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1.0 INTERNSHIP COMPONENTS 
 
1.1 Number of Days Spent on Project  
 

Month  # Days in 
Panama 

City  

# Days in 
Punta 
Galeta

Total Days  Total Man  
Days 

(3 people) 

Total Man 
Hours 

 (8 hours)
January  
February  
March  
April  

3  
5  
4  
6  

2  
4  
5  
7  

5  
9  
9  
13  

15  
27  
27  
39  

120  
216  
216  
312  

Total  18  18 36 108 864
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Smithsonian Tropical Research Institute  
Box 0843-03092 
Balboa, Ancón, Panamá 
República de Panamá 
Email: heckados@si.edu 
Telephone: 507-212-8068 
Fax: 507-212-8146 
 

Researchers: 
 
Bragg, Susan  
McGill University  
susan.bragg@mail.mcgill.ca  
 
Labbe-Bellas, Rachel  
McGill University  
rachel.labbe-bellas@mail.mcgill.ca; 
rachellybellas@hotmail.com  
 
Miller, Dustin  
McGill University  
dustin.miller@mail.mcgill.ca  
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1.3 Executive Summary – English  

Colón’s Flooding of Development: Mangrove Deforestation and its 

Impacts  

The Punta Galeta Marine Laboratory is a research station of the 

Smithsonian Tropical Research Institute that focuses on scientific research, 

education and community outreach, and conservation. It is located just outside of 

Colón, a dynamic and populous city that makes up a crucial part of Panama’s 

economy, history and culture. The expansion of the Panama Canal introduces 

further economic interests with influxes of investments prompting rapid growth 

in the ports and in Zona Libre. Unfortunately, the construction of these new 

projects involves the deforestation of mangrove areas including portions of the 

buffer zone for the protected area of Isla Galeta.  

 The ultimate goal of this project was to aid in conservation efforts in order 

to ensure the future of the Punta Galeta Marine Laboratory and the sustainability 

of development in Colón. This took the form of preparing the lab, and the general 

community, for the development projects coming in. As well, we performed a 

situation analysis on the state of flooding and relevant public services in order to 

raise awareness on the impacts of mangrove deforestation that are often 

overlooked yet represent a heavy cost for human populations.  

Mangroves form a unique and important coastal ecosystem, and their loss 

poses serious negative consequences for the city. As the mangrove forests have 

been shrinking so has their ability to hold rainwater and, communities have seen 

a dramatic increase in the frequency and severity of floods. The current rainwater 

removal system is insufficient and the drainage canals constructed by companies 
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are incapable of repeating the functioning of the mangroves that they are 

replacing. Urban floods, as a result of the torrential downpours during the wet 

season, are a source of serious socio-economic problems, one of the most 

worrisome being the role of floods in the spread of transmissible diseases. The 

risk of illness is aggravated by the degraded state of the sewage system that 

exposes people and potable water sources to contaminants. This report considers 

the problems posed by diarrhoeal illnesses, dengue, and malaria.  

In many ways there is a severe disconnect between the industrial sector 

and the residents of Colón where the massive profits of the transportation sector 

clash with the skyrocketing unemployment rate, creating two separate Colóns in 

the same city. As a result, the communities receive little of the economic benefits 

from the industrial growth yet are left to shoulder the burden of their disastrous 

environmental effects. We recommend the creation of a long-term plan for Colón 

on the part of government authorities, an update of the sewage, drainage, and 

garbage collection systems, a review of the environmental laws surrounding 

development projects to reflect these additional socio-economic costs, and a 

reconsideration of the zoning of the mangroves to allow for conservation.  
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1.4 Resumen Ejecutivo – Español 

Las Inundaciones de Desarrollo en Colón: La Deforestación de los 

Manglares y sus Impactos 

El Laboratorio Marino de Punta Galeta es una estación de investigaciones 

del Instituto Smithsonian de Investigaciones Tropicales que se centra en las 

investigaciones científicas, la educación y la extensión comunitaria, y la 

conservación. Se úbica afuera de Colón, una ciudad dinámica y populosa que 

constituye una parte crucial de la economía, historía y cultura de Panamá. La 

expansión del Canal de Panamá introduce más intereses económicos con un 

aumento de las inversiones que está causando un rápido crecimientio en los 

puertos y la Zona Libre. Desafortunadamente, la construcción de estos nuevos 

proyectos implica la deforestación de zonas de manglares incluyendo porciones 

de la zona de amortiguamiento del área protegida de Isla Galeta. 

El objetivo final de este proyecto fue para ayudar en los esfuerzos de 

conservación a fin de garantizar el futuro del Laboratorio Marino de Punta Galeta 

y la sostenibilidad del desarrollo en Colón. Para alcanzar a este objectivo, 

tratamos de preparar el laboratorio, y la communidad en general, para los 

próximos proyectos de desarrollo. Además, realizamos un análisis de la situación 

sobre el estado de las inundaciones y los servicios públicos pertinentes para 

aumentar la concienciación sobre los efectos de la deforestación de manglares 

que son frequentemente ignorados aúnque representan un alto costo para las 

poblaciones humanas. 

Los manglares constituyen un ecosistema costero muy importante, y su 

pérdida trae graves consecuencias negativas para la ciudad. Como los bosques de 
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manglares se han ido reduciendo también su capacidad para retener el agua de 

lluvia ha disminuido, y había un aumento significativo en la frecuencia y la 

gravedad de las inundaciones. El sistema actual de eliminación de agua de lluiva 

es insuficiente y los canales de drenaje construidos por las empresas son 

incapaces de reemplazar los servicios de los manglares. Las inundaciones 

urbanas debido a la lluvia torrencial durante la estación lluviosa, son una fuente 

de grandes problemas socioeconómicos, y una de las más preocupantes es la 

propagación por inundaciones de las enfermedades transmisibles. El riesgo de 

enfermedad es agravada por el mal estado del sistema de alcantarillado que pone 

los contaminantes en contacto con el agua potable. Este informe se trata de los 

problemas la diarrea, el dengue y la malaria. 

Hay una grave desconexión entre el sector industrial y los residentes de 

Colón donde los enormes ingresos de la Zona Libre entran en conflicto con la tasa 

de desempleo muy alta, y esto crea dos Colones separados en la misma ciudad. 

Como resultado, las comunidades reciben poco de los beneficios económicos del 

crecimiento industrial aún se tienen que asumir la carga de sus desastrosos 

efectos ambiental. Recomendamos que el gobierno haga un plan a largo plazo 

para Colón, y que existe una actualización de los sistema de alcantarillado, 

drenaje, y recolección de basura, una revisión de la legislación ambiental que se 

trata de los proyectos de desarrollo para reflejar estos nuevos costos 

socioeconómicos, y una reconsideración de la zonificación de los manglares para 

permitir la conservación. 
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1.6 Host Institution and Study Site 

Located on the Caribbean Coast of Panama near the city of Colón, Punta 

Galeta Marine Laboratory is a research station of the Smithsonian Tropical 

Research Institute. Since its founding in 1964, Punta Galeta has remained an 

important site for research, and scientists working there have generated over 250 

papers. Historically an important military communications point known as “Bull 
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Eye”, this area was critical to the US 

defence of the Panama Canal during 

World War II (Burica-WordPress, 

2007). There are many concrete 

relics of the war scattered around, 

and the visitor’s centre was 

originally constructed for the US 

navy and then given over to the 

Smithsonian in the 1960s.  

Figure 1. (A) Location of study area within Panama; 
(B) Location of, and relative distance between Colón 
city, Punta Galeta, and the entrance to the Panama 
Canal on the Caribbean coast; and (C) Enlargement of 
the Punta Galeta Marine Laboratory area, light grey 
shading indicates mangrove forest and dark grey 
shading indicates upland forest and developed areas 
(Sousa et al., 2007). 

The primary objectives of the 

laboratory are research, education, 

and conservation. Punta Galeta 

hosts a number of visiting 

scientists every year and has been 

the site of a long-term marine 

environmental monitoring program. More recently, the facility has begun to 

incorporate a public outreach and education program and since its opening in 

2000, Galeta’s marine education program has become the most important in the 

Caribbean side of Panama. To this end, the laboratory receives thousands of 

visitors every year from Panama and abroad. The inclusion of the community in 

the development of the laboratory also works towards their objective of 

conservation. Located within a small protected area designated by ANAM, Punta 
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Galeta is home to fringing coral reef, mangrove forests and seagrass communities 

that support a wide variety of marine life (STRI, 2008).  

        Punta Galeta is only 10 km from the city of Colón which sits at the Atlantic 

opening of the Canal. As the second largest city in Panama, Colón has a 

population of 204,000. Despite the income generated by the Canal sector, the 

city has one of the highest unemployment rates in the country at 20.6% with an 

estimated youth (age 15 to 25) unemployment rate of 50% (Encyclopedia of the 

Nations, 2007; LaPrensa, 2002).  

 

1.7 Justification 

This project was chosen due to the need for a deeper understanding of the 

future status of the city of Colón. There has been little work done to date on the 

expected outcome after the expansion of the Canal which will continues to fuel 

the economic sector, bringing in larger ships in search of more container space. 

This is an important matter because Colón is presently situated only 2-3 ft above 

sea level and as companies cut more mangroves without providing an adequate 

drainage system, Colón may be heading towards the same problems as Venice. As 

the province has a 42% unemployment rate, many citizens will be left to deal with 

the flooding and the negative impacts discussed in this project (MEF, 2005).  

As well, the degradation of a water source by deforestation can harm 

mangroves much further downstream, precipitating an exponential loss of this 

unique ecosystem. This effect is of particular concern to the protected area of Isla 

Galeta which relies on the buffer zone that is currently being replaced by 

container terminals. The chaotic pace of development threatens the future of the 
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Punta Galeta Marine Laboratory and its many programs, including their 

education and community outreach efforts. 

 

2.0 INTERNSHIP BACKGROUND AND INITIATION 

2.1 Introduction 

Colón is often referred to as the most dangerous place in Panama and 

many guide books simply write it off, warning potential tourists to stay away. In 

the Rough Guide to Central America, it states that, to many Panamanians, Colón 

is "a byword for poverty, violence and urban decay" (Eltringham et. al., 2004). 

Yet it is a dynamic, populous city that makes up a crucial part of the country’s 

economy, history and culture. Founded in 1850 by the Americans constructing 

the railroad, Colón has always been inextricably linked with transport across the 

isthmus. Now the major Atlantic sea port for the Panama Canal, Colón also hosts 

the world’s second largest Free Zone which contributes 7.5% of the national GDP 

(Colóncity.com, 2008; Markoff, 2006). The ACP has begun its expansion of the 

Canal to increase its capacity and accommodate larger, post-Panamax ships 

(ACP, 2007). This upsurge in traffic will place pressing demands on the services 

of Colón, causing a corresponding amplification of the ports and Zona Libre.  

In many ways there is a severe disconnect between the industrial sector 

and the residents of Colón where the massive profits of the Zona Libre clash with 

the skyrocketing unemployment rate, creating two separate Colóns in the same 

city. While a boom in the economic sector will certainly generate some 

employment, this division means that only a small proportion of the benefits will 
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reach the population while the environmental impacts of this development will be 

felt by all the surrounding communities.  

