large seabird colonies on Isla
Contoy. The seabirds can feed in the enriched
waters of the eastern Yucatan’s frontal system and
reside and nest on the island.

Western Cuba

This system has an area of 1,899 km? This system
faces the Yucatan Channel, where the water flowing
from the Caribbean Basin funnels to the eastern
Gulf of Mexico and the Florida Straits, forming
the powerful Gulf Stream. The coastline to the
south is mostly rocky with long sandy beaches fac-
ing a narrow shelf that drops steeply to the south-
ern entrance of the Yucatan Channel. Reefs fringe
the entire edge of the shelf.

Northern Puerto Rico

This system has an area of 3,849 km? a coastline
length of 254 km, and a mangrove-coastline length
of 100 km. The northern coast of Puerto Rico has
areas of developed fringing reefs with a mixed
coastline of rocky shores, beaches, and mangroves
in bays and inlets.

Northern Jamaica

This system has an area of 3,382 km? a coastline
length of 293 km, and a mangrove-coastline length
of 80 km. Modern coral reefs are dominant where
they form a discontinuous fringe at the edge of the
coastal shelf. The shelf is narrow, extending only
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about one kilometer offshore. Short, seasonal
streams cross the northern coastal plain. These
streams originate at the foot of limestone hills,
against which the coastal plain abuts. The eastern
section of coast, drained by rivers from the Blue
Mountains, is the exception. Man has shaped the
present coastline as land has been reclaimed to
facilitate housing and the development of amenities
for tourism. Many of these reclamation projects
have resulted in filled-in coastal wetlands, such as
in the Montego Bay area.

Havana-Matanzas

This system has an area of 2,270 km?, a coastline
length of 280 km, and a mangrove-coastline length
of 31 km. An extensive rocky shore with terraces
and cliffs with extended beaches characterize this
coastal system. The coastal system is relatively nar-
row, the shelf ranging 1-3 km in width. Cuba’s
largest coastal population resides in the cities of
Havana and Matanzas, close to the bays with the
same names.

Costa Rican Coral Reefs

This system has an area of 1,719 km? a coastline
length of 92 km, and a mangrove-coastline length of
19 km. This is a small coastal system that stretches
from Punta Limon to the Panamanian border east of
Punta Mona. Sandy beaches are located in the west-
ern and eastern ends of this system, separated by
long extensions of grass and inundated wetlands.

A small mangrove formation is situated close to
Panama. Fringing reefs are not well developed.

Seagrass-dominated
Coastal Systems

Despite that the Northern Miskitos and the
Southern Miskitos were classified as the same type
of coastal system, their delineation was based on
the following criteria: a) although they share a
dominant habitat type (seagrass), the combination
of habitats is different (in the Northern, terrestrial
runoff and coastal geomorphology combine to sus-
tain more extensive coastal wetlands while in the
Southern, the oceanic influence is greater and so
patch reefs and seragrass are more developed), b)
very large coastal systems are not adequate for
good management, ¢) the boundary between them
was ultimately placed in the countries’ border for
facilitating their management.
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Northern Miskitos

This system has an area of 85,504 km? a coastline
length of 216 km, and a mangrove-coastline length
of 64 km. Coral reefs, extensive lagoons, wetlands,
and long barrier beaches in an expansive savanna
characterize this area which plays a central role in
the health and sustainability of Honduras’ fisheries.
For the most part, as a result of its inaccessibility,
the area has been spared the combined impacts of
deforestation, intensive agriculture, and overexploita-
tion of fish and wildlife that has transformed much
of the rest of Honduras’ coastal areas.

Southern Miskitos

This system has an area of 73,238 km? a coastline
length of 481 km, and a mangrove-coastline length
of 332 km. The coastline has a large area of coral
reefs which varies from small patches and pinnacles
to large (tens of meters in diameter), complicated
platforms and well-defined belts that are distrib-
uted across virtually the entire shelf. Extensive
areas of seagrass exist in continental shelf waters
and provide grazing pasture for green sea turtles
nesting along the coast. Hawksbill turtles nest
sparsely along the coast; Nicaragua may be the last
refuge for this species in the Caribbean.

Eastern Venezuela

This system has an area of 50,457 km? a coastline
length of 949 km, and a mangrove-coastline length
of 65 km. This coastal system has ample shelf area.
Mangrove formations (total area of 10,000 ha) lie
offshore Margarita Island and include the Gulf of
Cariaco. There are three main reef formations: Los
Testigos, Los Frailes, and Mochima (10-km long
altogether). In addition, there is a coastal upwelling
with high biological productivity (the estimated
biomass of pelagic fish is approximately two mil-
lion tons, with 90,000 tons of sardines and large
populations of dolphins and whales outstanding for
the ecoregion). Sea turtles nest at sites in Margarita,
Paria Peninsula, while numerous seabirds nest in
Los Testigos, Los Frailes, and La Restinga.

Trinidad and Tobago

This system has an area of 36,604 km? a coastline
length of 552 km and a mangrove-coastline length
of 72 km. This coastal system includes the wide
shelf area around the islands of Trinidad and Tobago,
separated arbitrarily from the Venezuela coastline.
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Tobago (36-km long) boasts fringing reefs as well
as mangroves (5,286 ha) in the Caroni Swamp.
This system is located upstream from the rest of the
Caribbean. The North Equatorial Current flows to
the west through the islands while the input of
freshwater and sediment from the Orinoco River
strongly influences the coastal environment.

Mixed Coastal Systems

Some coastal systems are complex bays and shelf
areas that have reefs, mangrove forests or offshore
cays, and extensive seagrass beds. These are typi-
cally large coastal systems and are described as
“mixed” systems.

Gulf of Batabano

This system has an area of 27,673 km? a coastline
length of 1,831 km, and a mangrove-coastline
length of 1,688 km. This is the largest and most
habitat-diverse section of the Cuban shelf. The gulf
is a shallow body (3-6 m, prevailing depths) sur-
rounded by the main island and the Canarreos
Archipelago (almost 700 hundred mangrove islets
and keys and the Isle of Youth). The gulf is covered
by extensive seagrass beds and numerous patch
reefs; an array of islands and barrier reefs separates
the gulf from the Caribbean Sea. Mangroves fringe
the islands and mainland and are particularly
extensive in the Zapata Swamp. All these conditions
combine to provide highly diverse marine fauna
and abundant populations of lobsters, seabirds,
bottlenose dolphin, sea turtles, and numerous reef
fish species.

Southeastern Cuba

This system has an area of 24,422 km?, a coastline
length of 1,434 km, and a mangrove-coastline
length of 1,351 km. The Southeastern Cuba coastal
system is the second largest system in area along
the coast of Cuba. The shelf is relatively deep (12
to 15 m dominant depths, 28 m maximum) and
includes two gulfs—Ana Maria in the west and
Guacanayabo in the east—that are mainly covered
by seagrass beds, muddy bottoms, and patch reefs.
A chain of shoals and cays separates these two gulfs.
The whole system is separated from the ocean by
the fringing reefs of the Archipelago Jardines de la
Reina. The ring-shaped Oculina reefs, on muddy
bottoms of the Gulf of Guacanayabo, are unique to
the island of Cuba.
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Offshore Venezuela Islands

This system has an area of 13,475 km? a coastline
length of 232 km, and a mangrove-coastline length
of 222 km. This coastal system includes a diversity
of natural communities including numerous man-
grove-fringed offshore islands surrounded by highly
developed coral reefs (187 km) at Los Testigos, La
Blanquilla, La Tortuga, and La Orchila. There are
two atoll reefs: Los Roques and Las Aves. Areas of
coastal upwelling facilitate nesting sites for
seabirds. The islands’ beaches provide nesting sites
for sea turtles.

West Central Colombia

This system has an area of 12,530 km? a coastline
length of 510 km, and a mangrove-coastline length
240 km. Along much of this coastal system, there
are mud flats covered by extensive mangrove areas.
Mangroves are most prevalent between Santa Marta
and Barranquilla, just east of the Rio Magdalena
and around the Bay of Cartagena. Coral reefs occur
at some places along the coast, and seagrass beds
occur within the Bay of Cartagena.

Eastern Yucatdan Bays

This sytem has an area of 7,667 km? a coastline
length of 901 km, and a mangrove-coastline length
of 831 km. The coastal system stretches from Punta
Xcalak south to northern Belize. It comprises three
bays: Ascension Bay, Espiritu Santo Bay (in Mexico),
and Chetumal Bay (Mexico and Belize). The bays
are the result of extensive normal faulting. The
oceanographic conditions within and outside the
bays differ from the rest of the coast of the Mexican
Caribbean and Belize. Reefs and mangroves are well
developed as are seagrass areas within the bays.

San Blas

This system has an area of 6,795 km? a coastline
length of 356 km, and a mangrove-coastline length
50 km. Thriving coral colonies have been identified
east of Colon and one of the most important man-
grove zones on the Atlantic coast is found along
the Golfo de San Blas.

Coastal Belize

This system has an area of 4,855 km? a coastline
length of 360 km, and a mangrove-coastline length
of 338 km. This coastal system stretches from
Belize City south to the mouth of the Monkey
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River. The broad shelf includes extensive mangrove
forests and mangrove cays, seagrass meadows, and
an offshore barrier reef.

Northwestern Cuba

This system has an area of 2,844 km? a coastline
length of 545 km, and a mangrove-coastline length
of 355 km. This coastal system includes a barrier
reef offshore and an extensive shelf, particularly
broad in the Gulf of Guanahacabibes, a shallow-
water body with numerous mangrove cays, seagrass
beds, and patch reefs that stretches to the western-
most end of Cuba. Barrier reefs run along the outer
border of the shelf, parallel to the Archipelago Las
Coloradas (225-km long) formed by hundreds of
mangrove cays.

Bocas del Toro

This system has an area of 4,780 km? a coastline
length of 633 km, and a mangrove-coastline length
of 191 km. This area has more than 50 barrier
islands (Archipiélago Bocas del Toro), the largest
of which is more than 130 km? Another notable
geographical feature is the Laguna Chiriqui—at
840 km? the largest lagoon in Panama. Mangroves
and bananas are dominant along the coast and
more than 300 km? of freshwater wetlands are
located behind the mangrove fringe.

Eastern Panama Canal

This system has an area of 2,473 km? a coastline
length of 166 km, and a mangrove-coastline length
of 49 km. The shelf is very narrow and mangrove
areas are scattered along the coastline. This system
includes some of the most extensive reef develop-
ment in the area.

Upwelling Areas, Beaches,
and Rocky Platform Systems

Central Venezuela

This system has an area of 12,734 km? a coastline
length of 209 km, and a mangrove-coastline length
of 25 km. The shelf of this coastal system is rela-
tively narrow and widens to the west. Reefs and
mangroves are limited. The largest urban centers of
Venezuela as well as oil refineries and ports are
located here. Extensive rocky platform areas off-
shore characterize the area.
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East Central Colombia

This system has an area of 2,330 km? a coastline
length of 119 km, and a mangrove-coastline length
of 31 km. Rocky sea cliffs with pocket beaches are
found where the Andes Mountains reach the coast.
Mangroves lie just west of Santa Marta, a consistent
upwelling area supporting important pelagic fish-
eries and seabird populations.

Western Panama Canal

This system has an area of 8,486 km? a coastline
length of 188 km, and no mangrove forests. In the
west and all along the 200-km Golfo de Mosquitos,
the coast is made up of a succession of small beaches,
separated by cliffs. The offshore marine communities
are dominated by algae-covered rocky platforms.

South Central Cuba

This system has an area of 2,849 km? a coastline
length of 196 km, and a mangrove-coastline length
of 38 km. From the Cazones Gulf (a tongue of the
Caribbean Sea) east to Punta Casilda, the shelf is
very narrow. This system separates the two wide shelf
areas of the Gulf of Batabano and the Gulf of Ana
Maria. The area is characterized by rocky offshore
platforms facing deep-water tongues of the ocean.
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San Juan River

This system has an area of 13,065 km? a coastline
length of 292 km, and a mangrove-coastline length
of 104 km. Extensive sandy beaches and wetlands
fringe the coastline. The San Juan River drains in
this section and the shelf widens to the north.
Extensive beaches and some of the more impor-
tant turtle nesting beaches in the Caribbean charac-
terize the area at the mouth of the San Juan River.

Eastern Colombia

This system has an area of 24,345 km? a coastline
length of 445 km, and a mangrove-coastline
length of 42 km. The Eastern Colombia sector
includes the Guajira Peninsula, the country’s north-
ernmost pronounced extension. Shrub vegetation
lines the coast and offshore; rocky platform areas
dominate the area.
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Sources and Quality of Information

THERE WERE 28 PRIMARY contributors to the proj-
ect. Unfortunately, some experts were unable to
attend the workshop, though all contributed
detailed information.

More than 700 different sources were cited. The
number used for each country varied from three to
181. A low number of sources does not necessarily
translate into poor data. While it is true that there
were areas such as the Lesser Antilles for which the
low number of sources reflects the small amount of
data available, other areas are well studied and all the
requested data were already collected in a few texts.

To evaluate the quality of the information pro-
vided, each indicator was given a value of A
(complete and reliable data according to the best
available resources), B (reliable, but geographically
incomplete data), and C (uncertain data). While
there clearly were information gaps, the majority
of the collected data were judged to be in the A
and B categories.

Mapping Descriptions

Coastlines and Political Boundaries

Derived from ESRI’s Arc/Info. version of the
Defense Mapping Agency’s Digital Chart of the
World, the nominal mapping scale for coastlines
and political boundaries is 1:1,000,000. This
dataset was used in the compilation of the coast-
line lengths for provinces and ecoregions.

Hydrology

Hydrology information was derived from ESRI’s
Digital Chart of the World, at a nominal mapping
scale of 1:3,000,000. This dataset was used as a
visual reference of the drainage patterns in the
study area.

Mangroves

This information is from the World Wildlife
Foundation’s mangrove database. The dataset was
used in the compilation of area and coastline length
of mangroves in each province and bioregion. The
nominal mapping scale is 1:1,000,000.
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Appendix C

Bathymetry

The data for Latin America is from the General
Bathymetric Chart of the Oceans (GEBCO) world
bathymetric database, and has a nominal mapping
scale of 1:10,000,000. The data for the Caribbean is
a combination of the GEBCO dataset and bathy-
metric data from National Geographic maps, rang-
ing in scale from 1:250,000 to 1:1 000,000. This
dataset was used for calculation of the shelf area
for provinces and bioregions.

Exclusive Economic Zones (EEZs)

Exclusive Economic Zones for Latin America
were derived from The maritime political boundaries
of the world: a handbook on national legislation
(Prescott, 1985). EEZs for the Caribbean were
derived from Maritime jurisdiction in the wider
Caribbean (Ratter, 1993). Nominal mapping scales
vary across the study area. This dataset was used in
the calculation of political responsibility for
province and ecoregion areas and coastlines.
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Glossar

Abiotic:
Ahermatypic:

Aquaculture:

Aquatic:
Arboreal:

Artisanal
fishery:

Banks:

Bathymetry:
Benthic:

Bight

Biodiversity:

Biogeography:

Biological
productivity:

Biota:

Carbonate
geology:

Coastal
biogeographic
provinces:

Coastal
morphology:
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A non-living component of the environment.
Non-reef-building organism or species.

The farming of marine and freshwater organ-
isms.

Growing or living in or frequenting freshwater.

Inhabiting trees.

Local subsistence fishery for subsistence or
sale, usually involving small boats and low
levels of technology, as opposed to large scale
commercial fisheries.

A broad shallow water region, usually sandy,
surrounded by deep water; associated with
high levels of productivity.

Pertaining to the depth and relief of water
basins.

Defining a habitat or organism found on the
water bottom; demersal.

Wide bay formed by a curve in a shoreline.

The number of species in an area or biologi-
cal collection.

The distribution of one or more species that
is defined by abiotic factors (temperature,
salinity, surface currents, etc.).

A general term describing the total amount of
life that an area supports; high biological pro-
ductivity usually refers to a nutrient-rich
habitat that supports large levels of primary
producers. These serve as food for abundant
grazers who are themselves food for predators.

The living components of the environment.

Rocks made from calcium carbonate or lime-
stone. This rock is usually formed from
marine sediments and coastal shallow water
processes in tropical areas.

The distribution of marine species in shallow
water along the coastlines of islands and con-
tinents as defined by abiotic factors (sea sur-
face temperature, salinity, and major ocean
currents).

The form and configuration of the coast.

Continental
shelf:

Convergence
zones:

Coriolis
effect:

Cornerstone
conservation
sites:

Demersal:

Density:

Detritus:

Echinoderms:

Ecosystem:

Endemism:

Endotherm:

Appendix D

A broad expanse of ocean bottom, associated
with the submerged edge of continental
plates, that slopes gently seaward (usually
100 to 200 m) from the shoreline to the shelf
slope break.

The line where two oceanic water masses meet,
resulting in the sinking of the denser one.

The deflection of air or water bodies, relative
to the solid earth beneath, as a result of the
earth’s eastward rotation; the deflection is to
the right in the Northern Hemisphere and to
the left in the Southern Hemisphere.

Geographic locations where conservation is
not only necessary, but also likely to succeed;
these sites can serve as examples for other
conservation efforts in the region.

A habitat or organism found on or near water
bottoms; Benthic.

Grams of seawater per milliliter of fluid,;
factors that affect density include salinity
(high=denser) and temperature (cold=denser).
Also, the number of organisms per area or
volume unit (indicator of abundance).

Dead organic matter; when broken up by
decomposers, detritus provides energy to
many coastal ecosystems.

Organisms in Phylum Echinodermata; inver-
tebrates with radial symmetry and a water
vascular system (e.g. starfish, sea cucumber,
sea urchins, etc.).

A community or communities of plant and
animal species, as well as all of the abiotic
components of the environment.

An organism or group of organisms restricted
to a specific location.

An organism that can regulate its own inter-
nal temperature.

El Nino Southern

Oscillation
(ENSO):

Estuarine:

Irregular cyclical condition in which warm
surface water moves into the eastern Pacific,
collapsing upwelling and increasing surface-
water temperatures and precipitation along
the west coast of North and South America.

Coastal areas where freshwater enters the

ocean in coastal wetlands, bays, and lagoons:
areas of variable salinity at the ocean margin.
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Eurythermic:

Eutro-
phication:

Faunal
composition:

Geographic
Information
Systems
(GIS):

Guano:

Gyre:

Hermatypic:
Invertebrates:

Isopleth:

Isopods:

Keystone
populations:

Larval
dispersal:

Macro-scale:

Marine:

Meso-scale:

Micro-scale:

Neritic:

An organism tolerant of a wide temperature
range.

The process in which excess nutrients added
to system lead to algal blooms, depletion of
dissolved oxygen, and often, fish kills.

The entire animal population living in an area.

An organized collection of computer hard-
ware, software, geographic data, and person-
nel designed to efficiently capture, store,
update, manipulate, analyze, and display all
forms of geographically referenced informa-
tion.

The accumulated excrement of seabirds; col-
lected for use as fertilizer.

Large cyclonic currents that generally move
water in a large circle from the tropics to the
polar seas. Gyres can also vary in scale to
include smaller circulating “rings” of water.

Reef-building organisms or species.
Animals lacking a backbone.

A line on a map connecting points at which a
given variable has a specified constant value.

Small, dorsoventrally flattened crustaceans
(e.g. sea louse).

Populations of organisms that are vital for the
maintenance of the structure of a community.

The immature life-phase of marine organisms
spent suspended in the water column for a
certain period of time during which they are
transported some distance from their birth site.

Large-scale events or processes; measured in
thousands of kilometers.

Relating to saltwater.

Medium-scale events or processes; measured
in tens or hundreds of kilometers for climatic
and oceanographic processes.

Small-scale events or processes; measured in
kilometers for climatic and oceanographic
processes.

Marine environments landward of the shelf
slope-break.

The Nature Conservancy

Nutrification:

Oceanic:

Oligotrophic:

Otarids:

Phyto-
plankton:

Phylum/

phyla:

Pinniped:

Plankton:

Primary

producers:

Propagule:

Protozoa:

Stochastic:
Terrestrial:

Thermocline:

Tidal
wetlands:

Trophic:

Upwelling:

Viscosity:

The process in which excess nutrients are
added to an aquatic system. These nutrients
stimulate algal blooms, the depletion of dis-
solved oxygen, and occasionally lead to fish
kills in shallow bays. Synonymous with
“eutrophication.”

Associated with marine environments sea-
ward of the shelf slope-break.

Nutrient poor.

Sea lions and fur seals (also called “eared”
or “walking” seals).

The photosynthesizing organisms residing in
the Plankton.

The second broadest classification of life on
earth. Phylum is the next level of classifica-
tion after the five kingdoms (animals, plants,
fungi, protozoa, and bacteria).

Members of Order Pinnipedia; marine mam-
mals with paddle-shaped flippers (e.g.: seals,
eared seals, and the walrus).

Organisms residing in the water column and
incapable of moving against water currents.

An organism capable of using the energy
derived from light or a chemical substance in
order to manufacture energy-rich organic
compounds.

A reproductive phase that allows dispersal by
water currents (e.g.: seed pods, etc.).

Members of Kingdom Protista bearing animal-
like characteristics.

Involving chance or probability.

Relating to the land.

The boundary of two water masses whose
density differs due to temperature.

A coastal area that experiences periodic inun-
dation as a result of daily tides.

Alevel in a food chain containing organisms
of identical feeding habits with respect to the
chain (e.g. herbivores).

The transport of deeper, nutrient-rich waters
to the surface by wind or surface circulation
patterns that results in increases in surface
productivity. Upwelling areas are often

important fishing areas.

The property of resistance to flow in a fluid.

107



List of Participants

Karl Aiken

University of West Indies, Dept. of Life
Sciences, Kingston 7, Jamaica, tel:
(876) 927-1202, fax: (876) 977-1075

Pedro Alcolado

Institute of Oceanology, Ave. 15 No.
18406, Playa, Havana, Cuba, tel: (537)
21-0300, 21-9380, fax: (537) 33-9112.

Tim Austin

Department of Environment, Cayman
Island Government, PO. Box 486 GT,
Grand Cayman, Cayman Islands

Joaquin Buitrago

EDIMAR, Fundacién La Salle, Final
Calle Colon, Portamar, Venezuela,
Punta Piedras, Isla de Margarita,
Estado Nueva Esparta, Venezuela, Tel:
(58) 959-8051, fax: 98061

Georgina Bustamante

The Nature Conservancy, Caribbean
Division, 4245 North Fairfax Dr.,
Arlington, VA 22203, USA,

tel: (703) 841-5682, fax: 841-4880,
email: gbustamante@tnc.org

Jaime R. Cantera

Universidad del Valle, Dept. de Biologia,
A.A. 25360, Cali, Colombia, tel: (572)
339-3243, fax: (572) 339-2440

Juan C. Castilla

Pontificia Universidad Catolica de
Chile, Facultad de Ciencias Biologicas,
Casilla 114-D (Alameda 340),
Santiago, Chile, tel: (562) 222-4516,
ext. 2651/2610, fax: 285-038

Mark Chiappone

National Undersea Research Center
University of North Carolina at
Wilmington, 515 Caribbean Dr., Key
Largo, Florida 33037

Segundo Coello

Programa de Manejo de Recursos
Costeros, Ave. Quito y Padre Solano,
Edif. MAG piso 20 (Casilla 5850),
Guayaquil, Ecuador, tel: (593-4) 284-
453/281-144/296-555, fax: 285-038

108

Omar Defeo

Centro de Investigacion y Estudios
Avanzados (CINVESTAN), Unidad
Mérida, Km. 6 Carr. A Progreso,
Mérida, Yucatdn, Mexico

Vallierre Deleveaux

Department of Fisheries, East Bay St.
PO. Box 3028, Nassau, Bahamas, tel:
(809) 393-1014, fax: 0238

Juan M. Diaz

Instituto de Investigaciones Marinas
(INVEMAR), Camino Ancon, A.A.
1016, Santa Marta, Colombia, tel: (57-
54) 21-4413/4774, fax: 21-1377

Domingo Flores

Universidad Autonoma de Campeche,
Av. Agustin Melgar y Juan de la
Barrera, Aptdo Postal 520, C.Cp.
24030, Campeche, Camp., Mexico
tel: (52) 981-11600/66589, fax: 65954

Héctor Guzman

Smithsonian Institute of Tropical
Research, Lab. Marino Naos, Isla Naos,
Panama, tel: (507) 228-4022 ext.
3333, fax: 228-0672. US address: Unit
0948, APO AA 34002-0948

Ann Haynes-Sutton

University of the West Indies, Dept. of
Zoology, Mona PO, Kingston 7
Jamaica, tel/fax: (809) 963-8569/ 964-
6383 (c/o Hood-Daniel Well Co. Ltd.)

