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Abstract

In Puerto Rico, the environmental legislation for establishing marine protected areas (MPAs) is

complex due to its current political position with the United States (US) as not only local but also

federal US laws affect designations. Historically, during the Spanish rule, mangrove forests were

protected for extractive reasons (i.e., charcoal) and the first protected area was established by 1918 as

an Insular Forest. Currently, of the 37 MPAs recognized and investigated in this work, the vast

majority (73%) are Natural Reserves, followed by Commonwealth Forests (13.5%). Most MPAs in

Puerto Rico were implemented using a top-down approach (i.e., government) which follows US

federal guidelines for protecting endangered species, critical habitats, and natural and cultural

resources. The development of management plans for MPAs on the island is increasingly adopting a

public participatory process. However, this latter process is new for the government of Puerto Rico

that has not incorporated a policy based on an Integrated Coastal Management.
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1. Introduction

Worldwide, fisheries have experienced dramatic stock collapses affecting the economy
and ecology of marine resources [1]. In the last 50 years, the fishing industry has grown
rapidly due to technological developments, fleet overcapitalization, and uncontrolled
fishing efforts. Consequently, overfishing has gradually reached the same detrimental level
as that of other anthropogenic impacts (e.g., pollution, sedimentation and destruction of
critical habitats) which have historically affected fisheries [2]. The use of marine protected
areas (MPAs) for mitigation against adverse effects of overfishing and other anthropogenic
impacts is a recent alternative explored by many universities, research centers, government
organizations, and non-government organizations (NGOs) [3–6].
The design and implementation of MPAs represent an innovation for confronting both

sustained exploitation of fish stocks and a lack of conservation measures [7]. However, the
question arises as to what exactly is an MPA? Semantic confusions occur among scientists,
managers, fishers and politicians because of the variety in levels of protection incorporated
by MPAs, which differ as result of adoption by diverse promoting agencies, purposes of
establishment, species involved, types of use, legislation enacted, and the specific
characteristics (i.e., governance, culture, social issues and history) of the country [8,9].
The simple reason for establishing MPAs is to regulate the use of natural resources for a
given area and promote the natural replenishment capability of protected organisms.
In other words, MPAs put aside a portion of the marine environment by regulating the
extraction, supporting the wise use of resources, and providing mechanisms for nature
(habitats) to recover from heavy use and other minor anthropogenic impacts. Yet, public
perceptions of MPAs consist of two basic but contrasting beliefs: (a) MPAs entail a
complete restriction of use (i.e., no-take zones NTZs) and (b) MPAs represent areas
devoted to multiple uses. Consequently, there is not a clear perception by local users of the
immediate benefits derived from MPAs.
Worldwide, a plethora of categories of MPAs exists, such as marine parks, ecological

reserves, fishery reserves, closed areas, area closures, marine sanctuaries, marine managed
areas, conservation areas, marine biosphere reserves, no-take areas, marine and wilderness
areas. The International Union for the Conservation of Nature (IUCN) defines MPAs as
‘‘areas of land or sea specially devoted to the protection and maintenance of the biological
diversity and natural resources and cultural associated managed through legal mechanisms
or otherwise’’ [10]. However, the official definition for an MPA from the US government is
‘‘any area of the marine environment that has been reserved by Federal, State, territorial,
tribal, or local laws and regulations to provide lasting protection for part or all of the
natural and cultural resources therein’’ [11].
Community-based approaches have encouraged public participation in order to

generate interest among community members in resource management processes [12];
now, these approaches are becoming widespread in the management of coastal and ocean
resources [13] leading to bottom-up processes for the management of natural resources,
and in particular for establishing or improving MPAs [12,14]. A community-based
approach focuses mainly on community involvement and creation of social processes
leading to control of management by the community without necessarily developing a
partnership with the government [15,16]. In contrast, co-management refers to partnership
arrangements and power sharing between government and user groups in managing the
resources [17,18].
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In Puerto Rico, the environmental legislation for establishing coastal and marine
protected areas is complex because not only local but also federal US laws affect
designations; this is derived from its prevalent political situation with the US (an
unincorporated territory with an elected governor, a non-voting commissioner in
Congress, and no presidential vote). Recently, the National Oceanic and Atmospheric
Administration (NOAA), through the MPA center, in conjunction with the Center for
Applied Social Research and the Sea Grant College Program, the latter two from the
University of Puerto Rico (Mayagüez), inventoried the current coastal and marine
protected areas. These areas were referred as marine managed areas (MMAs) [19,20] by the
NOAA-MPA center for encompassing a broader spectrum of management purposes,
including protection for geological, cultural, and recreational resources.