The most worrisome aspect of the current construction is its impact on the 

mangrove forests. The Caribbean coast of Panama has lost over half its mangrove 

cover since 1969 and the region around Colón has suffered heavy deforestation 

(FAO, 1969; WRI, 2000). The situation is worsened by each new company since 

the majority of project sites are located within the mangroves and the first steps 

in construction involve clearing and land filling these forests. The Punta Galeta 

Marine Laboratory and the protected area it is located within are threatened by 

the encroaching development projects, and the city of Colón will also face many 

consequences from the unchecked commercial growth.  

Mangroves compose a unique ecosystem forming the buffer between the 

land and the sea. With their removal comes the loss of their many ecosystem 

services, such as providing habitats for a diversity of wildlife, acting as nurseries 

for commercially important fish stocks, protecting inland areas from salt water 

intrusions and tropical storm damage, and preventing floods (Badola and 

Hussein, 2005). Urban floods as a result of the torrential downpours during the 

wet season are a source of serious socio-economic problems, not the least of 

which is the role of floods in the spread of transmissible diseases such as 

dengue.  Every day the people of Colón wake up to more bulldozers where once 

there was a highly diverse mangrove forest and the city risks becoming nothing 

more than storage space for the world's cargo.  In order to better prepare the city 

as well as Punta Galeta for the next wave of development, we attempted to 

discover the current projects in Colón. To highlight the true environmental and 
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social costs of the deforestation, we identified the downstream effects and 

assessed in detail the negative impacts of flooding and disease. 

 

2.2 Objectives and Goals  

       The ultimate goal of our internship was to ensure the future of the Punta 

Galeta Marine Laboratory through helping conservation efforts of the 

surrounding mangrove forests that act as a buffer area for the Area Protegida Isla 

Galeta. This took the form of preparing the lab, and the general community, for 

the development projects coming in and raising awareness on consequences of 

mangrove deforestation that have a large socio-economic significance. To this 

end we: 

• Attempt  to identify as many projects as  possible in the area around 
Colón;  

• Gather information on these projects including companies investing, 
amount invested, location, area of forest to be cleared, environmental 
mitigation and compensation measures;  

• Evaluate the current state of the mangroves and make the link between 
their ecosystem services and flooding;  

• Perform a situation analysis on the flooding in Colón as well as on the state 
of relevant public services such as garbage and waste water removal; and  

• Make the link between flooding and the spread of transmissible diseases 
important to Colón.  

 

2.3 Methods  

2.3.1 Interviews and Background Research  

In order to achieve our objective, we employed a variety of methodologies, 

combining information obtained from interviews with surveys of the opinions of 

the communities and then comparing this with theory from the literature.  
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Our first formal interview was conducted with our supervisor, Dr. Stanley 

Heckadon, in order to create a foundation upon which we could structure an 

outline for research. His knowledge, expertise, and connections in the area of 

Colón and Punta Galeta were critical for guiding us in the right direction and 

providing useful sources, such as business cards used to establish contact with 

representatives. To develop our own background, outside research of secondary 

sources was conducted to familiarize ourselves with the interactions between 

government ministries, foreign and domestic corporations, society, and the 

environment. This preliminary stage was necessary for preparing us to work 

efficiently in the field and successfully implement our methods.  

Our search for development projects involved formal interviews with a 

number of government agencies and representatives, all of which took place in 

their offices in Colón. We met first with Commandante Lic. Fung of the Cuerpo 

de Bomberos de Colón; then the Governer of the Province of Colón, Sr. Julio 

Kennion; and then Sr. Reyes of the Alcaldía de Colón. Since we required 

information on the potential environmental compensation plans of the 

companies, we used in our report only the projects with Environmental Impact 

Assessments (EIAs), although others were mentioned in the interviews, 

specifically a new development by Mizratex and a thermoelectric plant. As 

stipulated in Law 41 of 1998, companies must perform an Environmental Impact 

Assessment that evaluates the environmental and social effects of any new 

project, and the Autoridad Nacional del Ambiente (ANAM) is responsible for 

ensuring the quality of these reports and monitoring whether they are properly 

carried out (ANAM laws). In a meeting with Sra. Rodriguez at the ANAM office in 
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Sabanitas, Colón, we requested all of the EIAs for construction occurring in the 

area in and around the city and found eight separate projects.  

For background information on mangroves and their status in this area, 

we performed a literature review and met with Gloria Batista, a STRI associated 

researcher who has worked with Punta Galeta in the past. We also contacted 

through phone and e-mail representatives of ANAM and ARAP.   

To evaluate public services and issues that may arise with them in periods 

of flooding, we interviewed representatives of IDAAN, Sra. Escobar from Agua 

Aseo, and had a guided tour of the drainage facilities by Ing. Gondola from the 

Ministerio de Obras Públicas (MOP). Sites visited in the tour included the pump 

stations situated at Calle 1 and Calle 16, Cuatro altos, Ponte 5 in Zona Libre, Folk 

River, the Water Purification Potabilizadora of IDAAN, and the Hospital 

Amador-Guerrero.  

For the infectious disease affecting Colón and the prevention and 

treatment measures in place, we interviewed Dra. Hooker from the Ministerio de 

Salud (Minsa) and Sr. Castillo from the Departmento de Control de Vectores, and 

received the epidemiological report for 2007-2006.  

All interviews were conducted in person and consisted of a prepared 

serious of open-ended questions designed specifically for each meeting to obtain 

the information we needed.  

 

2.3.2 Survey and Final Write Up 

The next phase was to involve the opinions and issues of the communities 

of Colón. We asked members of the staff at Galeta who live in Colón to identify 
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areas that they felt were particularly impacted by floods, and the three sites we 

selected were the neighbourhood of Nazareno, the central bus terminal in the 

city, and the neighbourhood of Resurrección. 30 people were surveyed at each 

site, for a total of 90 people. Surveys were conducted door-to-door in the 

neighbourhoods and by approaching people directly in the bus terminal. They 

took place in the afternoon during the weekday, and may have therefore been 

biased to not include persons who work outside of their homes during the day. 

However, our questions were about general household issues so this should not 

have affected our results. As our questions made reference to changes in the 

situation from past years, out target age range was 25-54, although this was not 

always possible. To ensure randomness and thus avoid bias, subjects were 

selected from demographics varying in age, gender, occupation, race, and class. A 

small questionnaire was given and the questions were asked to avoid any 

misunderstanding and illiteracy. It inquired about people’s awareness and 

opinions about flooding, mangroves, and economic development in their city. It 

included qualitative, but also quantitative questions that were ranked one to five 

in order to determine a more general pattern amongst the Colón population from 

a smaller sample. This assisted the future analysis of data once all information 

was collected. An example of the survey can be found in Appendix 3 and a 

summary of the results can be seen in Appendix 4.  

To complete our report, we performed a more in-depth review of literature 

such as scholarly articles, scientific journals, and previous case studies on similar 

issues to make links and comparisons with our own research.  
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In order to assist the conservation efforts of Punta Galeta and the 

communities of Colón, we communicated our results in the form of an informal 

presentation given in Spanish at the Galeta Marine Laboratory on April 21st, 

2008. In attendance was a number of the staff members as well as a group of 

local primary school teachers participating in the “Seminario: Enlace dinámico 

entre naturaleza, ciencia y aprendizaje” put on by the laboratory as part of their 

outreach and education program.         

 

2.4 Limitations  

Our methods faced a number of limitations some of which could be 

improved for future studies and others which are inherent to any project on these 

themes. We attempted to determine the current development projects and future 

plans for the city through interviews with relevant government offices. However, 

there was no one authority who was responsible for the mangroves and the 

construction within them, so we found ourselves being shuffled between offices 

as each agency named someone else as holding the information we were looking 

for. Politicians for the province and municipality were hesitant to answer 

questions directly and tended to emphasize issues that were priorities for them 

rather than for our project. There is no updated list of projects constructing in the 

city and in interviews people were often either unaware of or unwilling to provide 

us with the names of companies investing in the area. Since we were interested in 

the environmental consequences of the development, we were constrained to 

projects that had produced Environmental Impact Assessments and submitted 

them to the ANAM office in Colón. ANAM noted to us that many companies 
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begin building before completing their EIAs which is technically illegal, but the 

fines are for such low amounts that they do little to actually dissuade companies 

from this practice. As a result, the EIAs we recovered reach back to 1998 and 

there are none more recent than 2006, despite the fact that there is quite 

obviously new construction starting up in the area. While this slowed the pace of 

our investigation, it is also a result within itself that points towards the need for 

better coordination and planning within government, and stricter laws and 

supervision for companies wishing to construct near the city.  

         As well, we followed a more qualitative than quantitative path for much of 

the project and our survey focused on community knowledge of flooding than 

objective data. Future research should aim to quantify both the changes in 

frequency and severity of floods and the rates of mangrove deforestation, as this 

information does not currently exist. This lack of monitoring is certainly 

contributing to the problem, and hard data would be beneficial for making the 

connection between these two phenomena and for raising awareness on the issue. 

Hydrological models could be invaluable for making projections on the state of 

Colón in the coming years.  

 

2.5 Ethical Considerations  

A large portion of our project was composed of interviews, which brings 

important ethical considerations. We followed the code of ethics for researchers 

outlined by McGill University. In order to ensure that subjects were fully 

informed we made clear our status as interns attached to both McGill University 

and the Smithsonian Tropical Research Institute, and we declared the purpose of 
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the interview, the objectives of our project and its expected results. Participation 

was voluntary and consent was freely given for interviews. Anonymity was 

maintained for survey participants by not collecting or recording names, and the 

names of government officials were not published without formal consent.  

 

3.0 RESULTS 

3.1 Development Projects in Colón, Panama  

The city of Colón is a key location for large scale import-export companies 

to establish themselves. As the second largest city in Panama, a country moving 

forward in global economic standing, its geographic location draws attention in 

the international market.  The advantages of initiating a development project in 

this country are numerous. For one, it is currently in the process of transforming 

into a developed country while the price of land is still relatively cheap. Secondly, 

the developer has the bonus of being situated next to the Panama Canal, a quick 

access to anywhere in the world. It has been said that Panama offers the best 

access to capital in all of Latin America (Business Panama, 2007). The 

Investments that attract companies to Panama range from the Colón Free Trade 

Zone (Zona Libre), the Export Industries, the Ports and Maritime Industries, and 

the Panama Canal and, conveniently, all of these industries are present in the city 

of Colón. During 1994-2004 the Province of Colón received 48.7% of its revenue 

from the Zona Libre and 23.1 % from Transport, Storage, and Communications 

(MEF, 2004). The number of applications for industrial property registered in 

the year 2007 was 7 patents for residents and 153 patents for non-residents 

(DIGERPI). Other numbers that are attractive to industrial developers are the 
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large available labour force of 961,403 people with minimum hourly wages of 

US$ 1.22 per hour totalling for monthly salaries of US$ 350 per month. The cost 

of electricity per kw/h is US$ 10.6 cents and water less than 10,000 gallons is 

US$ 1.15 for industrial use. As for the Port and Maritime Industries, the cost of 

container movement is US$ 220.00 (Business Panama, 2007)  

 

3.1.1 How are companies granted permission to build in Colón, Panama?  

In order for a national or international company to be eligible to build on 

Panamanian territory it must apply to the Government of Panama with the 

Ministry of Economy and Finance (MEF). Within the MEF, a company must state 

its country of origin and its reasons for industrial development. Law 54 of 1998 

appointed, under the state's jurisdiction, a General Director of Industry 

(Dirección General de Industrias), as well as a General Director of Norms and 

Industrial Technology (Dirección General de Normas y Technología Industrial) 

and a technical unit of accreditation (part of the Consejo Nacional de 

Accreditación (CNA)). The CNA deals with industrial accreditation of residuals 

done after numerous laboratory testings. A project developer must be approved 

by this Dirrección General de Industrias (DGI). The project developer obtains a 

commercial licence and is then able to begin a development project in Panama.  