Thomas Hourigan

Office of Protected Resources,
NOAA/F/PR, 1315 East-West Highway
Silver Spring, Maryland 20910 USA
tel: (301) 713-2319, fax: (301) 713-0376

John Kelly

The Nature Conservancy’s Florida and
Caribbean Marine Conservation
Science Center, University of Miami,
PO Box 249118, Coral Gables, FL
33124, USA, tel: (305) 2843013, fax:
284-3002

Appendix E

Diego Lercari

UNDECIMAR, Facultad de Ciencias,
Tristdn Narvaja 1673, 11200
Montevideo, Uruguay

Xiaojun Li

The Nature Conservancy, Latin
America and Caribbean Region, 4245
North Fairfax Dr., Arlington, VA
22203, USA, tel: (703) 841-4860, fax:
841-4880

Richard E. Matheson

Florida Marine Research Institute, 100
Eigth Ave. SE, St. Petersburg, Florida,
USA, tel: (813) 896-8626

Patricia T. Monteiro-Cunningham
Universidade de Sao Paulo, Dept. de
Oceanografia Biologica, Instituto
Oceanografico, Cid. Univ., Butanta
CEP 05508-900, Sao Paulo, SP. Brazil

José Orensanz

School of Fisheries, Box 357980,
University of Washington, Seattle, WA
98195, tel: (206) 685-3609, fax: (206)
685-7471

Carlos de Paco

The Nature Conservancy’s Costa Rica
and Panama Program, A.P. 835-1250
Escazu, Costa Rica, tel: (506) 220-
2552, fax: (506) 220-2551

Melquiades Pinto Paiva

Universidade Federal de Cear4, Brazil,
tel: (5521) 286-9072, 226-2498, fax:
(5521) 266-7880

Arthur C. Potts

Marine Resources and Fisheries
Division of Agriculture, Lands and
Marketing, PO Box 516, Scarborough,
TLH Bldg., Milford Rd., Scarborough,
Tobago, WI, tel: (868) 639-1382/4354
fax: (868) 639-4446

Enrique Pugibet

Acuario Nacional, Avenida Espana
(EPS A-343/PO. Box 02-5256, Miami,
FL 33102-5256), Santo Domingo,
Dominican Republic, tel: (809) 592-
1509/598-6768, fax: 593-0020

Setting Geographic Priorities for Marine Conservation



Gustavo Riestra
INADE, Constituyente 1497, 11200
Montevideo, Uruguay

Juan C. Riveros Salcedo

Univ. Cayetano Heredia (Proyecto
Punta San Juan), PO. Box 11-0165,
Lima 11, Peru, tel: (51-1) 476-2816

Roger Sayre

The Nature Conservancy, Latin
America and Caribbean Region

4245 North Fairfax Dr., Arlington, VA
22203, USA, tel: (703) 841-4860, fax:
841-4880

George Sedberry

Marine Resources Institute, Univeristy
of South Carolina, PO. Box 12559
(217 Ft. Johnson Rd.), Charleston, SC
29422-2559, USA, tel: (803) 762-5045,
fax: 762-5110

The Nature Conservancy

Luis Sierra

Escuela de Ciencias Biologicas,
Universidad Nacional, Apdo. 86-3000,
Heredia, Costa Rica, tel: (506) 277-3480,
ext. 2480, fax: 237-6427/237-6465

Guillermo Soberon

ITESM Campus Guaymas, Bahia
Bacochibampo, Apdo. P. 484,
Guaymas, Sonora, Mexico 85400, tel:
(52-622) 1-0136, fax: (52-622) 1-0243

Kathleen Sullivan Sealey

University of Miami, Dept. of Biology
PO Box 249118, Coral Gables, FL
33124-0421 USA, tel: (305) 284-3013,
fax: (305) 284-3002, email:
sullivan@benthos.cox.miami.edu

John Tschirky

The Nature Conservancy, Caribbean
Division, 4245 North Fairfax Dr.,
Arlington, VA 22203, USA, tel: (703)
841-4860, fax: 841-4880

Carlos Valdés

ITESM Campus Guaymas, Bahia
Bacochibampo, Apdo. P. 484,
Guaymas, Sonora, Mexico 85400, tel:
(52-622) 1-0136, fax: (52-622) 1-0243

Vance Vicente

Garden Hills Plaza MSC 326, 1353
Carr. #19, Guaynabo, Pueto Rico,
00966-2700, tel: (787) 781-6503 fax:
(787) 783-0748

Juan Carlos Villagran

Consejo Nacional de Areas Protegidas
(CONAP), 8a. Ave., 3-72 zona 1,
Guatemala, tel: (502-2) 53-7061/7612,
fax: 50-0454

Robb Wright

7822 Carroll Ave., Takoma Park, MD
209112, tel: (301) 270-7321

109



Consulted Bibliography

Abbott, R. T. 1958. The marine mollusks of Grand
Cayman Island, British West Indies. Philadelphia:
Acad. Nat. Sci. Philadelphia, 138 pp.

Abercrombie, C. L., D. Davidson lll, C. A. Hope, and
D. E. Scott. 1980. Status of Morelet's crocodile,
Crocodilus moreleti in Belize. Biological
Conservation, 17 (2): 103-113.

Acero, A. 1978. Anotaciones ecolégicas y sisteméti-
cas sobre los peces de la familia Pomacentridae
en el Caribe colombiano. Anales del Instituto de
Investigaciones de Punta de Betin, 10: 249-259.

Agardy, M. T. 1990. Coastal zone management
projects with W.H.O.l. involvement. In
International Coastal Resources Management
Workshop, 23-25 August 1989, San Pedro,
Ambergris Cay, Belize. Belize, pp. 154-157.

Agardy, T., ed. 1995. The science of conservation in
the coastal zone: new insights on how to design,
implement, and monitor marine protected areas.
Gland (Switzerland): IUCN, 72 pp.

Aguilar, D. 1990. Land use planning for the coastal
area. In International Coastal Resources
Management Workshop, 23-25 August 1989,
San Pedro, Ambergris Cay, Belize. Belize, pp.
148-153.

Aguilar-Perera, A. 1994. Preliminary observations of
the spawning aggregation of Nassau grouper,
Epinephelus striatus, at Mahahual, Quintana Roo,
México. Proceedings of the Annual Gulf and
Caribbean Fisheries Institute, no. 43: 112-122.

Aguilar-Rosas, M. 1990. Algas marinas benténicas
de la reserva de la biosfera de Sian Ka'an,
Quintana Roo, México. In Diversidad biolégica de
la biosfera de Sian Ka’an, Quintana Roo, México.
(L. D. Navarro, and J. G. Robinson, eds.).
Chetumal, Quintana Roo (México): Centro de
Investigaciones de Quintana Roo (CIQRO), pp
13-34.

AguilarRosas, M. A., L. E. Aguilar-Rosas, and J. A.
FernéndezPrieto. 1989. Algas marinas benténicas
de la Bahia de la Ascencién, Quintana Roo,
México. Boletin del Instituto Oceanogrdfico de
Venezuela, 28 (1-2): 67-75.

Alexander, L. M. 1993. Large marine ecosysfem. A
new focus for marine resources management.
Marine Policy, 17 (3): 186-198.

Allen, G. R. 1985. Snappers of the world: An
annotated and illustrated catalogue of Lutjanid
species known to date. FAO Fisheries Synopsis
No. 125: 208 pp.

—. 1991. Damselfishes of the world. Melle
(Germany): Mergus Publishers, 271 pp.

—. 1995. Lutianidae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp,
W. Schneider, C. Sommer, K. E. Carpenter, and
V. H. Niem, eds.). Rome: FAQ, pp. 1231-1244.

Allen, G. R., and D. R. Robertson. 1994. Fishes of
the tropical Pacific. Honolulu: University of
Hawaii Press, 332 pp.

110

Allen J. A. 1887. The West Indian seal, Monachus
tropicalis. Bulletin of the American Museum of
Natural History, vol 2, p. 1034.

Allen, W. H. 1992. Increased dangers to Caribbean
marine ecosystems: cruise ship anchors and inten-
sified tourism threaten reefs. Bioscience, 42 (2):
330-335.

Almeida, P. 1973. Distribucién de los moluscos en la
costa centro occidental (Patanemo-Punta Tucacas)
de Venezuela. Comparacién de los habitats
litorales. Memorias de la Sociedad de Ciencias
La Salle, 34 (97): 24-52.

—.1976. Biologia y ecologia de los arrecifes corali-
nos de Tucacas-Cayo Sombrero, Edo. Falcén,
Venezuela. Boletin de la Sociedad Venezolana de
Ciencias, 32 (132-133): 43-70.

American Ornithologists’ Union. 1983. Checklist of
North American birds: the species of birds of
North America from the Artic through Panama,
including the West Indies and hawaiian islands.
(6th ed.). Lawrence, KA: American Ornithologists’
Union, 877 pp.

Anderson, M. E. 1990. Zoarcidae. In Fishes of the
Southern Ocean (1 st. ed.). (O. Gon, and P. C.
Heemstra, eds.). Grahamstown (S. Africa): J. L. B.
Smith Institute of Ichthyology, pp. 256-276.

Andrade, G. I., R. Gémez, and J. P. Ruiz. 1992.
Biodiversidad, conservacion y uso de recursos
naturales: Colombia en el contexto infernacional.
Serie Ecolégica No. 3. Bogotd: Fundacién
Friedrich Ebert de Colombia, 126 pp.

Aponte, M. 1985. Evaluacién taxonémica de las
algas marinas de la costa noroeste de la Isla de
Margarita, Venezuela. Caracas: Inst. Ocea. Univ.
Oriente, 380 pp.

Aranguren, A. 1991. “Dindmica sedimentaria de
la boca de la laguna de Punta de Piedras, Isla
de Margarita, Venezuela. (Segundo muestreo).”
Trabajo de Grado. IUTEMAR. Punta de Piedras,
94 pp.

Armstrong, P. H. 1994. Human impact in the Falkland
Islands environment. The Environmentalist, 14: 215-31.

Arntz, W. E. 1984. El Nifio and Peru: positive
aspects. Oceanus, 27 (2): 36-39.

Arredondo, H. 1953. Ornitologia del Uruguay.
Montevideo: LIGU, 387 pp.

Ashmole, N. P. 1963. The regulation of number of
tropical oceanic birds. The Ibis, 103 b: 458-473.

Bacon, P, F. Berry, K. Bjorndal, H. Hirth, L. Ogren,
and M. Weber. 1983. Symposium on sea turtle
research of the western Atlantic. Proceedings of
the Western Atlantic Turtle Symposium, 17-22 July
1983. San José, Costa Rica. Miami, FL: RSMAS,
University of Miami, 306 pp.

Bagarinao, T. U. 1991. Biology of milkfish, Chanos
chanos Forsskal. Tigbauan, lloilo, Philippines:
SEAFDEC Aquaculture Department, 94 pp.

Baird, T. A. 1988. Female and male territoriality
and mating system of the sand tilefish,
Malacanthus plumieri. Environmental Biology of

Fishes, 22 (2): 101-116.

Ballester, A., and R. Margalef. 1965. Produccién pri-
maria. Estudios sobre el ecosistema pelégico del
NE de Venezuela. Memorias de la Sociedad de
Ciencias Naturales La Salle, 25 (70-72): 209-221.

Baqueiro-Cardenas, E. 1994. Cultivo de juveniles
del caracol reina, Strombus gigas, en Quintana
Roo, México. In Biologia, pesqueria y cultivo del
caracol Strombus gigas. (R. S. Appeldoorn, and
B. Rodriguez, eds.). Caracas: Fundacién
Cientifica Los Roques, pp. 295-300.

Barmes, T. K., L. Eckert, and J. Sybesma. 1993. Sea
turtle recovery action plan for Aruba. (L. Eckert,
ed.). CEP Technical Report No. 25. Kingston
(Jamaica): Caribbean Environmental Programme,
58 pp.

Bastida, R., A. Roux, C. Bremec, M. Gerpe, and M.
Sorensen. 1988. Estructura poblacional de la
almeja amarilla, Mesoderma mactroides, durante
el verano de 1989 en la provincia de Buenos
Aires, Argentina. Frente Maritimo, 9: 83-92.

Bastidas, C., D. Bone, and E. Garcia. 1995. Tasas de
sedimentacién y concentracién de metales pesa-
dos para cuatro localidades del Parque Nacional
Morrocoy, ubicadas en un eje de influencia de los
rios Aroa y Yaracuy. In Resmenes Il Jornadas
Cientificas del Instituto de Tecnologia y Ciencias
Marinas “Golfo Triste y sus Parques Nacionales.”
Venezuela: Universidad Simén Bolivar, 13 pp.

Basurto, M., and E. Zarate. 1991. La reserva de la
biosfera de Sian Ka'an y su actividad pesquera.
Amigos de Sian Ka’an Boletin, 8 (June): 12-13.

Batista Silva J. L., and J. E. Rodriguez Rubio. 1986.
Influencia del carso en el régimen de escurrimiento
de los rios de Cuba. Resultados preliminares.
Ciencias de la Tierra y el Espacio, 12: 56-84.

Bazan, J. M., and E. Arraga. 1996. El Rio de la Plata,
sun sistema fluviomaritimo fragile Acercamiento
a una definicién de la calidad de sus aguas. In
Conferencias de Limnologia. (A. Boltovskoy, and
H. Lopez, eds.). La Plata, Argentina: Instituto de
Limnologia R. Riguelet, pp. 71-82.

Beatley, T. 1991. Protecting biodiversity in coastal
environments: introduction and overview. Coastal
Management, 19 (1): 1-19.

Beauperthuy, |. 1967. Los Miilidos de Venezuela
(MOLLUSCA: BIVALVIA). Boletin del Instituto
Oceanogréfico de la Universidad de Oriente, 6
(1): 7-115.

Beets, J. 1992. Assessment of coral reef fishes in
Virgin Islands National Park. Park Science, 12
2): 127.

Bellini, C., A. Marcovaldi, TM. Sanchez, and A.
Grossman. 1996. Atoll das Rocas Biological
Reserve: second largest CHELONIA rookery in
Brasil. Marine Turtle Newsletter, 72: 1-2.

Bellwood, D. R. 1995. Scaridae, Loros, Pocochos. In
Guia FAO para la identificacién de especies para
los fines de la pesca: Pacifico Centro-Oriental.
(W. Fischer, F. Krupp, W. Schneider, and C.
Sommer, eds.). Rome: FAO, pp. 1419-1426.

Setting Geographic Priorities for Marine Conservation



Belton, W. 1984. Birds of Rio Grande do Sul, Brazil:
Part |, RHEIDAE through FURNARIIDAE. Bulletin of
the American Museum of Natural History, 178 (4):
369-636.

Benavides, H., L. Prado, S. Diaz, and J. I. Carreto.
1995. An exceptional bloom of Alexandrium
catenella in the Beagle Channel, Argentina. In
Harmful Marine Algal Blooms (P. Lassus et al.,
eds.). New York, NY: Lavoisier, pp. 113-119.

Bengtson, J. L., and D. Magor. 1979. A survey of
manatees in Belize. Journal of Mammal, 60 (1):
230-232.

Bert, T. M., and R. J. Hochberg. 1992. Stone crab-
bing in Belize: profile of a developing fishery and
comparison with the Florida stone crab fishery.
Proceedings of the Annual Gulf and Caribbean
Fisheries Institute, no. 41: 363-381.

Best, P. B., R. Payne, V. Rowntree, J. T. Palazzo, and
M. B. Do Carmo. 1993. Long-range movement of
south Atlantic right whales, Eubalaena australis.
Marine Mammal Science, 9 (3): 227234

Befz, M., and M. Bock. 1981. La situacién hidrogréfica
de Golfo Triste. Boletin del Instituto Oceanogrdfico
de la Universidad de Oriente, 20 (1-2): 63-78.

Bezaury-Creel, J. E. B. 1993. Amigos de Sian Ka'an:
Conservacién y manejo de ecosistemas y especies
del Caribe. In Biodiversidad marina y costera de
Meéxico. (S. |. Salazar-Vallejo, and N. E. Gonzélez,
eds.). Quintana Roo (México): Centro de Investi-
gaciones de Quintana Roo (CIQRO), pp. 841-849.

—. 1994. Programa de manejo de Isla Contoy.
Amigos de Sian Ka’an Boletin, 13: 1-5.

Bezzi, S. |., G. A. Verazay, and C. V. Dato. 1995.
Biology and fisheries of Argentine hakes
(Merluccius hubbsi and M. australis). In Hake biol-
ogy, fisheries and markets (1 st. ed.). (J. Alheit,
and T. J. Pitcher, eds.). London; New York:
Chapman & Hall, pp. 239-268.

Biodiversity Support Program, et al. 1995. A regional
analysis of geographic priorities for biodiversity
conservation in Latin America and the Caribbean.
Washington, DC: Biodiversity Support Program.

Bird, E. C. F., and M. L. Schwartz. 1985. The world’s
coastline. New York: Van Nostrand Reinhold
Company, 1071 pp.

Birdsong, R. S., and A. R. Emery. 1967. New records
of fishes from the Western Caribbean. Quarterly
Journal of the Florida Academy of Sciences, 30
(3): 187-196.

Birkhead, T. R., and R. W. Furness. 1985. Regulation
of seabird populations. In Behavioural ecology:
ecological consequences of adaptive behaviour:
The 25th Symposium of the British Ecological
Society. R. M. Sibly, and R. H. Smith,eds.).
Oxford: Blackwell, pp. 145-167.

Bisbal, G. A. 1993. Fisheries management on the
Patagonian shelf. A decade after the 1982 Falklands/
Malvinas conflict. Marine Policy, 17(3): 213-229.

—. 1995. The southeast South American shelf large
marine ecosystem. Evolution and components.
Marine Policy, 19 (1): 21-38.

Bitter, R. 1991. Ecologia de la comunidad de molus-
cos asociados a Thalassia en el Parque Nacional
Morrocoy, Venezuela. In Resémenes Primer Congreso
Latinoamericano de Malacologia. Caracas:

Universidad Simén Bolivar, pp. 193-194.

The Nature Conservancy

—. 1995. Nicho tréfico complementario en especies
de asteroideos Tethyaster vestitus y Astropecten spp.
en Golfo Triste, Venezuela. In Resimenes Il Jornadas
Cientificas del Instituto de Tecnologia y Ciencias
Marinas “Golfo Triste y sus Parques Nacionales.”
Caracas: Universidad Simén Bolivar, p 10.

Boer, B. D., D. Hoogerwerf, |. Kristensen, and J. Pont.
1973. Antillean fish guide. Stinapa, 7: 110 pp.

Boersma, P. D. 1987. Penguins oiled in Argentina.
Science, 236 (4798): p.135.

—.1995. Close encounters in Chubut. Americas, 47
(3): 26-35.

Bohnsack, J. A., and S. P. Bannerot. 1986. A station-
ary visual census technique for quantitatively
assessing community structure of coral reef fishes.
NOAA Technical Report NMFS No. 41, 15 pp.

Bonaguro, A. E. 1984. “Determinacién del grado de
contaminacién de la laguna de Punta de Piedra,
isla de Margarita.” Trabajo de Grado. IUTEMAR,
Punta de Piedras, 61 pp.

Bond, J. 1985. Birds of the West Indies. (5th ed.).
London: Collins, 256 pp.

Bone, D. 1980. “Impacto de las actividades del hom-
bre sobre los arrecifes coralinos del Parque
Nacional de Morrocoy, Estado Falcén.” Tesis de
Licenciatura. Universidad Central de Venezuela,
123 pp.

—. 1995. Relaciones entre pardmetros abidticos y
biéticos en dos comunidades benténicas de fondos
arenosos, Golfo Triste, Venezuela. In Resomenes Il
Jornadas Cientificas del Instituto de Tecnologia y
Ciencias Marinas “Golfo Triste y sus Parques
Nacionales.” Caracas: Universidad Simén Bolivar,
p. 7.

Bonfil, R. 1994. Overview of world elasmobranch
fisheries. FAO Fisheries Technical Papers No. 341.
Rome: FAO, 119 pp.

Bonilla, J., W. Senior, J. Bugden, O. Zdfiriou, and R.
Jones. 1993. Seasonal distribution of nutrients and
primary productivity on the eastern continental
shelf of Venezuela as influenced by the Orinoco
River. Journal of Geophysical Research, 98 (C2):
22452257,

Borrero, F. J., and J. M. Diaz. 1998. Introduction of the
Indo-Pacific genus Electroma (Mollusca: Bbivalvia:
Pteriidae) on the Caribbean coast of Colombia.
Bulletin of Marine Science, 62 (1): 291-296.

Boschi, E. E. 1988. El ecosistema estuarial del Rio de
la Plata (Argentina y Uruguay). Anales del Instituto
de Ciencias del Mar y Limnologia, 15 (2): 159-
182.

Bourne, W. R. P, M. de L. Brooke, G. S. Clark, and T.
Stone. 1992. Wildlife conservation problems in
the Juan Fernandez Archipelago, Chile. Oryx, 26
(1): 43 pp.

Bradley, P. 1994. The avifauna of the Cayman
Islands: an overview. In The Cayman Islands: natu-
ral history and biography. (M. A. Brunt, and J. E.
Davies, eds.). Monographiae Biologicae, V. 71.
Dordrecht (The Netherlands): Kluger Academic
Publishers, pp. 377-406.

—. 1995. Birds of the Cayman Islands (2nd ed.).
ltaly: Caerulea Press, 245 pp.

Brattstrom, H., and A. Johanssen. 1983. Ecological
and regional zoogeography of the marine benthic

fauna of Chile. Sarsia, 68 (4): 289-338.

Brazeiro, A., and O. Defeo. 1996. Macroinfauna
zonation in microtidal sandy beaches: is it possible
to identify in such variable environment? Estuarine,
Coastal and Shelf Science, 42(4): 523-536.

Broad, W. J. 1996. A spate red tide menacing
coastal seas. The New York Times. Science Time
Section BS & B8.

Brownell, R. L. Jr., and G. P. Donovan. 1988. Biology
of the genus Cephalorhynchus. Reports of the
International Whaling Commission. Cambridge
(UK): International Whaling Commission, 344 pp.

Brucks, J. T. 1971. Current of the Caribbean and
adjacent regions as deduced from driftbottle stud-
ies. Bulletin of Marine Science, 21 (2): 455-465.

Brunt, M. A., and J. E. Davies, eds. 1994. The
Cayman islands - Natural history and biogeogra-
phy. Monographiae Biologicae No. 71.
Dordrecht, Boston: Kluwer Academic Publishers,
604 pp.