The present review elucidates the historical and current perspectives of coastal and
marine protected areas in Puerto Rico, examines their designation in the light of the US
definition for MPAs, as well as briefly analyzes the underlying reasons for MPA
establishment either by the government (top-down) or through community based-
approaches (bottom-up).
2. History of protected areas and conservation measures in Puerto Rico

During the Spanish colonial rule, coastal and marine resources were protected by laws
that regulated extraction in wetlands, waters, rivers and estuaries. Municipalities allocated
fishing rights to the highest bidder for using rivers, estuaries, coastal lagoons, and fishery
resources. The municipal law regulated fishing by gears, employment of crafts, and seasons
in the areas leased to fish weir operators. The Law of Harbors, the municipal law, and the
rights and obligations of the seamen’s guild conserved the mangrove forests, regulated
fishing by size and gears, and protected spawning grounds of fish.

In the early 1840s, the Spanish government established a forestry institution (La

Inspección de Montes) administered by German-trained Spanish foresters who inventoried
areas to assess timber value and watershed protection. Forest reserves (Montes del Estado)
were created by the government throughout the island including coastal areas, mangrove
forests, and wetlands. For instance, Spanish officials monitored the Guánica and Piñones
Forests while local and colonial authorities regulated the extraction of timber and firewood
through circular letters [21–23]; however, enforcement of the management in reserves was
extremely weak. Many areas, recently described in the inventory of MMAs by NOAA-
MPA center in 2004, were in fact protected by the Spanish government through
designations and conservation mechanisms, already in place in the 19th century, and
transferred to the US government after 1898 with some degree of protection [24].

After the Spanish-American War and the occupation of Puerto Rico (1898–1901),
additional areas designated by US appointed governors to the island were established
either for forestry uses. Coastal areas were important to US officials since mangroves were
heavily used for the preparation of vegetable charcoal [21]. A crucial step for the
conservation of coastal areas was achieved by the proclamation by governor Arthur
Yeager in 1918 to ‘‘set apart as insular forest (IF) the mangroves on the coasts of the island
and adjacent islands belonging to the people of Puerto Rico’’ [24]. The IFs, devoted to
protect mangroves were the first category of MPA implemented in Puerto Rico. A list of
coastal Insultar Forests is summarized in Table 1.
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Table 1

Insular forests (IF) of Puerto Rico and designation information

Insular forest Designation document Date

Aguirre Administrative Bulletin No. 143 May 28, 1918

Piñones Administrative Bulletin No. 143 May 28, 1918

Boquerón Administrative Bulletin No. 143 May 28, 1918

Ceiba Administrative Bulletin No. 143 May 28, 1918

Mona Island Administrative Bulletin No. 159 December 22, 1919

Guánica Administrative Bulletin No. 159 December 22, 1919

La Parguera Administrative Bulletin No. 830 January 15, 1943
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3. How many marine protected areas exist in Puerto Rico? MPA designation, regulation, and

management

Of the coastal and marine areas in the US Caribbean region, Puerto Rico exhibits one of
the largest contiguous coral reefs, and associated marine habitats (i.e., mangroves),
comprised of an archipelago and surrounding 9 nautical miles of coastal and deep sea
areas. The Commonwealth of Puerto Rico, or the ‘‘Estado Libre Asociado de Puerto
Rico’’ (Free-Associated State of Puerto Rico), is the government that regulates the natural
resources on the island. However, the environmental legislation is complex because US
federal laws also apply which creates a certain level of confusion among managers,
stakeholders and scientists, about which category of MPA to designate (i.e., natural
reserves, marine reserve or no-take zone) and which laws apply in a given case. Identifying
coastal and marine protected areas in Puerto Rico, based on the US definition, is relatively
problematic. Actually, there is no formal definition of MPAs in the Department of Natural
and Environmental Resources (DNER) of Puerto Rico. For the purposes of this review,
the US definition of MPA was adopted to identify similar sites in Puerto Rico.
The coastal and MPAs recognized and investigated in this work are those areas in which

the ecosystems are close to or embedded in a marine, estuarine, or lacustrine environment
or a combination of these components. Consequently, at least 9 designation categories
established by the DNER could be considered MPAs (Table 2, Fig. 1): natural reserves
(NR), commonwealth forests (CF), insular forests (IF), marine reserves (MR), biosphere
reserves (BR), critical habitats (CH), national estuarine research reserve (NERR), NTZs,
and the national estuary program (NEP). As a result, at least 37 MPAs were recognized,
where the vast majority (73%) corresponds to natural reserves (Table 2), followed by
commonwealth forests (13.5%). Only 2 are legally designated as ‘‘marine reserves’’ (e.g.,
Tres Palmas, Desecheo) while 3 are seasonal NTZs (e.g., Abril la Sierra, Bajo de Sico and
Tourmaline Banks).
Of the 37 MPAs identified, a distinction was made for highlighting those areas that have