Once approved into the country, the developer follows these main steps before 

being able to build in the area of interest: 
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Steps to developing a project in Colón, Panama: 

Project Registration Requirements  
1. Request and obtain a good-standing certificate and an environmental study  
2. Notarize affidavit  
3. Submit preliminary proposal to Municipality of Colón (anteproyecto)  
4. Obtain a consultation with municipal for approval  
5. Request and obtain signature from the Fire Department (Cuerpo de Bomberos)  
6. Satisfy all requirements and obtain approval from Ministry of Health  
7. Request and obtain approval from the Ministry of Public Works (Ministerio de 
Obras Públicas, MOP)  
8. Request and obtain approval from environmental authority (Autoridad Nacional de 
Ambiente, ANAM)     
9. Obtain a building permit    
10. Receive inspection by Fire Security and Ministry of Health and obtain fire safety 
permit and health permit    
11. Request and connect to electricity, water and sewage services. (Build any services if 
not present on your site)  
12. Obtain occupancy permit    
13. Notarize the Declaration of improvement (Declaracion de mejora)    
14. Register Building with the Central Property Registry    
15. File with the cadastral office   
   
3.1.2 Environmental Impact Assessments of Projects Identified:  
        As set out in Law 41 of 1998, one of the first steps done when starting a 

development project in Colón is to produce an Environmental Impact 

Assessment done by an environmental evaluator. This report must be approved 

by the Environment Authorities of the province of Colón which is the ANAM 

office. The following table below is a compilation of the reports recovered at the 

ANAM office in Sabanitas, Colón. There are a total of 9 development projects 

with recorded EIAs. There are other development projects reported to be starting 

in Colón, and as well there were some projects which were created but never went 

through and these projects were not reported in our research because of the lack 

of information about them. Notable exclusions were the new development by 

Mizratex and a large-scale thermoelectric plant. The focus was on the size of the 
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project, the waste and flooding systems implemented, if any, and their 

reforestation measures. 

 

3.1.3 Deforestation, Waste and Flooding Issues with Development Projects: 
 
 Mays Foresco, S.A., Multicentro Centenario and Colón Container Terminal   
    

These projects deserve further attention because they are the most damaging 

towards the environment and the inhabitants of Colón. However, a table 

highlighting the pertinent details of the development projects can be found in 

Appendix 1 and a map of their locations in Colón is in Appendix 2. The EIA done 

in 2005 of the Mays Foresco, S.A Company failed to show any plans for future 

reforestation and did not provide any information on the drainage canals they 

need to construct to avoid any incidences of flooding. With a total project area of 

8.86 hectares, Mays reaches up along the Avenue Ahmad “Miguel” Waked 

highway and has built a canal right next to the road. This drainage canal is not 

adequate to prevent flooding (MOP). In the past year, the canal overflowed and 

filled the highway with water. Barriada Sagrada de Resurrección, a community 

situated below sea level across from the highway from Mays, has experienced 

more severe flooding every year since Mays began building. Originally when there 

were mangroves, the water during the rainy season would flow straight into Bahía 

Manzanillo, but the present locations of the Mays warehouses blocks the water 

flow. Luis Blanco, an administrator at Mays Foresco, S.A., donated B. / 1,000$ to 

100 homes affected in Barriada Sagrada de Resurrección as a flooding 

compensation (MOP). The absence of information on the waste management 
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system can lead one to believe that Mays is disposing their waste with the Zona 

Libre system although there is no monitoring or personnel in charge of 

overseeing waste disposal. Ironically, the EIA stated that one of the motives to 

use this land for warehouse construction was because the empty lots were 

motivating people to throw garbage in them.  

The Multicentro Centenario Project was a large-scale clearing of mangrove 

swamp area for the purpose of developing a Grand Terminal. This project was 

never completed, but the clearing was done and the city is facing the 

repercussions. The selection of the project site was chosen for the similar reasons 

as Mays; the original 3 hectares of land contained a 97.5m wide contaminated 

lagoon which served as a motivation to dump trash in it (EIA 6). The project did 

include flooding prevention measures and reforestation plans. The reforestation 

was to plant green zones to avoid leaving the plot empty and to use ornamental 

plants for this purpose. Drainage canals were also to be constructed on site as 

well as along the outskirts (“outskirts” delimitations were not specifically 

defined). There was also to be periodic cleaning of canals and drain pipes. Since it 

stands today as an empty lot, it remains a trash deposition site.  

The Colón Container Terminal project is one of the biggest projects in the city 

of Colón encompassing a total area of 18 hectares. Located in the “Corregimiento” 

of Coco Solo Norte, it is the closest project to the protected area of Isla Galeta. 

The expansion project recorded in the EIA in 2006 stated that there would be an 

amplification of an additional 6 hectares of paving. The CCT project borders the 

Randolph Highway and can also be accessed via the Bahía Manzanillo. This 

project entails tree cutting and land filling, drainage and canal construction, 
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placement of a granular layer followed by soil compaction and placement of geo 

textiles. The area of influence is designated by a 50m diameter. The EIA stated 

that CCT was aware of the salt water composition requirements that needed to 

enter the mangroves bounding Isla Galeta Protected Area and also aware of the 

water runoff that occurs from the obstructions in the canals that irrigate the 

mangrove region. Although conscious of these environmental issues, their 

reforestation plan continued planting with tree species selected for aesthetic 

purposes. The trees planted did have to meet other criteria (e.g. plant-tolerant 

species to the newly created environment), but none of these characteristics set 

out to compensate for proper mangrove functioning.  

CCT followed the Plan de Manejo Ambiental (PMA), which is a plan that 

entails preventative measures and controls as well as mitigation plans for a 

development project (EIA 2). This plan also includes compliance with ANAM 

regulations. CCT has been asked to follow controls and preventions for spilling, 

appoint management personnel for residual wastes, and consider erosion and 

sedimentation control as well as monitor water quality. There is also a section in 

the PMA where they appoint a professional to maintain good relations with the 

communities around the project area.  

Since Colón is located near the protected area of Isla Galeta, if a project 

developer is interested in building within protected mangroves the ANAM 

authorities are those responsible for proper conservation of the mangroves to 

ensure proper ecosystem functioning while allowing sustainable commercial 

development. As for development projects outside of mangrove protected areas 

that perform clearings of mangroves and land fills, the Aquatic Resource 
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Authorities of Panama (ARAP) remains responsible for proper maintenance of 

mangroves.  

The ARAP organization is the leading team appointed by the Panamanian 

Government involved in proper development of the country while monitoring the 

sustainable use of aquatic resources. Their objective is to keep the level of aquatic 

resource use in accordance with the environment. Article 67 of Law No.44 stated 

on November 23rd 2006 that marine-coastal ecosystems constitute part of a 

national patrimony and their appreciation, management and conservation are 

subject to dispositions done by ARAP except those which are situated in 

protected areas under jurisdiction by ANAM. 

 “Que el artículo 94 de la Ley No. 41 de 1 de julio de 1998, modificado por el artículo 67 

de la Ley No. 44 de 23 de  noviembre de 2006, dispone que los recursos marinos-costeros 

constituyen patrimonio nacional, y su aprovechamiento, manejo y conservación estarán 

sujetos a las disposiciones que, para tales efectos, emita la Autoridad de los Recursos 

Acuáticos de Panamá, exceptuando los recursos marino-costeros que se encuentren en 

las áreas protegidas bajo la jurisdicción de la Autoridad Nacional del Ambiente”  (Galeta 

Oficial Digital, 2008). 

 

3.1.4 Recommendations for Development Projects:  

    As for future recommendations, for governments signing agreements with the 

project developers there should be stricter regulations on EIA follow-ups. This 

way, there can be proper sustainable development executed as intended in the 

EIAs written at the beginning of the project construction. Re-examination of the 

components of a sufficient reforestation plan is required to avoid future 

downstream environmental affects.  For each EIA, a monthly evaluation should 
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be carried out when project construction is complete for a certain amount of time 

to ensure proper compliance with the EIA's waste and residual system as well as 

its flooding prevention measures. In summary, we see that development projects 

are those responsible for the downstream effects of mangrove clearings, which 

are not properly being compensated for. All of the EIAs read that had a 

reforestation plan were re-planting with ornamental plants. Rather than trying to 

replicate the exact natural mangrove ecosystem which serves as a natural barrier 

that protects the lands from water overflow, the drainage systems built by the 

companies are not adequate and brings the city of Colón numerous negative 

consequences. 

 

3.2 Mangrove 

Deforestation and its 

Impacts  

As of data available from 2005, 

analyses show there to be over 

15.2 million hectares of 

mangroves worldwide, though 

there are inexact estimates of 

recorded species of 

mangroves. The Food and 

Agriculture Organization (FAO) has compiled a list of 71 “true mangrove species” 

based on whether they possess major features and morphological adaptations. In 

Figure 2. Global distribution of mangrove forests in hectares 
divided into nine numerical categories. The extent the 
mangrove area of Panama, outlined in red, ranges between 
one and two million hectares (FAO, 2007). 
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Figure 3. Proportion of the total mangrove area in the region of 
North and Central America divided between the five largest 
countries. Panama is fourth largest at 8% (FAO, 2007). 
 

all 34 countries within 

the region of North 

and Central America, 

there exists just 11 total 

“true” species of 

mangrove covering 

over 2 million hectares 

of coastal region. 

Panama, containing 

8% of the regional mangrove area, holds the highest diversity with ten species 

and, together with Mexico, Cuba, the United States, and the Bahamas, they 

account for 82% of the total mangrove area in the region (FAO, 2007). 

 

3.2.1 Background Information on Mangrove Biology 

The forest of the Area Protegida Isla Galeta is one of many demarcated 

areas protected by the Autoridad Nacional del Ambiente (ANAM), Panama’s 

governmental environmental protection agency. Thirty percent of the 605-

hectare landscape is dominated by three major species of mangroves, along with 

mixed tropical forests and coral reefs (STRI, 2008).  