Buitrago, J. 1980. Attempts to protect hawksbills in a
Venezuelan national park. Marine Turtle
Newsletter, 14: 4-5.

—. 1982. Bases conceptuales para la formulacién de
la politica de aprovechamiento, preservacién y
mejoramiento de los recursos costeros y maritimos.
Informes Técnicos EDIMAR. Caracas: M.AARNR.,
Direccién de Planificacion Ambiental, 120 pp.

—. 1985. Will the Caribbean hawksbill survive? Sea
Frontiers, 31(4): 219-225.

—. 1986. Monitoreo de un banco de pepitonas,
Arca zebra, después de una alteracién natural.
Acta Cientifica Venezolana, 37 (Sup.1): 20 pp.

—. 1987. El archipiélago de Los Roques. Natura,
82:13-17.

—. 1987. Observaciones sobre la anidacién de
tortugas marinas en Los Roques (Venezuela) y
evaluacién de medidas para su proteccion. Anales
del Instituto de Investigaciones Marinas de Punta
de Betin, 17: 137-153.

—. 1989. Las evaluaciones del impacto ambiental de
granjas camaroneras en Venezuela. Boletin del
Instituto Oceanogréfico de Venezuela, Universidad
de Oriente, 28 (1-2): 203-211.

Buitrago, J., F. Carvajal., and J. J. Cérdenas. 1984.
Las comunidades benténicas de los canales
Margarita, Coche y Araya. Acta Cientifica
Venezolana, 35 (Sup. 1): 367 pp.

Buitrago, J., and J. C. Capelo. 1993. Los moluscos
benténicos de la regién suroriental de la Bahia de
Pozuelos, Puerto La Cruz, Venezuela. Memorias de
la Sociedad de Ciencias Naturales La Salle, 140:
27-38.

Bula-Meyer, G. 1982. Adiciones a las cloroficeas
marinas del Caribe colombiano. Anales del
Instituto de Investigaciones Marinas de Punta de
Betin, 12: 117-136.

Bula-Meyer, G., and G. Diaz-Pulido. 1995.
Macroalgas del banco de Las Animas y nuevos
registros para el Caribe colombiano. Anales del
Instituto de Investigaciones Marinas de Punta de
Betin, 24: 173-183.

Bullock, L. H., M. D. Murphy, M. F. Godcharles, and
M. E. Mitchell. 1992. Age, growth, and reproduc-
tion of jewfish Epinephelus itajara in the eastern

Gulf of Mexico. Fishery Bulletin, 90 (2): 243-249.

111



Bullock, R. 1985. The Stenoplax limaciformis (Sowerby,
1832) species complex in the new world
(Mollusca: Polyplacophora: Ischnochitonidae).
Veliger, 27 (3): 291-307.

Bullock, R., and C. Franz. 1994. A preliminary taxo-
nomic survey of the chitons (MOLLUSCA:
Polyplacophora) of Isla de Margarita, Nueva
Esparta, Venezuela. Memorias de la Sociedad de
Ciencias Naturales La Salle, 141: 9-50.

Bullock, R., C. Franz, and J. Buitrago. 1994. A report
on a collection of chitons (Mollusca:
Polyplacophora) dredged near Isla Coche, Nueva
Esparta, Venezuela. Memorias de la Sociedad de
Ciencias Naturales La Salle, 141: 77-94.

Burger, J., and M. Gochfeld. 1990. Predation and
effects of human on island-nesting sea birds. In
Seabirds on islands: threats, case studies and
action plans. XX World Conference of the
International Council for Bird Preservation. (D. N.
Nettleship, J. Burger, and M. Gochfeld, eds.).
Birdlife Preservation Series No. 1, Cambridge
(UK): Birdlife International, pp. 39-67

Burgess, G. H., S. H. Smith, and E. D. Lane. 1994.
Fishes of the Cayman Islands. In The Cayman
Islands: natural history and biogeography. (M. A.
Brunt, and J. E. Davies, eds.). Boston: Kluger
Academic Publishers, pp. 199-228.

Bussing, W. A. 1995. Gerridae. In Guia FAO para
identificacién de especies para los fines de la
pesca. Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1114-1128.

—. 1995. Tetraodontidae. In Guia FAO para  identifi-
cacién de especies para los fines de la pesca.
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1629-1637.

—. 1995. Triglidae. In Guia FAO para identificacién
de especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1643-1648.

Bussing, W. A., and R. J. Lavenberg. 1995.
Synodontidae. In Guia FAO para identificacién de
especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1625-1628.

—. 1995. Uranoscopidae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1649-1650.

Bussing, W., and M. Lépez. 1993. Peces demersales
y pelégicos costeros del Pacifico de Centro-
America meridional: Guia ilustrada. San José:
Universidad de Costa Rica, 164 pp.

Bustamante, G., J. E. GarciaJorge, and J. P. Garcia-
Arteaga. 1983. La pesca con chinchorro en la
region oriental del Golfo de Batabano y algunos
datos sobre las pesquerias en la plataforma
cubana. Reporte de Investigacién del Instituto de
Oceanologia, Havana (Cuba), 4:1-31.

112

Bustamante, G., and K. Sullivan Sealey. 1998.
“Marine Conservation Priorities for Latin America
and the Wider Caribbean—Priority regions within
the Coastal Biogeographic Provinces of Mexico,
Central America, and South America: classifica-
tion, assessment, and ranking of coastal ecore-
gions within provinces.” (Unpublished final report,
Vol. 1). Arlington, VA: The Nature Conservancy.

Cairns, S. D. 1982. Stony corals (CNIDARIA:
HYDROZOA, SCLERACTINIA) of Carrie Bow Cay,
Belize. In The Atlantic barrier reef ecosystem at
Carrie Bow Cay, Belize, I: Structure and communi-
ties. (K. Rutzler, and I. G. Macintyre, eds.).
Washington, DC: Smithsonian Institution Press, pp.
271-302.

Caldwell, D. K. 1961. Observations on an unidentified
dolphin of the family Delphinidae in Jamaican waters.
Caribbean Journal of Science, 1(4): 133-134.

—.1966. Marine and freshwater fishes of Jamaica.
Bulletin of the Institute of Jamaica. Science Series
No. 17. Kingston: Institute of Jamaica, 120 pp.

Caldwell, D. K., and D. S. Erdman. 1963. The pilot
whale in the West Indies. Journal of Mammalogy,
44 (1): 113115,

Camacho, L., and E. Ramirez. 1994. Un recorrido
por las éreas protegidas de Costa Rica. San José,
Costa Rica: Fundacién de Educacién Ambiental
(FUNDEA), 59 pp.

Campagno, L. J. V. 1984. Sharks of the world: an
annotated and illustrated catalogue of sharks
species known tfo date. FAO species catalogue.
FAO Fisheries Synopsis No. 125. Rome: United
Nations Development Programme, 655 pp.

Campo, M. 1992. La dinémica marina entre la Isla
de Margarita y la Peninsula de Araya. Informe
final al proyecto CONICIT. Caracas: Fundacién La
Salle, EDIMAR, 440 pp.

Campos, E. J. D., Y. lkeda, B. M. Castro, S. A.
Gaeta, J. A. Lorenzzetti, and M. R. Stevenson.
1996. Experiment studies circulation in the
Western South Atlantic. EOS, 77 (27): 253, 259.

Campos, N. H., and M. Turkay. 1989. On a record
of Charybdis helleri from the Caribbean coast of
Colombia. Senckenbergiana Maritima, 20 (3-4):
119-123.

Canestri, V., O. Ruiz, F. Alvarez, and L. Saavedra. 1975.
Diagnéstico de la destruccién de los ecosistemas
de manglares en las dreas Tucacas-Chichiriviche
(Edo. Falcén) y Carenero (Edo. Miranda). Informe
Técnico no. 61. Caracas: M.A.C., 28 pp.

Canevari, P, I. Davidson, D. Blanco, G. Castro, E.
Bucher. 1998. Los humedales de América del Sur:
Una agenda para la conservacién de biodiversi-
dad y politicas de desarrollo. Buenos Aires:
Wetlands International.

Capelo, J. C., and J. Buitrago. 1994. Presencia de
Typhis (Rugotyphis) cleryi (Mollusca: Neogastropoda)
en las aguas costeras de Venezuela. Memorias
de la Sociedad de Ciencias Naturales La Salle,
141: 3-8.

Caribbean Conservation Association. 1991. Antigua
and Barbuda, country environmental profile. St.
Michael, Barbados. Caribbean Conservation
Association; St. Thomas (U.S.V.L): Island Resources
Foundation, 212 pp.

—. 1991. Dominica country environmental profile. St.
Michael, Barbados. Caribbean Conservation
Association; St. Thomas (U.S.V.1): Island Resources
Foundation, 239 pp.

—. 1991. Grenada country environmental profile. St.
Michael, Barbados. Caribbean Conservation
Association; St. Thomas (U.S.V.1.): Island Resources
Foundation, 276 pp.

Carr, A. lll. 1989. Good news from Belize: conserva-
tion works. Reef Report, 22 (1): 1-7.

Carreras, P. E., and A. N. Menéndez. 1990.
Mathematical simulation of pollutant dispersion.
Ecological Modelling, 52 (1-2): 29-40.

Carreto, J. . 1981. Los fenémenos de marea roja y
toxicidad de moluscos bivalvos en el Mar
Argentino. Contr. INIDEP No. 399. Mar del Plata
(Argentina): Instituto Nacional de Investigacién y
Desarrollo Pesquero, INIDEP, 55 pp.

Carruyo, L. 1995. Evaluacién de la calidad de las aguas
del Parque Nacional Morrocoy. In Resdmenes Il
Jornadas Cientificas del Instituto de Tecnologia y
Ciencias Marinas “Golfo Triste y sus Parques
Nacionales.” Caracas: Universidad Simén Bolivar,
p. 6.

Carter, H. J. 1981. Aspects of the physiological ecolo-
gy of species of gambusia from Belize, Central
America. Copeia, (3): 694-700.

Carter, J. 1989. Counting fish for conservation in
Belize. Reef Report, 22 (1): 5 pp.

—. 1989. Grouper sex in Belize. Natural History, 89
(10): 61-68.

—. 1990. A delicated balance. Wildlife Conservation,
93 (1): 567.

Carter, J., and D. Perrine. 1994. A spawning aggre-
gation of dog snapper, Lutjanus jocu (Pisces:
Lutianidae) in Belize, Central America. Bulletin of
Marine Science, 55 (1): 228-234.

Carter, J., G. |. Marrow, and V. Pryor. 1994. Aspects
of the ecology and reproduction of Nassau
grouper, Epinephelus striatus, off the coast of
Belize, Central America. Proceedings of the Gulf
and Caribbean Fisheries Institute, no. 43: 65-111.

Carter, J., and G. J. Marrow. Unpublished.
“Preliminary fishery management plan for the
Nassau grouper, Epinephelus striatus, fishery.”
Wildlife Conservation International, New York
Zoological Society, 14 pp.

Carter, J., and G. R. Sedberry. 1997. The design,
function and use of marine fishery reserves as tools
for the management and conservation of the Belize
barrier reef. In Proceedings of the Eighth
International Coral Reef Symposium, 24-29 June
1996, Panama City, Panama. Balboa (Panama):
Smithsonian Tropical Research Institute, pp. 1911-
1916.

Carter, J., J. Gibson, and A. Carr lll. In press. “A
string of pearls for Belize: an alternative strategy in
conservation and fisheries management for the
Belize barrier reef ecosystem.” Proceedings of the
Gulf and Caribbean Fisheries Institute, no. 45.

Carter, J., J. Gibson, A. Carr lll, and J. Azueta. 1994.
Creation of the Hol Chan Marine Reserve in
Belize: A grassroots approach to barrier reef con-
servation. Environ. Prof., 16 (3): 220-231.

Setting Geographic Priorities for Marine Conservation



Caruso, J. H. 1995. Lophydae. In Guia FAO para
identificacién de especies para los fines de la
pesca. Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1227-1230.

Carvajal, F,, and J. C. Capelo. 1993. Los moluscos de
la plataforma Margarita-Coche-Tierra Firme
(Venezuela). Su distribucién y abundancia.
Memorias de la Sociedad de Ciencias Naturales
La Salle, 140: 159-176.

Castilla, J. 1989. Latin America: marine realm and the
biosphere reserve concept. In Application of the
biosphere reserve concept to coastal marine areas.
Papers presented at the UNESCO/IUCN San
Francisco Workshop. (A. Price, and S. Humphrey,
eds.). Gland (Switzerland): IUCN, pp. 103-104.

Castilla, J. C. 1979. Caracteristicas biéticas del
Pacifico Sur-Oriental, con especial referencia al
sector chileno. Revista de la Comisién Permanente
del Pacifico Sur, 10: 167-182.

—. 1983. Environmental impact in sandy beaches of
copper mine tailings at Chanaral, Chile. Marine

Pollution Bulletin, 14 (12): 459-464.

—. 1987. Islas ocednicas chilenas: conocimiento cienti-

fico y necesidades de investigacién. Santiago de
Chile: Ed. de la Universidad Catélica de Chile, 353 pp.

—. 1990. Clase magistral: importancia y proyeccién
de la investigacién en ciencias del mar en Chile.
Revista de Biologia Marina, 25 (2): 1-18.

Castillo-Arenas, G., and K. M. Dreckmann. 1995.
Taxonomic composition of algal drifts in Mexican
Caribbean. Cryptogamie-Algol, 16 (2): 115-123.

Castro, P., and M. E. Huber. 1997. Marine Biology.
Dubuque, IA: Wm C. Brown Publishers, 450 pp.

Cattouse, S. 1990. Marine education in the curriculum
of the University College of Belize. In Proceedings
of the International Coastal Resources Management
Workshop, 23-25 August 1989, San Pedro,
Ambergris Cay, Belize. Belize, pp. 110-113.

Caviedes, C. N., and J. Timothy. 1993. Modelling
change in the Peruvian-Chilean eastern Pacific fish-
eries. Geojournal, 30 (4), p. 369.

CCO, and COLCIENCIAS. 1990. Plan de desarrollo
de las ciencias y las tecnologias del mar en
Colombia. Bogotd (Colombia): El Departamento,
252 pp.

Ceballos-Lascurain, H. 1996. Tourism, ecotourism,
and protected areas: the state of nature-based
tourism around the world and guidelines for its
development. Gland, Cambridge: International
Union for Conservation of Nature and Natural
Resources (IUCN), 301 pp.

Cees, N, and I. Kristensen. 1975. Necesidad de
medidas conservacionistas con respecto a organis-
mos de lento crecimiento tales como el coral
negro. Stinapa, 11: 78-80.

Center for Marine Conservation. 1993. Global
marine biological diversity: a strategy for building
conservation info decision making. (E. A. Norse,
ed.). Washington, DC: Island Press, 383 pp.

Cepeda, F., and J. B. Cruz. 1990. Status and manage-
ment of seabirds on the Galapagos Islands, Ecuador.
In Seabirds on islands: threats, case studies and
action plans. (D. N. Nettleship, J. Burger, and M.
Gochfeld, eds.). Birdlife Conservation Series No. 1.
Cambridge (UK): Birdlife International, pp. 268-278.

The Nature Conservancy

Cervigon, F. 1991. Los peces marinos de Venezuela.
Vol. 1. Caracas, Venezuela: Fundacién Cientifica
Los Roques, 425 pp.

—.1993. Field guide to the commercial marine and
brackish-water resources of the northern coast of
South America. Rome: FAO, 513 pp.

—. 1993. los peces marinos de Venezuela. Vol. 2.
(2nd. ed.). Caracas: Fundacién Cientifica Los
Roques, 481 pp.

—. 1994. los peces marinos de Venezuela. Vol. 3.
(2nd. ed.) Caracas: Fundacién Cientifica Los
Roques, 295 pp.

Cervigén, F., and W. Fischer. 1979. Catdlogo de
especies marinas de inferés econémico actual o
potencial para América Latina. Parte I.- Atléantico
Centro y Suroccidental. Rome: FAONUNDP, 372 pp.

Chan, W., and F. Talbot. 1995. Carangidae. In FAO
species identification sheets for fishery purposes:
eastern Indian Ocean (fishing area 57) and west-
ern central Pacific (fishing area 71). (W. Fischer,
and P. J. P. Whitehead, eds.). Rome: FAO, p. 5.

Chao, N. L. 1995. Sciaenidae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1427-1518.

Chapman, V. J. 1961. Myxophyceae and
Chlorophyceae. The marine algae of Jamaica.
Bulletin of the Institute of Jamaica Science Series 12.
Kingston, Jamaica: Institute of Jamaica, pp.14-179.

Chiappone, M., K. M. Sullivan, and C. Lott. 1996.
Hermatypic scleractinian corals of the Southeastern
Bahamas: a comparison to western Aflantic reef
systems. Caribbean Journal of Science, 32 (1): 1-13.

Chirichigno, N. 1969. Lista sistemdtica de los peces
marinos comunes para Ecuador, Perd, Chile.
Santiago de Chile: Conferencia sobre explotacion
y conservacién de las riquezas maritimas del
Pacifico Sur-Chile, Ecuador, Per, 108 pp.

—.1974. Clave para identificar los peces marinos
del Peri. Informe Instituto del Mar del Perd,
IMARPE, No. 44, 388 pp.

—. 1978. Nuevas adiciones a la ictiofauna marina
del Per0. Informe Instituto del Mar del Perd,
IMARPE, No. 46, 109 pp.

Chirivi Gallego, H. 1988. Fauna tefrapoda y algunos
aspectos ecolégicos de los cayos del Archipiélago

de San Andrés y Providencia. Trianeq, 2: 277-337.

Christensen, V., and D. Pauly. 1995. Fish production,

catches, and carrying capacity of the world ocean.

NAGA, 18 (3): 34-40.

Clapp, R. B., and P. A. Buckley. 1990. Status and
conservation of seabirds in the Southeastern U.S.
In Seabirds on islands: threats, case studies and
action plans. (D. N. Nettleship, J. Burger, and M.
Gochfeld, eds.). Birdlife Conservation Series No. 1.
Cambridge (UK): Birdlife International, pp. 135-156.

Claro, R., ed. 1994. Ecologia de los peces marinos
de Cuba. Chetumal, Quintana Roo (México):
Centro de Investigaciones de Quintana Roo
(CIQRO), 525 pp.

Clemetson, A. 1992. A re-assessment of the Jamaican
shelf coral fishery. Centre for Marine Science
Research Report No. 3. Kingston (Jamaical):
University of West Indies, 144 pp.

Clench, W. J., and R. D. Turner. 1950. The western
Atlantic marine mollusks described by C. B. Adams.
Occasional Papers on Mollusks, 1 (15): 233-403.

Clifton, K. E. 1998. A survey of fishes from various
habitats within the Cayo Cochinos Biological
Reserve, Honduras. Revista de Biologia Tropical,
46: 109-112.

Cobo, T., J. Ewald, and E. Cadima. 1972. La pesca
de la langosta en el Archipiélago de los Roques,
Venezuela. M.A.C. Informe Técnico No. 43.
Caracas: M.A.C., pp. 1-14.

Cohen D.M., T. Inada, T. Iwamoto, and N.
Scialabba. 1990. Gadiform fishes of the world:
orden GADIFORMES. FAQ Species Catalogue. FAO
Fisheries Synopsis No. 125. Rome: FAO, 442 pp.

Colin, P. L. 1974. Observation and collection of deep-
reef off the coasts of Jamaica and British Honduras
(Belize). Marine Biology, 24 (1): 29-38.

Coll, J. 1979. Catélogo de algas citadas para el
Uruguay. Montevideo: SOHMA, 133 pp.

Collado-Vides, L., J. Gonzélez, and M. Gold-Morgan.
1994. A descriptive approach to the floating mass-
es of algae of a Mexican Caribbean coastal
lagoon. Boténica Marina, 37 (2): 391-396.

Collete, B. B. 1983. Two new species of coral toad-
fishes, Family Batrachoididae, Genus Sanopus, from
Yucatan, México, and Belize. Proceedings of the
Biological Society of Washington, 96 (4): 719-
724.

—.1995. Batrachoididae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
910918.

—. 1995. Belonidae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
919-926.

—. 1995. Hemiramphidae. In Guia FAO para identi-
ficacién de especies para los fines de pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1175-1181.

—. 1995. Scombridae. In Guia FAO para identificacién
de especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
and C. Sommer, eds.). Rome: FAO, pp. 1521-1543.

Collete, B. B., and C. E. Nauen. 1983. Scombrid of
the world: an annotated and illustrated catalogue
of tunas, mackerels, bonitos and related species
known to date. FAO Species Catalogue. FAO
Fisheries Synopsis No. 125. Rome: United Nations
Development Programme, 125 pp.

Collins, P. L. 1974. Observation and collection of deep-
reef fishes off the coasts of Jamaica and British
Honduras (Belize). Marine Biology, 24 (1): 29-38.

ColmeneroRolén, L. C. 1991. Proposal of the recovery
plan for the Mexican manatee. An. Inst. Biol. Univ.
Nac. Auton. Mex. Ser. Zool, 62 (2): 203-218.

Colombo, J. C., C. Bilos, M. Campanaro, M. J.
Rodriguez-Presa, and J. A. Catoggio. 1990.
Distribution of chlorinated pesticides and individual
polychlorinated biphenyls in biotic and abiotic
compartments of the Rio de la Plata, Argentina.
Environmental Science and Technology, 24 (4):

113



498-505.

—. 1995. Bioaccumulation of polychlorinated
biphenyls and chlorinated pesticides by the Asiatic
clam Corbicula fluminea: its use as a centinel
organism in the Rio de la Plata Estuary, Argentina.
Environmental Science & Technology, 29: 914927 .

Compagno, L. J. V. 1984. Carcharhiniformes. In
Sharks of the world: an annotated and illustrated
catalogue of shark species known to date. FAO
Fisheries Synopsis No. 125. Rome: United Nations
Development Programme, 655 pp.

—. 1984. Hexanciformes to Lamniformes. In Sharks
of the world: an annotated and illustrated cata-
logue of shark species known to date. FAO
Fisheries Synopsis No. 125. Rome: United Nations
Development Programme, 249 pp.

Compagno, L. J. V., F. Krupp, and W. Schneider. 1995.
Tiburones. In Guia FAO para identificacién de
especies para los fines de la pesca: Pacifico
Centro-Oriental. (L. ). V. Compagno, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
647744,

Confluence Principal Investigators. 1990. Confluence
1988-1990. An intensive study of the
Southwestern Atlantic. EOS, 71(41): 1131-1133,
1137.

Connor, J. L. 1985. Seasonal changes in an algal
community of a tropical fringing reef in Panama.
Berkeley, CA: University of California, 82 pp.

Coomans, H. E. 1958. A survey of the littoral gas-
tropoda of the Netherlands Antilles and other
Caribbean islands. Stud. Faun. Curagao Other
Caribb. Isl, 8: 42-111.

Cooper J., C. R. Brown, et al. 1988. Food and feed-
ing habitats of crested penguins. Cormorant, 16:
123-24.

Corcuera, J., F. Monzén, E. A. Crespo, A. Aguilar,
and J. A. Raga. 1994. Interactions between
marine mammals and coastal fisheries of
Necochea and Claromeco (Buenos Aires Province,
Argentina.). In Gillnets and Cetaceans. (W. F.
Perrin, G. P. Donovan, and J. Barlow, eds.).
Reports of the International Whaling Commission;
Special Issue 15. Cambridge (UK): International
Whaling Commission, pp. 283-290.

