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I.

INTRODUCTION

This report is composed of 5 sections that summarize the main tasks of the project
entitled 'Guardians of María Langa Key'. The main goal of this project was to assess the
environmental awareness of the coastal communities in regards to the marine
ecosystem of Guayanilla Bay, southern Puerto Rico. The study is focused towards the
habitats including and surrounding María Langa Key (MLK), south of EcoEléctrica Pier.
Collaborations between the Department of Natural and Environmental Resources
(DNER) and EcoEléctrica have managed to conduct several environmental awareness
activities in the past. Nonetheless there are still opportunities to increase the level of
engagement of local community members along with industry and government agencies
to recognize the value of ecological services provided by these coastal ecosystems and
conserve their value.
The first section is a qualitative description of the urban and rural communities located
on the southern Guayanilla coastline. These communities have a long history of uses
and occupation of the coastal environment and provide a source of local ecological
knowledge (LEK) that is important to consider in any conservation or management
program for MLK. The past and present condition of coastal habitats is extant in the
collective memories of local community members; therefore, LEK can provide a
historical perspective regarding the environmental changes over time. These
neighboring community members are also most directly impacted by the environmental
impacts in the area and have the ability to exhibit stewardship that could be engaged in
the management and conservation plans of DNER and local management partners.
Section two of this report includes a detailed benthic habitat map of the coastal and
submarine environments of Guayanilla Bay. The benthic habitat map was based on
visual interpretation of aerial photography and will provide a baseline upon which to
conduct the ecosystem assessments that will help determine areas in need of
restoration. Although benthic habitats for all of Puerto Rico are available, they lack the
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high resolution needed to conduct in situ work for habitat condition evaluation. The final
product of this section includes the digital version of the benthic habitat map in ArcGIS.
The third section of this final report includes the results of GIS modeling exercises that
were conducted upon the benthic habitat map described previously. Additional
information in digital format was gathered from online, fieldwork and other sources to
model the distribution of environmental and human uses data. The location of sources
of potential impact to the submarine habitats was overlaid upon the basemap in order to
prioritize the conservation and management needs of the site. The location of
endangered coral species was mapped based on fieldwork conducted in 2013 to assess
the condition of the benthic habitats.
Section four includes the results and interpretation of an in-situ ecological assessment
of the marine habitats surrounding MLK. This field assessment was made in order to
determine the condition of the habitats and determine the accuracy of the benthic
habitat map. The main habitats present in the waters surrounding MLK were sampled in
a stratified random scheme and photoquadrats were conducted in order to quantify the
benthic cover at each point and have a geo-referenced baseline upon which
environmental changes could be measured and decisions regarding the conservation
and management of the site could be made. The fieldwork included the assessment of
some organisms inhabiting these habitats that are considered important ecological
indicators of the environment.
Finally the fifth and last section of this report includes a list of recommendations that
were all derived from the previous sections of the report. These recommendations
should help support the management activities that seek to restore and conserve the
ecological system of MLK. The purpose of this pilot project to evaluate the marine
environments of MLK is just one part of addressing the condition of the social-ecological
system of Guayanilla Bay, which is in need of an integrated management plan to reduce
the impacts of past industrial activities and current unsustainable uses.
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II.

NEIGHBORING COMMUNITIES
By: Jannette Ramos García
and César J. Pérez Lizasuain

Neighboring communities of MLK were visited repeatedly to engage in conversations
and gather information regarding the local communities. The names of the coastal
features and landmarks of the area were provided to the research team and are
displayed in Figure 1. Open interviews were conducted with the local management
authority (M. Canals of the Guánica Forest, DNER) and various members of the local
community to collect data on their knowledge, attitudes and perceptions of the
environment. Some activities and environmental concerns were also observed with site
visits to MLK in company of Mr. Canals and local residents (see Appendix 1, 2 & 3).

Figure 1. Map of the study area in Guayanilla, Puerto Rico.
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María Langa Key is located in the middle of a series of mangrove keys that span
from the west near the Guánica Forest to the east where the marine protected area
(MPA) known as Punta Las Cucharas Natural Reserve is located. The management of
both of these MPAs is under the jurisdiction of DNER and the manager of the Guánica
Forest, M. Canals, was interviewed once during November of 2012 at the Guánica
Forest Office. Mr. Canals supplied historic photos of MLK along with data regarding the
natural resources, management efforts and conservation status of the area since he has
been at the site. These photos highlighted some of the past management and
conservation activities that DNER has conducted in collaboration with private entities
including Eco-Eléctrica. Most of the infrastructure (gazebos and barbecue) that were
established in MLK have deteriorated and are submerged today due to changes in the
coastline that allow flooding to occur consistently. Hurricanes and storm swells have
affected the shores of MLK and the access to the key is very limited. Some photos also
evidence the unsustainable fisheries practices such as the capture o immature or
juvenile conch in the waters adjacent to MLK (Figure 2).

