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1.0 Internship Components

1.1 Executive Summary (English)

The Basis for the Establishment of a Coastal Marine Park surrounding Isla Galeta

Researchers: Sarah Pease & Anna Swick-Coryell
Host Institution: Smithsonian Tropical Research Institute, Isla Galeta Marine Laboratory.
Smithsonian Tropical Research Institute, Unit 0948, APO AA 34002.

The Smithsonian Tropical Research Institute (STRI) was established in Panama in 1923
and today is the foremost scientific tropical research establishment in the world. It has since
founded research stations all over Panam4, with laboratories in Bocas del Toro, Barro Colorado
Island, the Amador Causeway and Isla Galeta.

The Isla Galeta Marine Laboratory was established in 1964 and is located east of the
Caribbean entrance to the Panaméa Canal near Coldn. Isla Galeta is a center for both education
and scientific research. Each year the lab receives over 10,000 visitors, mostly from Panamanian
public middle schools, and to date, over 300 publications have been produced from studies
performed at the lab.

The aim of this project was to create a coastal marine park on the eastern coast of the
district of Coldn to protect the mangroves, seagrass beds and coral reefs. These three key coastal
ecosystems are plentiful on the Caribbean coast of Panaméa and contribute greatly to marine
biodiversity and stability. Hoping to conserve these ecosystems, STRI and the Isla Galeta Marine
Laboratory saw a need for such a park due to the intense industrialization and development in
the area. For instance, there is currently a large-scale oil refinery in Bahia las Minas, within the
area of thg proposed park, and there are plans to build another large refinery further east.

—Thus, the objectives of the researchers were to collect information regarding the study
region, interview professionals about the process of park establishment and management,
perform preliminary ecological surveys of the three key ecosystems within the prospective park
(coral reefs, seagrass beds and mangroves) and determine the potential effects a park could have
on nearby residential communities.

The study site is located in the central region of Panama, just east of the Caribbean
opening to the Panama Canal. The marine park would extend from Punta Galeta eastward to the
Islas Naranjos, and include the water out to 2.5 kilometers off of the coastline.

Research began with an extensive literature review. Scientific articles, maps and land use
documents were collected from STRI libraries, the National Environmental Authority of Panama
(ANAM), internet resources and professional contacts. Data collection also included interviews
with people working on similar projects to gain insight on park management tactics, potential
difficulties and current ecological issues specific to the study site. Finally, some preliminary
field work was performed by car and boat to survey the general layout and environmental state
of the region.

The literature review provided extensive background information on coastal marine
ecosystems and their functioning and value, as well as specific environmental issues surrounding
the area of study. The land use documents reviewed included the first ever land use plan (POT)
for the district of Col6n, that may soon be law, as well as the Environmental Impact Assessment
(EIA) for a proposed port project on nearby Isla Margarita. Since any decisions regarding land



use around Coldn will ultimately affect Punta Galeta and the proposed protected area, these
documents supplied much useful information regarding possible obstacles and benefits of
planned developments.

Field work also offered invaluable first-hand knowledge regarding the contents and state
of the area. The western portion of the proposed park was visited by car to survey the residential
and industrial areas and their interactions with the coastal habitats. Clear evidence of
contamination was seen in mangroves and bodies of water. This same section of the park was
viewed again by boat, but this time the researchers continued on to the eastern section, just past
the Islas Naranjos. The majority of the mangroves appeared quite healthy and undisturbed. It
was discovered that of the Islas Naranjos, Isla Arriba, owned by a man from Germany, was not
entirely without development, containing a few huts and a wooden boardwalk. Furthermore,
although there has been a decrease in fauna in this region, biodiversity remains high within these
unique ecosystems.

The research shows that there is a high degree of industrial development in the area, but
little public awareness or participation in the legal process. The importance and necessity of
creating a protected area in this region became increasingly apparent to the researchers
throughout the course of this study. With the creation of a marine protected area, it is expected
that anthropogenic contamination will decrease and public environmental action will increase.