CORPES. 1992. El Caribe colombiano: realidad
ambiental y desarrollo. Santa Marta (Colombia):
Consejo Regional de Planificacién de la Costa
Atlantica, 275 pp.

Cortés, J., and M. J. Risk. 1984. El arrecife coralino
del Parque Nacional Cahuita, Costa Rica. Revista
de Biologia Tropical, 32 (2): 227-231.

Cortés, J., M. M. Murillo, H. Guzmén, and P.
Baumgartner. 1984. Organismos de los arrecifes
coralinos de Costa Rica. I. Lista de corales pétreos
(Cnidaria: Hydrozoa; Scleractinia) de la Costa
Atlantica de Costa Rica. Brenesia, 22: 57-59.

Coulter, M. C. 1984. Seabird conservation in the
Galapagos Islands, Ecuador. In Seabirds on
islands. (D. N. Nettleship, J. Burger, and M.
Gochfeld, eds.). Cambridge (UK): Birdlife
International, pp. 237-244.

Cousseau, M. B. 1985. Los peces del Rio de la Plata
y de su frente maritimo. In Fish community ecology
in estuaries and coastal lagoons: towards an
ecosystem integration. (A. Yéfez-Arancibia, ed.).

114

Mexico: UNAM, pp. 515-533.

Craig, A. E. 1969. The grouper fishery of Cay Glory,
British Honduras. Annals of the Association of
American Geographers, 59 (2): 252-263.

Craig, A. K. 1966. Geography of fishing in British
Honduras and adjacent coastal waters. Coastal
Studies Series no. 14. Baton Rouge: Louisiana
State University Press, 143 pp.

Creel, J. E. B. 1993. Amigos de Sian Ka'an:
Conservacién y manejo de ecosistemas y especies
del Caribe. In Biodiversidad marina y costera de
Meéxico. (S. |. Salazar-Vallejo, and N. E. Gonzélez,
eds.). Quintana Roo (México): Centro de Investi-
gaciones de Quintana Roo (CIQRO), pp. 841-849.

Crespo, E. A., S. N. Pedraza, S. L. Dans, M. Koen
Alonso, L. M. Reyes, N. A. Garcia, M. Coscarella,
and A. C. M. Schiavini. Submitted. “Direct and
indirect effects on the high seas fisheries on the
marine mammal population in the northern and
central Patagonian coasts.” Journal of Norwest
Atlantic Fisheries Organization, Special Issue, 41 pp.

Creswell, L., and M. Davis. 1991. Queen conch: The
well-bred queen of the Caribbean. World
Aquaculture, 22 (1): 28-41.

Cronin, T. M. 1991. Pliocene shallow water paleo-
ceanography of the North Atlantic ocean based on
marine ostracods. Quartfernary Science Reviews,
10 (2-3): 175-188.

Croxall, J. P., ed. 1987. Seabirds: feeding ecology
and role in marine ecosystems. New York:
Cambridge University Press, 408 pp.

Croxall, J. P, et al. 1984. Priorities for seabird conser-
vation and associated research: recommendations
of the ICBP Seabird Specialist Group. In Status and
conservation of the world’s seabirds. (). P. Croxall,
P. G. H. Evans, and R. W. Schreiber, eds.). ICBP
Technical Publication No. 2. Cambridge (UK):
International Council for Bird Preservation, pp.
771-778.

—.1984. The status and conservation of seabirds at
the Falkland Islands. In Status and conservation of
the world’s seabirds. (). P. Croxall, P. G. H. Evans,
and R. W. Schreiber, eds.). ICBP Technical
Publication No. 2. Cambridge (UK): International
Council for Bird Preservation, pp. 271-291.

—, eds. 1984. Status and conservation of the world'’s
seabirds. |ICBP Technical Publication No. 2.
Cambridge (UK): International Council for Bird
Preservation, 778 pp.

Cruz-Soto, R. A., and J. A. Jiménez. 1994. Moluscos
asociados a las dreas de manglar de la costa
pacifica de América Central. Heredia, Costa Rica:
Ed. Fundacién UNA, 182 pp.

Csirke, J. 1987. The Patagonian fishery resources and
the offshore fisheries in the Southwest Atlantic. FAO
Fisheries Technical Papers No. 286, 75 pp.

D’Elia, C. F, K. L. Webb, and J. W. Porter. 1981.
Nitrate-rich ground water inputs to Discovery Bay,
Jamaica-A significant source of nitrogen to local
coral reefs? Bulletin of Marine Science, 31 (4):
903-910.

Dahl, A. L., I. G. Macintyre, and A. Antonius. 1974.
A comparative survey of coral reef research sites.

Atoll Research Bulletin, 172: 37-120.

Dans, S. L., E. A. Crespo, N. A. Garcia, L. M. Reyes,
S. N. Pedraza, and M. Koen-Alonso. 1996.
Incidental mortality of Patagonian dusky dolphins
in mid water trawling: retrospective effects from the
early 80". In 48 Annual Meeting of the Infernational
Whaling Commission, Scientific Meeting, Small
Cetacean Subcommittee, 5-17 June 1996,
Aberdeen, 13 pp.

Dans, S. L., E. A. Crespo, S. N. Pedraza, R.
Gonzdlez, and N. A. Garcia. 1996. Estructura y
tendencia de los apostaderos de lobos marinos de
un pelo en el norte de Patagonia. Informes técni-
cos del plan de manejo integrado de la zona
costera patagénica. Puerto Madryn (Argentina):
Fundacién Patagonia Natural, 13 pp.

Darrigran, G., and G. Pastorino. 1993. Bivalvos inva-
sores en el Rio de la Plata, Argentina. Comisién
de la Sociedad Malacolégica, Uruguay, 7 (64-
65): 309-313.

—. 1995. The recent introduction of a freshwater
Asiatic bivalve, Limnoperna fortunei (Mytilidae),
info South America. The Veliger, 38 (2): 171-175.

Davis, L. S., and J. T. Darby, eds. 1990. Penguin biol-
ogy. San Diego, CA: Academic Press, 467 pp.

Davis, R., and S. Fargion, eds. 1995. Distribution and
abundance of cetaceans in the north-central and
western Gulf of Mexico: Final Report. New
Orleans, LA: Texas Institute of Oceanography,
National Marine Fisheries Service, U.S. Dept. of
the Interior, Mineral Management Services, Gulf of
Mexico, OCS Region, 29 pp.

Dawson, C. E. 1971. Gobiosoma (Garmmoa)
yucatanum, a new seven-spined Atlantic goby from
Mexico. Copeia, 1971 (3): 432-439.

Dawson, E. Y., C. Acleto, and N. Foldvik. 1964. The
seaweeds of Peru. Nova Hedwigia, 13: 1-111.

Day, C. 1979. Fishing countries of the Caribbean.
Fishing News Infernational, 18 (2): 47-49.

Day, D. 1994. List of cetaceans seen in Galapagos.
Noticias de Galdpagos, 53 (April): 5-6.

De la Fuente, S. 1976. Geografia dominicana. Santo
Domingo: Editora Colegial Quisqueyana, S.A.R.D,
226 pp.

De la Lanza, E., and G. Céceres. 1994. lagunas
costeras y el litoral mexicano. La Paz, Baja
California Sur (Mexico): Universidad Auténoma de
Baja California Sur, 525 pp.

De Mahieu, G., S. Ferreira, C. R. Ruiz, and C.
Duarte. 1986. Efectos combinados de la apli-
cacién de un biocida con los parémetros abiéticos
y la concentracién de metales en planta centro.
Acta Cientifica Venezolana, 37 (Sup. 1): 113 pp.

De Mahieu, G, F. losada, C. R. Ruiz, S. Ferreira, J. A.
Schiazza, and R. Poleo. 1986. Efecto del cloro
activo libre sobre la actividad y supervivencia de
Balanus amphitrite y ofros organismos incrustantes
en las instalaciones de Planta Centro. Acta
Cientifica Venezolana, 37 (Sup. 1): 113 pp.

De Rios, N. 1972. Contribucién al estudio sistematico
de las algas macroscépicas de las costas de
Venezuela. Acta Cientifica Venezolana, 7 (1-4):
219-324.

De Schauensee, R. M., and A. L. Mack. 1982. A
guide to the birds of South America. Wynnewood,
PA: Pan American Section, International Council

Setting Geographic Priorities for Marine Conservation



for Bird Preservation, 498 pp.

De Schaunensee, R. M., and W. H. Jr. Phelps. 1978.
A guide fo the birds of Venezuela. Princeton, NJ:
Princeton University Press, 424 pp.

Defeo, O. 1993. “The effect of spatial scales in popula-
tion dynamics and modeling of sedentary fisheries:
the yellow clam Mesodesma mactroides of an
Uruguayan exposed sandy beach.” Doctoral
Dissertation, CINVESTAVAPN Unidad Mérida, 308 pp.

Defeo, O., and A. Alava. 1995. Effects of human activ-
ities on longterm trends in sandy beach populations:
the wedge clam Donax hanleyanus in Uruguay.
Marine Ecology Progress Series, 123 (1-3): 73-82.

Defeo, O., A. de Alava, V. Valdivieso, and J. C. Castilla.
1993. Historical landings and management
options for the Genus Mesodesma in coasts of
South America. Biologia Pesquera, 22 (1): 41-54.

Defeo, O., and E. Jaramillo. 1992. Community struc-
ture and intertidal zonation of the macroinfauna in
the Atlantic coast of Uruguay. Journal of Coastal
Research, 8 (4): 830-839.

Defeo, O., and V. Scarabino. 1990. Ecological signif-
icance of a possible depositfeeding strategy in
Mesodesma mactroides (Deshayes, 1854)
(Mollusca: Pelecypoda). Atlantica, 12: 55-65.

Departamento Nacional de Planeacién, Colombia.
1980. Plan de desarrollo de las ciencias y las
tecnologias del mar en Colombia. Departamento
Nacional de Planeacién, Fondo Colombiano de
Investigaciones Cienfificas y Proyectos Especiales
“Francisco José de Caldas.” COLCIENCIAS y
Comisién Colombiana de Oceanografia. Bogotd,
Colombia: El Departamento, 252 pp.

Depestris, P. J., and J. J. Griffin. 1968. Suspended
load in the Rio de la Plata drainage basin.
Sedimentology, 11 (1-2): 53-60.

Diaz, G., and E. Mavin. 1990. Reproduccién de la
ostra de mangle Crassostrea rhizophorae en el
Golfo de Cuare, Falcén, Venezuela. Acta
Cientifica Venezolana, 41 (Sup. 1): 98 pp.

Diaz, H., M. Bevilacqua, and D. Bone. 1985. Esponjas
en manglares del Parque Nacional Morrocoy.
Caracas: Fondo Editorial Acta Cientifica
Venezolana, 62 pp.

Diaz, J. M., compiler. 1995. Zoogeography of marine
gastropods in the Southern Caribbean: a new look
at provinciality. Caribbean Journal of Science, 31
(1-2): 104-121.

—.1996. Evaluacién bioecolégica y ambiental de
dreas arrecifales del Caribe colombiano. Santa
Marta, Colombia. Final Report: INVEMAR-COL-
CIENCIAS, 23 pp.

Diaz, J. M., J. Diaz, J. Garzén, J. Geister, J. A.
Sanchez, and S. Zea. 1996. Atlas de los arrecifes
coralinos del Caribe colombiano. 1. Complejos
arrecifales ocednicos. Publicaciones Especiales, 1.
Santa Marta (Colombia): INVEMAR, 88 pp.

Diaz, J. M., and K. J. Goetting. 1986. Mollusk com-
munities of the bahia de Nenguange. Helgolander
Meeresuntersuchungen, 40 (3): 279-308.

Diaz, J. M., and M. Puyana. 1994. Moluscos del
Caribe colombiano: un catdlogo ilustrado. Colombia:
Colciencias, Fundacién Natura, INVEMAR, 291 pp.

Diaz, J. M., J. A. S&nchez, S. Zea, and J. Garzén.
1996. Morphology and marine habitats of two
southwestern Caribbean atolls: Albuquerque and

The Nature Conservancy

Courtown. Atoll Research Bulletin, 435: 1-33.
DiazRuiz, S., and A. Aguirre-leén. 1993. Diversidad
e ictiofauna de los arrecifes del sur de Cozumel,
Quintana Roo. In Biodiversidad marina y costera de
Meéxico. (S. . Salazar-Vallejo, and N. E. Gonzdlez,
eds.). Quintana Roo (México): Centro de Investigaciones

de Quintana Roo (CIQRO), pp. 817-832.

Dillon, W. P. 1973. Structure and development of the
continental margin of British Honduras. Geol. Soc.
America Bull, 84: 2713-2732.

Dinerstein, E., D. M. Olson, D. J. Graham, A. L.
Webster, S. A. Primm, M. P. Bookbinder, and G.
Ledec. 1995. A conservation assessment of the fer-
restrial ecoregions of Latin America and the
Caribbean. Washington, DC: World Bank, 129 pp.

Duffy, D. C. 1983. Competition for nesting space among
Peruvian guano birds. The Auk, 100: 680-688.

—. 1984. The Guano Islands of Peru: the once and
future management of a renewable resource. In
Status and conservation of the world’s seabirds. (J.
P. Croxall, P. G. H. Evans, and R. W. Schreiber,
eds.). ICBP Technical Publication No. 2.
Cambridge (UK): International Council for Bird
Preservation, pp. 68-76.

—. 1990. Afterwards: an agenda for managing
seabirds and islands. In Status and conservation of
the world’s seabirds. (J. P. Croxall, and P. G. H.
Evans, eds.). ICBP Technical Publication No. 2.
Cambridge (UK): International Council for Bird
Preservation, pp. 311-318.

Duffy, D. C., C. Hays, and M. Plenge. 1984. The con-
servation status of Peruvian seabirds. In Status and
conservation of the world’s seabirds. (). P. Croxall,
P. G. H. Evans, and R. W.Schreiber, eds.). ICBP
Technical Publication No. 2. Cambridge (UK):
International Council for Bird Preservation, pp.
245-260.

Duffy, D. C., and M. Hurtado. 1984. The Conservation
status of seabirds on the ecuadorian mainland. In
Status and conservation of the world’s seabirds. ().
P. Croxall, P. G. H. Evans, and R. W. Schreiber,
eds.). ICBP Technical Publication No. 2. Cambridge
(UK): International Council for Bird Preservation, pp.
231-236.

Duffy, D. C., and D. C. Schneider. 1990. Seabird-ish-
ery interactions: a manager’s guide. In Seabirds on
islands. (D. N. Nettleship, J. Burger, and M.
Gochfeld, eds.). Cambridge (UK): Birdlife
International, pp. 26-38.

Duffy, D. C., and R. W. Siegfued. 1984. Historical
variations in food consumption by breeding
seabirds of the Humbolt and Benguela upwelling
regions. In Status and conservation of the world’s
seabirds. (). P. Croxal, P. G. Evans, and R. W.
Schreiber, eds.). ICBP Technical Publication No. 2.
Cambridge (UK): International Council for Bird
Preservation, ICBP, pp. 327-346.

Earle, S. A. 1972. A Review of the marine plants of
Panama. In The Panamic biota: some observations
prior to a sea-level canal. (M. L. Jones, ed.).
Bulletin of the Biological Society of Washington
No. 2. Washington, DC: Biological Society of
Washington, pp. 69-87.

Eastman, J. T. 1993. Antarctic fish biology-evolution in
a unique environment. San Diego, CA: Academic

Press, 322 pp.

Edo, E. 1993. “Caracterizacién fisico, quimica y
microbiolégica de las aguas utilizadas en el culti-
vo de Macrobrachium rosembergui en tanques de
concrefo.” Trabajo de Grado. IUTEMAR, Punta de
Piedras, 45 pp.

Eklund, A. M. 1994. Status of the stocks of Nassau
grouper, Epinephelus striatus, and jewfish
Epinephelus itajara. Final Report, MIA94/95-15.
Miami, FL: NOAA/NMEFS South East Fishery
Center Miami Laboratory, 15 pp.

Escalante, R. 1970. Aves marinas del Rio de la Plata
y aguas vecinas del Oceano Atléntico.
Montevideo (Uruguay): Barreiro y Ramos, 199 pp.

Eschmeyer, W. N., E. S. Herald, and H. Hammann.
1983. A field guide to Pacific coast of North
America: from the Gulf of Alaska to Baja
California. Boston, MA: Houghton Mifflin, 336 pp.

Esteves, J. L., N. Santinelli, V. Sastre, R. Diaz, and O.
Rivas. 1992. A toxic dinoflagellate bloom and PSP
production associated with upwelling in Golfo
Nuevo, Patagonia, Argentina. Hydrobiologia, The
Hague, 242 (2): 115-122.

Estrada, A. 1989. “Granulometria y batimetria de la
boca de la Laguna de Punta de Piedra, Isla de
Margarita, Venezuela, 1r. muestreo.” Trabajo de
Grado. IUTEMAR, Punta de Piedras, 35 pp.

Ewel, J., and A. Madriz. 1968. Zonas de vida de
Venezuela. Caracas: Ministerio de Agricultura y
Cria, 264 pp.

Fairbairn, P. W., and A. M. Haynes. 1983. Jamaican
survey of the West Indian manatee, Trichechus
manatus; Dolphin, Tursiops truncatus; sea turtles,
(Families Cheloniidae and Dermochelydae) and
booby terns (Family Laridae). FAO Fisheries Report
No. 278 (Supplement), pp. 289-295.

Feller, I. C. 1995. Effects of nutrient enrichment on growth
and herbivory of swarf red mangrove, Rhizophora
mangle. Ecological Monographs, 65 (4): 477-505.

Fernandez, D. 1986. Ubicacién racional de la flora y
la fauna autéctonas del Uruguay. Resumen.
Montevideo: Prontogréfica Limitada, 18 pp.

Fischer, W., ed. 1978. FAO species identification
sheets for fishery purposes: Western Central
Atlantic (Fishing area 31). Rome: FAO, 7 volumes.

Fisheries Development Limited. 1978. Desarrollo pesquero
en la Repdblica Dominicana. Santo Domingo:
Instituto Dominicano de Tecnologia Industrial, 435 pp.

Flores, C. 1968. Algunos gastrépodos de las islas Las
Aves, Venezuela y su distribucién. Boletin del
Instituto Oceanogrdfico de la Universidad de
Oriente, 11 (2): 67-82.

—. 1973. La familia Littorinidae (Mollusca:
Mesogastropoda) en las aguas costeras de
Venezuela. Bolefin del Instituto Oceanogréfico de
la Universidad de Oriente, 12 (1): 3-13.

—. 1973. Notas sobre la distribucién horizontal y
vertical de los Littorinidae (Mollusca:
Mesogastropoda) en las aguas costeras de
Venezuela. Boletin del Instituto Oceanogréfico de
la Universidad de Oriente, 12 (1): 13-22.

Flores, V. F., F. F. Gonzélez, D. S. Zamorano, and P. G.
Ramirez. 1992. Mangrove ecosystems of the Pacific
coast of México: distribution, litterfall and defritus.
In Coastal plan communities of Latin America. (S.

Ulrich, ed.). San Diego, CA: Academic Press, pp.

115



269-288.

Florez, L. 1986. Lista preliminar de las especies icti-
cas marinas y estuarinas registradas para el
Caribe colombiano. Informe Museo del Mar,
Colombia, 32: 1-101.

Florez, L., M. Prieto, and O. Bohorquez, eds. 1992.
Informe nacional sobre la situacién de los
mamiferos marinos en Colombia. Informes y
estudios del programa de mares regionales del
PNUMA No. 146. Nairobi (Kenya): PNUMA, 19 pp.

Framifian, M., and O. B. Brown. 1996. Study of the
Rio de la Plata turbidity front, Part 1: Spatial and
temporal distribution. Contineltal Shelf Research,
16 (10): 1259-1282.

Franz, C., and R. Bullock. 1993. A taxonomic survey
of the marine limpets (Mollusca: Gastropoda) of
Isla Margarita, Nueva Esparta, Venezuela.
Memorias de la Sociedad de Ciencias Naturales
La Salle, 140: 91-132.

Furness, R. W., and D. G. Ainley. 1984. Threats to
seabird populations presented by commercial fish-
eries. In Status and conservation of the world’s
seabirds. (). P. Croxall, P. G. H. Evans, and R. W.
Schreiber, eds.). ICBP Technical Publication No. 2.
Cambridge (UK): International Council of Bird
Preservation, pp. 701-708.

Gandini, A., et al. 1994. Magellanic penguins,
Spheniscus magellanicus, affected by chronic
petroleum pollution along the coast of Chubut,
Argentina. The Auk, 111: 20-27.

Garcia, J. 1995. “Lista preliminar de los poliquetos
benténicos de la Isla de Margarita.” Trabajo de
Grado. IUTEMAR, Punta de Piedras, 47 pp.

Garrido, O. H., and F. Garcia Montana. 1975.
Catélogo de las aves de Cuba. La Habana:
Academia de Ciencias de Cuba, Dpto. de
Vertebrados, Instituto de Zoologia, 149 pp.

Garzén, J. 1989. Contribucién al conocimiento de la
ictiofauna de Bahia Portete, Departamento de la
Guaijira, Colombia. Trianea, 3: 149-172.

Gedalov, R., and K. D. Diaz. 1993. Legislacién
panamefia relacionada con la vida silvestre.
Panama: UICN, 48 pp.

Geister, J. 1975. Riffbau und geologische entwick-
lungsgeschichte der insel San Andre (westliches
karibisches meer, Kolumbien). Stuttgarter Beitrage
Zur Naturkunde: Serie B, Geologie Und
Palaontologie Nr. 15. Stuttgart: Staatliches
Museum fir Naturkunde, 203 pp.

Geister, J., and J. M. Diaz. 1996. A field guide to the
atolls and reefs of San Andrés and Providencia
(Colombia). In 8th International Coral Reef
Symposium, June 24-29, 1996, Panama City,
Panama. Balboa (Panamay): Smithsonian Tropical
Research Institute, pp. 235-262.

Gibbs, H. L., S. C. Latla, and J. P. Gibbs. 1987.
Effects of the El Nifio event on bluefooted and
masked booby populations on isla Daphine Major,
Galapagos. Condor, 89: 440-442.

Gibson, J. 1978. The successes and failures of the
fishing cooperatives of Belize. Proceedings of the
Annual Gulf and Caribbean Fisheries Institute, 30:
130-139.

Gibson, J., J. Strasdine, and K. Gonzélez. 1983. The
status of conch industry of Belize. Proceedings of
the Annual Gulf and Caribbean Fisheries Institute,

116

35:99-107.

Gines, H. 1972. Carta pesquera de Venezuela. 1.
Area del Nororiente y Guyana. Caracas:
Fundacién de Ciencias Naturales La Salle, 328 pp.

—. 1982. Carta pesquera de Venezuela. 2. Areas
Central y Occidental. Caracas: Fundacién de
Ciencias Naturales La Salle, 226 pp.

Glassner, M. I. 1993. Management of marine
resources as a binding force in the Eastern
Caribbean. Ocean & Coastal Management, 20
(1): 63-88.

Glorioso, P. 1987. Temperature distribution related to
shelf-area fronts on the patagonian shelf.
Continental Shelf Research, 7 (1): 27-34.

Glynn, P. W.,, J. E. N. Veron, and G. M. Wellington.
1996. Clipperton atoll (Eastern Pacific): oceanog-
raphy, geomorphology, reef building coral ecology
and biogeography. Coral Reefs, 15 (2): 71-99.

Gochfeld, M., J. Burger, A. Haynes-Sutton, R. van
Halewyn, and J. E. Saliva. 1990. Successful
approaches to seabird protection in the West
Indies. In Seabirs on islands. (D. N. Nettlaship, J.
Burger, and M. Gochefeld, eds.). Cambridge (UK):
Birdlife International, pp. 186-209.