Figure 2. Evidence of juvenile conch shells at MLK in 2003 (Photo M. Canals).

6

Historically the main impact to the Guayanilla Bay ecosystem has been the
industrial activities of Commonwealth Oil Refining Company (CORCO) petrochemical
operations (1956-1982). During these years there was much employment of the local
residents. In addition the local hotel and restaurant services flourished to attend to the
increased economic activity in the region. Since the closure of these operations there
has been limited employment of local residents by current industry remaining at nearby
sites. Today the sectors of Playa Guayanilla which has approximately 1,100 inhabitants
suffers a 19% unemployment rate, while the municipality of Peñuelas registered 18.5%
unemployment in 2012.
Another important subsistence and economic activity in the region is dependent
upon fisheries. Traditional fishery centers (villas pesqueras) remain operational and
provide a source of income for various local families. Therefore a traditional use of the
marine ecosystem of Guayanilla Bay is the artisanal fishery conducted for commercial
and recreational purposes. This activity is centered on the coastal habitats and offshore
keys and includes the capture of fish and other seafood such as lobster, conch and
octopus. The main fishing grounds are the seagrass and coral reef habitats that extend
from shore to the keys and beyond. Octopus fishing is conducted by reef-treading while
conch and lobster are captured by snorkeling of SCUBA diving. Fish are captured
mainly by hand-line and diving with spears. Mutton snapper and goliath grouper were
two species mentioned during interviews although the latter was considered rare today.
Fishers mentioned the invasion of lionfish as an important recent environmental event in
the marine habitats of the zone.
Another important use that locals mentioned is the recreation and tourism of
locals to MLK. This site, along with Caribe Key, is visited for daytime stays on weekends
and overnight camping forays. Most of the access to MLK is conducted in kayaks,
private vessels and transportation provided by a local fisher for a ten US$ fee. It was
also mentioned that this recreational activity was affecting the marine habitats due to
the accumulation of trash left behind by visitors and rats that have become residents on
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the mangrove keys. Enforcement of and information regarding regulations that control
visitation and small-scale vessel navigation around MLK is lacking.
Local ecological knowledge regarding the marine resources of MLK identified
seagrass and mangrove habitats as the most important for fisheries in the region.
Various marine endangered species inhabit shallow coral reefs and seagrass areas
around the mangrove keys, including corals, sea turtles and manatees. It was
mentioned that they often see these species in the waters of Guayanilla Bay and
conservation measures need enforcement to reduce impacts by navigation, fishing and
recreational boating activities. Anchor damage was observed on the shallow coral reefs
near one of the mangrove keys during a site visit and various large ship groundings
have occurred on the fore reef zones of the coast of Guayanilla Bay. Data collected
during the interviews mentioned that seagrass is the most important habitat for sea
turtles and manatees. Their observations regarding the submerged habitats were
compared with the benthic habitat map generated for this project. Data gathered in the
field with local community members indicated the location of endangered species of
coral (Acropora palmata) near MLK (Figure 3).
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Figure 3. Elkhorn coral colony near MLK, Guayanilla Bay (Photo H. Ruiz).

Marine debris and pollution were identified as a recurrent problem in Guayanilla
Bay that affects all the marine habitats and the species that inhabit them. The sources
of pollution and debris identified were the coastal industry and urban development.
Local industrial development since the 1950's has probably had a detrimental effect on
the local ecosystem due to destruction of wetlands, runoff from impervious surfaces,
channels and drainage systems to reduce flooding on their grounds and improper waste
management. The rivers were identified as the main pathway for the transport of debris
and pollutants such as herbicides or other chemicals used in the industry (sulfur
accumulations on the coast). The sewage treatment plants (AAA) were identified as a
potential source of biologically contaminated waters. It is unknown if the local urban
developments have wastewater management connections to water treatment plants or
they are mainly using septic tanks near shore. Land use patterns along the watershed
of the rivers that discharge into Guayanilla Bay generate debris, contaminants and may
be providing sediment loads that reduce water quality in the wetlands and marine
habitats throughout the area.
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Some of the recommendations gathered during the discussions with local
residents were a series of projects that could attend the immediate problems such as
marine debris, invasive species (rats on mangroves) and the safety, potential conflicts
or impacts associated with visits at MLK. It was mentioned that a potential long-term
benefit to improve the socio-economic development of the local community includes
sustainable development projects that are conducted in collaboration with private,
public, government, industrial and other sectors to confront the environmental issues
affecting MLK. The collaborators from the local community that helped conduct this
study have been very informative and demonstrated a genuine interest for the
conservation of MLK (Figure 4).