(1) a terrestrial component, (2) a submerged sea floor component (i.e., seagrass, coral
reefs), (3) a combination of the two components (terrestrial and seafloor), or (4) a coastal
lagoon (Table 2). The terrestrial component refers to those areas having an emergent land,
wetlands and mangrove forests; a marine submerged MPA includes mostly marine seafloor
(i.e., coral reef, seagrass, etc.); a mixed component MPA is one that has emergent and
submerged areas, and coastal lagoon refers to land locked water bodies under tidal
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Table 2

Coastal and marine protected areas in the Commonwealth of Puerto Rico, in chronological order of

establishment, based on the Puerto Rico MMA inventory

] MPA name Designations Establishment

date

Establishment

mechanism

MPA

composition

Terrestrial

surface

area

Seafloor

surface

area

Total

surface

area

1 Aguirre IF, CF 28-May-18 PR Governor

Proclaim

Terrestrial 434 NI 434

2 La Parguera IF, NR 20-Sep-79 PRPB Resolution Mixed 82 32,642 32,724

3 Punta Petrona NR 20-Sep-79 PRPB Resolution Mixed 165 3117 3282

4 Ceiba IF, CF, NR 14-Nov-79 PRPB Resolution Terrestrial 236 NI 236

5 Piñones IF , CF, NR 14-Nov-79 PRPB Resolution Terrestrial 885 NI 885

6 Laguna Joyuda NR 2-Jan-80 PRPB Resolution Coastal

lagoon

NI 179 179

7 Arrecifes de la

Cordillera

NR 22-Jan-80 PRPB Resolution Mixed 0.2 10,083 10,083

8 Boquerón IF, CF, NR 22-Jan-80 PRPB Resolution Mixed 3 15,481 15,484

9 Caja de Muertos NR 22-Jan-80 PRPB Resolution Mixed 185 12,550 12,735

10 Arrecifes de

Guayama

NR 23-Jan-80 PRPB Resolution Submerged NI 442 442

11 Jobos Bay NERR 1981 U.S Coastal Zone

Management Act

Mixed 586 2 588

12 Rı́o Espı́ritu

Santo

NR 21-Feb-85 PRPB Resolution Mixed 1090 8578 9668

13 Guánica IF, CF, NR 16-Oct-85 PRPB Resolution Mixed 3617 1785 5402

14 Cabezas de San

Juan

NR 29-Jan-86 PRPB Resolution Mixed 178 30,669 30,847

15 El Pantano,

Bosque de

Pterocarpus y

Lagunas Mandry

y Santa Teresa

NR 4-Jun-86 PRPB Resolution Mixed 885 NI 885

16 Isla de Mona IF, NR 4-Jun-86 PRPB Resolution Mixed 5580 15,1995 15,7575

17 Hacienda La

Esperanza

NR 20-May-87 PRPB Resolution Mixed 994 5064 6058

18 Bahı́as

Bioluminiscentes

de Vieques

NR 1-Jul-89 PRPB Resolution Mixed 572 7962 8534

19 Cueva del Indio NR 13-Apr-92 PRPB Resolution Mixed 6 1558 1564

20 Pantano Cibuco NR 5-Feb-93 PRPB Resolution Terrestrial 885 NI 885

21 Abril la Sierra Seasonal

NTZ

4-Dec-96 MSFC&M Act Submerged NI 2929 2929

22 Bajo de Sico Seasonal

NTZ

4-Dec-96 MSFC&M Act Submerged NI 3119 3119

23 Tourmaline Bank Seasonal

NTZ

4-Dec-96 MSFC&M Act Submerged NI 3121 3121

24 Arrecifes de

Tourmaline

NR 22-Jul-98 PRPB Resolution Submerged NI 7269 7269

25 Caño Tiburones NR 22-Oct-98 PRPB Resolution Coastal

lagoon

NI 1499 1499

26 Canal Luis Peña NR� 11-Jun-99 PRPB Resolution Submerged NI 633 633

27 Seven Seas NR 12-Aug-99 PR Legislature Terrestrial N/A N/A N/A

28 Isla de Desecheo MR� 10-Mar-00 PR Legislature Submerged NI 677 677

29 Punta Yegüas NR 22-Dec-00 PRPB Resolution Mixed 125 26,244 26,369

30 Caño Boquilla NR 21-Aug-02 PRPB Resolution Coastal

lagoon

NI 70 70

31 Punta

Guaniquilla

NR 15-Nov-02 PRPB Resolution Mixed N/A N/A N/A

32 Finca Belvedere NR 21-Feb-03 PRPB Resolution Mixed NI 11,681 11,681
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Table 2 (continued )

] MPA name Designations Establishment

date

Establishment

mechanism

MPA

composition

Terrestrial

surface

area

Seafloor

surface

area

Total

surface

area

33 Caño Martin

Pena

NR 18-Jun-03 PRPB Resolution Coastal

lagoon

NI 81 81

34 Tres Palmas de

Rincón

MR 8-Jan-04 PR Legislature Submerged NI 83 83

35 San Juan Bay

Estuary

NEP 1992 EPA Coastal

lagoon

NI 24,200 24,200

36 Culebra Island CH 2-Sep-98 NOAA Submerged NI 34,827 34,827

37 Mona Island CH 2-Sep-98 NOAA Submerged NI 26,619 26,619