Godynas, E. 1994. Nuestra verdadera riqueza.
Nueva visién de la conservacién de las éreas natu-
rales del Uruguay. Montevideo (Uruguay):
Nordam-Comunidad, 136 pp.

Golikov, A. N., M. A. Dolgolenko, N. V. Maximovich,
and O. A. Scarlato. 1990. Theoretical approaches
to marine biogeography. Marine Ecology Progress
Series, 63 (2-3): 289-301.

Gémez-Mufioz, V. M. 1990. A model to estimate
catches from a short fishery statistics survey.
Bulletin of Marine Science, 46 (3): 719-22.

Gon, O., and P. C. Heemstra, eds. 1990. Fishes of
the southern ocean (1 st. ed.). Grahamstown,
South Africa: J. L. B. Smith Institute of Ichthyology,
462 pp.

Gonzdlez. A. 1989. Géneros de las phaeophytas
bénticas de Venezuela. Acta Bot. Ven., 15 (3-4):
7192,

Gonzdlez, A. C. 1977. Estudio ficoecolégico de una
region del litoral central (Punta de Tarma),
Venezuela. Acta Bot. Ven., 12 (1-4): 207-240.

—. 1977. La vegetacién marina del Parque Nacional
Morrocoy, Edo. Falcén. Acta Bot. Ven., 12 (1-4):
241-246.

Gonzdlez, A., and C. Flores. 1972. Notas sobre los
géneros Thais Roding, Purpura Bruguiere y Murex
Linne (Neogastropoda: Muricidae) en las aguas
costeras de Venezuela. Boletin del Instituto
Oceanogréfico de la Universidad de Oriente, 11
(2): 67-82.

Goodall, R. N. P, A. C. M. Schiavini, and C.
Fermani. 1994. Net fisheries and net mortality of
small cetaceans off Tierra del Fuego, Argentina. In
Gillnets and cetaceans. (W. F. Perrin, G. P. Donovan,
and J. Barlow, eds.). Reports of the International
Whaling Commission. Special Issue. Cambridge (UK):
International Whaling Commission, pp. 295-304.

—.1995. La captura incidental de delfines en Tierra
del Fuego, Provincia de Tierra del Fuego, Antértida
e Islas del Atléntico Sur (Argentina). Report submit-
ed to the General Directorate for the Environment.
Buenos Aires, 16 pp.

Goodbody, I. 1993. The ascidian fauna of a
Jamaican lagoon: thirty years of change. Revista
de Biologia Tropical, suplement 41(1): 35-38.

—. 1994. Issues in the conservation of the marine
environment. Jamaican Naturalist, 4: 21-26.

Goodyear, R. H. 1990. Malcosteidae. In Check-list of
the fishes of the eastern tropical Atlantic (Clofetal.
{J. C. Quero, J. C. Hureau, and C. Karrer, eds.).
Lisbon (Portugal): Junta Nacional de Investigacgo
Cientifica e Tecnologica (INICT), European
Ichthyological Union, pp. 338-340.

Gore, M., and A. Gepp. 1978. Las aves del Uruguay.
Montevideo: Mosca Hnos., 283 pp.

Gore, R. H. 1992. The Gulf of Mexico: a treasury of
resources in the American Mediterranean.
Sarasota, Fl: Pineapple Press, Inc, 384 pp.

Goreau, T. 1959. The ecology of Jamaican coral
reefs: 1. Species composition and zonation.
Ecology, 40 (1): 67-80.

Gosse, P. H. 1851. A naturalist’s sojourn in Jamaica.
London: Longman, 508 pp.

Grant, C. J., and J. R. Wyatt. 1980. Surface currents
in the Eastern Caribbean seas. Bulletin of Marine
Science, 30 (3): 613-622.

Graves, J. E., and R. H. Rosenblatt. 1980. Genetic
relationship of the color morphs of the serranid fish
Hypoplectrus unicolor. Evolution, 34 (2): 240-245.

Greenfield, D. V. 1988. A review of the Lythrypnus
mowbrayi Complex (Pisces: Gobiidae), with the
description of a new species. Copeia, 2: 460-470.

Greenfield, D. W. 1990. Poecilia tereae, a new
species of poeciliid fish from Belize, Central
America. Copeia, 2: 449-454.

—. 1985. Review of the Gambusia yucatana com-
plex (Pisces: Poeciliidae) of Mexico and Central
America. Copeia, 2: 368-378.

Greenfield, D. W., L. T. Findley, and R. K. Johnson. 1993.
Psilostris kaufmani n. sp. (Pisces: Gobiidae), a fourth
Western Aflantic species of Psilotris. Copeia, 1: 183-186.

Greenfield, D. W., T. A. Greenfield, and S. L. Brinton.
1983. Spatial and trophic interactions between
Gambusia sexradiata and Gambusia puncticulata
yucatana (Pisces: Poeciliidae) in Belize, Central
America. Copeia, 3: 598-607.

Greenfield, D. W., T. A. Greenfield, and R. L. Woods.
1982. A new subspecies of cave-dwelling pimelo-
did caffish, Rhamdia typhla, from Belize, Central
America. Brenesia, 19-20: 563-576.

Greenfield, D. W., and R. K. Johnson. 1990.
Community structure of western Caribbean
blennoid fishes. Copeia, 2: 433-448.

—. 1990. Heterogeneity in habitat choice in cardinal-
fish community structure. Copeia, 4: 1107-1114.

Greenfield, D. W., and D. M. Wildrick. 1984.
Taxonomic distinction of the Antilles Gambusia
puncticulata (Pisces: Poeciliidae) from the G.
yucatana complex of México and Central
America. Copeia, 4: 921-933.

Gregori, G. 1991. “Evaluacién de la ictiofauna en un
arrecife artificial ubicado en la costa oeste de la
poblacién de Punta de Piedras, Isla de Margarita,
Venezuela.” Trabajo de Grado. IUTEMAR, Punta
de Piedras, 29 pp.

Gremone, C., and J. L. Gémez. 1983. Isla de Aves
como érea de desove de la tortuga verde,

Setting Geographic Priorities for Marine Conservation



Chelonia mydas. Caracas: FUDENA, 59 pp.

Guardia, T. 1988. Atlas nacional de la Repiblica de
Panamd (3ra. ed.). C. Panama: Instituto Geogréfico
Nacional, 222 pp.

Gubbay, S., ed. 1995. Marine protected areas: prin-
ciples and techniques for management (1st. ed.).
Conservation Biology Series No. 5. London:
Chapman & Hall, 232 pp.

Guevara, G., and H. Palma. 1983. Contenido de
alginato en dos especies de algas Phaeophyta,
Padina gymnospora (kutzing) Vickers y Sargassum
filipendula C. Agardh, de las costas de la isla de
Margarita, Venezuela. Memorias de la Sociedad
de Ciencias Naturales La Salle, 120: 9-27.

Guevara, M., and D. Pérez. 1995. Variaciones esta-
cionales de biomasa y productividad de Thalassia
testudinum en el Parque Nacional Marrocoy. In
Restmenes Il Jornadas Cientificas del Instituto de
Tecnologia y Ciencias Marinas “Golfo Triste y sus
Parques Nacionales.” Caracas: Universidad Simén
Bolivar, p. 11.

Guevara, P. 1993. Distribucién y sistemética de los
foraminiferos benténicos en la laguna de Punta de
Piedras, Isla de Margarita, Venezuela. Memorias
de la Sociedad de Ciencias Naturales La Salle,
140: 77-90.

Gutiérrez, F., and D. Pérez. 1995. Produccién primaria
y biomasa fitoplancténica en el Parque Nacional
Morrocoy. In Resémenes Il Jornadas Cientificas del
Instituto de Tecnologia y Ciencias Marinas “Golfo
Triste y sus Parques Nacionales.” Caracas:
Universidad Simén Bolivar, p. 8.

Gutiérrez, J. 1995. “La comunidad benténica asociada
a las raices del mangle rojo, Rhizophora mangle,
en la laguna de Punta de Piedras, Isla de
Margarita, Venezuela.” Trabajo de Grado.
IUTEMAR, Punta de Piedras, 45 pp.

Haedrich, R. L. 1990. Centrolophidae. In Checklist of
the fishes of the Eastern Tropical Atlantic (CLOFE-
TA). (). C. Quero, J. C. Hureau, C. Karrer, A. Post,
and L. Saldanha, eds.). Lisbon (Portugal): Junta
Nacional de Investigagdo Cientifica e Tecnologica,
pp. 1010-1013.

Haedrich, R. L, and M. Schneider. 1995.
Stromateidae. In Guia FAO para la identificacién
de especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
and C. Sommer, eds.). Rome: FAO, pp. 1622-1624.

Hall, M. 1980. Evaluacién de los recursos de
Macrocystis pyrifera. 1. Costa de la provincia del
Chubut entre Pta. Lobos y Pta. Gaviota.
Contribucién CENPAT, 31, 6 pp.

Halstead, B. W., P. S. Auerbach, and D. R. Campbell.
1990. A colour atlas of dangerous marine animals.
Ipswich (England): Wolfe Medical Publications Ltd.,
192 pp.

Harrington, B. A. 1993. Coastal globe-trotting: shore-
bird migration in the New World. Underwater
Naturalis, 21 (2-3): 39.

Harvey, G. 1982. Artisanal fisheries for herrings in
Jamaica. Proceeding of the Annual of the Gulf and
Caribbean Fisheries Institute, 34: 141-148.

Hastings, P. A. 1995. Blennidae. In Guia FAO para
identificacién de especies para los fines de la
pesca. Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).

The Nature Conservancy

Rome: FAO, pp. 927-930.

Hay, M. E. 1984. Coral reef ecology: have we been
putting all of our herbivores in one basket?
Bioscience, 34 (5): 323-324.

—. 1984. Patterns of fish and urchin grazing on
Caribbean coral reefs: are previous results typical?
Ecology, 2: 446-454.

Hayden, B. P. R. Carleton. 1984. Classification of
coastal and marine environments. Environmental
Conservation, 11 (3): 199-209.

Haynes, A. M. 1987. Human exploitation of seabirds
in Jamaica. Biological Conservation, 41 (2): 99-124.

Hays, C. 1986. Effects of the 1982-83 El Nifio on
Humboldt penguin colonies in Peru. Biological
Conservation, 36 (2): 169-180.

Heemstra, P. C. 1995. Lobotidae. In Guia FAO para
identificacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fscher, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, p. 126.

—. 1995. Serranidae. In Guia FAO para identificacién
de especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
and C. Sommer, eds.). Rome: FAO, pp. 1565-1613.

Heemstra, P. C., and J. E. Randall. 1993. Groupers of
the world. (Family Serranidae, Subfamily
Epinephelinae). FAO Species Catalogue No. 16,
382 pp.

Hendry, M. D., and S. M. Head. 1985. Late quaternary
searlevel changes and the development of raised reef/
dune sequence at great Pedro Bluff, south-west
Jamaica. In 5th International Coral Reef Congress.
(C. Gabrie, and V. M. Harmelin, eds.). Moorea
(French Polinesia): Antenne MuseumEPHE, pp. 119-124.

Hensley, D. A. 1995. Bothidae. In Guia FAO para
identificacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
931-936.

—. 1995. Paralichthyidae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1349-1380.

Herndl, G. J. 1991. Microbial biomass dynamics along
a trophic gradient at the atlantic barrier off Belize,
Central America. Marine Ecology, 12 (1): 45-51.

Herrera, L., G. Febres, and J. M. Andrés. 1980.
Distribucién de las masas de agua y sus vinculaciones
dinamicas en el sector centro-occidental venezolano,
Mar Caribe. Boletin del Instituto Oceanogréfico de
la Universidad de Oriente, 19 (1-2): 118 pp.

Hess, D. F., and R. T. Abbott. 1994. Marine molluscs
of the Cayman Islands. In The Cayman Islands:
natural history and biogeography. (M. A. Brunt,
and J. E. Davies, eds.). Monographiae Biologicae
No. 71. Dordrecht (The Netherlands): Kluwer
Academic Publishers, pp.139-189.

Hilty, S. L., and W. L. Brown. 1986. A guide fo the
birds of Colombia. Princeton, NJ: Princeton
University Press, 836 pp.

Hof, T. Van't. 1985. Curacao underwater park man-
agement plan. Curagao (Netherlands Antilles):
Netherlands Antilles National Parks Foundation, 71 pp.

Holst, I., and H. M. Guzman. 1996. Lista de corales
hermatipicos (Anthozoa: Scleractinia; Hydrozoa:
Milleporina) a ambos lados del Istmo de Panama.

Revista de Biologia Tropical, 41 (3): 871-875.

Hughes, T. B. 1994. Catastrophes, phase shifts and
large-scale degradation of a Caribbean coral reef.
Science, 265 (5178): 1547-1551.

Humfrey, M. 1975. Sea shells of the West Indies: a
guide to the marine molluscs of the Caribbean. New
York: Taplinger Pub. Co., 351 pp.

Humphrey, P., D. Boidge, P. W. Reynolds, and R. T.
Peterson. 1990. Birds of the Isla Grande (Tierra
del Fuego). Preliminay Smithsonian Manual.
Washington, DC: Smithsonian Institute, 411 pp.

Hurtado, N., and J. Camacho. 1994. Informe sobre
manglares en Nicaragua, América Central. In E/
ecosistema de manglar en América Latina y la
cuenca del Caribe: su manejo y conservacién. (D.
O. Suman, ed.). Miami, FL: Rosenstiel School of
Marine and Atmospheric Sciences, University of
Miami, pp. 160-167.

IBAMA. 1995. Os ecosistemas brasileiros e os princi-
pais macrovetores de desenvolvimento: subsidios
ao planejamento da gestao ambiental. Brasilia:
IBAMA, 25 pp.

Ibarra, O. 1990. Lagunas costeras de Baja
California. Ciencia y Desarrollo, 16 : 39-49.

Imber, M. J. 1992. Cephalopods eaten by wandering
albatrosses, Diomedea exulans, breeding at six cir-
cumpolar localities. J. Toy. Soc. New Zeal, 22:
243-263.

INEGI. 1988. Atlas nacional del medio fisico.
Aguascalientes (México): Instituto Nacional de
Geografia e Informética (INEGI), 224 pp.

INPARQUES. 1981. Parque Nacional Morrocoy.
Reglamento. Caracas: M.A.R.N.R, 13 pp.

—. 1991. Plan de ordenamiento y reglamento de uso
del Parque Nacional Laguna de La Restinga.
Anteproyecto. Caracas: Instituto Nacional de
Parques, 27 pp.

—. 1995. Plan de ordenamiento y reglamento de uso
del Parque Nacional Morrocoy. Borrador.
Caracas: Instituto Nacional de Parques, 55 pp.

Instituto Geogréfico Nacional Tommy Guardia. 1988.
Atlas nacional de la Repiblica de Panama. (3rd.
ed.). Panama: El Instituto, 222 pp.

lolster, P, and E. S. Wilcox. 1995. “Hispanic South
America Coastal Marine Conservation Priorities.”
WWEF, Unpublished report.

ltuarte, C. F. 1994. Corbicula and Neocorbicula
(Bivalvia: Corbiculidae) in the Parand, Uruguay, and
Rio de la Plata basins. The Nautilus, 107 (4): 129-135.

ltusarry, E. 1984. “Taxonomia y distribucién de los
crustaceos (Decapoda) en el frente maritimo
uruguayo para los meses de febrero y marzo de
1982 (Cruceros 8201-05 del B/P Lerez).” Tesis de
Licenciatura. Facultad de Humanidades y Ciencias,
Universidad de la Repiblica, 107 pp.

IUCN. 1996. Are we loosing it2 World Conservation,
April: 2:25.

IUCN and UNEP. 1988. Coral reefs of the world.
Atlantic and Eastern Pacific. (S. M. Wells, ed.)
Nairobi (Kenya): United Nations Environmental
Programme (UNEP), 373 pp.

IUCN and WCM. 1994. 1984 Red list of threatened
animals. (B. Groombridge, ed.). Gland
(Switzerland): IUCN, 286 pp.

IUCN and WCMC. 1994. Biodiversity data source-
book. (B. Groombridge, ed.). Cambridge (UK):

117



World Conservation, 155 pp.

IUCN-FUDENA-WWF. 1988. Hacia una estrategia
nacional de conservacién: plan de accién para la
conservacién de especies. Caracas: FUDENA, 82 pp.

Iwamoto, T., and W. Schneider. 1995. Macrouridae.
In Guia FAO para identificacién de especies para
los fines de la pesca: Pacifico Centro-Oriental. (W.
Fischer, F. Krupp, W. Schneider, and C. Sommer,
eds.). Rome: FAO, pp. 1246-1265.

Jaap, W. C., and P. Hallock. 1990. Coral Reefs. In
Ecosystems of Florida. (R. L. Myers, and J. J. Ewel,
eds.). Orlando, FL: University of Central Florida
Press, pp. 574-616.

Janzen, D. 1986. Guanacaste National Park: tropical,
ecological and cultural restoration. San José (Costa
Rica): UNED, 101 pp.

Jauregui, R. 1983. “Contribucién al estudio fisico-
quimico de las aguas superficiales de la laguna de
Punta de Piedras, Isla de Margarita, enero a
marzo de 1983." Trabajo de Grado. IUTEMAR,
Punta de Piedras, 50 pp.

Jefferson, T. A., S. Leatherwood, L. K. M. Shoda, and
R. L. Pitman. 1992. Marine mammals of the Gulf
of Mexico: a field guide for aerial and shipboard
observers. College Station, TX: Texas A & M
University Printing Center, 92 pp.

Jehl, J. R. Jr. 1984. Conservation problems of seabirds
in Baja California and the Pacific Northwest. In
Status and conservation of the world’s seabirds. (J.
P. Croxall, P. G. H. Evans, and R. W. Schreiber,
eds.). ICBP Technical Publication No. 2.
Cambridge (UK): International Council for Bird
Preservation, pp. 41-48.

Jiménez, B. 1982. “Investigacion de las relaciones
hidricas de C. uvifera L. Jack en Cayo Borracho
(Parque Nacional Morrocoy, Edo. Falcén).” Tesis
de Licenciatura en Biologia. Universidad Simén
Bolivar, 136 pp.

Jiménez, J., and R. Soto. 1985. Patrones regionales
en la esfructura y composicién floristica de los
manglares de la costa Pacifica de Costa Rica.
Revista de Biologia Tropical, 31 (1): 25-37.

John, D. M., I. Tittley, G. W. Lawson, and P. J. A. Pugh.
1994. Distribution of seaweed floras in the Southern
Ocean. Botanica Marina, 37 (3): 235-239.

Johnson, A. F., and M. G. Barbour. 1990. Dunes and
maritime forests. In Ecosystems of Florida. (R. L.
Myers, and J. J. Ewell, eds.). Orlando, FL:
University of Central Florida Press, pp. 429-480.

Johnson, A. W. 1967. The birds of Chile and adja-
cent regions of Argentina, Bolivia, and Peru.
Buenos Aires: Platt Establecimientos Grdficos, 2
volumes.

Johnson, G. D., and E. B. Brothers. 1989.
Acanthemblemaria paula, a new diminutive
Chaenopsid (Pisces: Blennioidei) from Belize, with
comments on life history. Proceedings of the
Biological Society of Washington, 102 (4): 1018-
1030.

Jones, M., J. Littau, and P. Reeson. 1992. Pontius, the
pilot whale. Jamaican Naturalist, 1: 32-33.

Jong, K. M., and H. E. Coomans. 1985. Marine gas-
tropods from Curagao, Aruba and Bonaire. Studies
of the Fauna of Curacao and other Caribbean

Islands, 214: 261 pp.

118

Jordén, D. E. 1990. Corales escleractineos y gor-
gonéceos del ambiente arrecifal coralino de Sian
Ka'an, Quintana Roo, México. In Diversidad
biolégica en la reserva de la biosfera de Sian
Ka’an, Quintana Roo, México. (L. D. Navarro,
and J. G. Robinson, eds.). Chetumal, Quintana
Roo (México): Centro de Investigaciones de
Quintana Roo (CIQRO), pp.127-130.

Juérez, M. 1975. Distribucién cuantitativa y algunos
aspectos cualitativos del ictioplancton del banco
de Campeche. Revista de Investigaciones, INP,
Cuba, 1 (1): 27-71.

JudrezGoémez, J. R., A. |. Erosa-Solana, and M. T.
Jiménez-Almaraz. 1995. La zona hotelera de
Cancin: una alternativa para la proteccién de tor-
tugas marinas. Amigos de Sian Ka’an Boletin, 14
(July): 25-28.

Kailola, P. J., and W. A. Bussing. 1995. Ariidae. In
Guia FAO para identificacién de especies para los
fines de la pesca: Pacifico Centro-Oriental. (W.
Fischer, F. Krupp, W. Schneider, and C. Sommer,
eds.). Rome: FAO, pp. 860-886.

Kastelein, R. A., J. Mc Bain, and B. Neurohr. 1993.
Information on the biology of Commerson'’s dol-
phins, Cephalorhynchus commersoni. Aquatic
Mammals, 19 (1): 13-19.

Kauffmann, R. 1966. Das vorkommen von meer-
esshildkroten in Kolumbien. Natur and Museum,
96 (2): 44-49.

—. 1971. Die lederschidkrote Dermochelys coriacea
in Kolumbien. Mitt. Inst. Colombo-Aleman Invest.
Cient, 5: 8794.

Kelleher, G., and C. Bleakley, principal eds. 1995. A
global representative system of marine protected
areas. Camberra; Washington; Gland (Switzerland):
Great Barrier Reef Marine Park Authoriry, World
Bank, World Conservation Union, 4 volumes.

Keller, G., and R. Kenchington. 1992. Guidelines for
establishing marine protected areas. Gland,
Switzerland: IUCN, 79 pp.

Kemperman, C. M., and H. Stegenga. 1986. The
marine benthic algae of the Atlantic side of Costa
Rica. An annotated, updated and enlarged check-
list. Brenesia, 25-26: 99-122.

Kinder, T. H. 1983. Shallow currents in the Caribbean
Sea and Gulf of Mexico as observed with satellite-
tracked drifters. Bulletin of Marine Science, 33 (2):
239-246.

Kinzie, R. A. lll. 1973. Coral reef project—Papers in
memory of Dr. Thomas F. Goreau. 5. The zonation
of West Indian gorgonians. Bulletin of Marine
Science, 23 (1): 93-155.

Klein, E., R. Molinet, and P. Penchaszadeh. 1995.
Composicién y estructura de la ictiofauna asocia-
da a praderas de Thalassia del Parque Nacional
Morrocoy. In Resimenes Il Jornadas Cientificas del
Instituto de Tecnologia y Ciencias del Mar “Golfo
Triste y sus Parques Nacionales.” Caracas:
Universidad Simén Bolivar, p. 9.

Klinowska, M., compiler. 1991. Dolphins, porpoises
and whales of the world: the IUCN red data book.
Gland (Switzerland): IUCN, 429 pp.

—. 1992. Marine mammal database review. UNEP
Regional Seas Report and Studies No. 141.
Nairobi (Kenya): Oceans and Coastal Areas

Programme Activity Centre, UNEP.

Knok, K. H. 1960. Littoral ecology and biogeography
of the southern oceans. Proceedings of the Royal
Society of London, 152: 577-624.

Knox, G. A. 1994. The Biology of the southern
ocean. Studies in Polar Research. Cambridge, NY:
Cambridge University Press, 444 pp.