Figure 4. Local captains that provided transportation to MLK during site visit (Photo J.
Ramos).
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III.

HABITAT CHARACTERIZATION
By: Martha C. Prada Triana

A detailed habitat map of the broader (40 km2) study area was created in GIS. This map
was digitized from aerial photography currently available for the region. The highresolution images of Punta Verraco and Punta Cucharas were used for this
characterization. All polylines were digitized at a scale of 1:1500 and 100m2 MMU
(minimum mapping unit). This strategy was chosen in order to gather as much detail as
possible regarding the marine habitat composition. Photointerpretation was conducted
delineating habitat patches and then converting polylines to polygons. Each polygon
was given a habitat classification from a list of available habitats including marine,
coastal and terrestrial habitats or land uses. Table 1 summarizes the habitat
classification schemes developed for this project and the total area of each habitat type.
Submerged aquatic vegetation composes the main habitat type of the area
mapped around MLK, followed by sand and sediments and coral reefs (Figure 5). Two
major rivers discharge directly into the bay and therefore it is expected that habitats that
can tolerate sediment loads dominate much of the area. Mangroves and seagrasses
compose an important benthic habitat for a variety of fish and invertebrate species. Both
these habitats thrive in sediment on the benthos. Figure 6 shows the study area of the
submerged benthic habitats around MLK near the coast of Guayanilla.
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Figure 5. Main benthic habitat types mapped around MLK, Guayanilla Bay.
Table 1. Sum of areas of classifications digitized in Guayanilla, PR.
Environment
Marine (1065 Ha)

Community
Hard corals

Other corals
Submerged Aquatic Vegetation

Sediments

Coastal (127 Ha)

Terrestrial (241 Ha)
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Unknown
Forest
Sediments
Water
Infrastructure
Forest
Vegetation
Sediments
Infrastructure

Benthic habitat
Continuous coral
Sparse coral
Coral with channel
Coral platform
Coral patches
Octocorals
Seagrass
Seagrass and invertebrates
Seagrass and sand
Macroalgae
Sand
Sand and invertebrates
Unknown
Mangrove
Beach
Mudflat
Lagoon/Pond
Pier
Forest
Grasses
Bare sand
Industrial
Urban
Road
Total

Ha
51
39
15
22
48
9
281
1
139
51
300
109
2737
108
7
6
6
0
151
36
10
22
2
20
4171

Figure 6. Benthic habitat map of MLK, Guayanilla, Puerto Rico.
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IV.

GIS MODELING
By: Michelle T. Schärer Umpierre

Additional layers of information were gathered from sources of digital data pertaining to
the study area. Navigation charts and seafloor soundings were obtained from NOAA
ENC digital charts. This data was used to determine the limits of the study area to be
conducted of MLK. Depth gradients are an important limit to the development of marine
habitats and with this information groundtruthing points were selected. In addition the
location of aids to navigation were mapped in order to define the channels large vessels
take in order to maintain a safe distance from sensitive marine habitats.
Recently various large transport vessels have grounded on the coral reefs of
Guayanilla Bay. The sites of these grounding on coral reefs were digitized based on
coordinates provided by M. Nemeth. Most of these sites are currently being restored by
the responsible parties of the vessels' insurance policies in collaboration with the Office
of Damage and Response Center (NOAA). Various coral nurseries have been created
to recover the corals impacted by the vessels, guarantee their survival during
emergency response and future restoration activities. Most of the work done at these
sites is by private contractors that are hired directly by the responsible party or NOAA.
With this basic GIS map in digital format the additional data gathered during the
subsequent phases of this project can be overlaid to better understand the dynamics of
the marine ecosystem. A version of this basic map with some of the data available is
presented in figure 7 (Appendix 4). It is expected that navigation operations,
enforcement and restoration activities will be better coordinated as this database is
populated with important biological and other environmental observations.
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Figure 7. Example of spatial modeling of the uses by industrial navigation and the grounding sites.
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V.