Categories according to Department of Natural and Environmental Resources are as follow: IF, insular forest;

CF, commonwealth forest; NR, natural reserve; MR, marine reserve; BR, biosphere reserve; CH, critical habitat;

NERR, National Estuarine Research Reserve; NTZ, no-take zone; NEP, national estuary program. PR, Puerto

Rico; EPA, Environmental Protection Agency; NOAA, National Oceanic and Atmospheric Administration;

PRPB, Puerto Rico Planning Board; MSFC & M Act, Magnuson-Stevens Fishery & Conservation Act. In

Designations, the categories appear sequentially according to first and last designations. Establishment date refers

to date of latest designation. Canal Luis Peña (NR, ] 26) and Culebra (CH, ] 36) are in the same geographic

location, with the former including the latter, but their category and governance are different. Similarly, Isla de

Mona (NR, ] 16) and Mona Island (CH, ]s 37) are in the same geographic area with the latter included in the

former, but have different designations and governance. Composition refers to characteristics of each area in

terms of presence of the following geographic components: terrestrial ¼ emergent land, wetlands and mangrove

forests; mixed ¼ emergent and submerged lands; submerged ¼ marine seafloor; coastal lagoon ¼ land locked

under tidal influence.

N/A, data not available; NI, surface area not included in designation.

]Identifies the numeration for each MPA referred in Fig. 1.
�These areas have been also designated as no-take zones. Surface areas are in hectares. The area is in hectares.
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influence with limited marine entrances. Of the 37 MPAs, those with mixed component is
the vast majority (45.9%) followed by those with a submerged component (27%), and
lastly those with either terrestrial or coastal lagoon components (13.5% each) (Table 2).
The CF protect mangrove areas; however, protection does not apply beyond fringing

mangroves into the sea. In addition, NR may include areas of the sea floor adjacent to or
offshore the main island. The seaward boundary of some NRs may extend up to 9 nautical
miles (nm) from shore, and marine areas were purportedly included in the NR boundary
limits by subsequent designations, known as marine extensions, by the Planning Board.
Marine extensions are based on the Commonwealth jurisdiction for natural resources
according to Public Law 96-205 (1980). Prior to 1980, the outer limit of the territorial seas
of Puerto Rico was 3 nm. The 9 nm outer boundary for local jurisdiction in Puerto Rico
demarcates the beginning of the US exclusive economic zone (EEZ) that extends up to
200 nm from shore. In the EEZ, federal agencies (primarily NOAA) have responsibility for
designating MPAs.
Under US Federal law, a special consideration is given to essential fish habitats (EFH)

and habitat areas of particular concern (HAPC), where the former are biotic areas
(including waters) necessary for spawning, breeding, feeding and growing of many fish
species [25]. The regional Fisheries Management Councils are required to identify HAPCs
within areas designated as EFHs ‘‘to focus conservation priorities on specific habitat areas
that play a particularly important role in the life cycles of federally managed fish species’’
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Fig. 1. The marine protected areas (MPAs) identified from the inventory of marine managed areas [20]. See Table

2 for numeration referring to each MPA and associated characteristics.
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[25]. This latter only applies to areas outside the 9 nm limit under the Puerto Rico
jurisdiction. In the Caribbean, the grouper banks regulated by the Caribbean Fisheries
Management Council (CMFC) have only one criterion for HAPC: ecological function.
Special attention to HAPC and EFH plays a significant role in the formulation and
implementation of MPAs in federally managed waters for fisheries purposes.