This study has laid the groundwork for the establishment of a coastal marine park
ranging from Isla Galeta to the Islas Naranjos. There remains, however, much work to be done.
It will be important to continue networking to gain the support of local government officials,
NGOs and the community. Also, a more comprehensive ecological survey of the potential park
is still needed, especially for the underwater ecosystems (corals and seagrasses). Finally, it will
be important to have a thorough understanding of the socioeconomic effects the park will have
on the communities within this region.
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1.2 Resumen ejecutivo (Espariol)

La base para el establecimiento de un parque marino-costero en el area de Isla Galeta

Investigadoras: Sarah Pease & Anna Swick-Coryell
Institucion Anfitriona: EI Instituto Smithsonian de Investigaciones Tropicales, Laboratorio
Marino de Isla Galeta. Smithsonian Tropical Research Institute, Unit 0948, APO AA 34002.

El Instituto Smithsonian de Investigaciones Tropicales (STRI) fue establecido en Panama
en 1923 y hoy en dia es el establecimiento de investigaciones tropicales cientificas mas conocido
del mundo. Desde su inicio, ha fundado estaciones de investigaciones por todo Panama, con
laboratorios en Bocas del Toro, la Isla Barro Colorado, el Causeway en Amador e Isla Galeta.

El Laboratorio Marino de Isla Galeta fue establecido en 1964 y esta ubicado al este de la
entrada caribefia del Canal de Panama cerca de Colén. Isla Galeta es un centro para ambos
educacion e investigaciones cientificas. Cada afio el laboratorio recibe mas de 10,000 visitantes,
la mayoridad de escuelas béasicas generales de la Republica de Panam4, y hasta el momento mas
de 300 publicaciones han sido producidas de estudios hechos realizados en el laboratorio.

El propdsito de este proyecto fue crear un parque marino-costero en la costa al este del
distrito de Coldn para proteger los manglares, los pastos marinos y los arrecifes de coral. Estos
tres ecosistemas son abundantes en la costa caribefia de Panama y contribuyen mucho a la
biodiversidad y estabilidad marina. En la esperanza de conservar estos ecosistemas, el STRI y el
Laboratorio Marino de Isla Galeta vieron la necesidad tener este tipo de parque por el desarrollo
urbano y la industrializacion intensa en el area. Por ejemplo, actualmente hay una gran refineria
de petréleo en Bahia las Minas, dentro del area del parque que estd en propuesta, y también, hay
planes construir otra refineria mas al este.

Entonces, los objetivos de las investigadoras eran colectar informacion relacionada a la
regiérdetestudio, entrevistar a profesionales sobre el proceso del establecimiento y manejo de
los parques y asi hacer un recorrido preliminar de los tres ecosistemas claves (los corales, los
pastos marinos y los manglares) en el area del parque en propuesta, y determinar los efectos
potenciales que un parque asi podria tener sobre comunidades locales.

El sitio del estudio esta localizado en la region central de Panama, justo al este de la
entrada caribefia del Canal de Panama. El parque marino se extenderia de Punta Galeta al este
hasta las Islas Naranjos, y incluiria 2.5 kilémetros de las aguas costeras.

Las investigaciones empezaron con una revision extensiva de la literatura. Muchos
articulos cientificos, mapas y documentos del uso del suelo fueron colectados de las bibliotecas
de STRI, ANAM, recursos de la red y contactos profesionales. La coleccidn de datos también
incluyd unas entrevistas con personas trabajando en proyectos similares, para ganar percepcion
de tacticas de manejo, problemas potenciales y cuestiones ecoldgicas actuales que eran
especificas al sitio del estudio. Finalmente, un poco de trabajo de campo preliminar fue hecho en
carro y bote para hacer una evaluacion del plan general y el estado ambiental de la region.

La revision de la literatura proveyd mucha informacion sobre la historia de los
ecosistemas marinos-costeros y su funcionamiento y valor, tanto como problemas especificos
acerca del area del estudio. Los documentos del uso del suelo que fueron revisados incluyeron el
primer plan del uso de suelo para el distrito de Colén (el Plan de Ordenamiento de Tierra del
Distrito de Coldn, POT) que podria ser realizado en ley muy pronto y el Estudio de Impacto
Ambiental (EIA) para un proyecto propuesto para un muelle sobre Isla Margarita, que estd muy



cerca al parque que se esta proponiendo. Porque todas las decisiones sobre el uso del suelo de

Colo6n van a afectar directamente Punta Galeta y el area protegida potencial, estos documentos
suministraron mucha informacion util de los obstaculos posibles y beneficios de proyectos de

desarrollo planeados.