The term “mangrove” applies to those vascular plants, or mangals, 

existing in shallow intertidal areas between coastland and ocean. They cannot 

survive in freshwater settings because they are unable to compete with freshwater 

vegetation. Two broad classifications of mangroves exist: mainland and oceanic 

island; the former borders continental coasts and receives unsteady supplies of 
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freshwater from inland streams, producing constant variation in the amount of 

salinity; the latter form in shallow banks or along lagoons well separated from the 

mainland, and are only affected by freshwater from evaporation and tropical 

downpours. Water temperatures above 23 degrees Celsius are required, generally 

causing them to form parallel bands along coastlines (Rützler and Feller, 1996). 

To cope with the oxygen-deficient salty soils of the swampy marshes they inhabit, 

mangroves have developed several survival mechanisms, such as aerial roots, salt 

excretion glands, and vivipary of seeds (FAO 2007).  

Proportion of Stems and Relative Elevation of Mangrove 
Species

Figure 4. Plots of the relative (A) abundances of three mangrove 
species and (B) soil surface elevations along a transect within the 
protected area Isla Galeta. Tree data are proportions of living 
individuals ≥4 cm diameter at breast height (1.3m) within the indicated 
sections of a 10 m wide belt transect running from a lagoon edge to the 
lower edge of upland rain forest in Bahía Margarita (BM: See Figure 1). 
Relative elevation was measured with an auto level every 10m along the 
transect; plotted points are means of three replicate stadia-rod positions 
at each distance. The dotted line on the elevational profile (B) 
demarcates the inland basin habitat (Sousa et al., 2007). 

Mangrove types observed inside the protected area include the red 

mangrove (Rhizophora mangle), white mangrove (Laguncularia racemosa) and 

black mangrove (Avicennia germinans) (“Mangrove Forest Structure…”, 2007).  

Another species, the 

grey mangrove 

(Conocarpus erectus), 

is also present in the 

area (Galeta Staff), but  

on a much smaller 

scale and will thus not 

be considered. Each 

species has its own 

distribution and 

establishment 

patterns affecting the 
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overall forest canopy composition. The terrain at Punta Galeta is typical of 

Caribbean mangrove forests; elevation increases for approximately the first 50 

meters, then remains constant for the same distance, then drops to form a 

shallow (5-15cm) inland basin for wet season storage. At the boundary where 

Atlantic waters meet the Galeta forest edge in the low intertidal waters of the 

ecosystem, R. mangle grows alone. Roughly 10-20 meters into the canopy, L. 

racemosa joins to form a nearly even mixture until the mid-intertidal when A. 

germinans appears. From thereon out, L. racemosa gradually fades away with a 

thin presence up into the upper intertidal stands (Sousa et al., 2007). Mangals 

grow in close proximity to each other creating a dense, muggy, impassable 

marshland.  

Mangroves provide several ecosystem services that are imperative for the 

ecological functioning of surrounding habitats. First, they serve a dual purpose as 

an atmospheric CO2 sink and a source of oceanic carbon (Duke et al., 2007). They 

serve to maintain coastal water quality and protect freshwater from saltwater 

intrusions, acting as stabilizers for entire coastal ecosystems (Badola and 

Hussain, 2005). They promote biodiversity by providing habitat, food, and 

breeding grounds for a variety of important fauna including fish, shellfish and 

bird species. Specifically, they enhance the survivorship, community structure, 

and biomass of numerous fish populations, and Scarus guacamaia, the largest 

herbivorous fish in the Atlantic, has even suffered local extinction after mangrove 

removal (Mumby et al., 2004). Lastly, they reduce the severity of storms 

especially against wave and flood damage (Benfield et al., 2005). Large stem and 

root systems emerge above the water, not only impeding water flow but forcing 
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sediments to settle and act as a protective barrier for shore and shoreline systems 

(Badola & Hussain, 2005).  

 

3.2.2 Mangroves Threatened  

Figure 5. Rates of mangrove deforestation and/or loss in 25 years 
within the region of North and Central America. Latest records 
show that, though rates have dropped over time, figures of over 
2,250,000 hectares lost in 2005 are still significant (FAO, 2007). 

Unfortunately, mangrove forests are one of the world’s most threatened 

biomes, especially in developing countries where more than 90% of mangroves 

are located. Urban and industrial development, overexploitation, and natural 

disasters are among the top actors of this phenomenon (FAO 2007). Out of 120 

total countries containing mangroves, 26 are considered to hold status of 

critically endangered or approaching extinction. Global numbers are declining at 

an annual rate of 1 to 2%, a figure greater than or equal to rates of loss for coral 

reefs and tropical 

rainforests (Duke et 

al., 2007). About 

3.6 million 

hectares, or 20% of 

the total area, have 

been lost since 

1980, with the 

region of North and 

Central America 

losing the second 

largest proportion of 690,000 hectares (FAO 2007). Mangroves have fared 

almost as poorly in terms of protection in Panama, with a loss of 80,000 hectares 
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in the last quarter century due mainly to shrimp farming, salt production, and 

livestock farming, although other causes such as urban and tourism 

developments are no less serious (FAO 2007). The Caribbean coast alone, 

including areas adjacent to Bahía Las Minas, had lost approximately 71% of its 

mangroves forests by the mid-1990s (McKinley and Piette, 2007).   

The continued shrinking and fragmentation of mangrove areas works 

exponentially against their long-term survival. Though deforestation rates have 

globally subdued in recent years (FAO, 2007), any form and extent of damage can 

eventually result in local extinction, primarily due to the functional loss of 

species-poor ecosystems. As forest size decreases, the species richness of 

mangroves declines, illustrating the dire consequences of natural and human-

induced destruction (Duke et al., 2007). Since natural disasters are far less 

controllable than any human influence, it is the latter that must be researched, 

monitored and managed.  

STRI’s Punta Galeta Marine Laboratory aims to do just that. More than 

just an important area of research with many visiting scientists each year, the 

monitoring facilities have more recently taken on the role of protecting its habitat 

of coral reef, tropical rainforest, and mangrove. Unfortunately, Law 21 of 1997 

was created as part of the canal transfer negotiations, designating the greater 

area of Bahía las Minas for development, allocating space to port developers and 

housing projects. The majority of the remaining mangroves in the area have since 

been divided into concessions owned by the Zona Libre and various other 

companies (McKinley and Piette, 2007). The escalating developments in Colón 

are putting even more pressure on the mangroves, as many projects involve 
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Punta Galeta Marine Laboratory Visitors: 2000-2007
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Figure 6:  Changes in international and national visitors from 2000 
until 2007. In just seven years, popularity has increased to almost 
10,000 visitors in a year (Galeta Staff). 

clearing and land filling the forests. Dr. Stanley Heckadon noted that “destruction 

of coastal habitats through port development is currently one of the most 

pressing environmental issues in Colón” (Butler, 2007). Expected developments 

risk destroying the fragile ecosystem through the accumulation of sediment in 

rivers, loss of environmental stability from deforestation, air-, noise-, and water- 

pollution, as well as garbage dumping and oil runoff (Heckadon). The 

environment at Punta Galeta relies on the ecosystem of mangrove forests, 

biodiversity, and many rivers that “obstruct” the areas zoned for development. In 

order to increase local knowledge and increase awareness throughout the 

community, informative ecotourism and educational programs have been 

implemented (STRI: ESP, 2008). Tour guides and guest speakers tend to 

emphasize the 

environmental and 

ecological significance 

of the area, though the 

breadth of the 

phenomenon reaches 

much deeper into 

economic and 

sociocultural spheres.  

The degradation 

of such areas of high primary productivity of food, fibers, timber, chemicals and 

medicines will impose direct consequences on human society because of impacts 
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unto well-being and health as well as careers and economic livelihoods (Duke et 

al., 2007). Most importantly, they support a wide range of commercial and non-

commercial fish and shellfish; yields in mangrove areas are capable of reaching 

225 kilograms per hectare. One source claims that, for every hectare of forest 

cleared, nearby coastal fisheries lose up to 480 kilograms of fish per year. These 

ecosystems can also be used for different types of aquaculture such as shrimp 

farming (FAO, 2007). The value of mangroves is estimated at US$9900 ha 1 yr

1, of which the majority is attributed to disturbance regulation and waste 

treatment functions (Walton, 2006). As a result of mangrove deforestation, soil 

becomes vulnerable to flooding, erosion, and damage from torrential downpours, 

ruining the land for agriculture and endangering human populations (Sagan, 

1979; Gently and Lopez-Parodi, 1980).  

The 2004 Asian tsunami is an example of the type of coastal protection 

that mangroves offer to human safety. In areas further away from high intensity 

zones of the storm, the presence of coastal vegetation was a vital factor in 

determining the level of destruction. Mangrove forests, depending on their 

density, are able to significantly reduce both wave amplitude and energy. “Areas 

with mangroves and tree shelterbelts were significantly less damaged than other 

areas…[and villages] behind the mangroves suffered no destruction even though 

the waves damaged areas unshielded by vegetation north and south of these 

villages” (Danielsen et al., 2005). Such a protective barrier is essential both as a 

preventative but also a regulatory measure against inland flooding.  

Tropical storm protection is a critical ecosystem service of mangroves, and 

the frequency of such events will only increase with global climate change. For 
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instance, the sea level change in the Galeta area of Panama is estimated at 1.3mm 

per year (Ellison & Farnsworth 1996). However, the interaction between 

mangrove deforestation and flooding in the area of Colón is multi-faceted. 

Mangroves persist in highly swampy areas and have developed a complex 

network of roots and pneumatophores. These structures effectively slow water 

movement, allowing mangrove forests to hold large amounts of water and release 

it gradually into the ocean (Alongia, 2008). Without these measures, rainwater 

flushes immediately into rivers and canals provoking them to overflow. As well, 

the presence of these trees in an area increases loss of water by evapo-

transpiration rather than surface runoff, and protects soils from rain splash 

which can reduce their capacity for infiltration of rain water. Reduced evapo-

transpiration and water storage by soil after deforestation combine to increase 

overland flow and raise the height of flood levels (O’Reilly Sternberg, 1987). 

        Mangroves also aid in the deposition of sediment and will actually extend 

coastlines over time. In the wake of their removal, soils are highly vulnerable to 

erosion, especially the earth used for land filling during construction. Surface 

runoff drags trash and eroded sediment into the drainage system, reducing its 

capacity and causing clogs (Alongia, 2008).  

 

3.2.3 Recommendations for Mangrove Deforestation:  

Conservation is a vital first step toward improving the situation, but its 

current level of enforcement is still inadequate. Further attention from local, 

national, and global actors must be stimulated in a timely manner in order to 

create a common concern for mangrove protection. Written legislation that 
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restricts human disturbances in protected areas such as Punta Galeta must be 

physically enforced by authorities who are encouraged to impose serious 

repercussions on offenders. This may still not be enough to curtail today’s rates of 

deforestation and mangrove loss. An efficient government-imposed system of 

environmental compensation, such as reforestation, has also been mentioned as 

an advisable option for urban and industrial developers but also for the society at 

large. The objective of such a project is to replicate the natural system that existed 

before as best as possible by planting the same plant type and quantity elsewhere.  

  

3.3 Current Water Infrastructure : Flooding in Colón  

Colón suffers from severe urban flooding problems that, according to our 

surveys of local communities, have continued to worsen each year (Appendix 4). 