Kock, K. H. 1992. Antarctic fish and fisheries. Studies
in Polar Research. Cambridge, NY: Cambridge
University Press, 359 pp.

Konstantinova, M. P., A.V. Remeslo, and P. P. Fedulov.
1994. Distribution of Mychthopydae in the south-
west Atlantic in relation fo water structure and
dynamic. Journal of Ichthyology, 34 (7): 151-160.

Koslow, J. A., K. Aiken, S. Auil, and A. Clementson. 1994.
Catch and effort analysis of the reef fisheries of
Jamaica and Belize. Fishery Bulletin, 92 (4): 737-47.

Krapovickas, S., and J. Sanguinetti. 1994. Propuesta
de creacién de un érea protegida nacional en
Mar Chiquita (Buenos Aires, Argentina). Processed
Report. Buenos Aires: Administracion de Parques
Nacionales, 18 pp.

Krepper, C. M. 1977. Difusién de agua proveniente
del Estrecho de Magallanes en las aguas de la
plataforma continental. Acta Oceanogréfica
Argentina, 1: 49-65.

Krupp, F. 1995. Achiridae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
850-854.

Krupp, F., and W. Schneider. 1995. Pomacanthidae.
In Guia FAO para identificacién de especies para
los fines de la pesca: Pacifico Centro-Oriental. (W.
Fischer, F. Krupp, W. Schneider, and C. Sommer,
eds.). Rome: FAO, pp. 1388-1391.

Lahmann, E. In press. La reserva forestal de Terraba-
Sierpe, Costa Rica. Programa Humedales UICN
para Centroamérica, 18 p.

Lanza, F. 1981. “Contribucién al estudio de las condi-
ciones hidrolégicas de las aguas superficiales de
la laguna de Punta de Piedras (abriljunio 1981),
Isla Margarita, Venezuela.” Trabajo de Grado.
IUTEMAR, Punta de Piedras, 47 pp.

Lasker, H. R., and M.A. Coffroth. 1983. Octocoral
distributions at Carrie Bow Cay, Belize. Marine
Ecology Progress Series, 13 (1): 21-28.

Laughlin, R, E.W. Machado, and M. H. Groening, eds.
1985. La pesqueria del botuto, “Strombus gigas”,
en el Parque Nacional Archipiélago de Los Roques.
Caracas: Fundacién Cientifica Los Roques, 17 pp.

Lavenberg, R. J., and M. Chernoff. 1995.
Atherinidae. In Guia FAO para identificacién de
especies para los fines de la pesca: Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
and C. Sommer, eds.). Rome: FAO, pp. 889-910.

Lea, R. N. 1995. Ophidiidae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 3142-3148.

Leatherwood, S., and R. R. Reeves. 1983. The Sierra
Club handbook of whales and dolphins. San
Francisco, CA: The Sierra Club Books, 302 pp.

LeBoeuf, B. J., and R. M. Laws, eds. 1994. Elephant
seals: population ecology, behavior, and physiology.

Setting Geographic Priorities for Marine Conservation



Berkeley, CA: University of California Press, 414 pp. Books, 168 pp. de Piedras, 69 pp.
Lee, D. S. 1993. Pelagic seabirds: feathered nomads of ~ Lépez, A. 1979. “Ritmicidad de la vegetacién de una  Massa, I. 1981. “Estimacién de la biomasa fitoplanc-

the open sea. Underwater Naturalist, 21 (3-4): 29-34. isla coralina al norte de Chichiviriche, Edo. Falcon.” ténica y de los sélidos en suspensién en Laguna
lee, D. S., and M. K. Clark. 1994. Seabirds of the Tesis Licenciatura en Biologia. Universidad Simén de Raya.” Trabajo de Grado. IUTEMAR, Punta de
Bahamas land and sea park. Bahamas Journal of Bolivar, 165 pp. Piedras, 46 pp.
Science, 2 (1): 15-21. Lépez-Ornat, A., and C. Ramo. 1992. Colonial Master, L. L. 1991. Assessing threats and setting
Lee, D., and L. Walling. 1992. Montego Bay Marine waterbirds populations in the Sian Ka'an bios- priorities for conservation. Conservation Biology,
Park: protecting a vital resource. Jamaican phere reserve (Quintana Roo, Mexico). Wilson 5 (4): 559-563.
Naturalist, 1: 19-24. Bulletin, 104 (3): 501-515. Matteucci, S., and A. Colma. 1986. Caracterizaciéon
Lefevre, L. W., T. J. O’Sheq, and R. C. Best. G. B. Lubchenco, J., G.W. Allison, S. A. Navarrete, B. A. climética del Estado Falcon. Acta Cientifica
Rathburn. 1989. Distribution, status, and biogeog- Menge, J. C. Castilla, O. Defeo, C. Folke, O. Venezolana, 37 (1): 63-71.
raphy of the West Indian manatee. In Biogeog- Kussakin, T. Norton, and A. M. Wood. 1995. Matteucci, S., A. Colma, and L. Pla. 1982. Andlisis
raphy of the West Indies. (C. A. Woods, ed.). Coastal systems. In United Nations environment ecolégico regional del Estado Falcén. Acta
Gainesville, FL: Sandhill Crane Press, 567-609. programme global biodiversity assessment. Section Cientifica Venezolana, 33 (1): 78-87.
Lembeye, G. 1992. Major PSP outbreak in Chile, 6: Biodiversity and ecosystem functioning: ecosys-  Mayer, L., and J. L. Silva. 1988. “Variabilidad diurna
1991-1992. Harmful Algae News, 2: 1-2. tem analyses. (V. H. Heywood, ed.). Cambridge de los parémetros fisico-quimicos en estanques fer-
Llemus, A. J. 1979. Las algas marinas del Golfo de (UK): Cambridge University Press, pp. 370-381. tilizados a base de desechos organicos.” Trabajo
Paria, Venezuela. I. Chlorophyta. Boletin del Macintyre, I. G., R. R. Graus, P. N. Reinthal, M. M. Litfler, de Grado. IUTEMAR. Punta de Piedras, 34 pp.
Instituto Oceanogréfico de Venezuela, Universidad and D. S. Litler. 1987. The barrier reef sediment ~ Mazparrote, S. 1970. Composicién del “turbio” o
de Oriente, 18 (1-2): 17-36. apron: Tabacco Reef, Belize. Coral Reef, 6 (1): 1-12. marea roja en las costas orientales de Venezuela.
—. 1984. las algas marinas del Golfo de Paria, Mahon, R. 1993. Natural fishery management areas Memorias de la Sociedad de Ciencias Naturales La
Venezuela. Il. Rhodophyta. Bolefin del Instituto in the Western Central Atlantic region. Ocean and Salle, 30 (86): 102-121.
Oceanogréfico de Venezuela, Universidad de Coastal Management, 19 (2): 121-135. Mc Connell, B. J., and M. A. Fedak. 1996. Movements
Oriente, 23 (1-2): 55-112. Mailer, A. R. 1983. A survey of black coral on the of southern elephant seals. Canadian Journal of
Lewis, S. M. 1986. The role of herbivorous fishes in north coast of Jamaica. Should harvesting be Zoology, 74 (8): 1485-1496.
the organization of a Caribbean reef community. allowed? Association of Island Marine Laboratories Mc Cosker, J. E., and R. H. Rosenblatt. 1995.
Ecological Monographs, 56 (3): 183-200. of the Caribbean. Meeting 17, Miami, FL: RSMAS, Muraenidae. In Guia FAO para identificacién de
Lewis, S. M., J. N. Norris, and R. B. Searles. 1987. University of Miami, 11 pp. especies para los fines de la pesca: Pacifico Centro-
The regulation of morphological plasticity in tropical Mailuf, P., and J. Reyes. 1987. The marine mammals Oriental. (W. Fischer, F. Krupp, W. Schneider, and
reef algae by herbivory. Ecology, 63 (3): 636-641. of Peru: a review. In The Peruvian upwelling C. Sommer, eds.). Rome: FAO, pp. 1303-1315.
Lewis, S. M., and P. C. Wainwright. 1985. Herbivore ecosystem: dynamics and interactions. (D. Pauly, P. —. 1995. Ophichthidae. In Guia FAO para identificacién
and their abundance and grazing intensity on a Muck, J. Memdo, and I. Tsukayama, eds.). de especies para los fines de la pesca: Pacifico
Caribbean coral reef. Journal of Experimental ICLARM Contribution; No. 409. Callao (Peru): Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
Marine Biology and Ecology, 87 (3): 215-218. Instituto del Mar del PerG (IMARPE), pp. 344-363. and C. Sommer, eds.). Rome: FAO, pp. 1326-1341.
Lichter, A. A. 1986. Records of beaked whales (ZIPHI-  Marcano, A. 1988. “Caracterizacién de las aguas McEachran, J. D. 1995. Rajidae. In Guia FAO para
IDAE) from the western South Atlantic. Scientific residuales provenientes de las instalaciones del identificacién de especies para los fines de la
Reports of the Whales Research Institute, Tokio, 37: Departamento de Cultivos EDIMAR.” Trabajo de pesca: Pacifico Centro-Oriental. (W. Fischer, F.
109-127. Grado. IUTEMAR, Punta de Piedras, 35 pp. Krupp, W. Schneider, and C. Sommer, eds.).
—.1992. Huellas en la arena, sombras en el mar: los Marcovecchio, J. E., and V. J. Moreno. 1993. Rome: FAO, pp. 773-777.
mamiferos marinos de la Argentina y la Antértida. Cadmium, zinc, and total mercury levels in the ~ Mclvor, C. C., J. A. Ley, and R. D. Bjork. 1994.
Buenos Aires: Ediciones Terra Nova, 290 pp. tissues of several fish species from La Plata river Changes in freshwater inflow from The Everglades
Lima, I. D., C. A. E. Garcia, and O. Méller. 1996. estuary, Argentina. Environ. Monit. Assess, 25: to Florida Bay including effects on biota and biotic
Ocean surface processes on the southern Brazilian 119-130. processes: a review. In Everglades: the ecosystem
shelf: caracterization and seasonal variability. Margolis, M., M. D. Padrén, and M. V. Roldan. and its restoration. (S. M. David, and J. C. Ogden,
Continental Shelf Research, 16 (10): 1307-1313. 1988. Evaluacién de la calidad microbiolégica y eds.). Delray Beach, FL: St. Lucie Press, pp. 117-146.
Livinston, R. J. 1990. Inshore marine habitats. In nutricional de la holoturia mexicana del Parque McKay, R. J., and W. Schneider. 1995. Haemulidae.
Ecosystems of Florida. (R. L. Myers, and J. J. Ewel, Nacional Morrocoy, Edo. Falcdn. Memorias de la In Guia FAO para identificacién de especies para
eds.). Orlando, FL: University of Central Florida Sociedad de Ciencias Naturales La Salle, 43 los fines de la pesca: Pacifico Centro-Oriental. (W.
Press, pp. 549-573. (Sup. 1): 51-60. Fischer, F. Krupp, W. Schneider, and C. Sommer,
Llano, M. 1986. Estudio sedimentolégico de la lagu-  Mérquez, L. M., M. Rodriguez, and F. Losada. 1995. eds.). Rome: FAO, pp. 1136-1173.
na costera de Punta de Piedras. ASOVAC, 37 (1): Estructura de una comunidad de octocorales en McNeely, J. A., and ICUN—The World Conservation
123 pp. Isla Alcatraz (P. N. San Esteban, Edo. Carabobo). Union, eds. 1995. Expanding partnership in con-
—.1987. Dindmica sedimentaria de la laguna de In Resémenes Il Jornadas Cientificas del Instituto de servation. Washington, DC: Island Press, 302 pp.
Punta de Piedra. I: Epocas de mareas minimas. Tecnologia y Ciencias Marinas “Golfo Triste y sus ~ McNeely, J. A., J. Harrison, and P. Dingwall, eds.
Memorias de la Sociedad de Ciencias Naturales Parques Nacionales.” Caracas: Universidad Simén 1994. Protecting nature: regional reviews of pro-
La Salle, 47 (127-128): 37-75. Bolivar, 11 pp. tected areas. Gland (Switzerland): IUCN, 402 pp.
Llano, M., P. I. Guevara, and A. Acevedo. 1991. El Mérquez, M. R. 1990. Sea turtles of the world. FAO ~ Mendoza, M. L., and S. Molina. 1994. Corallinales
andlisis vectorial en la determinacién de zonas de Species Catalogue. FAO Fisheries Synopsis No. of Malvinas Islands; Biological characteristics.
erosion, transporte y sedimentacion en lagunas 125. Rome: FAO, 81 pp. Criptogamie-Algol, 15: 175-182.
costeras. Memorias de la Sociedad de Ciencias Martinez, A. 1987. Echinoideos y asteroideos de Meneghel, M., A. Melgarejo, and F. Achaval. 1992.
Naturales La Salle, 135-136: 43-56. Venezuela. Boletin del Instituto Oceanogréfico de Clave para la determinacién de los reptiles del
Lobel, P. S. 1980. Herbivory by damselfishes and la Universidad de Oriente, 21 (1-2): 153-164. Uruguay. Montevideo (Uruguay): Universidad de la
their role in coral reef community ecology. Bulletin ~ Martino, G. 1982. “Determinacién de la cantidad de Repiblica, Facultad de Ciencias, 76 pp.
of Marine Science, 30 (Special Issue): 273-289. desecho orgénico del Rhizophora mangle Linneo  Meneses, C. I. 1993. Vertical distribution of coralline
Lockley, R. M. 1974. Ocean wanderers; the migratory que cae en Laguna de Raya (abril-junio), Isla de algae in the rocky intertidal of northern Chile. In 14th
seabirds of the world. Harrisburg, PA: Stackpole Margarita.” Trabajo de Grado. IUTEMAR, Punta Annual Seaweed Symposium. Dordrecht (Belgium):

The Nature Conservancy 119



Kluwer Academic Publishers, pp. 121-129.

Menni, R. C., and A. E. Gosztonyi. 1982. Benthic and
semidemersal fish associations in the Argentine Sea.
Studlies on Neotropical Fauna & Environment, 17 (1): 1-29.

Menni, R. C., and H. L. Lépez. 1984. Distributional pat-
terns of Argentine marine fishes. Physis, 42 (103): 71-85.

Menni, R. C., R. A. Ringuelet, and R. A. Aramburu.
1984. Peces marinos de la Argentina y Uruguay.
Buenos Aires: Hemisferio Publ., 360 pp.

Merlen, G. 1988. A field guide to the fishes of
Galdpagos (2nd. ed.). London (England): Wilmot
Books, 63 pp.

Meyer, F. O. 1989. Emerging perspectives: CEDAM
International and the Belize reefs. Reef Report, 22
(1): 47.

Meza, O. 1982. “Contribucién al estudio oceanogré-
fico fisico de Laguna de Raya, isla de Margarita,
Venezuela.” Trabajo de Grado. IUTEMAR, Punta
de Piedras, 77 pp.

Meza, T. A. 1988. Areas silvestres de Costa Rica. San
José (Costa Rica): Alma Mater and UCR, 110 pp.

Miniambiente-Instituto Humboldt. 1995. Convenio sobre
diversidad biolégica; Ley 165 de 1994. Bogotd
(Colombia): Ministerio del Medio Ambiente, 23 pp.

Moigis, A., and J. Bonilla. 1985. La productividad
primaria del fitoplancton e hidrografia del Golfo
de Paria, Venezuela, durante la estacién de lluvias.
Boletin del Instituto Oceanogrdfico de Venezuela,
Universidad de Oriente, 24 (1-2): 163-175.

—. 1988. La productividad primaria del fitoplancton
e hidrografia del Golfo de Paria, Venezuela,
durante la estacién seca. Boletin del Instituto
Oceanogréfico de Venezuela, Universidad de
Oriente, 27 (1-2): 105-116.

Molinari, R. L., D. K. Atwood, C. Duckett, M. Spillane,
and |. Brooks. 1980. Surface current in the
Caribbean Sea as deducted from satellite tracked
drifting buoys. Proceedings of the Annual Gulf and
Caribbean Fisheries Institute, 32: 106-113.

Moll, D. 1985. The marine turtle of Belize. Orix, 19
(3): 155.157.

Montague, C. L., and R. G. Wiegert. 1990. Salt
marshes. In Ecosystems of Florida. (R. L. Myers,
and J. J. Ewel, eds.). Orlando, FL: University of
Florida Press, pp. 481-516.

Moore, E., and F. Sander. 1976. Quantitative and
qualitative aspects of the zoplankton and breeding
patterns of copepods at two Caribbean coral reef
stations. Estuarine and Coastal Mar. Sci, 4 (6):
589-607.

Moors, P. J., and I. A. Atkinson. 1984. Predation on
seabirds by introduced animals and factors affect-
ing its severity. In Status and conservation of the
world’s seabirds. (). P. Croxall, P. G. H. Evans, and
R. W. Schreiber, eds.). ICBP Technical Publication
No. 2. Cambridge (UK): International Council for
Bird Preservation, pp. 667-690.

Morales-Vela, B., and L. D. Olvera-Gémez. 1993.
Varamiento de calderones, Globicephala
macrorhynchus (CETACEA: DELPHINIDAE) en la
isla de Cozumel, Quintana Roo (México). An. Inst.
Biol. Univ. Nac. Auton. Mex. Ser. Zool., 64 (2):
177-180.

Moreno, C. A., and W. E. Duarte. 1979. Variacién
latitudinal de especies de peces en el sublitoral
rocoso: una explicacién ecolégica. Archivos de

120

Biologia y Medicina Experimental, 12: 169-178.

Moreno, C. A., and K-M. Lurecke. 1986. The response
of an intertidal Concholepas concholepas population
to protection from man in Southern Chile and the
effects on benthic sessile assemblages. Oikos, 46
(3): 359-364.

Morrison, R. I. G. 1989. Aflas of neartic shorebirds on
the coast of South America. Canadian Wildlife
Service Special Publication, 2 volumes.

MullerKarger, F., C. Mc Clain, T. Fisher, W. Esaias, and
R. Varela. 1989. Pigment distribution in the
Caribbean Sea: observations from space. Progress
in Oceanography, 23 (1): 23-64.

MullerKarger, R., and R. Varela. 1990. Influjo del rio
Orinoco en el Mar Caribe: observaciones con el
CZCS desde el espacio. Memorias de la Sociedad
de Ciencias Naturales La Salle, 49-50 (131-134):
361-390.

Mumby, P. J., A. R. Harborne, P. S. Raines, and J. P.
Ridley. 1995. A critical assessment of data derived
from Coral Cay conservation volunteers. Bulletin of
Marine Science, 56 (3): 737-751.

Mumby, P. J., P. S. Raines, D. A. Gray, and J. P.
Gibson. 1995. Geographic information system: a
tool for integrated coastal management in Belize.
Coastal Management, 23 (2): 111-121.

MufiozChagin, R. F., and G. de la CruzAguero. 1993.
Corales del arrecife de Akumal, Quintana Roo. In
Biodiversidad marina y costera de México. (S. I.
Salazar-Vallejo, and N. E. Gonzélez, eds.). México,
DF: Comisién nacional para el conocimiento y
aprovechamiento de la biodiversidad, pp. 761-771.

Munroe, T. A., T. A. Krupp, and M. Schneider. 1995.
Cynoglossidae. In Guia FAO para identificacién
de especies para los fines de la pesca. Pacifico
Centro-Oriental. (W. Fischer, F. Krupp, W. Schneider,
and C. Sommer, eds.). Rome: FAO, pp. 1039-1059.

Myers, R. F. 1991. Micronesian reef fishes. (2nd. ed.).
Barrigada, Guam: Coral Graphics, 398 pp.

Myvett, G. 1990. The role of the fisheries department
in environmental education. In Infernational
Coastal Resources Management Workshop, 23-25
August 1989, San Pedro, Ambergris Cay, Belize,
pp. 105-107.

Nakamura, |. 1985. Billfishes of the world: an
annotated and illustrated catalogue of marlins,
sailfishes, spearfishes and swordfishes known to
date. FAO Fisheries Synopsis No. 125. Rome:
United Nations Development Programme (UNDP),
v. 5, 65 pp.

Nakamura, I., and N. V. Parin. 1993. Snake mack-
erels and cutlassfishes of the world (Families
Gempylidae and Trichiuridae). FAO species cata-
logue. FAO Fisheries Synopsis No. 125. Rome:
FAO, 136 pp.

Nakamura, I., and T. Inada. 1986. Important fishes
trawled off Patagonia. Tokyo: Japan Marine
Fishery Resource Research Center, 370 pp.

Narosky, T., and D. Yzurieta. 1987. Guia para la
identificacién de las aves de Argentina y Uruguay.
Buenos Aires: Asociacién Ornitolégica del Plata,
345 pp.

Nettleship, D. N. 1990. Seabirds on Islands Workshop:
structure and objectives. In Seabirds on islands:
threats, case studies and action plans. (D. N.

Nettleship, J. Burger, and M. Gochfeld, eds.).

Cambridge (UK): Birdlife International, pp. 5-7.

Nion, H., C. Rios, R. Leta, and J. C. Elgue. 1986.
Descripcién de un area de cria mulfiespecifica en
el frente ocednico del Uruguay. Publicaciones de
la Comisién Técnica Mixta del Frente Maritimo.
Montevideo: La Comisién Técnica del Frente
Maritimo, pp. 369-408.

Nisbet, I. C. T. 1994. Effects of pollution on marine
birds. In Seabirds on islands. (D. N. Nettleship, J.
Burger, and M. M. Gochfeld, eds.). Birdlife
Conservation Series No. 1. Cambridge (UK):
Birdlife International, pp. 8-25.

NOAA. 1985. Gulf of Mexico coastal and ocean
zones. Strategic assessment data atlas. Rockville,
MD: NOAA, Department of Commerce, 1 atlas,
various pages.

—.1995. Florida Keys National Marine Sanctuary:
draft management plan. Environmental impact
statement. Silver Spring, MD: NOAA, 3 volumes.

Nordlie, F. G. 1990. Rivers and springs. In
Ecosystems of Florida. (R. L. Myers, and J. J. Ewel,
Eds.). Orlando, FL: University of Central Florida
Press, pp. 392-425.

Norris, J. N., and K. E. Bucher. 1982. Marine algae
and seagrasses from Carrie Bow Cay, Belize.
Smithsonian Contributions to Marine Sciences, 1:
167-223.

Novoa, D., compiler. 1982. Los recursos pesqueros
del rio Orinoco y su explotacién. Caracas: CVG,
386 pp.

Nofez-Jiménez, A. 1982. Cuba, la Naturaleza y el
Hombre. Ciudad de La Habana: Editorial Letras
Cubanas, 691 pp.

Odebrecht, C., L. Rorig, V. I. Garcia, and P. C.
Abreu. 1995. Shellfish mortality and a red tide
event in Southern Brazil. In Harmful Marine Algal
Blooms. (P. Lassus, et al., eds.). New York:
Lavoisier, pp. 213-218.

Odell, D. K. 1991. A review of the Southeastern
United States Marine Mammal Stranding Network:
1978-1987. In Marine mammal stranding in the
United States. (I. E. Reynolds, and D.K. Odell, eds.).
NOAA Technical Report NMFS No. 98, pp. 19-23.

Odum, W. E., and C. C. Mclvor. 1990. Mangroves. In
Ecosystems of Florida. (R. L. Myers, and J. J. Ewel,
eds.). Orlando, FL: University of Central Florida
Press, pp. 517-548.

OEA. 1992. Uruguay: Estudio ambiental nacional.
Washington, DC: OEA, 329 pp.

Ohlhorst, S. L., and W. D. Liddell. 1981. Hurricane
damage to Jamaican coral reefs. Abstracts With
Programs, 13: 522.