El trabajo de campo también ofrecioé conocimiento de primera mano invaluable con
respecto a los contenidos y estado del area. La porcion al oeste del parque propuesto fue visitada
en carro para revisar las areas residenciales e industriales y sus interacciones con los habitantes
costeros. La evidencia de la contaminacion fue obvia en los manglares y en el agua. Esta misma
area del parque fue revisado otra vez en bote, pero ésta vez las investigadoras continuaron hasta
la seccion al este, justo pasado las Islas Naranjos. La mayoria de los manglares parecian bastante
sanos Yy no perturbados. Fue descubierto que de las Islas Naranjos, la Isla Arriba, la cual tiene
como duefio a un aleman, no esta completamente libre de desarrollo, y de hecho tenia algunas
cabafias y un sendero de madera. Ademas, aunque habia un descenso en la fauna de la region, la
biodiversidad se mantiene a un nivel alto en estos ecosistemas unicos.

Las investigaciones muestran que hay un alto nivel de desarrollo industrial en el area,
pero poco conocimiento o colaboracién con el publico. La importancia y necesidad de crear un
area protegida en la region se hizo aun mas aparente a las investigadoras durante el curso del
estudio. Con la creacion de un &rea protegida marina, esta anticipada que vamos a ver menos
contaminacion por accién antropogénica y un aumento de accion ambiental por parte de la gente.

Este estudio ha puesto la base para el establecimiento de un parque marino-costero que
abarca desde Isla Galeta hasta las Islas Naranjos. Todavia, hay que trabajar mucho mas. Sera
muy importante continuar con la creacion de redes para ganar el apoyo de los oficiales del
gobierno local, organizaciones no-gubernamentales locales y la comunidad. También, es
necesario hacer una evaluacion ecol6gica mas comprensiva del area del parque potencial,
especialmente para los ecosistemas debajo del agua (como los corales y los pastos marinos).
Finalmenge, es muy importante tener un muy buen entendimiento de los efectos
soctoeconomicos que el parque podria tener sobre las comunidades en la region del parque.



1.3 Contact Information

Table 1: Contact Information

Host Institution

Punta Galeta Marine Laboratory
Smithsonian Tropical Research Institute
Unit 0948
APO AA 34002
Email: galeta@si.edu
Telephone: (507) 212-8191
Fax: (507) 212-8148

Researchers

Sarah Pease
Email: sarah.pease@mail.mcqill.ca

Anna Swick-Coryell
Email: anna.swick-coryell@mail.mcqill.ca

Supervisors

Project Supervisor

Dr. Stanley Heckadon-Moreno
Director of Communications and Public
Relations
Punta Galeta Marine Laboratory
Smithsonian Tropical Research Institute
Box 0843-03092
Balboa, Panama
Email: heckados@si.edu
Telephone: (507) 212-8068
Fax: (507) 212-8146

On-Site Supervisor

Jorge Morales
Smithsonian Tropical Research Institute
Punta Galeta Marine Laboratory
Box 0843-03092
Panama, Republica de Panaméa
Email: moralesj@si.edu
Telephone: (507) 66-18-68-84

Internship Supervisor

Rafael Samudio
Email: samudior@si.edu

1.4 Thank You Notes

Thank you notes should be addressed, using the above contact info, to Dr. Stanley
Heckadon-Moreno, Jorge Morales and also the staff at the Isla Galeta Marine Laboratory.

1.5 Days Spent on the Project

Table 2: Time Distribution

Sl Total
Panam4 City Punta Galeta
Days in the Office 20 13 33
Days in the Field 2.5 1 3.5
Total 22.5 14 36.5

**|t should be noted that 1 day=8 hours, not including travel time or breaks.




1.6 Information about the Host Institution

The Smithsonian Tropical Research Institute (STRI) has been conducting research on
biodiversity in Panama since 1923 with the establishment of a field station on Barro Colorado
Island (STRI* 2010). Since then, STRI has completed numerous scientific and socioeconomic
studies all over Panama and today is recognized as the leading tropical research institute in the
world. Presently there are STRI research stations in Barro Colorado, Bocas Del Toro, Punta
Culebra and Punta Galeta (STRI? 2010).