The climate of the region is tropical with an average annual rainfall of 3300 mm. 

There is a highly pronounced dry season with February and March seeing only 45 

mm of rain a month. In contrast to other parts of the country where rain falls in 

distinct thunder storms, Colón’s precipitation is primarily orographic where rain 

is equally probable and equally intense at any hour of the day (Leigh, 1999). As 

such, the city receives a lot of rain concentrated into the period of the wet season 

when it falls continuously throughout the day, allowing it to build up and creating 

optimal conditions for flooding.  

The city is only 2-3 feet above sea level, so there is little natural incline to 

encourage rainwater to runoff. Its proximity to the ocean leaves it vulnerable to 

fluctuations in sea levels that can slow runoff and cause salt water intrusions. As 

well, the flat angle of the city is aggravated by the unchecked growth of 
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development projects that landfill around the edges of the city, further blocking 

natural rainwater flow (MOP).  

These problems culminated in the storm of November 21, 2006 where the 

city experienced massive flooding. Climate change will only bring more storms of 

this magnitude to Panama and the surrounding area, and the city may not be 

prepared.  

 

3.3.1 Areas Most Affected by Flooding  

   The Zona Libre of Colón generates around 12 billion dollars worth of 

imports and re-exports on an annual basis and has been touted as a solution to 

the problem of job creation in the city (Markoff, 2006). However, 80% of the 

workers in the Zona Libre live in Panama City, commuting in and out each day 

(Gobernador). The result is that there are two different Colóns in the same city. 

This disconnect between industry and the local population has left the city with 

one of the highest rates of unemployment in the country. Logue et al.'s 1981 

assertion that "low-income people are more vulnerable to the adverse effects of a 

disaster" holds true when it comes to the issue of urban flooding here.  

Many incoming development projects involve land filling their project site, 

often in the marine environments. Since there is a general awareness of the 

problem of flooding, each new project builds itself up higher than the area 

around it in order to ensure proper drainage. As construction continues, 

previously existing regions sink in relation to their surroundings and the natural 

waterways that once released their rainwater into the ocean are blocked. These 

older areas tend to be in the centre of the city and in residential neighbourhoods 
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that have no relation with the industrial sector. Thus, these projects are placing 

the burden of their environmental degradation onto others. With over 27,000 

people living in condemned housing, the damage is often extensive and many 

people cannot afford to move, especially after their property is so seriously 

devalued by the risk of floods that it is nearly impossible to sell (MUCEC, 2002). 

Areas that are particularly hard hit each year include Cuatro Altos, Calles 2, 5, 6, 

8, and 14, the area around the bus terminal, and the neighbourhoods of Nazareno 

and Resurrección.  

 

3.3.2 Rainwater Infrastructure; current removal system:  

In order to cope with the heavy influx of rains every year, Colón has 

established a system of infrastructure. Within the city itself, there are two major 

“cajones pluviales” which is a subterranean rainwater collection system. The 

water enters these systems through street-level grates and is emptied into two 

new pump stations built in 2004-2005. The main “cajón pluvial” runs between 

Calle 8 and Calle 1, and the natural incline of the city causes it to flow towards the 

Atlantic where it ends at the pump station on Calle 1. The second “cajón pluvial” 

runs from Calle 14 to the second pump station at Calle 16 (MOP). Originally, both 

routes, constructed by the USA, emptied directly into the ocean, but the 

development of the city now blocks this access (MiVi, 1997). The station at Calle 

16 was created expressly for the Zona Libre who land filled prior to building, 

allowing their new establishments to be several feet higher than the surrounding 

neighbourhood. Each station has three pumps that raise the water up and then 

use the force of gravity to carry it out to the ocean. Three more pumps are 
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currently being installed in Zona Libre, near the Silvio Salazar Bridge to France 

Field; they will empty rainwater into Bahía Manzanillo (MOP). A map showing 

the major components of the city’s drainage system can be found in Appendix 2. 

 

3.3.3 Problems with the Rain water Removal Infrastructure:  

The flooding infrastructure has seen some improvements in the past few 

years, and the city is now 20% more prepared for a major storm than it was 

before the 2006 storm. The system is currently capable of withstanding 3-4 hours 

of hard rain; after that, however, it is overwhelmed for a number of reasons. The 

station at Calle 1 is immediately bordered by Bahía Limon, and the water travels 

easily out a series of tubes. At Calle 16, however, Bahía Manzanillo is quite far 

away requiring a long canal, and the city is only 2-3 feet above sea level making 

the angle of the canal very flat (MOP). Thus, the water does not gain momentum 

and tends to remain in the canal rather than exit. During hard rains, the water 

will actually flow backwards away from the bay and flood the pump station. The 

“cajón pluvial” will also run out the opposite end and the church at Calle 14 is 

frequently inundated (MOP). The canals themselves are also much too small. 

First constructed between 1908 and 1914 but the Panama Canal Company, the 

system is greatly deteriorated and the diameter of the tubes and pipes is 

insufficient for current water levels (MiVi, 1997).  

Another major cause of flooding within the city is the accumulation of 

garbage in the drainage canals (Racero, A. La Prensa). The trash collection 

company, Agua Aseo, operates in every of the fourteen corregimientos of the 

district of Colón, with 24 hour collection within Barrio Sur and Barrio Norte 
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where the population is densest. Approximately 235 tons of garbage is collected 

each day and deposited in the municipal dump close to Mt. Esperanza, at a cost of 

around B./ 220,000 per month. Despite these efforts, there is still a large 

quantity of trash that ends up in the streets. Part of the problem is that citizens of 

Colón did not bag there trash previous to the arrival of Agua Aseo in August of 

2001, and habitats are slow to change (Agua Aseo). As well, the number of 

containers available in neighbourhoods is insufficient. They fill up quickly and 

the overflow is left on the ground around them (MOP). During the rainy season 

especially, rain water picks up the trash and carries it into the canals. Agua Aseo 

performs regular trash collection during the wet season, but does not remove 

trash from the canals (Agua Aseo). In some neighbourhoods, people throw trash 

directly into the canals (MOP). The presence of the garbage greatly reduces the 

capacity of the canals and blocks narrow waterways such as grates and pipes 

beneath roadway crossings, causing massive overflow and flooding.  

While garbage in the canals is a very visible culprit, construction in and 

around the city poses an equally important risk to the canals. Both the system of 

aqueducts and sewers are being renovated currently, and the work periodically 

disrupts the functioning of the canals as roads are dug up and solid wastes are 

not cleared (Presidencia, 2005; Racero, 2007). The Zona Libre and the container 

storage area of France Field are positioned in between Bahía Manzanillo and the 

communities in Colón. As the area develops, new companies coming in are aware 

of the flooding problem and projects will land fill their sites often 2.5-3 m high to 

allow for drainage, whereas older, mostly residential, regions are near or even 

below sea level (MOP). This creates an incline that prevents the natural path of 
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the water from moving out to the bays. Thecanals intended to carry off the 

communities’ water remain stagnant and often draw in the rain from developing 

areas as well, aggravating the flooding problem. 

 

3.3.4 Mitigation Measures for Flooding in New Development Projects:  

The erection of new developments brings the risk of flooding for the 

project and the surrounding area, and companies often include certain measures 

in their designs to minimize this risk. The city of Colón stipulates that new 

development projects include drainage canals in their design because of the 

influx of water during the wet season (Belleview, 2004). Of the nine companies 

with EIAs for the area of Colón, six explicitly state their intention to construct 

drains and ditches to allow “optimal” runoff of rainwater into the Zona Libre’s 

canal system; however, details such as dimensions are not provided (EIAs 

2,5,6,8,9). In an agreement with the city, Zona Libre pays B./ 2,000,000 each 

year for the dredging of its canal system (MOP).  

The process of construction and operation of these facilities produces large 

amount of trash and sediment from land filling. The Zona Libre has its own trash 

collection system, separate from Agua Aseo’s services although they employ the 

same dump (Agua Aseo). Only the Multicentro Centenario planned to use the 

municipality’s trash services, and it was never completed (EIA, Multicentro; 

Heckadon). Five of the projects mention their intentions to properly collect their 

solid wastes (EIAs 2,3,5,6,8). As an example of steps companies choose to take, 

Danko International, who borders on Folk River, openly addresses its potential 

impacts on clogging the natural flow of water and states that it will strategically 
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locate its “adequate” system of solid waste elimination far from the banks of the 

canal. As well, the company will place barriers at the bank of the canals to prevent 

solid wastes and sediment from being swept in by the wind and rain (EIA, 

Danko).  

 

3.3.5 Problems with Flood Mitigation Measures for New Development Projects:  

The companies in the Zona Libre that plan to build canals will have them 

link up with the existing system. However, that system is already insufficient for 

the current developments and is not being expanded as new projects come in. 

The canals are shallow and lack an incline, reducing their capacity and their 

ability to flow out to Bahía Manzanillo. Although the Zona Libre is paying a 

substantial amount to clean the system, it is continually full of sediment. The 

canals were dredged just last year, yet we personally observed them to be 

stagnant and choked with plants (MOP).  

The drainage canals built by the companies themselves are also plagued 

with problems, an excellent example being the Mays project adjacent to the 

highway crossings known as Cuatro Altos. The design of the Mays Foresco 

warehouses causes the buildings to fall directly in the path of the canal leaving 

from the community of Resurrección. The company split the canal in two, 

wrapping the streams around the project area to meet up with the France Field 

system. This requires the water to perform 90º turns, blocking its natural flow 

and causing it to pool and often to flow back towards the residential area. In 

addition, one of the branches now borders immediately on Avenue Ahmad 

“Miguel” Waked and the water sits at exactly the same level as the street with 
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only a few feet of earth separating them. Recently constructed, this road is a 

major artery for entering and exiting the city, and it is receiving heavy damage 

from the flooding of this canal. The surrounding communities are also being 

severely affected. Unlike the recent projects which sit on land fills, these older 

neighbourhoods are quite close to sea level and Barillada Sagrada is actually 

slightly below. In an acknowledgement of their influence on the flooding of these 

communities, Mays paid a compensation of $1000 to 100 households last year. 

However, this small amount does not come close to covering the damages 

incurred and Mays has no plans to prevent future floods (MOP).  

The canal system of Zona Libre would likely be more efficient if companies 

in the area properly prevented trash and sediments from flooding into canals, yet 

the measures laid out in their EIAs are rarely put into action. The majority of 

projects mentioned that they would employ solid waste management. At the 

same time, many of them noted that the undeveloped properties were being used 

as trash dumps by other companies, which shows that these management 

services are not always being put in place (EIAs 1,2,4,6,7). Danko International 

which laid out the most detailed plan for preventing wind and rain from dragging 

material into the canals was formally censured by ANAM following an inspection 

on October 15th, 2007. The ANAM inspector did not find any system of solid 

waste elimination installed whatsoever and there were no personnel responsible 

for deposition. The barriers that were to be placed on the sides of the canal did 

not exist and there were no written records of the required monthly canal 

maintenance during the land filling and construction of the warehouse (Rodrigo 

et. al , 2007). The plan presented in the EIA approved by ANAM was the most 
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extensive of all the eight projects implying the commitment of the company to its 

environmental responsibilities. That they failed to comply with their own 

standards indicates that many other companies likely are also not following 

through with their requirements.  