Oliva, D., and J. C. Castilla. 1986. The effect of
human exclusion on the population structure of
keyhole limpets, Fissurella crassa and F. limbata,
on the coast of Central Chile. Marine Ecology, 7
(3): 201-217.

Olson, D., et al., eds. 1996. A conservation assessment
of mangrove ecosystems of Latin America and the
Caribbean. Washington, DC: World Wildlife Fund.

—. 1998. Freshwater biodiversity of Latin America and
the Caribbean: A conservation assessment. Wash-
ington, DC: Biodiversity Support Program, 70 pp.

Oltremari, J., J. P. Singh, J. S. Singh, and R. K.
Khanna. 1985. Some criteria for evaluation of
resources in a system of protected areas in Chile.

Setting Geographic Priorities for Marine Conservation



Environmental Conservation, 12 (2): 173.

Orensanz, J. M. Unpublished. “Shellfish resources of
Argentina and Uruguay: an overview.” Report
prepared for Natural Resources Consultants, Inc.,
Seattle, WA.

Ortiz, F., and P. Greenfield. 1991. Aves del Ecuador
(Birds of Ecuador. Locational checklist with English
and Spanish common names). Ecuador: Corporacién
Ornitolégica del Ecuador, CECIA, 144 pp.

O'Sheq, T. J., and C. A. Salisbury. 1991. Belize: a
last stronghold for manatees in the Caribbean.
Orix,. 25 (3): 156-164.

Pagavino, M., and M. Hug. 1988. Revisién bibliogra-
fica sobre el ajuste de la longitud-peso: el ejemplo
de los lebranches Mugil liza de las lagunas
costeras de Tacarigua, Unare y Piritu, Venezuela.
Memorias de la Sociedad de Ciencias Naturales
La Salle, 48 (Sup. 3): 425-434.

Paiva, M. P. In press. Recursos pesqueros estuarinos e
marinhos do Brasil. 242 pp.

Palko, B. J., G. L. Beardsley, and W. Richards. 1982.
Synopsis of the biological data on dolphindishes,
Coryphaena hippurus Linnaeus and Coryphaena
equiselis Linnaeus. NOAA Technical Report NMFS
Circ. 443. FAO Fisheries Synopsis No. 130.
Seattle, WA: National Marine Fisheries Service, 28 pp.

Palma, H., O. Mufioz, G. Guevara., and J. Salazar.
1987. Estudio preliminar del contenido de agar en
dos especies de algas rojas (RODOPHYTA)
Gracilaria dominguensis, Sonder e Hypnea musci-
formis (Wulfen) Lamoroux, de las costas de la Isla de
Margarita, Venezuela. Memorias de la Sociedad
de Ciencias Naturales La Salle, 127-128: 7-24.

Pannier, F. 1979. Mangroves impacted by human-
induced disturbances: a case study of the Orinoco
delta mangrove system. Environmental
Management, 3 (3): 205-216.

Parin, N. V. 1995. Exocoetidae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1091-1103.

Parmelee, D. F., and P. C. Rasmussen. 1994. Status of
birds in Ushuaia Bay, Argentine Tierra del Fuego,
in spring and summer. Occasional Papers of the
Museum of Natural History, The University of
Kansas, 0091-7958; No. 168. Lawrence, KA:
Museum of Natural History, The University of
Kansas, 24 pp.

Paulin, C. 1995. Moridae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO,
1281-1288.

Pauly, D., and I. Tsukayama, eds. 1987. On the
implementation of management-oriented fishery
research: the case for the peruvian anchoveta. In
The Peruvian anchoveta and its upwelling ecosys-
tem: three decades of change. ICLARM Studies
and Reviews No. 15. Callao (Perd): Instituto del
Mar del Perd, pp. 1-13.

Pauly, D., P. Muck, and I. Tsukayama. 1989. The
Peruvian upwelling ecosystem: dynamics and
interactions. Callao (Per(): Instituto del Mar del
Per( (IMARPE), 438 pp.

Payne, R. 1995. Among whales. New York, NY:

The Nature Conservancy

Scribner, 438 pp.

Pedraza, S. N., A. C. M. Schiavini, E. A. Crespo, R.
Gonzdlez, and S. Dans. 1996. Estimacién prelimi-
nar de la abundancia de algunas especies de
pequerios cetdceos del Atlantico Sudoccidental.
Informes técnicos del plan de manejo integrado de
la zona costera patagénica. Puerto Madryn
(Argentina): Fundacién Patagonia Natural, 17 pp.

Pequefio, G. 1989. Peces de Chile: Lista sistemdtica
revisada y comentada. Revista de Biologia
Marina, 24 (2): 1-132.

—.1995. Peces. In Diversidad biolégica de Chile. (J.
A. Simonette, M. T. K. Arroyo, A. E. Spotorno, and
E. Llozada, eds.). Santiago (Chile): Comité Nacional
de Diversidad Biolégica, CONICYT, pp. 302-313.

Pequefio, G., and J. Lamilla. 1995. Clave artificial
ilustrada para reconocer familias de ciclostomos y
peces que habitan las aguas continentales de
Chile. Documentos Técnicos en Zoologia, 12 pp.

Perkins, J. S. 1983. The Belize barrier reef ecosystem:
an assessment of its resources, conservation status
and management. New York, NY: New York
Zoological Society, 148 pp.

Perkins, J. S., and A. Carr lll. 1985. The Belize barrier
reef: status and prospects for conservation man-
agement. Biological Conservation, 31 (4): 291-301.

Perry, J. A., and S. D. Perry. 1974. los peces
comunes de la costa Atléntica de Costa Rica. Serie
Ciencias Naturales. San José (Costa Rica):
Universidad de Costa Rica, 225 pp.

Pertini, F., R. Taylor, A. Boraso de Zaixso, and P.
Dominguez. 1981. Evaluacién de los recursos de
Macrocystis pyrifera. |l. Costa de la provincia del
Chubut entre Pta. Gaviota y Pta. Marques.
Contrib. CENPAT, 51: 26 pp.

Peters, D. J., and W. G. Nelson. 1987. The seasonality
and spatial patterns of juvenile surf zone fishes of
the Florida east coast. Florida Scientist, 50 (2): 8599.

Phelps, W. H., and R. M. Schauensee. 1994. Una
guia de las aves de Venezuela. Caracas: Ex libris,
484 pp.

Pitman, R. L. 1986. Atlas of seabirds distribution and
relative abundance in the eastern tropical Pacific.
Administrative Report, J-86-02C. La Jolla, CA:
Southwest Fisheries Center, 107 pp.

Pizarro, F., and H. Angulo. 1994. Diagnéstico de los
manglares de la costa pacifica de Costa Rica. In
El ecosistema de manglar en América Latina y la
Cuenca del Caribe: su manejo y conservacién. (D.
Suman, ed.). Miami, FL: Rosenstiel School of
Marine and Atmospheric Science, University of
Miami, pp. 34-363.

Polunin, N. V. C., and C. M. Roberts. 1993. Greater
biomass and value of target coral-reef fishes in two
small Caribbean marine reserves. Marine Ecology
Progress Series, 100 (1-2): 167-176.

Pool, D., S. Snedaker, and A. Lugo. 1977. Structure
of mangrove forests in Florida, Puerto Rico, Mexico,
and Costa Rica. Biotropica, 9 (3): 195-212.

Porter, J. W., J. D. Woodley, G. J. Smith, et al. 1981.
Population trends among Jamaican reef corals.
Nature, 292 (5838): 249-250.

Posada, J. M., and E. Brunetti. 1988. Andlisis del sis-
tema pesquero del Parque Nacional Archipiélago
de Los Roques. Caracterizacién general de la pes-
queria. Memorias de la Sociedad de Ciencias

Naturales La Salle, 47 (Sup. 3): 461-478.

Poss, S. G. 1995. Scorpaenidae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1544-1564.

Prescott, J. R. V. 1986. The maritime political boundaries
of the world. London, New York: Methuen, 377 pp.

Princz, D. 1978. Los moluscos marinos del Golfo de
Venezuela. Memorias de la Sociedad de Ciencias
Naturales La Salle, 109: 51-76.

Provost, C., O. Garcia, and V. Garcon. 1992. Analysis
of satellite sea surface temperature fime series in
the Brazil-Malvinas confluence region: dominance
of the annual and semiannual periods. Journal of
Geophysical Research, 97 (C11): 17841-17858.

Pulido, V. 1991. El libro rojo de la fauna silvestre del
Perd. Lima, Peru, 220 pp.

Quiroz, Y. 1984. “Aspectos ecolégicos y distribucién
de foraminiferos benténicos en la Bahia de
Mangle, Isla de Margarita, Venezuela.” Trabajo
de Grado, IUTEMAR, Punta de Piedras, 53 pp.

Rada, J. 1985. “Variacién del zooplancton y su
relacién con los cambios de marea en la laguna de
Punta de Piedras, Isla de Margarita, Venezuela.”
Trabajo de Grado, IUTEMAR, Punta de Piedras,
46 pp.

Rada, M. 1995. Efecto de las pinturas “antifouling”
con TBTO sobre las comunidades incrustantes del
canal de toma de Planta Centro. In Resimenes. Il
Jornadas Cientificas del Instituto de Tecnologia y
Ciencias Marinas “Golfo Triste y sus Parques
Nacionales.” Caracas: Universidad Simén Bolivar,
p. 14.

Rakoncinski, C. F., and D. W. Greenfield. 1985. Diet
comparisons between savannah reed-pond
Gambusia sexradiata and Gambusia puncticulata
yucatana (deep-bodied form) (Pisces: Poeciliidae)
on two dates during the dry season. Studies on
Neotropical Fauna and Environment, 20 (3): 157-165.

Ramakrishna, K., and R. E. Bowen. 1987. Outer limits
of continental shelf: a legal analysis of Chilean
and Ecuadorian island claims and US response.
Marine Policy, 11 (1): 58-68.

Ramcharan, E. 1983. Trinidad and Tobago. In Coral
reefs, seagrass beds, and mangroves: their interac-
tions in the coastal zones of the Caribbean. (J. C.
Ogden, and E. H. Gladfelter, eds.). UNESCO
Report in Marine Science No. 23. Paris: UNESCO,
pp. 22:23.

Ramirez, M. E., M. Eliana, and B. Santelices. 1991.
Catdlogo de las algas marinas benténicas de la
costa temperada del Pacifico de Sudamérica.
Santiago (Chile): Facultad de Ciencias Biolégicas,
Universidad Catélica de Chile, 437 pp.

Ramirez, P. 1993. Ecologia y estructura de las comu-
nidades de peces de la laguna de Punta de
Piedras, Isla de Margarita, Venezuela. Memorias
de la Sociedad de Ciencias Naturales La Salle,
139: 23-46.

Rangel-Salazar, J. L., P. E. Rocha, and J. Guzméan-Poo.
1993. Colonias de reproduccién de aves costeras
en Sian Ka'an. In Biodiversidad marina y costera
de Mexico. (S. |. Salazar-Vallejo, and N. E.
Gonzdlez, eds.). México, DF: Comisién Nacional
para el Conocimiento y Aprovechamiento de la

121



Biodiversidad, pp. 833-840.

Rankin, J. J. 1953. First record of the rare beaked
whale, Mesoplodon europaeus, Gervais, from the
West Indies. Nature, 171 (4384): 873-874.

Ratter, B. M. W., et al. 1993. Maritime jurisdiction in
the wider Caribbean: a handbook on national leg-
islation. Hamburg: WAYASBAH, 229 pp.

Ray, G. C., and M. G. McCormickRay. 1979. Data
atlas (preliminary) - planning a marine conserva-
tion strategy for the Caribbean region. Gland
(Switzerland): International Union for Conservation
of Nature and Natural Resources, 1 atlas, 45 leaves.

Rebel, T. P. 1974. Sea turtles and the industry of the
West Indies, Florida, and the Gulf of Mexico.
Revised edition, Coral Gables, FL: University of
Miami Press, 250 pp.

Reeves, R. R., and S. Leatherwood, compilers. 1994.
Dolphins, porpoises, and whales: 1994-1998
Action plan for the conservation of cetaceans (2nd
ed.). Gland (Switzerland): IUCN, 91 pp.

Reijnders, P., S. Brasseur, J. van der Toorn, P. van der
Wolf, I. Boyd, J. Harwood, D. Lavigne, and L.
Lowry. 1993. Seals, fur seals, sea lions, and
walrus. Gland (Switzerland): IUCN/ SSC Seal
Specialist Group, 88 pp.

Reilly, P. N. 1994. Penguins of the world. New York:
Oxford University Press, 164 pp.

Reinthal, P. N., B. Kensley, and S. M. Lewis. 1984.
Dietary shifts in the queen triggerfish, Balistes vetula,
in the absence of its primary food item, Diadema
antillarum. Marine Ecology, 5 (2): 191-195.

Reinthal, P. N, and S. M. Lewis. 1986. Social bevav-
iour, foraging efficiency and habitat utilization in a
group of tropical herbivorous fish. Animal
Behaviour, 34 (6): 1687-1693.

Reyes, J. C. 1992. Informe nacional sobre la situacién
de los mamiferos marinos en Perd. Informes y estu-
dios del programa de mares regionales del
PNUMA No. 145. Nairobi: PNUMA, 21 pp.

Reyes, L. M., E. A. Crespo, and V. Szapkievich. 1996.
Distribucién y abundancia de lobos marinos de
un pelo en el centro y sur de Chubut, Argentina.
Informes técnicos del plan de manejo integrado
de la zona costera patagénica. Puerto Madryn
(Argentina): Fundacién Patagonia Natural, 10 pp.

Richards, W. J., and J. A. Bohnsack. 1990. The
Caribbean Sea, a large marine ecosystem in crisis.
In Large marine ecosystems: patterns, processes and
yields. (K. Sherman, L. M. Alexander, and B. D.
Gold, eds.). Washington, DC: American Association
for the Advancement of Science, pp. 44-53.

Richardson, T. H., J. I. Richardson, and M. Donnelly,
compilers. 1990. Proceedings of the Tenth Annual
Workshop on Sea Turtle Biology and
Conservation, 20-24 February 1990, Hilton Head,
South Carolina. NOAA Technical Memorandum
NMFS-SEFC No. 278. Miami, FL: U.S. Department
of Commerce, NOAA, 286 pp.

Ridgely, R. S. 1973. A guide fo the birds of Panama.
Princeton, NJ: Princeton University Press, 394 pp.

Ridgway, S. H., and R. J. Harrison, eds. 1981. Sea
lions, fur seals and sea otter. In Handbook of marine
mammals. New York, NY: Academic Press, 235 pp.

—. 1981. Sedls. In Handbook of marine mammals.
New York, NY: Academic Press, 359 pp.

Riepe, D. 1993. Coastal birds- Introduction.

122

Underwater Naturalist, 21 (3-4): 2.

Riera, R. 1982. “Distribucién de la vegetacién en una
isla coralina (Cayo Borracho), Estado Falcén.”
Tesis Licenciatura en Biologia. UCV, 136 pp.

Riestra, G., and O. Defeo. 1994. Aspectos de la
dindmica poblacional y estructura de la comunidad
del mejillon Mytilus edulis platensis en la costa
afléntica uruguaya. Comunicaciones de la Sociedad
Malacolégica del Uruguay, 7 (66-67): 345-356.

Roberts, C. M., and N. V. C. Polunin. 1991. Are
marine reserves effective in management of reef
fisheries? Reviews in Fish Biology and Fisheries, 1
(1): 6591.

—. 1993. Marine reserves: simple solutions to man-
aging complex fisheries? Ambio, 22 (6): 363-368.

—. 1994. Hol Chan: Demostrating that marine
reserves can be remarkably effective. Coral Reefs,
13 (2): 90.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
E. A. Lachner, R. N. Lea, and W. B. Scott. 1980.
A list of common and scientific names of fishes
from the U.S. and Canada (4th ed.). American
Fisheries Society Special Publication No. 12.
Bethesda, MD: American Fisheries Society, 174 pp.

—.1991. Common and scientific names of fishes from
the United States and Canada (5th ed.). Special
Publication American Fisheries Society No. 20.
Bethesda, MD: American Fisheries Society, 183 pp.

—. 1991. World fishes important to North Americans;
Exclusive of species from the continental waters of
the United States and Canada. Special Publication
American Fisheries Society No. 21. Bethesda, MD:
American Fisheries Society, 243 pp.

Robins, C. R., and G. C. Ray. 1986. A field guide to
atlantic coast fishes of North America. Boston, MA:
Houghton Mifflin Co, 354 pp.

Rodriguez, G. 1954. The marine comunities of
Margarita Island, Venezuela. Bulletin of Marine
Science, 9 (3): 237-280.

—.1980. los crustdceos decapodos de Venezuela.
Caracas: Instituto Venezolano de Investigaciones
Cientificas; IVIC, 494 pp.

RodriguezGil, L. A. 1994. Andlisis de la evolucién de
la pesqueria del caracol en dos estados de la
Peninsula de Yucatén, México y en una cooperati-
va de pescadores. In Biologia, pesqueria y cultivo
del caracol Strombus gigas. (R. S. Appeldoorn,
and B. Rodriguez, eds.). Caracas: Fundacién
Cientifica Los Roques, pp. 113-124.

Rodriguez, M., F. Losada, and L. M. Marquez. 1995.
Distribucién de las formas y frecuencias de tallas
de algunas de las especies de una comunidad de
octocorales a lo largo de un gradiente de profun-
didad en Isla Alcatraz (Parque Nacional San
Esteban). In Resémenes Il Jornadas Cientificas del
Instituto de Tecnologia y Ciencias Marinas “Golfo
Triste y sus Parques Nacionales.” Caracas:
Universidad Simén Bolivar, 12 pp.

Rogers, C. S. 1992. An infegrated approach fo marine
and terrestrial resarch in Virgin Island National Park
and Biosphere Reserve. Park Science, 12 (2): 1-27.

—.1985. Degradation of Caribbean and Western
Atlantic coral reefs and decline of associated fish-
eries. In 5 th International Coral Reef Congress. (C.
Gabrie, and V. M. Harmelin, associate editors).
Moorea (French Polinesia): Antenne Museum-EPHE,

pp. 491-496.

Roman, B. 1980. Peces marinos de Venezuela.
Caracas: Fundacién de Ciencias Naturales La
Salle, 408 pp.

Romanello, E., and A. Boraso de Zaixo. 1993.
Evaluacién de los recursos de Macrocystis
pyrifera. lll. Costa de la provincia de Santa Cruz
entre Punta Murphy y Punta Desengafio. Naturalia
Patagénica, (Ciencias Biolégicas), 1 (2): 69-75.

Romero, A., A. Mayayo, and |. Agudo. 1991. Los
cetdceos recientes de Venezuela. Memorias de la
Sociedad de Ciencias Naturales La Salle, 135-
136: 169-180.

Ross, P. J. 1971. The shallow water stony corals of the
Netherland Antilles. Stud. Fauna Curacao Other.
Caribb. Isl., 130: 108 pp.

Rubio, M. 1983. “Contribucién al estudio de los
parametros fisicoquimico del agua en los estanques
de cultivos y la fuente de suministro.” Trabajo de
Grado, IUTEMAR, Punta de Piedras, 63 pp.

Ruttlant, J., and H. Fuenzalida. 1991. Synoptic
aspects for the Central Chile rainfall variability
associated with the Southern Oscillation.
International Journal of Climatology, 11 (1): 63-76.

Rutzler, K., Macintyre, and P. A. Barrick. 1982. The
habitat distribution and community structure of the
barrier complex at Carrie Bow Cay, Belize. Smith-
sonian Contribution to Marine Sciences, 12: 9-45.

SACYP (Secretaria de Agricultura y Pesca). 1995.
Guia pesquera argentina (2nd. ed.). Buenos Aires:
Masidian Publishers, 344 pp.

Sahney, A. K. 1983. Sample survey of the fishing
industry in Jamaica. FAO Fisheries Report No. 278
(sup.): 255-275.

Salamanca, M. A, L. Chuecas, and F. Carrasco.
1986. Heavy metal in surface sediments from three
embayments of Central and South Chile. Marine
Pollution Bulletin, 17 (12): 567-568.

Salaya, J. J., R. Molinet, P. E. Penchaszadeh, M. T.
Badaracco, and F. Gonzélez. 1988. Andlisis y
evaluacién de la pesca de arrastre en Golfo Triste
y éreas adyacentes, Venezuela, periodo 1976-
1986. Memorias de la Sociedad de Ciencias
Naturales La Salle, 47 (sup. 3): 501-534.

SalazarVallejo, S. I., J. C. Zurita, N. E. Gonzélez, F.
Perez-Castillo, and H. C. Gamboa. 1993. Areas
costeras protegidas de Quintana Roo. In
Biodiversidad marina y costera de Mexico. (S. .
Salazar-Vallejo, and N. E. Gonzélez, eds.).
Mexico, DF: Comisién Nacional para el
Conocimiento y Aprovechamiento de la
Biodiversidad, pp. 687-708.

Salzwedel, H., and A. Landa, eds. 1988. Recursos y
dindmica del ecosistema de afloramiento peruano.
Memorias del 2do Congreso Latinoamericano de
Ciencias del Mar. Lima (Peru): IMARPE, 382 pp.

Sambrano, A., and H. Diaz. 1986. Actividad sedi-
mentivora de Holoturia mexicana e Isostichopus
badionotus (Equinodermata: Holoturoidea) en
bajos de Thalassia. Acta Cientifica Venezolana,
37 (sup. 1): 1-23pp.

Sanchez, F. 1987. “Contribucién al estudio sedi-
mentolégico de la laguna de Punta de Piedras.”
Trabajo de grado. IUTEMAR, Punta de Piedras,
77 pp.

Setting Geographic Priorities for Marine Conservation



Sanchez, H. 1994. Los manglares de Colombia. In E/
ecosistema de manglar en América Latina y la cuenca
del Caribe: su manejo y conservacién. (D. Suman,
ed.). Miami, FL: Rosenstiel School of Marine and
Atmospheric Science, University of Miami, pp. 21-33.

Sanchez, R. P., A. Remeslo, A. Madirolas, and J. D.
Ciechomski. 1995. Distribution and abundance of
postarvae and juveniles of the patagonian sprat,
Sprattus fuegensis, and related hydrographic con-
ditions. Fisheries Research, 23 (1-2): 47-81.

Sanchez, R. P, and J. D. Ciechomski. 1995.
Spawning and nursery grouns of pelagic fish
species in the sea shelf off Argentina and adjacent
areas. Scientia Marina, 59 (3-4): 455-478.

Santelices, B. 1986. The wild harvest and culture of
the economically important species of Gelidium in
Chile. In Case studies of seven commercial sea-
weed resources. (M. S. Doty, J. F. Caddy, and B.
Santelices, eds.). FAO Fisheries Technical Papers
No. 281. Rome: FAO, pp. 165-192.

—.1989. Algas marinas de Chile: distribucién, ecologia,
utilizacién, diversidad. Santiago de Chile:
Ediciones Universidad Catélica de Chile, 399 pp.

—. 1990. Patterns of intertidal and shallow subtidal
vegetation in wave exposed habitat of Central
Chile. Hydrobiologia, 192 (1): 35-37.

—. 1991. Littoral and sublittoral communities of continen-
tal Chile. In Intfertidal and littoral ecosystems. (A. C.
Mathieson, and P. H. Nienhuis, eds.). Ecosystems of
the world No. 24. Amsterdam: Elsevierpp, 347-369.

—. 1992. Marine phytogeography of the Juan
Fernandez Archipelago: a new assessment. Pacific
Science, 46 (4): 438-452.