Dr. Ira Rubinoff, the current Director Emeritus and Senior Staff Scientist at STRI,
established the Isla Galeta Marine Laboratory (Appendix A: Fig. 3) in 1964 (STRI® 2010).
Today, the area acts as an environmental safe haven in a sea of development, as Galeta is located
in quite possibly the most intensely industrialized region on the Caribbean coast of Panama
(Guzman 1996).

Alghough the focus of research at Punta Galeta is clearly on marine biology research,
Galeta has grown into an educational facility that provides a wide range of opportunities for
learning. Primary and secondary school children can travel to Galeta to learn about marine life;
teachers can complete training sessions on how to better incorporate marine biology into their
curricula; and university students can complete internships, fellowships, or research courses in a
diverse variety of fields. To date, over 300 scientific articles, with topics ranging from sediment
types to new brittle star species, have been written using data collected from the area around

Punta Galeta.

2.0 Introduction

2.1 General Context
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Coastal marine ecosystems, especially in tropical regions, are renowned for their high
species diversity. They are major suppliers of numerous essential resources; in particular,
they provide nutritional goods and services for a large part of the planet (Holmlund &
Hammer 1999). The ocean’s biodiversity plays an integral role in its ability to offer these
goods and services among other things, such as water quality maintenance and resilience
(Worm et al. 2006). One might think it would follow that maintaining this diversity would
rank high on the global list of priorities, however, in reality; the global ocean is declining in
biodiversity, most notably in coastal areas (Gray 1997). Losses are often due to direct factors
like pollution, destruction of habitat and over-exploitation; but indirect causes including
climate change and its related biogeochemical disturbances, also have highly significant
impacts (Lotze et al. 2006).

A typical coastal marine region consists mainly of three key ecosystems: coral reefs,
seagrassbeds and wetlands, such as mangrove swamps (Coastal Ecosystems 2001). It is due
to the interactions of these three ecosystems, both biologically and physically, that coastal
marine areas are able to provide so much (Guzman & Jiménez 1992). Panama’s 1,295
kilometers of coastline is rich in all three types of ecosystems and on the Caribbean side,
almost all of it, as Guzman discovered, is fringed by extensive coral reefs (2003).

Coral reefs are not only fascinating, beautiful ecosystems, but they are also unique
habitats and crucial places of productivity (Hoegh-Guldberg 1999). Due to their sensitive
nature however, corals are especially at risk from coastal development (Guzman 2003); a
decidedly problematic fact for the central Caribbean coast of Pamama3, which is quite possibly

the most intensely industrialized region of this side of the country (Guzman 1993).
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But corals are not the only things that can suffer in the face of rapid, concentrated
development; seagrass beds and mangrove swamps, too, are inevitably affected by either the
direct or side-effects of industrialization. In fact, it has been posited that human activities,
especially human-induced inputs into coastal waters, are first to blame for the global decline
in seagrasses (Short 1996). Since seagrass and mangrove ecosystems often serve as nursery
grounds for many species of reef fishes (Nagelkerken 2001), it is imperative that all three of
these systems are healthy and intact.

Apart from providing a unique habitat and nursery, mangroves also play an important
role in nutrient cycling and coastline preservation (Bravo 2004), while seagrasses help to
clean the water by extracting sediments and nutrients (Importance of Seagrass 2010).
Furthermore, mangroves are great hubs of diversity; on the roots of Caribbean mangroves off
the coast of Panama one can find over 25 species of foliose red algae (Levings & Garrity
1994). AlRthree ecosystems hold their own vital elements, but when seen as a whole; their
importance becomes considerably more significant.