 

3.3.6 Socio-economic Effects of Flooding:  

The current price of deforesting an acre of mangroves is B./ 10,000 in 

order to compensate for the environmental damage. However, the loss of 

protective mangrove ecosystems leads to urban flooding and this carries a socio-

economic cost that is not considered in the development of projects. As a result, 

the frequency and severity of flooding is increasing with every passing year and 

the costs to the human population are mounting.  

In order to pinpoint the greatest impacts, we interviewed a total of 90 

people in three areas of the city. The survey included open-ended questions 

asking respondents how floods affected their lives and what problems they 

caused. A more detailed description can be found in the methodology section and 

a copy of the interview form is in Appendix 3. The primary complaints were 

damage to property, impediments to transportation, time lost getting to work, 

mosquitoes, garbage in the streets, sewage and waste water overflow, illnesses, 

and an unpleasant living environment.  

More than half (54%) of the respondents cited property damage as a 

consequence of the rising waters entering their homes. This was more of a 

concern for those in the two neighbourhoods, Resurrección and Nazareno, since 

they live and own property in the city, whereas many participants in the Central 
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Bus Terminal were from outlying areas of the province. Furniture and clothes 

were ruined, but people are hesitant to replace them because they know that the 

situation will only repeat itself the next year. The only solution is to move, but 

there are not many affordable neighbourhoods that are free from floods, and 

people may be reluctant to abandon their homes. One of the greatest barriers to 

relocating the damage to property can be so extensive that the owners are unable 

to sell at a reasonable price and instead are forced to watch their investment 

devalue with every rainy season. Property damage represents a significant 

financial cost to the individuals living in Colón.  

Transportation is a large issue because many people commute into the city 

every day from surrounding corregimientos as well as from Panama City and the 

bus station is a site that frequently floods. 22% of survey participants felt that 

their access to transportation was limited by flooding. Public transportation is 

unable to run properly and the many streets become impassable for private 

vehicles. This is an inconvenience that negatively affects the lives of everyone 

passing through the area. It also carries an important financial loss if it prevents 

people from reaching work on time, which was stressed by an additional 5.5% of 

respondents. For low-income households with little margin for error, missing 

work even for short periods of time can represent a serious blow.  

The influx of garbage and waste water into the canals and streets is 

extremely unpleasant for residents. As well, it is a source of contaminants that 

poses a very real risk of disease. In fact, 6.7% of interviewees were concerned 

about the connection between flooding and illness. Some of the sicknesses they 

encountered were hepatitis, gastroenteritis, bacterial contamination of potable 
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water, and fungal overgrowths that may be pathological. A more thorough 

discussion of diseases related to flooding follows.  

The final category of problems is the detrimental effects of flooding on the 

living environment. It is difficult to put a price on the benefits of natural 

surroundings and this aspect is often overlooked as a result. However, the true 

future of Colón lies in whether it can reconcile the encroaching development 

projects with the local population or whether the city will become a hard, 

industrial, and eventually unliveable place.  

 

3.3.7 Conclusions and Recommendations on Flooding  

Recently, research and conservation efforts have begun to focus on the 

ecosystem services of mangroves in order to quantify their value to human 

populations and highlight their importance. An economic system should strive to 

improve every dimension of human well-being, and in focusing solely on market 

goods without considering the goods and services provided by nature, the current 

system is in fact undermining our sustainable welfare (Costanza and Farley, 

2007). For the city of Colón, the protection against flooding offered by the 

mangrove forests is a critical benefit that is currently being overlooked by 

government and industry. However, mounting flood levels and frequencies have 

the potential to eventually make areas of the urban environment unliveable. The 

socio-economic burden is falling on the residential population, often in the 

poorest neighbourhoods, and is therefore harder to bring to the attention of 

decision makers.  
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In order to ensure the future of Colón, policy makers must act within a 

framework of sustainable development. A detailed, long-term plan for the city 

must be created that will find a way to allow for both stable economic growth and 

healthy living conditions. Most critically, proper flood planning with the 

corresponding infrastructure must be implemented. Environmental Impact 

Assessments should have stricter requirements for flood mitigation and harsher 

penalties for non-compliance. As well, urban growth should be organized and 

public services, including the potable water and sewage systems, should expand 

with the population.  

 

3.4 Transmissible Diseases from Flooding and Development 

Anthropogenic land use changes can cause outbreaks of infectious disease 

and modify the transmission of endemic infections (Patz, 2004). The 

deforestation of the mangrove forests by commercial developments and the 

associated increase in flooding have ramifications on vector- and water-borne 

diseases such as malaria, dengue, yellow fever, and infectious diarrhoea.  

Flooding has a particularly strong influence on vector-borne diseases 

transmitted by mosquitoes, in particular, malaria, yellow fever, and dengue. The 

range and abundance of these infections is limited to that of its vectors, so the 

ecology of an area often determines the epidemiology of transmissible diseases 

(Monath, 1994). In order to complete their life cycle, mosquitoes require stagnant 

water to breed in often only in small quantities (Barrera et. al., 2008). During 

floods, the accumulation of water forms many pools that allow mosquitoes to 

breed. When the rising waters enter urban and suburban areas, they create 
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breeding sites wherever pockets of water can form and these will often remain 

after the flooding is over. Garbage, such as cans and used tires, offers a plethora 

of potential sites, so the build up of garbage in yards, streets, and drainage canals 

can aggravate the insect problem (Monath, 1994). Trash that is swept into canals 

in Colón is not recovered by the collection agency, leaving it to act as nurseries 

(Agua Aseo). Construction and operation of industrial projects produces a large 

amount of waste, much of which ends up improperly disposed of (EIAs). As well, 

the development projects often block the natural flow of water to the ocean, 

channelling it into canals that tend to be shallow and slow-moving with problems 

of vegetative overgrowth. This creates an environment highly favourable to 

mosquito growth, increasing the potential for disease (Patz, 2001).  

The common causes of infectious diarrhoea are enterobacteria, principally 

Escherichia coli, Salmonella sp., and Shigella sp., and the virus rotavirus. 

Chronic diarrhoea is more often associated with oocyts, such as Giardia lambia 

and cryptosporidium. Water-borne diseases are particularly sensitive to changes 

in the hydrological cycle and floodwaters can precipitate outbreaks (Patz, 2001). 

Of the major diarrhoeal agents, rotavirus, shigellosis, salmonellosis, and 

cryptosporidiosis are transmitted by water and known to respond to human-

induced land use changes (Patz et. al., 2004). When floodwaters come in contact 

with sources of infection, they can spread them rapidly across an area where they 

have a high probability of contacting a human host in densely populated urban 

areas such as Colón. 

 

3.4.1 Current Situation of Transmissible Diseases in Colón  
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  Vector- and water-borne diseases are a serious problem especially in 

developing countries, and many respond to both land use and climactic change, 

so they are increasing in prevalence over time (Patz, 2001). Coastal areas, such as 

Colón, are more susceptible to diseases transmitted by mosquitoes because these 

environments lend themselves to reproduction of the insects (Monath, 1994).  

Worldwide, malaria places a heavy burden on developing countries; 

however, it is not a significant problem in Panama. As well, malaria is rare in 

urban areas, and is not a problem in the city of Colón (Minsa). Across the 

province, it is currently well controlled, especially compared to past years, with 

only 13 registered cases in 2007 and 24 in 2006 (Minsa, 2007). Traditionally, 

Plasmodium vivax causes the majority of cases, although there has been an 

increase in the presence of P. falciparum. There have been no cases of P. 

malariae since 1972 (PAHO, 2002). Mangroves have a higher potential for the 

production of the mosquito Anopheles albimanus, the primary malaria vector in 

Panama and Central America, than the developed areas built after deforestation 

(Berti et. al., 1993). However, this potential is still low and the deforestation of 

mangroves results in an increase in diseases that represent a much greater 

danger due to their frequency, such as dengue.  

The tropical coastal climate of Colón makes the area susceptible to 

diarrhoea and influenza, which are the two primary causes of morbidity due to 

transmissible disease in the province. The Ministerio del Salud, however, 

recognized dengue as a much greater danger (pers. comm.). This is due to its 

frequency in the province, where it is the eleventh most common communicable 

disease, and because of the high morbidity and mortality associated with the 
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severe forms, Dengue Haemorrhagic Fever (DHF) and Dengue Shock Syndrome 

(DSS). Dengue is caused by a vector-borne virus that is passed from person to 

person by the mosquito Aëdes aegypti and against which there is no vaccine. A. 

aegypti is a domestic mosquito that prefers to live in human settlements which 

offer a multitude of nesting sites. It only requires small pools of stagnant water to 

breed in making it a large problem in urban areas where nesting sites, such as 

cans, gutters, and tires, are ubiquitous (Minsa; Monath, 1994).  

There are four antigenically distinct serotypes of dengue (DEN-1 through 

DEN-4) that are all considered to be able to cause serious disease and have all 

been recorded in Panama (Ferguson et. al., 1999; PAHO, 2002). A primary 

infection by one serotype at first will confer some immunity to re-infection, but as 

antibodies begin to decline a secondary infection by a different serotype the 

cross-reactivity will actually enhance the growth of the new viral strain. This 

phenomenon, known as antibody-dependent enhancement (ADE), increases the 

likelihood of a patient developing DHF or DSS (Ferguson et. al., 1999). The 

standard of health practitioners in the province of Colón is to use a rapid test to 

diagnose dengue (99% of tests performed in 2007); this is the fastest method but 

does not indicate which serotype is present. Without this information, the 

epidemiology department cannot be alerted to the presence of more than one 

strain circulating in the province which would increase the risk of severe disease 

from ADE (Minsa, 2007).  

Dengue is endemic to this area of Colón because of the inability to 

eliminate nurseries for the vector, despite the efforts of health personnel. In 

2007, the province experienced an epidemic with the number of cases rising to 
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204 in comparison to only 26 cases in 2006 (Minsa, 2007). Dengue is a cyclical 

disease, exhibiting both seasonal and long-term oscillatory dynamics which may 

explain this recent epidemic (Minsa). However, this same year also experienced 

epidemics of both influenza and diarrhoea, coinciding with a higher than average 

rainfall (Minsa, 2007; Paton, 2008). This suggests that heavy rains and flooding 

may have contributed to the number of cases of communicable disease, including 

dengue, last year.  