IN-SITU ECO- ASSESSMENT
By: Héctor Ruíz
José Vargas
and Emmanuel Irizarry

Terrestrial observations in the mangroves and underwater visual surveys were
conducted throughout MLK to document the condition of benthic habitats and presence
of indicator or endangered species in the study area. This sampling was made during
December 2012 and March 2013 in order to provide a snapshot of the condition of
these resources. Methods applied during this study were maintained compatible with
research conducted in the environments located adjacent to EcoEléctrica. This will
enable results to be compared to similar habitats located within a broader area and over
longer temporal scales.
An assessment of the fauna and flora of the mangrove keys was conducted
during a visit to MKL on February 12, 2013. At least one endemic bird species was
observed, the Adelaide's warbler (Dendroica adelaidae). Two migratory species were
detected; the Blue-winged teal (Anas discors) and the osprey (Pandion haliaetus). Nine
additional species were observed including seabirds and terrestrial species. The whitecheeked pintail (Anas bahamensis) was observed nesting with 8 eggs (Figure 8).
Another abandoned nest was observed that could have been an old brown pelican nest
(Pelecanus occidentalis). For a complete list of the species documented during the site
visit see Appendix 5.
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Figure 8. Evidence of white-cheeked pintail (Anas bahamensis) nesting on MLK (Photo
J. Vargas).
Submerged habitats were documented with video, photo and photo-quadrats that
were taken in the field at randomly distributed sampling points. Random points were
generated for the main habitats within the study area in order to verify the accuracy of
the benthic habitat map classification scheme (Figure 9). Coordinates of these points
were uploaded to a hand-held GPS that was used to locate sampling sites from the
vessel. At each point two divers collected data on the main habitat type, benthic cover
of each class of organism and quantity of mobile invertebrates or endangered species if
present. Data collected in the field indicated that some of the polygons mapped from
aerial photography were indeed a different type of habitat. Therefore the benthic habitat
map should be revised in several of these polygons to ensure the accuracy of the
digitalization.
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Figure 9. Map of randomly distributed points used for ground-truthing and assessment of benthic habitats.
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In coral reef habitat 25 points were evaluated and at each point 12 photoquadrats
(0.25 m2) were taken, for a total of 3 m2. In each photoquadrat 50 stratified random
points were classified as major benthic component with CPCe software. In seagrass
habitat the same method was applied to 25 points to measure benthic components.
Seven points classified as macroalgae and 6 classified as sand were also evaluated.
Based on these estimates mean coral cover was 4.2 % in coral reef habitats,
although the dominant benthic component was macroalgae (50.9 %), followed by
octocorals (20.5 %) and 16.7 % sand, rubble and rock. In seagrass habitats the main
cover was 71 % seagrass (Thallassia testudinum, Syringodium filiforme and to a lesser
extent Halodule and Halophilla), followed by 18.6 % sand and 8.7 % macroalgae. There
was no evidence of disease in seagrass, octocorals or corals. The lack of fish and
marine invertebrates was consistent throughout the habitats sampled. Invasive lionfish
were abundant at all depths and in all habitats.
The results of the in-situ sampling will be used to determine sites that are under
stress, have been degraded or which are resilient and may provide important ecological
services. This ecological assessment serves as a baseline of the condition of the
important marine habitats across the ecosystem. This may serve to determine trends in
the abundance and condition of important marine species and habitats along the
southern coast of Puerto Rico in the future. This assessment provides a basis upon
which to decide the habitat restoration projects that are required in the region.
The distribution of a few coral species was mapped by snorkeling with a
handheld GPS on a buoy. Each colony was photographed and GPS coordinates
logged. Additional information on coral species can also be extracted from the
photoquadrats of the groundtruthing sites (Appendix 6). Elkhorn coral (Acropora
palmata) was more frequently encountered than Staghorn coral (Acropora cervicornis)
in the sites examined (Figures 10 & 11). Information was also gathered to map the
distribution of Pillar coral (Dendrogyra cylindrus) due to the recent proposal to add these
to the endangered species list (Figure 12). A few large patches of Finger coral (Porites
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porites) colonies located near Paloma Key (Figure 13) were also mapped due to the
fragility of this species to anchor damage.
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Figure 10. Distribution of Elkhorn coral (Acropora palmata).
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Figure 11. Distribution of Staghorn coral (Acropora cervicornis).
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Figure 12. Distribution of Pillar coral (Dendrogyra cylindrus).
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Figure 13. Distribution of Finger coral (Porites porites).

24

Figure 14 Porites porites biotope near Palomas Key.
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VI.