Along the coast of Bahia las Minas on the Caribbean side of Panama there are over 80
kilometers of mangrove forests, seagrass beds and coral reefs (Guzman et al. 1991). This area,
however, has suffered greatly due to human activity. It started with excavation, dredging,
filling and erosion in the late 19" century, and continued on to pollution via drainage, insect
control and industrial plants in the 20" century (Guzman 1991). On top of these former
assaults, since 1968 the area has felt the full force of two major oil spills (Duke 1997), the

consequences of which scientists are still uncovering today.
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With increasing industrial development all over Panama, development is encroaching
more and more every year on the natural landscapes. One such area is the STRI’s marine
laboratory at Punta Galeta. With the Colon Free Zone inching its way into ‘protected’ land,
little by little the coastal marine conservation area around Punta Galeta is becoming
endangered. Although protected areas are only one piece of the necessary action (Gray
1997), there is a definite need for more, better-protected coastal land in this region of intense
development if anything at all is to survive in this part of the Caribbean._

2.2 Specific Problems Addressed

The creation of a coastal marine park requires, among other things, an analysis of both
the ecological and socioeconomic conditions of the area. The researchers performed a
preliminary survey of the environmental health of the surrounding mangroves, seagrass beds and
corals by reviewing the relevant literature and also by making excursions into the field.
Assessinl%the ecological status of these ecosystems centered on the deforestation and
degradation of mangroves as well as coastal land and water pollution and disturbances due to
both residential and industrial influences.

Nearby development projects, such as a new international airport, oil refinery and the
rerouting of Galeta’s only access road and their potential impacts on the proposed park were also
major focal points of the study. More specifically, much of the required work included learning
about the possible consequences of the first ever land use plan for the area, which could soon
become law (Plan de Ordenamiento de Tierra del Distrito de Colon - POT); as well as a newly
proposed port project on nearby Isla Margarita. Any decisions made regarding land use in Colén
will ultimately affect Punta Galeta and the surrounding area. As of yet, there is very limited

organization of land use in this area.
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Strategies of park management were another area of study. STRI representatives
expressed interest in having the park run by a board of directors (‘patronato-style”) instead of
solely by the National Environmental Authority of Panaméa (Autoridad Nacional del Ambiente,
ANAM). Thus, research was also conducted on this type of governance.

2.3 Project Objectives

The final objective of the Smithsonian Tropical Research Institute (STRI) for this project
is to create a coastal marine park in order to protect the distinctive ecosystems found along the
coastline of the Colon-region, including the mangroves, coral reefs and seagrass beds. Ideally the
park would include, among others, the following areas: Punta Galeta, Largo Remo, Payardi,
Samba Bonitas and las Islas Naranjos (Arriba and Abajo) (Appendix B: Fig.6). The protected
area would extend 2.5 kilometers into the ocean, principally for the protection of the coral reefs
in the areas described.

Within this larger framework, the goal of this internship was to perform a preliminary
ecohgit%? and socioeconomic survey of the area. By compiling and confirming the findings
from existing literature, as well as through the addition of updated information collected from
investigations conducted during the internship-period, the researchers provided STRI with some
of the data necessary to attain and manage the prospective conservation area.

Another priority during the project was to contact, via email or in person, different
groups, or people, that could provide information relevant to parks such as the one proposed.
Intentions were, to make connections with those people or organizations who may be interested
in aiding in the planning or management process of the proposed park. Through this type of
networking, STRI would have in its possession many contacts that could be beneficial in the

park’s birth and development.
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Generally speaking, the mission of this internship was to provide STRI with as much
information as possible about the proposed park area and to aid in the acquisition of the land to

be protected.

3.0 Methodology

3.1 Study Site

The Isla Galeta Marine Laboratory is located on the Punta Galeta peninsula [9°24° N,
79°52° W (Guzman 1991)], just east of the city of Colon and is found in the district of the same
name. Punta Galeta played an important role for the United States during World War Il when it
served as a major reconnaissance location for the pentagon (STRI® 2010). Because of the
historically strong military presence, today the region contains many remnants of batteries and

army/naval stations that could perhaps be protected in the future as historical sites.

Figure 1la: Panama
15

Figure 1b: Central Panama

Figure 1c: PropiSsed Park Area

Figure 1: Study Site
Since Law 21 of July of 1997, the region has been recognized under Panamanian regulation as
an “Area Protegida” (Appendix B: Fig.7). In 1998, with the adoption of Law 41, ANAM became
responsible for all environmental aspects of nationally-owned land in Panama (ANAM 2003). The

protected area constitutes nearly 700 hectares of
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mixed forests, mangrove swamps, seagrasses and corals (ANAM 2003). The rest of Coldn east of the
Canal Zone has never had an official land use plan or any sort of coordinated strategy for land
organization.