Yellow fever is transmitted by the same mosquito as dengue, A. aegypti 

(Monath, 1994). However, while dengue represents a very significant concern in 

Colón, yellow fever does not exist in this area and the last recorded case in the 

country was in 1974 (PAHO, 2002). This is consistent with the global observation 

that, for unknown reasons, dengue is most heavily reported in places where 

yellow fever is unknown (Monath, 1994)  

Diarrhoea is an important cause of both morbidity and mortality, 

especially in children, and represents a steady drain on health resources. In 

children under the age of 5, acute diarrhoeal disease causes 3.1 million deaths 

each year (Bryceson, 1977; Sur et. al., 2004). In Panama, the risk of death from 

gastroenteritis in the first five years is approximately1.44 per 100,000 live births 

(Rheingans et. al., 2007). Diarrhoea has serious ramifications in Colón where, 

province wide, it is the second most common communicable disease after 

influenza. In 2007, the rates of diarrhoea increased to 3752.8 per 100,000 

habitants from 2743.4 the previous year, and there was an epidemic of diarrhoea 

from June to September. Children under the age of 5, who are most at risk for 

serious complication, represented 27.5% of cases (Minsa, 2007).  
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3.4.2 Treatment and Prevention Costs of Transmissible Disease  

The lack of yellow fever cases means that its treatment is not a cost to the 

health services. However, the influx of people and cargo from the port area risks 

importing the disease and the Department of International Health of Minsa does 

have to verify all that comes in (Minsa; Patz et. al., 2004).  

The mortality rate for malaria in 2000 was 0 per 100,000 people, likely 

because of the low number of cases, although the economic costs can still be quite 

high. The treatment of malaria requires the use of antimalarial drugs, and in low-

income areas, even a single malaria episode can require a catastrophic 

expenditure (Castillo-Riquelme et. al., 2008). One of the most serious challenges 

to malaria control programs worldwide is the spread and intensification of 

antimalarial drug resistance. There are a limited number of alternative drugs 

available and they often come at a much higher cost (Ruebush II et. al., 2004). 

The first- and second-line drugs used in Panama to treat uncomplicated P. 

falciparum are chloroquine (CQ) and sulfadoxine-pyrimethamine (SP), but both 

CQ and SP resistance has been found here (Samudio et. al., 2005).  

Dengue has an immediate recovery phase of approximately two weeks, 

followed by a period of weakness and depression that may last several weeks, 

incurring direct costs of hospitalization and indirect costs of lost productivity. 

Classic, or simple, dengue is relatively benign, but the more serious forms are 

potentially fatal. There is no specific treatment beyond replacement of lost fluids 

and blood (Ferguson et. al., 1999; Monath, 1994).  
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Given that there are no vaccines against malaria or dengue, the ideal 

method of control or these diseases is the elimination of the vectors, Anopheles 

albimanus and Aëdes aegypti, and this is currently the strategy employed by the 

Minsiterio del Salud (Clark and Komp, 1938; Minsa). The agencies responsible 

for monitoring and eliminating breeding sites are the Servicio Nacional de 

Erradicación de la Malaria (SNEM) and the Department of Vector Control. They 

routinely inspect houses for the presence of larvae for these two mosquito 

species. In 2007, they performed 148,568 fumigations in the urban and semi-

urban areas around Colón. As there is a clear link between flooding and mosquito 

populations, they fumigate an additional three times after a flood at an interval of 

eight days. As well, after a recorded case of dengue, the neighbourhood it 

originated is sprayed every three days for three weeks following the episode 

(SNEM).  

The main costs of diarrhoea are due to its commonness, with children 

often suffering 1-2 bouts each year. There is the possibility of more serious 

complications, such as haemolytic uraemic syndrome from shigellosis, but this is 

rare (Sur et. al., 2004). The only treatment necessary in most cases is oral 

rehydration. Occasionally intravenous rehydration is required at the beginning of 

an illness because of shock and vomiting. Diarrhoea due to organisms 

necessitating special treatment, such as Entamoeba histolytica, are rare and 

drugs, including antibiotics, are of no value in treating 90% of cases. The cost of 

these rehydration solutions is quite low and only 8% of diarrhoea cases received 

no treatment in 1997 (Bryceson, 1977; Sandiford and Salvetto, 2000). However, 

the true cost of diarrhoeal illnesses is not the treatment regimen as much as the 
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associated economic and social burden from aspects such as time lost from work 

for sick children, and the cost of outpatient visits. For example, rotavirus is the 

most important viral cause of gastroenteritis and a common cause of 

hospitalization for this age group. This diarrhoeal agent alone is estimated to 

have cost Panama roughly $27,867,608 for the first five years of the 2003 birth 

cohort (Rheingans et. al., 2007). Combined with the enteropathic bacteria E. coli, 

salmonella and shigella, and the oocyt cryptosporidium, these sources of 

infectious diarrhoea have a large impact on the population.  

The use of oral rehydration therapy has greatly reduced the number of 

fatal cases of diarrhoeal illness, but had had no effect on its morbidity. The most 

effective methods of preventing infection are a clean water supply and good 

sanitation services, putting the responsibility of reducing the case number on the 

municipality (Clasen and Haller, 2007).  

   

3.5 Summary of the Sewage System 

The sewage system of Colón is overseen by IDAAN and functions in two 

distinct manners depending on the location.  

The suburban population is served by tubs or septic tanks, a method which 

encounters many problems due to insufficient capacity, lack of maintenance, and 

the fact that they do not have trucks suitable for the work of cleaning. The 

wastewaters from these areas receive only primary treatment, or just the solid 

matter is removed and a chemical treatment is applied to kill some of the bacteria 

(LaPrensa, 2006).  
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Within the city itself, households are connected to a subterranean sewer 

system that meets up with three pump stations and an undersea emissary in 

Bahía Limón. The Colón beach pump station empties into Bahía Manzanillo, the 

Guerrero station into Bahía Limón, and the Zona Libre station into Folk River 

(MiVi, 1997). There is no treatment of waste before it is discharged into the sea 

(LaPrensa, 2006).  A map detailing the major components of the sewage system 

can be found in Appendix 2. 

 

3.5.1 Sewage System Situation  

This current system is deficient for the needs of the residential population 

and industry (Presidencia, 2005). As a part of our survey in the three 

communities that experience flooding, we calculated their opinions on the quality 

of the sewage systems. On a scale of 5 as the highest level of service, residents 

rated their system at a very low 2.33 and many commented strongly that it was 

not sufficient (Appendix 4). In 1981, studies conducted by the Delta-Sanidor 

Consortium showed 34.4% of the examined tubes to be in too poor condition to 

properly provide service, a proportion which has likely increased even with recent 

improvements (MiVi, 1997). Narrow tubes, damaged household connections, and 

cracked and/or broken pipes impose a surcharge on the sewer system that causes 

ruptures and overflows. This results in the leakage of contaminated water that 

negatively affects the quality of life for the surrounding populations and 

infiltrates the subsoil where it may affect the potable water system (LaPrensa, 

2006; MiVi, 1997).  
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The sewage system in Colón was put in place almost 95 years ago when the 

pipes were constructed from vitrified clay and have not been changed since 1937 

(IDAAN; MiVi, 1997). Much of the tubing is undergoing replacement with PVC 

pipes, a project that IDAAN should be completed in June or July of this year 

(IDAAN). The last upgrade to the system previous to this was the installation of 

major collectors along four main streets – Calle 8 and Bolivar, Justo Arosemena, 

and Central Avenue – as well as short sections of collectors on some side streets 

(MiVi, 1997). Ideally, the city would like to install a treatment plants, but these 

structures are very expensive and there are no plans to put one in (MOP).  

In an attempt to meet the increasing demand that the port and residential 

growth of Colón will put on the sewer system, the Fundación de Inversión Social 

is funding the renovations with part of the B./ 30,000,000 they received from 

contractual agreements between the State and Colón Container Terminal, 

Manzanillo International Terminal, and the Zona Libre (Presidencia, 2005). 

However, surveys completed within three neighbourhoods of Colón indicate that 

this investment has not provided enough service for the current population let 

alone any future growth as is inevitable given the rapid rate of development 

(Appendix 4).  

 

3.5.2 Consequences for Flooding and Disease  

The decrepit state of the sewer system in Colón and the increasing 

demands being placed in it by unregulated population growth and industrial 

development aggravates the consequences of flooding.  
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An estimated 90% of diarrhoeal illness is from environmental sources, 

thus the flooding and the state of water quality are important determinants in the 

prevalence of this disease (Clasen and Haller, 2007). The state of the system 

allows the assumption that there is a degree of overflow and infiltration into the 

subsoil, where contaminants can then enter the potable water system 

(Presidencia, 2005). This is a problem particularly with oocyts, such as 

cryptosporidium, because they are resistant to chlorine treatment such as the 

chlorox used in Colón (IDAAN; Patz, 2001). However, there have been no reports 

of contamination of the potable water system itself by IDAAN and none of the 

surveyed neighbourhoods in the city recalled any problems in the past. This is a 

potential problem in rural areas, and a few of the survey respondents from 

outside the area complained of amoebas in their water supply (IDAAN; Appendix 

4). As well, the conduction and distribution of potable water is done in tubes 

buried in the ground, but the high water table and its proximity to this system has 

lead to serious problems of corrosion in the older pipes that have been in place 

over 50 years (MiVi, 1997). There may be more of a risk of systemic 

contamination in the future as the pipes continue to age.  

Damaged household connections and internal infrastructural problems 

raise the greatest risks for causing illness during floods (IDAAN). Floodwaters 

can result in back-ups in household plumbing, and can release and disperse 

water-borne diseases if they come into contact with waste disposal sites (Patz, 

2001). Enteropathic bacteria are often spread in this manner.  

The use of septic tanks in the suburban areas raises a new issue of dengue 

transmission. Previously not considered an important breeding site, studies 
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published this year show that septic tanks provide an underground aquatic 

habitat that are capable of producing large numbers of the dengue vector, the 

mosquito Aëdes aegypti. In particular, it may be a source of endemic disease in 

the dry season when most other reservoirs have dried up (Barrera et. al., 2008). 

The lack of cleaning and general maintenance of the tanks in the Colón area 

leaves them open to infestation by the mosquito, making them a likely breeding 

site.  

 

3.6 Future Costs and Recommendations for Disease 

There is a lack of a general, long-term development plan for the city of 

Colón, and priorities change with each new government (Alcaldía; Gobernador; 

MOP). Without consistency and oversight, critical services such as potable water, 

garbage collection, and sewage systems are overlooked and fall increasingly 

further below what is required. If Colón continues on its current course, the 

number of cases of infectious disease will only increase.  

A fundamental shift in public policy and planning strategies would be 

involved in effectively mitigating the increased risk of illness from flooding. 

Increased funding to medical treatment facilities will become a pressing need, 

especially epidemiological monitoring, prevention techniques such as fumigation, 

and resources for quick-responses to post-flooding epidemics. This will be 

insufficient if it is not met with an investment in infrastructure to alleviate 

flooding and maintain the quality of public services, where early improvements 

may be more efficient than medical funding.  
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In the case of diarrhoea, for example, conventional interventions to treat 

water supplies at the source (point of distribution), as is currently employed in 

Colón, have long been recognized as effective prevention measures. However, 

recent reviews that could inform policy have shown household-based (point of 

use) interventions to be significantly more cost-effective. This is true even when 

these techniques are viewed in the strictest sense as avoiding direct medical costs 

from disease, thus point of use interventions would offer a higher return on 

investment than diarrhoeal treatment (Clasen and Haller, 2007).  