Among the MPAs created by federal designation (i.e., US Laws) are CH, NERR,
marine sanctuaries (MS), NTZs based on the Magnuson-Stevens Act, and the NEP. The
CHs were designated by NOAA to protect essential habitats for endangered species, as
defined by the US Endangered Species Act. Jobos Bay National Estuarine Research
Reserve (JBNERR) arose from a partnership between NOAA’s NERRS and the Coastal
Zone Management Program of DNER at the commonwealth level. A MS is a multiple-use
MPA under the National Marine Sanctuaries Act. Such a designation was attempted in the
1980s in La Parguera, Lajas, in southwestern Puerto Rico, but it failed due to a lack of
appropriate processes of incorporation of local communities, differences in perceptions
and understanding of the concept of ‘‘sanctuary’’ and power struggles among participating
agencies [26–28]. Another category is the no-take zone, which aims to protect fish
spawning aggregation sites of commercially important species; these zones have been
designated for seasonal protection mainly by the CFMC in collaboration with the DNER.
The San Juan Bay Estuary (part of NEP) was designated by the Environmental Protection
Agency (EPA) and is managed jointly with the DNER.

For the local government, the primary mechanism for designating MPAs is through the
Planning Board of the Commonwealth of Puerto Rico (PBCPR). For NR, the DNER
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submits a technical review of a given site and the PBCPR, after revision based on
comments through public hearings, creates a resolution either designating or amending
(i.e., adding or removing portions) the area, includes the legal basis, and produces a
reference map with boundaries of the NR. A secondary mechanism for designation
depends on the Puerto Rico Legislature, where representatives and senators are capable of
drafting designations. Once approved and signed by the governor, a given designation
orders the DNER to establish and manage the selected area. Regulations of MPAs may be
drafted by the DNER through administrative orders (AO), which may be amended or
derogated by the Secretary of the DNER. Management plans also provide a legal basis for
regulations once the Commonwealth’s Planning Board approves them.
At the federal level, only federal guidelines must be followed by the proposing agency to

avoid conflicts with local laws. After designation, details of the area are published in the
US Federal Register and the designating agency is responsible for drafting regulations and
elaborating management plans. Sometimes, this may be executed in conjunction with the
local management authority (e.g., usually the DNER in Puerto Rico). For example, the
CFMC designated 3 seasonal NTZs off western Puerto Rico within the Reef Fisheries
Management Plan for federal jurisdiction waters; the DNER drafted regulations for the
prohibition of fishing in waters of the commonwealth’s jurisdiction adjacent to federally
designated spawning areas for 3 months every year.
In general, the DNER is responsible for the management of most MPAs in Puerto Rico.

Natural reserves are managed through the Division of Reserves and Refuges while
Commonwealth Forests are responsibility of the Forestry Division. In some protected
areas, the Puerto Rico Conservation Trust (PRCT), a private NGO, has acquired lands
either to expand or create new protected areas and conducts management either solely or
in conjunction with the DNER.
A resolution proposed by the House of Representatives [29] sought to establish various

MRs to conserve at least 3% of the insular platform of the Commonwealth of Puerto Rico
by 2003. Currently, two MRs (e.g., Desecheo and Tres Palmas) have been designated
representing 692 ha, while the total area of the insular platform of Puerto Rico is
approximately 681,256 ha. Therefore, only 0.10% of the platform is considered as MR per
se; however, this does not include areas with fishing restrictions imposed by the DNER-
AO, such as the NTZs on the western coast (CFMC/DNER, 9170 ha), the Canal Luis Peña
Natural Reserve (633 ha) (a NTZ established by AO and the Fisheries Law) and the
Desecheo MR (also a NTZ).