The area around Punta Galeta may be legally protected but it is not necessarily actively
protected. Some companies have illegally cleared the mangroves on protected land for shipping
container storage to expand the Free Zone of Colén.

Despite its current status as a place for public environmental education, it was not until the year
2000, after ownership of the Panama Canal was handed over to Panama, that access to Punta Galeta
was not restricted solely to research personnel (STRI® 2010).

Figure 1 shows the specific study range. In Figure 1c the star denotes the Punta Galeta Marine
Laboratory; the blue circle shows the location of Isla Margarita, the site of a major new development
project; and the red outline gives an approximation of the area that would be included in the desired
marine park. It would be comprised of the presently protected area eastwards to the Islas Naranjos and
extend 2.5 kilmﬂetefégeaward (the figure only shows 1.5 km seaward).

3.2 Ethics

Since part of the process of data collection required interviews and networking, the guidelines of
the McGill Code of Ethics were followed throughout the course of this internship. Before all interviews
and conversations, the researchers made sure to state their identities and affiliations as students from
McGill working with the Smithsonian Tropical Research Institute, as well as the purpose of their visit
and project. All participants were aware of the interview-situation prior to the start, and in the final
products, names were disclosed only upon consent. Lastly, all interviewees mentioned in this report
consented to the use of data from their interview and were offered a copy of the final report.

3.3 Literature Review

16



Information on the history and current issues surrounding this project was gathered from a
variety of sources. In Panama City, the STRI library was the main source of literature, and at the study
site, the Punta Galeta library was used. Much information was also gathered using online journal
resources as well as professional recommendations from supervisors, scientists and architects working
in related fields.

The focus of the literature analysis fell on publications about the three main ecosystems of
concern (mangroves, seagrass beds and coral reefs), as well as the two major development projects of
current importance—the proposed land use plan for the area of Colon (POT) and the Environmental
Impact Assessment (EIA) for a new port on Isla Margarita (Appendix E).

3.4 Cartography

Maps were gathered primarily through GoogleEarth and online resources offered by ANAM.
Additional useful maps were found in official documents such as the proposed land use plan for Colon
and the Environmental Impact Assessment for Isla Margarita.

Maps Were-uséé to illustrate areas of development, geomorphology and forest (mangrove) cover,
as well as to demarcate field tour routes and possible park zones. The researchers used these visual
representations to help create a work plan and identify high priority areas of study. They were also
ultimately useful in presentations and reports to convey objectives and results of the project to

supervisors, professionals and to the general public.

3.5 Interviews

Non-structured, informal interviews were conducted with professionals from fields related to the

creation or management of environmentally protected areas. More specifically, the researchers spoke
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with the general director of Parque Natural Metropolitano, Dionora Viquez, to learn about the
‘patronato-style’ strategy of park management, as well as with Arg. Kurt Dillon, with the Louis Berger
group, who has been charged with creating the first ever land use management plan for the district of
Colon. Finally, marine biologist Héctor Guzman was consulted regarding the creation of a field work
methodology as well as the most up-to-date information on the ecological state of the coral reefs within
the prospective park area.

As stated in the above Ethics section, the guidelines of the McGill University Code of Ethics were
followed during all interviews and no information has been disclosed without consent.

3.6 Galeta Field Work

Field work was carried out in and around the area of the proposed park over the course of two
excursions, one road tour and one boat tour. Jorge Morales (on-site internship supervisor) and Gabriel
Thomas (Galeta staff) accompanied the researchers on both occasions. They helped organize
transportation and tour routes, and since they are both very familiar with the area they were able to
provide much usefm-li%formation to the study.

The road tour took place on April 9™, 2010. Figure 2a shows the exact route taken during the
trip. The letters denote key locations visited during the tour. The tour covered the western, terrestrial
section of the potential park, starting in the residential area of Cativa and ending near Bahia las Minas
at the entrance of the old cement factory on Samba Bonitas. The tour also extended to the entrance of
the Refineria Panama on Payardi.