RECOMMENDATIONS

Most of the data collected points towards a series of environmental threats are currently
affecting the MLK ecosystem and should be attended as a priority. These different
issues should be discussed with the stakeholders in charge of managing the area in
order to determine the best scheme of action and plan according to the local and federal
agency initiatives. Both terrestrial and marine impacts need to be considered in order to
help reduce the impacts of the following anthropogenic activities.
1. Invasive species on the mangrove keys (rats, iguanas) and in the marine
environment (lion-fish) need to be controlled or eliminated as soon as possible.
2. The accumulation of marine debris in the mangrove keys and emergent coral
reefs is a priority that should be attended to. This debris is generated during
visitation but also reaches the sea along streams and creeks along the
watershed and drainage canals.
3. Other important activities that have potential impact to the endangered species
include the navigation by vessels (groundings on coral reefs) and port operations
(interactions with manatees and sea turtles).
4. Various species of endangered corals were documented throughout the habitats
surrounding MLK and this should be considered an opportunity for the monitoring
and restoration of these corals following the priorities of DNER and NOAA.
5. Infrastructure remaining in the area from past industrial activities may be
reducing the ecological integrity of mangrove keys, seagrass and coral reefs
adjacent to these structures. The removal of these is an activity to be considered.
6. Environmental education programs should be conducted to help improve the
awareness of locals regarding the importance of the wetland, coastal and marine
habitats of Guayanilla Bay. The condition of the wetlands located to the north of
these communities’ influences the risk of flooding and can generate impacts to
the marine ecosystem.
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7. Recreational visits to María Langa Key should be conducted in an orderly and
limited manner in order to minimize anthropogenic impacts to the habitats (avoid
groundings and anchor damage) as well as the marine fauna (juvenile conch,
lobster and fishes) or endangered species (corals, sea turtles and manatees)
during high rates of visitation during spring and summer seasons.
8. Commercial uses of the area include fishing, aquatic activities, boating charters
and divers that require enforcement and oversight in order to comply with
applicable regulations for the protection of fisheries resources. The activities
should be conducted responsibly and evaluated with the management
authorities.
9. Finally these activities should be reviewed under the process of the development
of a management plan, which should involve the local community in a
participatory process.
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VII. Appendices

Appendix 1. Original report generated for the Neighboring Communities section
(digital file in word format on DVD).

Appendix 2. Original report generated for the co-management of María Langa Key
and La Parguera (digital file in word format on DVD)

Appendix 3. Digital copies of photos provided by M. Canals of DNER and photos
taken during this study in two separate presentation files (digital file in power
point format on DVD).

Appendix 4. Maps and GIS layer of draft benthic habitat map (digital file in
shapefile format on DVD).
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Appendix 5. List of species documented during the terrestrial evaluation.
Flora
Avicennia germinans (Black mangrove)

Reptiles

Batis maritima (Turtleweed)

Anolis cristatellus (Puerto Rican crested anole)

Bursera simaruba (Gumbo-limbo)

Ameiva alboguttata (Puerto Rican ground lizard)

Coccoloba krugii (Wild-grape)

Phyllodactylus wirshingi (Leaf-toed gecko)

Cocos nucifera (Coconut palm)
Conocarpus erectus (Buttonwood)

Birds

Laguncularia racemosa (White mangrove)

Anas bahamensis

Lantana sp. (shrub)

Anas discors

Pithcellobium dulce (Madras thorn)

Butorides virescens

Prosopis juliflora (Mesquite)

Dendroica adelaidae

Sesuvium portulacastrum (Sea purslane)

Dendroica petechia

Rhizophora mangle (Red mangrove)

Himantopus mexicanus

Thespecia populnea (Portia Tree)

Molothrus bonariensis
Pandion haliaetus

Crustaceans

Pelecanus occidentalis

Coenobita clypeatus (Caribbean hermit crab)

Rallus longirostris
Sterna maxima

Insects

Zenaida asiatica

Nasutitermus costalis (termites)
Junonia evarete (Mangrove Buckeye butterfly)

Mammals

Ascia monuste (Great Southern White butterfly)

Ratus ratus (ship rat) Invasive
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Appendix 6. Digital copies of photo-quadrats and individual colonies taken in-situ
during ecological assessment (digital files in jpg format in Photos folder on DVD).

Foto #
3098
3100
3102
3103
3108
3535
3536
3537
3539
3541
3542
3543
3544
3545
3546
3547
3548
3549
3550
3551
3552
3553
3554
3555
3556
3557
3558
3559
3560
3562
3563
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Species
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.cervicornis
A.palmata
A.palmata
A.palmata
D.cylindrus
A.cervicornis
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
D.cylindrus
A.palmata
A.cervicornis
A.palmata
A.palmata
D.cylindrus
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata

3564
3565
3566
3567
3568
3569
3570
3572
3573
3575
3576
3577
3578
3579
3580
3582
3583
3584
3585
3586
3587
3588
3589
3590
3593
3594
3595
3596
3597
3598
3599
3600

A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.palmata
A.cervicornis
A.palmata
A.palmata
A.palmata
D.cylindrus
A.palmata
A.palmata
A.palmata