4. Management plans, enforcement, and public participation

The current patterns and trends of management of MPAs in Puerto Rico derive from
regulations established not only by the DNER but also from US federal regulations.
However, most of the information on management of MPAs is elusive, and the local
community is not aware which government under which circumstances is responsible for a
given MPA. Actually, of the 37 MPAs only 2 possess a formal management plan [20];
however, for Tres Palmas MR and Canal Luis Peña NR, the plans are still under
preparation. A lack of enforcement is perhaps the most consistent and persistent hurdle in
the management of coastal and marine resources, not only in Puerto Rico but in all the
Caribbean under US jurisdiction. There are certain activities that impact coral reefs and
marine stocks in which enforcement is scarce to null [30,31].
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Tres Palmas MR (Rincón) and Canal Luis Peña NR (Culebra) were established with
local public support through local organizations and community-based groups in dialogue
with managers and scientists. By contrast, a lack of public support was evident in La
Parguera, in southwestern Puerto Rico [32,33], where attempts to develop a marine fishery
reserve (NTZ) in Turrumote failed. In this latter, a group of local fishers made a request to
the DNER for a reserve and attempted to prove its usefulness to recreational users and
coastal urban developers who, according to fishers, were either violating the law or treated
leniently by the government [34]. The process in Turrumote failed due to (1) promotion of
the site by a group of fishers who selected the area because they did not fish there, and (2)
lack of incorporation of other stakeholders [33]. Tres Palmas MR and The Canal Luis
Peña NR succeeded because they were developed from initiatives by community-based
organizations, involving long conversations among stakeholders who analyzed the
socioeconomic and conservation value of the area.

Local fishers supported the Canal Luis Peña NR as part of their request that local
authorities develop a reserve ‘‘for the propagation of target species’’ [35]. Many
organizations and agencies were involved in the designation: fishers associations, the
Authority for the Conservation and Development of Culebra, the office of the Mayor, the
DNER, and the UPR Sea Grant Program. The protection of coral reef species was a
critical issue due to anthropogenic influences currently threatening coral reefs in the area
[36]. The restoration of coral reefs was an important objective since various coral reefs and
associated habitats of the island-municipality were adversely affected by military exercises
by the US Navy during 1950–1960. Currently, a management plan headed by the DNER,
local agencies and community-based organizations jointly with NOAA, is under
elaboration.

In the Tres Palmas MR, the Surfrider Foundation, community-based organizations
from the municipality, fishers associations, and the office of the Major, engaged in
consultations for the conservation of given coral reefs (i.e., mainly Elkhorn coral, Acropora

palmata) off a popular surfing beach. In this case, the DNER, Environmental Defense, and
Sea Grant UPR-Mayagüez joined with the local community for the protection of the area
threatened by urban developments, potential water contamination, potential coral reef
damage, increase in users, restriction access to beaches, and aesthetics changes. While
overfishing was not perceived by stakeholders as a significant threat, local fishers worried
about access restrictions since the proposed MPA was excessively large and included
important fishing grounds for bait-fish [37]. Surfrider, Sea Grant, and local fishers agreed
to reduce MPA boundaries, and consequently the petition was processed through the
commonwealth legislature [38]. Currently, Surfrider and the DNER, jointly with a steering
committee, are developing a participatory process for a management plan of this reserve.

While still not assessed in Puerto Rico, the community participation could be decisive
for the management of natural resources. Recently, the CMFC created a policy for
incorporating public opinion, comments, and social input for management plans [39] and
is currently exploring the design of new approaches in order to incorporate public
participation in the stewardship of fishery resources [40]. In recent years, it has become
evident that NGOs, community-based organizations, and fisher associations are playing a
critical role in the management of marine resources in Puerto Rico by upholding the
system of checks and balances shaped by bureaucratic procedures [41].

Even though an integrated coastal management (ICM) policy is relatively common in
other Caribbean countries (e.g., Belize), no ICM policy has been adopted by the
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government of Puerto Rico. An ICM requires balancing a wide range of ecological, social,
cultural, governance and economic considerations. An important concept for a successful
ICM is co-management, where local stakeholders share aspects of governance and where
community participation is an essential part of the management process. In Puerto Rico,
efforts exist between NOAA and the DNER for developing management plans jointly with
the communities and stakeholders of the Canal Luis Peña NR and Tres Palmas MR. That
the DNER has started moving towards incorporating public opinion in the development of
management plans constitutes a regional trend underscoring the need for broad public
participation in the development and implementation of MPAs. This kind of approach has
been more evident in other regions of the Caribbean, such as the East End Marine Park,
St. Croix [42,43] and the Soufriere Marine Managed Area, St. Lucia [44,45].