Santelices, B., and I. A. Abbott. 1987. Geographic and
marine isolation: an assessment of the marine algae
of Eastern Island. Pacific Science, 41 (1-4): 1-20.

Santelices, B., and J. Vazquez. 1986. Patrones de dis-
tribucién y dietas de un gremio de moluscos her-
bivoros en habitats intermareales expuestos de
Chile Central. Monografias Biolégicas, 4: 147-
171.

Santelices, B., and . Ojeda. 1984. Effects of canopy
removal on the understory algal community struc-
ture of coastal forests of Macrocystis pyrifera from
Southern South America. Marine Ecology Progress
Series, 14 (2-3): 165-173.

Santinelli, N., et al. 1994. Harmful algae and PSP
toxicity along North Patagonian coast. Harmful
Algae News, 9: 6.

Sargent, F. J., T. J. Lleary, D. W. Crewz, and C. R.
Kruer. 1995. Scarring in Florida’s seagrasses:
assessment and management options. Florida
Marine Research Institute Technical Report; TR-1.
St. Petersburg, FL: Florida Department of
Environmental Protection, Florida Marine Research
Institute, 46 pp.

Schlatter, R. P. 1984. The status and conservation of
seabirds in Chile. In Status and conservation of
the world’s seabirds. (J. P. Croxall, P. G. H. Evans,
and R. W. Schreiber, eds.). ICBP Technical
Publication No. 2. Cambridge (UK): International
Council for Bird Preservation, pp. 261-269.

Schmitz, W. J. Jr., and P. L. Richardson. 1991. On the
sources of the Florida Current. Deep-Sea Research,

38 (1): S349-5409.

The Nature Conservancy

Schneider, M. 1995. Argentinidae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 858-859.

—. 1995. Chaetodontidae. In Guia FAO para identi-
ficacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1000-1003.

Schnetter, R. 1978. Chlorophyceae. Marine algen der
Karibischen kuste von Kolumbien. Bibliotheca
Phycologica No. 24. Vaduz: J. Cramer, 198 pp.

—. 1978. Phaeophyceae. Marine algen der
Karibischen kuste von Kolumbien. Bibliotheca
Phycologica No. 24. Vaduz: J. Cramer, 105 pp.

Schomer, N. S., and R. D. Drew. 1982. An ecological
characterization of the lower Everglades, Florida
Bay and the Florida Keys. Washington, DC: Fish
and Wildlife Service, 246 pp.

Scott, D. A., and M. Carbonell. 1986. A directory of
neotropical wetlands. Cambridge (UK): Page Bros.
Publ, 684 pp.

Secretaria de Marina. 1974. Atlas Oceanogréfico del
Golfo de México y Mar Caribe: seccién mareas y
corrientes. Ciudad México, DF: Direccién General
de Oceanografia y Sefialamiento Maritimo, 39 pp.

Sedberry, G. R. 1990. Comparisons of fish population
of two Belize atolls. Belize Coastal Zone
Management Workshop, August 1989, San Pedro,
Belize. Belize, pp. 89-104.

Sedberry, G. R., and J. Carter. 1993. The fish commu-
nity of a shallow tropical lagoon in Belize, Central
America. Estuaries, 16 (2): 198-215.

Sedberry, G. R., J. Carter, and P. A. Barrich. In press. A
comparison of fish communities between protected
and unprotected areas of the Belize reef ecosystem:
implications for conservation and management.
Proceedings of the Annual Gulf and Caribbean
Fisheries Institute, 45.

Senior, M. 1981. “Aportacién al conocimiento de las
condiciones hidrolégicas de las aguas superficiales
de la laguna de Raya.” Trabajo de Grado.
IUTEMAR, Punta de Piedras, 55 pp.

Short, A. D., and L. D. Wright. 1983. Physical vari-
ability of sandy beaches. In Sandy beaches as
ecosystems. (A. Mclachlan, and T. Erasmus, eds.).
The Hague: W. Junk Publishers, pp. 137-144.

Shusterich, K. M. 1984. Marine resource development
in Belize. Marine Policy, 8 (4): 369-370.

Sick, H. 1993. Birds in Brazil: a natural history.
Princeton, NJ: Princefon University Press, 703 pp.

Sierra, L. M. 1996. Evaluacién de los recursos pes-
queros en el litoral caribe de Costa Rica. Informe
Final del Programa JAPDEVA-UNA. San José, 70 pp.

Simonette, J. A., M. T. K. Arroyo, A. E. Spotorno, and
E. Lozada, eds. 1995. Diversidad biolégica de
Chile. Santiago de Chile: CONICYT, 364 pp.

Sladen, W. J. L., R. C. Wood, and E. P. Monoghan.
1968. The USARP bird banding program, 1958-
1965. In Antarctic bird studies. (O. L. Jr. Austin,
ed.). Antarctic Research Series No. 12.
Washington, DC: American Geophysical Union of
the National Academy of Sciences, pp. 213-262.

Smith, C. L., J. C. Tyler, and L. Stillman. 1987. Inshore
ichthyoplankfon: a distinctive assemblage? Bulletin of
Marine Science, 41 (2): 432-440.

Smith, D. G. 1995. Congridae. In Guia FAO para
identificacién de especies para los fines de la
pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 1026-1035.

Smith-Vaniz, W. F. 1995. Carangidae. In Guia FAO
para identificacién de especies para los fines de
la pesca: Pacifico Centro-Oriental. (W. Fischer, F.
Krupp, W. Schneider, and C. Sommer, eds.).
Rome: FAO, pp. 940-986.

Soberén-Chavez, G., and A. Yafez-Arancibia. 1985.
Control ecolégico de los peces demersales: la
variabilidad ambiental de la zona costera y su
influencia en la produccién natural de los recursos
pesqueros. In Recursos pesqueros potenciales de
Meéxico: la pesca acompariante del camarén. (A.
Yénez-Arancibia, ed.). México, DF: Universidad
Nacional Auténoma de México, Instituto de
Ciencias del Mar y Limnologia, pp. 399-486.

Sommaruga, R., et al. 1995. The role of fertilizers and
detergents for eutrophication in Uruguay. Fresenius
Environmental Bulletin, 4: 111-116.

Sommer, C. 1995. Bramidae. In Guia FAO para iden-
tificacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
937-939.

—. 1995. Kyphosidae. In Guia FAO para identifi-
cacién de especies para los fines de la pesca:
Pacifico Centro-Oriental. (W. Fischer, F. Krupp, W.
Schneider, and C. Sommer, eds.). Rome: FAO, pp.
1195-2000.

Sosa-Cordero, E., A. Medino-Quej, A. Ramirez-
Gonzélez, and M. Dominguez-Viveros. 1993.
Invertebrados marinos explotados en Quintana
Roo. In Biodiversidad marina y costera de México.
(S. I. Salazar-Vallejo, and N. E. Gonzélez, eds.).
México, DF: Comisién Nacional para el
Conocimiento y Aprovechamiento de la
Biodiversidad, pp. 790-734.

Soto, R., and D. L. Ballantine. 1986. La flora
benténica del Caribe de Costa Rica. (Notas
preliminares). Brenesia, 25-26: 123-62.

Sposito, R. 1995. “Sedimentos, batimetria y evolucién
de la linea de costa de la boca de la laguna de
Punta de Piedras, Isla de Margarita, (tercer muesireo).
Trabajo de Grado. IUTEMAR, Punta de Piedras, 24 pp.

Sprunt, A. 1984. The status and conservation of
seabirds in the Bahamas Islands. In Status and
conservation of the world’s seabirds. {J. P. Croxall,
P. G. H. Evans, and R. W. Schreiber, eds.). ICBP
Technical Publication No. 2. Cambridge (UK):
International Council for Bird Preservation, pp.
157-168.

Stamatopoulos, C. 1992. Trends in catches and land-
ings: Atlantic fisheries, 1970-1991. FAO Fisheries
Circular No. 855.1. Rome: FAO, 223 pp.

Stanley, S. 1995. International nongovernmental con-
servation organizations with initiatives in the
region. In A global representative system of marine
protected areas. (G. Kelleher, C. C. Bleakley, and
S. Wells, eds.). Canberra, ACT (Australia): Great

"

123



Barrier Reef Marine Park Authority, pp. 23-26.

Starck, W. A. IIl. 1968. A list of fishes of Alligator
Reef, Florida with comments on the nature of the
Florida reef fish fauna. Undersea Biology, 1: 1-40.

Starnes, W. C. 1988. Revision, phylogeny and bio-
geographic comments on the circumpolar marine
percoid fish Family PRIACANTHIDAE. Bulletin of
Marine Science, 43 (2): 117-203.

Stepien, C. A. 1992. Evolution and biogeography of
the Clinidae (TELEOSTEI: BLENNIOIDEI). Copeia,
2: 375-392.

Stevenson, H. M., and B. H. Anderson. 1994. The
birdlife of Florida. Gainesville, FL: University Press
of Florida, 892 pp.

Stevenson, M. R., O. Guillén, and J. S. de Ycaza.
1970. Marine atlas of the Pacific coastal water of
South America. Berkeley, CA: University of
California Press, 23 pp.

Stiles, F. G. 1984. Status and conservation of seabirds
in Costarican waters. In Status and conservation of
the world’s seabirds. (J. P. Croxall, P. G. H. Evans,
and R. W. Schreiber, eds.). ICBP Technical
Publication; 2. Cambridge (UK): International
Council for Bird Preservation, pp. 223-230.

Stockton de Doc, A. 1987. Aves de la Repiblica
Dominicana. (2nd ed.). Santo Domingo: Museo
Nacional de Historia Natural, 354 pp.

Stoddart, D. R. 1969. Posthurricane changes on the
British Honduras reefs and cays: re-survey of
1965. Atoll Research Bulletin, 131: 1-25.

Stoddart, D. R., F. R. Fosberg, and M. H. Sachet.
1982. Ten years of change on the Glover's reef
cays. Afoll Research Bulletin, 257: 1-17.

Stoddart, D. R., F. R. Fosberg, and D. L. Spellman.
1982. Cays of the Belize barrier reef and lagoon.
Atoll Research Bulletin, 256: 1-73.

Sullivan, K. M., editor. 1994. Guide to the shallow
water marine habitats and benthic invertebrates of
the Exuma Cays Land and Sea Park, Bahamas.
Coral Gables, FL: Sea and Sky Foundation, 1 v.,
various pages.

Sullivan Sealey, K., and G. Bustamante. 1998.
“Marine Conservation Priorities for Latin America
and the Wider Caribbean-The Central Caribbean
as the Priority coastal ecoregion within the Tropical
Northwestern Atlantic: Classification and ranking
of coastal systems” (Unpublished final report, Vol.
2). Arlington, VA: The Nature Conservancy.

Suman, D. 1994. Legislacién y administracién de los
manglares en América Central. Revista Forestal
Centroamericana, 9 (3): 6-12.

Sybesma, J., and K. Eckert, ed. 1993. Sea turtle
recovery action plan for the Netherlands Antilles.
CEP Technical Report No. 25. Kingston (Jamaica):
Caribbean Environmental Programme, 58 pp.

Thompson, D. A., L. T. Findley, and A. N. Kerstitch.
1979. Reef fishes of the Sea of Cortez: the rocky-
shore fishes of the Gulf of California. New York,
NY: Wiley, 302 pp.

Thompson, K. R. 1993. Variation in magellanic pen-
guin Spheniscus magellanicus diet in the Falkland
Islands. Marine Ornithology, 21: 5767 .

Thompson, T. E. 1980. Hunting for nudibranchs in the
Caribbean Sea. Journal of Molluscan Studies, 42
(3): 451-456.

—. 1980. Jamaican opisthobranch molluscs 1I.

124

Journal of Molluscan Studies, 46 (1): 74-79.
Tickell, W. L. N. 1968. The biology of the great alba-
trosses, Diomedea exulans and Diomedea epo-
mophora. In Antarctic bird studies. (O. L. Austin, ed.).
Antarctic Research Series No. 12. Washington, DC:
American Geophysical Union Publishers, pp. 1-55.

Tinker, S. W. 1978. Fishes of Hawaii, a handbook of
the marine fishes of Hawaii and the Central Pacific
Ocean. Honolulu: Hawaiian Service Inc, 568 pp.

Tobias, W. 1987. Swordfish fishery landings, St.
Croix, U.S. Virgin Islands. Proceedings of the Gulf
and Caribbean Fisheries Institute No. 42: 41-52.

Tovar, H. 1968. Areas de reproduccién y distribucién
de las aves marinas en el litoral peruano. Boletin -
Instituto del Mar del Perd, 1 (10): 526-546.

Trivelpiece, W. C., and J. D. Ferraris. 1987. Notes on
the behavioural ecology of the magnificent frigate-
bird, Fregata magnificens. The Ibis, 129 (2): 168-174.

Tudrez, Y. 1993. “Sedimentos y ostracodos en la
laguna de Boca de Palo, Isla de Margarita.” Trabajo
de Grado. IUTEMAR, Punta de Piedras, 26 pp.

UNESCO, and Instituto de Biol. Mar. 1964.
Seminarios sobre ciencias basicas como prerrequi-
sito para la ensefianza de la oceanografia y sobre
biogeografia de los organismos marinos. Boletin
del Instituto de Biologia Marina. (Argentina), 7:
121 pp.

Valdez, J. 1984. Contribucién al conocimiento de la
ictiofauna de la broza de los arrastres en el Golfo
de Venezuela. Memorias de la Sociedad de
Ciencias Naturales La Salle, 122: 57-58.

Van Halewyn, R., and R. L. Norton. 1984. Status and
conservation of seabirds in the Caribbean. In Status
and conservation of the world’s seabirds. (). P.
Croxall, P. G. H. Evans, and R. W. Schreiber, eds.).
ICBP Technical Publication No. 2. Cambridge
(UK): International Council for Bird Preservation,
pp. 169:222.

Van't Hof, T. 1983. Guide to the Bonaire Marine
Park. Curagao: STINAPA, 151 pp.

Van't Hof, T., and R. Bak. 1983. Netherland Antilles.
In Coral reefs, seagrass beds and mangroves: their
interaction in the coastal zones of the Caribbean.
(). Ogden, ed.). UNESCO Reports in Marine
Science No. 23. Paris: UNESCO, 133 pp.

Van-Tussenbroek, B. I. 1993. Plant and front dynamics
of the giant kelp, Macrocystis pyrifera, forming a
fringing zone in the Falkland Islands. European
Journal of Phycology, 28 (3): 161-165.

Van Waerebeek, K., J. Reyes, and C. Aranda. 1992.
Southern right whales, Eubalaena australis, off
southern Peru. Marine Mammal Science, 8 (1): 86-
88.

Vazzoler, A. E. A. M. 1993. Ecologia de peixes
marinhos do Brasil. Encontro Brasil de ictiologia,
10: 264-268.

Vedder, J. G., N. S. Macleod, M. A. Lanphere, and
W. P. Dillon. 1973. Age and tectfonic implications
of some low-grade metamorphic rocks from the
Yucatan Channel. J. Research U.S. Geol. Survey, 1
(2): 157-164.

Velarde, E., and D. W. Anderson. 1990. Conservation
and management of seabird islands in the Gulf of
California: setbacks and successes. In Seabirds on
islands. (D. N. Nettleship, J. Burger, and M.
Gochfeld, eds.). Cambridge (UK): Birdlife

International, pp. 229-243.

Vermeer, K., and L. Rankin. 1984. Influence of habitat
destruction and disturbance on nesting seabirds. In
Status and conservation of the world’s seabirds. (). P.
Croxall, and P. G. H. Evans, eds.). ICBP Technical
Publication; 2. Cambridge (UK): International
Council for Bird Preservation, pp. 723-736.

Vermeij, G. J. 1973. West Indian mollusc communities
in the rocky intertidal zone: a morphological
approach. Bulletin of Marine Science, 23 (1): 351-386.

—. 1978. Biogeography and adaptation: patterns of
marine life. Cambridge: Harvard University Press,
332 pp.

Verrengia-Guerrero, N. R., and E. M. Kesten. 1993.
Levels of heavy metals in biota from La Plata river.
Environ. Toxicol. Water Qual, 8: 335-344.

Vieira, J. P. 1993. Latitudinal patterns in diversity of
fishes in warm-+temperature and tropical estuarine
waters of the Western Atlantic. Atlantica, 15: 115-
133.

Vieira, J. R., and N. W. Lanfredi. 1996. A hydrody-
namic model for the Rio de la Plata, Argenfina.
Journal of Coastal Research, 12 (2): 430-446.

Vila, P. 1960. Geografia de Venezuela. Caracas:
Editorial del Ministerio de Educacién, 351 pp.

Vilas, J. M., and O. E. Herndndez. 1984. “Estudio
del bentos en estructuras artificiales de las islas de
Margarita y Coche.” Trabajo de Grado. IUTEMAR,
Punta de Piedras, 66 pp.

Voltolina, A. L., and D. Voltolina. 1976.
Observaciones hidrolégicas en la laguna de Punta
de Piedras, Isla de Margarita, Venezuela, septiem-
bre 1965-noviembre 1966. Memorias de la
Sociedad de Cencias Naturales La Salle, 104:
117-126.

—. 1976. Observaciones hidrolégicas en la laguna
de Punta de Piedras, Isla de Margarita, enero
1967-febrero 1968. Memorias de la Sociedad de
Ciencias Naturales La Salle, 104: 127-153.

von Prahl, H., and H. Erhardt. 1985. Colombia:
corales y arrecifes coralinos. Bogoté: Fondo FEN,
295 pp.

Wade, B. 1977. A review of the benthic community
research in the Caribbean and its importance to
coastal management. FAO Fisheries Report No.
200: 505-527.

Warham, J. 1990. The petrels: their ecology and
breeding systems. San Diego, CA: Academic
Press, 440 pp.

Watson, G. E. 1966. Seabirds of the tropical Atlantic
Ocean. Smithsonian Publication No. 4680.
Washington, DC: Smithsonian Press, 120 pp.

Watson, G. E., A. J. Phillip, and P. C. Harper. 1975.
Birds of the Antarctic and sub-Antarctic. Washington,
DC: American Geophysical Union, 350 pp.

Weiss, M. P., and D. A. Goddard. 1977. Man'’s
impact on coastal reefs- an example from
Venezuela. Am. Ass. Pet. Geol. Studies in Marine
Geology, 4: 111-124.

Wells, J. W., and J. C. Lang. 1973. Systematic list of
Jamaican shallow water scleractinia. Bulletin of
Marine Science, 23 (1-2): 55-58.

Wells, S. M., editor. 1988. Coral reefs of the world.
1: Atlantic and Eastern Pacific. United Nations
Environment Programme. Gland (Switzerland):
Infernational Union for Conservation of Nature and

Setting Geographic Priorities for Marine Conservation



Natural Resources, 373 pp. de Grado. IUTEMAR. Punta de Piedras, 34 pp.
Wells, S. M., M. D. Mc Field, J. Gibson, J. Carter, Zlatarski, V. N., and N. Martinez-Estalella. 1982. Les

and G. R. Sedberry. In press. Marine protected scleractiniaires de Cuba: avec des donnes sur les
areas in Belize and their potential in fisheries man- organismes associes. Sofia (Bulgaria): L' Academie
agement. In Proceedings of the Workshop on Bulgare des Sciences, 472 pp.

Marine Protected Areas, Lee Stocking Island, Zolessi, L., and M. Phillipi. 1995. Lista sistemdtica de
Bahamas. (J. Sobel, ed.). Center for Marine DECAPODA del Uruguay (Arthropoda: Crustacea).
Conservation. Comunicaciones Zooldgicas del Museo de Historia

White, A. W., and B. Hallet. 1985. Clupeoid fishes of Natural de Montevideo, 12 (183): 24 pp.
the world (Suborder CLUPEOIDEI): an annnotated ~ Zurita, O. 1990. “Variacién diurna en algunos

and illustrated catalogue of the herrings, sardines, parémetros fisico-quimicos en la laguna de Punta
pilchards, sprats, shads, anchovies, and wolfher- de Piedras.” Trabajo de Grado. IUTEMAR. Punta
rings. FAO Fisheries Synopsis; No. 125. Rome: de Piedras, 95 pp.
FAO, 373 pp. Zurita-Gémez, J. C., R. Herrera, and B. Prezas. 1993.
Wilcox, E. 1994. Haiti fishermen plan a marine park. Tortugas marinas del Caribe. In Biodiversidad
People and The Planet, 1, (3): p.28. marina y costera de México. (S. |. Salazar-Vallejo,
Wilkinson, C. R., and A. C. Cheshire. 1990. and N. E. Gonzdlez, eds.). México, DF: Comision
Comparisons of sponge populations across the Nacional para el Conocimiento y Aprovechamiento
barrier reefs of Australia and Belize: evidence for de la Biodiversidad, pp. 735-751.

higher productivity in the Caribbean. Marine
Ecology Progress Series, 67 (3): 285-294.

Williams, A. J. 1984. Breeding distribution, numbers,
and conservation of tropical seabirds on oceanic
islands in the South Atlantic. In Status and conser-
vation of the world’s seabirds. (J. P. Croxall, P. G.
H. Evans, and R. W. Schreiber, eds.). ICBP
Technical Publication No. 2. Cambridge (UK):
International Council for Bird Preservation, pp.
393-402.

Williams, T. D. 1995. The penguins: SPHENISCIDAE.
In Bird families of the world. New York, NY:
Oxford University Press, pp. 393-402.

Williams, W. 1980. Las maravillosas islas vene-
zolanas. Caracas: Publicaciones Seleven, 202 pp

Wisner, R. L. 1990. Somberesocidae. In Check-list of
the fishes of the eastern tropical Atlantic
(CLOFETA). (). C. Quero, J. C. Hureau, C. Karrer,
A. Post, and L. Saldanha, eds.). Lisbon (Portugal):
Junta Nacional de Investigacao Cientifica e
Technologica, pp. 598-603.

Woodley, J. D. 1979. The effects of trap-ishing on
reef communities in Jamaica. Meeting Isl. Mar.
Labs. Carib; 13: 27 pp.

Woodley, J. D., P. A. Chormesky, et al. 1981.
Hurrican Allen’s impact on Jamaican coral reefs.
Science, 214 (4522): 749-755.

Work, D. C. 1967. Systematic, ecology and distribu-
tion of the mollusks of Los Roques, Venezuela. Bulletin
of Marine Science, 19 (3): 614-711.

World Wildlife Fund (WWF). 1996. Belize. Focus, 18
(3): 45.

Wosnitza-Mendo, C., and M. Espino. 1988. La pes-
queria artesanal en el Perd entre junio de 1986 y
junio de 1988. Publicacién PROCOPA No. 83.
Callao (Peru): IMARPE, 144 pp.

Yorio, P., and G. Harris. 1992. Actualizacién de la
distribucién reproductiva, estado poblacional y
de conservacion de la gaviota de Orlog, Larus
atlanticus. El Hornero, 13: 200-202.

Zabala, R. 1982. “Contribucién al estudio sedimen-
tolégico de Laguna de Raya, Isla de Margarita.”
Trabajo de Grado. IUTEMAR. Punta de Piedras,
69 pp

Zamacona, A. 1986. “Contribucién al estudio del
infercambio de volimenes de agua de la laguna
de Punta de Piedras con el medio ambiente.” Tesis

The Nature Conservancy

125









u g JIHAYEO0IN ONIL LIS
. W y Tk A .__ 'k
e [ ]

v

ﬂ. m I -
?u‘mmm._.u,mpw..mp nz{{u_mmiiz;ﬁ_z_za_kﬁﬁmﬁm
_— .

Tcé -
o - "

_ﬂ W HOd S31 L1
- b

L

-
Biodiversity
Support