The researchers, Morales and Thomas followed the route shown and stopped at places that
looked as though they could be of import (possible pollution sources, areas of biodiversity, fishing areas,

etc.); photographs and notes were taken.
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The boat tour took place on April 12™, 2010. Figure 2b shows the route that was followed as well
as the important sites or events. The boat was launched from Puerto Pilon at about 9am. The route
extended out past the oil refinery to the Islas Naranjos, as well as to two nearby river outlets. The tour
then moved back towards the old cement factory and to a cove on the north side of Largo Remo. The
researchers, Morales and Thomas, were accompanied by Joaquin Cordel, a local boat owner and
knowledgeable citizen of the community. Throughout the tour Cordel offered his opinions and
understandings of the issues at hand.

Both tours contributed greatly to the researchers’ knowledge of the area with respect to
mangrove cover and health, as well as industrial and urban developments. Tours were documented
photographically, cartographically and via note-taking. Mangrove health was assessed only
superficially, using presence of garbage, plant cover and overall mangrove appearance to judge their

ecological status.
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Figure 2a: Road Tour
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Figure 2b: Boat Tour

Figure 2: Galeta Field Work

See Appendix A for photos and Appendix C for corresponding place names.

4.0 Results

4.1 Literature Review

In the coastal waters off of Punta Galeta, there are two main species of seagrass: turtle grass (Thalassia
testudinum) and manatee grass (Synngodium filforme). Here, the species abundance and composition differs
among seagrass_si’tw?l%is is due mainly to the surrounding habitats (especially coral reefs) and their relative
proximity to the seagrass. There are also significant seasonal fluctuations in the diversity and abundance of
organisms in the area. (Heck 1977)

Sea urchins graze on turtle grass and help to determine the seagrass cover along with herbivorous fish
like parrotfish and surgeonfish. The herbivorous fish are, in turn, controlled by fishing intensity. Additionally,
it has been observed in Galeta that sometimes urchins graze on live corals. The presence of a halo of sand
between corals and seagrass is directly related to urchin feeding (Hay 1984). Urchins and fish also serve to
help graze the shallow-water fleshy algae from corals, saving the corals from suffocation by these rapidly

growing algae. High algal cover leads to the loss of corals, which in turn leads to a loss of biodiversity

(Guzman, PI: 2010). The urchin, Diadema antillarum, is very important to the Punta Galeta-Bahia las Minas
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area because it grazes more and faster than any other urchin in the area. Highly grazed areas have a greater
algal diversity contributing to greater overall biodiversity of the system (Huston 1985). D. antillarum had high
densities in sand, mangrove, seagrass and coral ecosystems until it suffered from an epidemic leading to a
mass mortality of 93% of all individuals of the species in 1983-84. The species has been making a very slow
recovery and was not replaced by any other echinoid in terms of niche (Lessios 1988). During the study for
this report, the researchers observed a fairly high D. antillarum density in the shallow waters around the Isla
Galeta Marine Laboratory; Jorge Morales commented that the recovery rate around the lab appears to be better
than in other areas of the Caribbean.

Heavy metals act as indicators of high pollution levels in coral tissues. The metals originate from oil
discharges and spills, the use of antifouling and anticorrosive paints on boats and structures and effluent
discharges from refineries. They are carried to the ocean by rivers or runoff where they are widely distributed
(up to several kilometers from the source) by currents. Seagrass beds and mangroves act as sinks for these
heavy metals, reducing their effects on corals. Increasing deforestation and erosion, however, has led to
increased sedimaﬁat’ré}rof rivers, carrying the heavy metals out to the ocean. On the Caribbean coast of
Central America, heavy metal concentrations in coral tissues are higher than most of the rest of the world and
are considered a serious regional threat to humans and other organisms. (Guzman and Jiménez 1992)

The oil spill of 1986 had resounding effects on the ecosystems in Bahia las Minas and the area
surrounding Punta Galeta. Over 30 studies have been done on the aftermath of the spill. The studies on the
effects of the spill on marine ecosystems and organisms have created a huge resource database, which has
been a valuable tool in the understanding of the effects of oil spills on the coastal-marine environment.