5. Discussion

Historically, US mandatory regulations have driven the management of marine
resources of the Commonwealth of Puerto Rico. Beginning with mangrove ‘‘reserves’’
for charcoal in the 1800s to sanctuary protection (i.e., Jobos Bay) in the 1980s and from
the seasonal NTZs (for protecting fish spawning grounds) to the adoption of community-
based participation for MPAs (e.g., Tres Palmas MR and Canal Luis Peña NR), now the
government exhibits little impetus in taking decisive actions to implement thorough
strategies for management and conservation. In reality, management plans are not
available for the vast majority of MPAs, and available plans for some MPAs are not
enforced.
Of the 37 MPAs identified, only the seasonal NTZs off the western coast and the Luis

Peña NR (the latter recognized as a permanent NTZ) have been formally established for
fishery purposes. The other MPAs represent either coastal forests or coastal and MPAs
(i.e., mixed component), though they potentially support the EFH of local reef fishery
resources. The most recent MPAs have been established following federal initiatives and
guidelines for protection of endangered species, habitats or key natural and cultural
resources.
In Puerto Rico, local community participation for catalyzing the establishment of MPAs

is very limited with the exception of the Tres Palmas MR and Canal Luis Peña NR.
Paradoxically, the former area was not envisioned as a fishery reserve (i.e., NTZ) but for
protecting coral reefs (in particular, the reef coral Acropora palmata) and regulating access
to beaches for surfers and snorkelers. Another paradox develops from the establishment of
seasonal NTZs off western Puerto Rico for spawning aggregation grounds of the red hind
grouper (Epinephelus guttatus). In the latter case, questions arise as to whether these NTZs
represent effective NTZs. Hypothetically, according to scientific literature, for the NTZs to
be potentially effective in terms of fishery yields the NTZs can not be seasonal but must be
permanent [46].
As elucidated on this work, the unifying category of MPA in Puerto Rico encompassing

multiple uses, locations, and habitats is the NR with a mixed component (i.e., terrestrial
and seafloor areas). A NR is equivalent to IUCN category IV or habitat/species
management area [10], which is a protected area managed mainly for conservation through
management intervention. The IUCN definition for category IV is an ‘‘area of land and/or
sea subject to active intervention for management purposes so as to ensure the
maintenance of habitats and/or to meet the requirements of specific species.’’ This
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contrasts slightly from the CF definition (IUCN category VI), in which the area is
managed for the sustainable use of natural ecosystems.

Most MPAs in Puerto Rico have been established following a top-down (i.e.,
government) rather than a bottom-up approach (i.e, community-based approach). The
latter initiative has been used mostly in the Philippines [14,47] and in some regions of
Mexico [12] where has shown to be an effective way to incorporate not only stakeholders’
opinions but also a space for generating participation in decision-making and management
of the natural resources and consequently, facilitating agreements with the government.
This is not the case in Puerto Rico, where the people do not appear to be enthusiastically
involved in the conservation of coastal and marine environments; the reason for this is
unknown. By contrast, in the Puerto Rico highlands a community-based initiative, known
as Casa Pueblo, emerged to prevent further destruction of the rainforest by mining
activities. Recently, this rainforest was proposed as UNESCO BR [48]. This action
represents one of the few legal co-management agreements in Puerto Rico between a local
community and the DNER. However, management arrangements between the DNER and
the Conservation Trust for Playa Ballena, Guánica, may be considered an incipient case of
co-management for the coastal and marine environment [49].

Two crucial questions arise about the future of coastal and marine protected areas in
Puerto Rico that squarely position them within the MPA research: (1) Do coastal and
marine protected areas effectively provide biological results in accordance with how they
were envisioned? And, even more important, (2) Does the government or managers use
feedback from local people as a useful tool for promoting the conservation and
management of natural resources in order to solve conflicts over the use of resources? As
elucidated from this review, the answer is unknown for (1) and no for (2). On one hand, a
plethora of amendments and categories, either local or federal, overwhelm local MPA
management which in turns greatly precludes rather than catalyze the protection of critical
marine resources. On the other hand, emerging initiatives from community groups still do
not have a significant voice in the decision-making process nor management. The
subsequent question is: will the local community, near or inside established coastal and
MPAs (e.g. La Parguera, Rincón, Culebra), care more deeply about conservation and
management of natural resources if they are included in the designation or management
process? Answers remain unknown, which suggests germane research topics.