Directly after the spill, much of the oil sank and was incorporated in coral tissues and sediments. The
hydrocarbons in oil are toxic to corals and other life forms. Signs of stress were observed on most corals on

reefs down to 6m deep within Bahia las Minas. The total coral cover on the heavily oiled Galeta reef decreased
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by 76% at 0.5-3 m and by 56% between 3-6 m, although some areas were fairly untouched by the oil spill,
particularly the bay area between Largo Remo and Punta Galeta. (Guzman et al 1991)

The number of corals, total coral cover and species diversity based on cover decreased significantly
with increased amounts of oiling. Acropora palmata, a large, branching coral responsible for much reef
building and growth, had the highest decrease in cover of all coral species, and was practically wiped out of
the Galeta reef. Oiling also slowed the growth of three huge coral species (Guzman et al 1991). Oiling affected
gonad size in corals, and were significantly smaller in corals that had been heavily oiled. Gonad size is the best
measure of long-term sublethal effects of oil on coral reproduction. Other effects included lower fecundity and
larvae survival. (Guzman 1993)

Oil slicks on the water of Bahia las Minas from the landfill beneath the refinery and the mangroves
were still common occurrences five years after the oil spill of 1986, especially after heavy rains or particularly
high tides. The rainy season and reproductive season happen to overlap, and coral gametes rise to the surface
right after spawning, making them likely to encounter oil slicks. In 1988, heavily oiled sites still had oil on
them 82% of 122—days%\3isited. (Guzman 1993)

Over two years after the spill, there was a significant decrease in cover, size and diversity (measured by
cover) at four unoiled reef sites. Subtidal reefs, especially along protected coasts may suffer extensive damage
from chronic oil exposure after major oil spills. Crustaceans are sensitive to petroleum hydrocarbons with
effects from behavioral changes to acute toxicity; bivalves too suffer from chronic oiling, accumulating high
levels of hydrocarbons, which significantly reduce the growth and reproduction probability of these organisms.
Lots of oil is still locked up in the mangrove and seagrass sediments and reef framework; chronic effects may
be less serious than immediate effects as the oil has changed its chemical composition. Nevertheless, long-

term chronic oil pollution may cause serious changes in reef ecosystems. (Levings and Garrity 1994)

22



In 1985, prior to the oil spill, coral cover in Bahia las Minas was generally low, probably due to heavy
deforestation and erosion in the area. The decline in coral populations in Bahia las Minas between 1986 and
1988 could have been due to a number of factors, including: the mass mortality of D. antillarum, the
associated increase in macroalgae overgrowing corals, an epidemic disease of acroporid corals or coral
bleaching. (Levings and Garrity 1994)

In terms of recovery, there are a number of important factors involved: the speed of recruitment of
new, healthy individuals, the abundance and condition of survivors and the nature and intensity of biological
interactions and physical disturbances that affect the growth, survival and reproduction of corals. In general,
the recruitment of juvenile corals into Caribbean reefs is a slow process (Levings and Garrity 1994). It was
estimated that it would take 1-2 decades for Bahia las Minas to fully recover from the oil spill (Guzman et al
1991). Populations of most small invertebrates living in beds of algal turf on reef flats recovered to unoiled
levels within 15 months after the spill (Levings and Garrity 1994).

Vanadium is very abundant in crude oil and can be used to indicate oil pollution when found in coral
tissue. Coral tissue—'w;l?r excellent indicator for many contaminants because it grows continuously. Vanadium
has been found in increasing levels in coral tissues due to oil pollution (Guzman and Jarvis 1996).

The oil spill of 1986 also had a devastating effect on the mangroves of Bahia las Minas. Mostly low
and mid inter-tidal zone mangroves were affected by the spill, areas dominated by Rhizophora mangle, a
species very sensitive to water-borne pollutants because of their special adaptations to living in super-saline,
water-saturated environments. Trees die either through suffocation or by toxicity of the oil approximately 1-2
months after oiling. It is difficult to identify trees that have been non-fatally, negatively affected by oil;
however the impact zones of oil on the mangroves appeared to be 5-6 times the size of areas of deforestation
in the region. After the small oil spill in 1968, it took ten years for the mangrove areas deforested by oil

damage to recover. (Duke 1997)
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