In general, there is a crucial gap undermining efforts to select a proper MPA design
satisfying all expectations of scientists, managers and stakeholders. This gap is comprised
among other factors by (1) a lack of communication about scientific studies and results
among all parties involved, (2) a lack of a biogeographic component for management of
international marine resources, and (3) a lack of incentives, either educational or
economic, for users (e.g. fishers, divers, stakeholders). The science on MPAs (specifically,
the no-take MR) recognizes that more research is needed on biological and ecological
characteristics of critical habitats, protected organisms phases (i.e., larval dispersion,
juvenile and adults displacements), physical characteristics (e.g., behavior of water
masses), and fisheries (i.e., fishing effects) [6]. However, social factors—and not biological
or physical—may be the main determinants for the design and performance of MPAs [50].
While for obtaining a better designed MPA is very important to delineate larval dispersal
of marine organisms from spawning sites into settlement areas and monitor displacements
of adults into spawning sites, it is not enough as long as there is not any (a) regulation of
fishing in areas outside MPAs, (b) control on chemical emissions close to shore and into
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MPAs [51], (c) proper orientation for divers to avoid habitat damage [52], and (d)
appropriate orientation to fishers and stakeholders about subsistence alternatives [53,54].
However, just as important is including the active participation of the local community,
adjacent or inside MPAs, in the decision-making process and monitoring for the
conservation and management of coastal natural resources [55]. Involving the local
community in early stages of planning and management of a given MPA is a very
important factor leading to successful implementation [56]. Identifying the community’s
perceptions about an incipient protected area is of crucial importance for facilitating the
discussion between the community and government authority; accordingly, leads to the
successful planning and management of the marine resources [14]. It is also imperative to
understand the dynamics of resource use and perceptions and uses of the seascape or
territories.
Also, the design and appropriate implementation of MPAs depend on the understanding

of traditional ecological knowledge (TEK) and current patterns of resource utilization by
local people. The design must synchronize social issues, economic activities, and religious
practices for effective and increased public participation. Such an achievement may be
reached through a data collection strategy sensitive to the use of certain habitats [57],
involving interdisciplinary research which incorporates practitioners from different
scientific disciplines [58].
In Puerto Rico, the next step is to appraise the local community perception of the public

in coastal areas, managers, and scientists in relation to the current activities and potential
losses occurring in either established or proposed MPAs. This procedure would require the
examination of current management practices established by the government to determine
whether they are producing results in compliance with the level of importance of the
resources indicated by the local community [14]. Failed attempts to establish MPAs in
Puerto Rico [59] showed that one of the missing pieces of information was the pattern of
resource use by local people. An integrative dataset based on dynamics of resource use,
spatial distribution effort, people’s perceptions of ecosystems and conservation, seascape
and species to be protected (i.e., incorporating TEK), as well as cultural and
socioeconomic practices ashore, must be studied and incorporated into the design of
MPAs for increasing appropriateness and effectiveness [57]. The government of Puerto
Rico still needs to receive proper feedback derived from common users of areas potentially
considered as MPAs. This endeavor would be aided by improved communication among
government, scientists, managers, fishers, and local people.

6. Conclusions

Historically, the management of marine resources in Puerto Rico has been driven by
outside interests (first Spain and later US), while the local government has paid little
attention to incorporating innovative management alternatives; largely because the
prevalent US federal regulations have more authority than local initiatives. Since the
Spanish hegemony, ‘‘reserves’’ were established for regulating extractive activities (e.g.,
mangroves for charcoal), while more recently the US government has attempted to protect
critical habitats and fishery yields mainly. In Puerto Rico, most MPAs have been
established following a top-down approach, using a joint agreement between the US
federal and local government, without taking into consideration the opinion of local
communities directly affected by regulations. Of the 37 MPAs currently identified, only
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two (Tres Palmas MR and Canal Luis Peña NR) have incorporated a community-based
approach for designation and establishment and adopting an initial and non-official kind
of co-management. While the local government in Puerto Rico has some attempts to
incorporate public participation in the management of marine resources and establishment
of MPAs, it has not formally adopted an ICM policy.

The bilateral situation (i.e., US government-Puerto Rico government) in environmental
legislation and also in MPA desginations, imparts a certain complexity to the limits and
regulations of given MPAs in Puerto Rico. Consequently, the local community is confused
about which regulations are in place in certain situations and locations at a given time. In
order to obtain a perspective of patterns and trends in management of MPAs in Puerto
Rico, the next step is to evaluate local community perceptions in terms of what they
consider is commonly occurring within established MPAs and consequently obtain their
opinion about conservation and management.

Adopting an ICM policy that considers social, economic, biological, ecological and
cultural processes is a recommended strategy for better understanding the current situation
in Puerto Rico in terms of conservation and management of marine resources and better
elucidating the proper design and implementation of MPAs.
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