The unchecked industrial growth will lead to further flooding and a rising 

concern for dengue. The worldwide incidence of dengue-related serious disease 

has risen dramatically in many tropical countries, and Panama is at a risk for 

joining this trend (Ferguson et. al., 1999). Dengue will likely remain endemic 

with the cyclical epidemics becoming more severe. The problem posed by septic 

tanks should be assessed, and it may be that these structures will have to be 

targets for continual fumigation or be replaced by a sewer system. The risk of 

yellow fever is always present with so much commercial traffic in the area. If the 

ports expand faster than the monitoring program, it leaves the door open for 

infected vectors to enter and establish themselves. The Anopheles malaria 

mosquito is highly sensitive to land use changes, and the conversion of brackish 

mangrove areas into freshwater canals may have unforeseen consequences for 

the species present and their ability to spread disease (Patz et. al., 2004).   
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4.0 FINAL REMARKS 
 
4.1 Recommendations 

            The research conducted over the four months has highlighted both the 

gravity and the complexity of the current conditions in the city of Colón. This 

project is only one step in the ongoing battle of environmental conservation in 

the face of the pressure from development projects. This is a subject that 

demands ongoing research and we hope that this report will bring the attention 

of the scientific community to these issues. Follow-up studies should focus on 

developing hydrological models that can make more accurate forecasts for the 

future of Colón, and quantitative studies on rising flooding levels as it 

corresponds to mangrove deforestation will fill in the gaps in that are weakening 

conservation efforts.  

            For the Punta Galeta Marine Laboratory, related NGOs, and concerned 

community members, pressure should be put on the projects we have identified 

to provide flooding measures that are truly adequate. As well, further efforts 

should be made to identify incoming projects before they have cleared mangroves 

and attempts should be made to dissuade them from constructing in these areas. 

Research and awareness efforts can focus on the related costs incurred from 

deforestation that increases the social and economic importance of this 

ecosystem. The conservation of the remaining mangroves has to be priority in 

order to prevent the frequency and severity of floods from increasing further.  

            On the part of government authorities, a well-researched and carefully 

designed long-term plan for the city must be developed with emphasis on 

positioning industrial zones away from residential populations and protected 
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areas. Environmental laws should have stiffer flooding requirements in the EIAs 

and the compensatory costs from cutting mangroves must be raised to reflect the 

related impacts on human populations such as flooding and disease. As well, the 

reforestation efforts should be performed using the same trees as those that were 

removed in construction to protect native species and maintain their populations. 

The funding for public services must increase in proportion to residential and 

industrial growth in order to improve the quality of the sewage, drainage, and 

waste collection services so that they meet the demands placed on them. An 

expansion of flooding medical infrastructure will have to occur to control the 

mounting risk of outbreaks of transmissible diseases, including measures to 

fumigate further and protect the potable water supply.  

As well, the current zoning of the mangroves set out in Law 21 of 1997 

dedicates them solely to development, yet it is imperative that the remaining 

forests be conserved. Therefore, the zoning laws should be reviewed to consider 

allowing the creation of more protected areas and urban green spaces. 

 

4.2 Conclusions 

             Although it is one of the most important cities in Latin America, Colón has 

been deeply affected by the skewed emphasis on economic interests over social 

and environmental concerns. The political situation has placed environment 

second to economy and has chosen short-term economic gains over sustainable 

human development. In the absence of a long-term plan for the city, the priorities 

of the city change with every new government and there is a lack of oversight for 

the chaotic growth. During the course of our research and interviews, no one 
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authority could tell us where Colón is headed and there appears to be a failure to 

coordinate between agencies.  

As a result, the basic necessities of the population are not being met by the 

public services and the city is beginning to experience the impacts of the 

environmental degradation from the ongoing development. Despite extensive 

conservation efforts, the pace of mangrove deforestation has only quickened in 

past years and it has brought rising flood levels and a heightened risk for disease. 

However, Punta Galeta and the community in general have no choice but to 

continue speaking out against this waste of crucial natural resources.  

            With the poorest 20% of the country holding on 3.6% of the national 

income, the gap between the rich and poor is already quite prominent in Panama 

(UNDP, 2003). This division will only widen in Colón as the economic sector 

expands, with the potential for serious consequences in terms of social instability 

and unrest. The question facing Colón is whether it can continue on its route to 

economic expansion without sacrificing its natural diversity or the quality of life 

of its citizens. 
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6.0 APPENDICES 

Appendix 1. Updated List of Development Projects in Colón, Panama 
   

 

ompany Name (Date 
of EIA)   Project Type   Address of Project   Total Area   Cost of 

Project   
Reforestation 

Plan   Waste System   
Flooding 

Prevention
Measures 

Panama Canal 
uthority, ACP, 2007   

Third Set of Locks 
Project   

Canal Expansion 
(Atlantic Locks)   

Atlantic Channel 
coordinates ; 

X=615906 , Y= 
1037767   

18.06 Mm³ 
excavated 

Material for 
Atlantic Locks   

B./ 1,030 
million   

Native species 
planted at 1,110 

saplings per hectare 
with no less than 50 

species / hectare   

Stored on site, 
disposition 

responsible by 
contractor   

Construct sewage 
system for ACP 

Personnel   

Yes , but not
explained 
further   

   

Colón Container 
Terminal 2006   

Amplification of 
Container 
Platform, 

polygon#2, 
area#2, area#3   

“Corregimiento” of 
Coco Solo Norte   18 hectares   N/A   Reforest for 

aesthetic purposes   
Garbage 

Deposition 
management   

2 Drainage 
canals   

Danko 
International,S.A 

2006   

Land filling and a 
Warehouse 

construction   
Manzana 27-A, France 

Field, Z.L   1.003 hectares   N/A   Reforest with those 
typical of the sector   

Construction of 
“adequate” 

system far from 
canal banks   

Construct 
drainage syste

enedetti Empresas, 
S.A, 2005   

Construction of a 
dry goods 

warehouse   
“Corregimiento” of the 

south district, Z.L   0.284 hectares   N/A   Plant Grass and 
ornamental plants   

Installation of 
garbage disposal   

Construct drai
and ditches,

residual wate
into Z.L System

Mays Empresa by 
Foresco, S.A, 2005   

Coastal land filling 
and construction of 

2 warehouses   
Manzana C2,10,France 

Field,Z.L   8.86 hectares   B./ 2 
million   None   none   none   

Multicentro 
Centenario 2005   

Land filling and 
plan to build 

Grand Centenary 
Transport 
Terminal   

“Corregimiento” of 
Cristobal   3 hectares   B./ 51.4 

million   
Construct green 

zones with 
ornamental plants   

Collected on site, 
Agua Aseo pick-

up   

Construct 
Drainage cana
on site and on

“outskirts”, 
periodic 
cleaning   

elleview Investment 
2004   

Land filling and 
warehouse 

construction   
Manzana 43,France 

Field, Z.L   .6,5325 hectares   B./ 
1,900.00   

Compensation costs 
of B./ 1,000.00$, 
plant green areas   

Liquid wastes 
channelled into 
pre-existing Z.L 

System   

Will comply t
drainage 

requirements 
the city of Coló

Master Holding Co., 
Inc. 1998   

Land filling for 
future commercial 

development   
“Corregimiento” of 

Cristobal, Coco Solito   23.4795 hectares   N/A   

Plan to be approved 
by ANAM (B./ 
20,000) and 

ornamental planting 
on highway strip   

none   none   

go Lindo, S.A, 1998   
Clearing of Land 

for future 
commercial use   

“Corregimiento” of 
Cristobal, Cuatro Altos   7.7 hectares   N/A   none   none   

Research to b
done to resolv

flooding from t
highway 

construction
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Appendix 2: Project Maps of Colón 
 

 

Figure 2.1 – Map of projects with 
EIAs. Note: Sizes are to scale and 
locations are approximate (MiVi, 
1997).

 
 
 

 

Figure 2.2 – Map of sites that 
suffer heavy flooding (MiVi, 
1997). 
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Figure 2.3 – Map of the major 
elements of the rainwater 
drainage system (MiVi, 1997). 

 
 
 

 

Figure 2.4 – Map of the major 
elements of the sewage system 
(MiVi, 1997). 
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Appendix 3 – Survey on Flooding and Water Quality 
 

ENCUESTA 
Esta encuesta se trata del problema de las inundaciones en Colón y sus impactos. 
 
1) Edad: ___________   Sexo: M / F   Empleo: ___________________________ 
 
2) ¿Las inundaciones son un problema en su barrio? 
Sí_________   No________ 
 
3) Según usted, en los pasados años las inundaciones en Colón han: 
i)  ___ Aumentado mucho 
ii) ___ Aumentado poco 
iii)___ Quedado igual  
iv)___ Bajado poco 
v) ___ Bajado mucho 
 
4) ¿Le preocupa sobre las inundaciones? 
i)  ___ Sí, mucho                ii) ___ Sí, poco                iii)___ No me preocupa 
 
5) ¿Cómo las inundaciones le afectan a usted? ¿Qué tipos de problemas le causan en su 
vida? ___________________________________________________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
6) ¿Cómo es la calidad del agua potable en su barrio? 
i)  ___ Excelente 
ii) ___ Bueno 
iii)___ Neutral 
iv)___ Malo 
v) ___ Pésimo 
 
7) ¿Cómo es la calidad del sistema de agua negra y sanitario en su barrio? 
i)  ___ Excelente 
ii) ___ Bueno 
iii)___ Neutral 
iv)___ Malo 
v) ___ Pésimo 
 
8) ¿Ha tenido problemas de contaminación del agua en su barrio? 
Sí ______         Cuántas veces: _________  
No_____ 
 
Hay muchas empresas que tienen proyectos alrededor de Colón y que están cortando los 
manglares. La deforestación de los manglares puede aumentar la frecuencia de las 
inundaciones. 

Detalles: 
_________________________________ 

Otros comentarios: 
___________________________________________________ 
___________________________________________________
___________________________________________________

Otros comentarios: 
___________________________________________________ 
___________________________________________________
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9) ¿En el contexto de esta información, qué piensa sobre la importancia de los 
manglares? 
i)  ___ Son muy importantes 
ii) ___ Son poco importantes 
iii)___ No son importantes 
 

Otros comentarios: 
____________________________________________ 
____________________________________________
____________________________________________

¿Otros comentarios sobre el desarrollo y las inundaciones? ________________________ 
________________________________________________________________________
________________________________________________________________________ 
 
 
Appendix 4: Pie Charts and Bar Graphs Reflecting Results from Survey 
 

Age Groups of Respondents

7%
7%

12%

29%

21%

20%

4%

0-18 19-24 25-34 35-44 45-54 55-64 65+
 

Figure 4.1: Survey 
Demographics – Age. The 
proportion of respondents in each 
of the seven age groups. The 
majority, 62%, fell into our target 
age group of 25 to 54.

Gender of Respondents

38%

62%

Male Female
 

Figure 4.2: Survey 
Demographics – Gender. The 
proportion of men and women 
surveyed, the latter outnumbering 
the former by almost ¼ of the 
total.
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Are floods a problem in your area?

72%

28%

Yes No
 

Figure 4.3: Survey Data – 
Flooding Problems (1). A 
significant majority of 
respondents, 72%, agreed that 
flooding was a considerable 
problem in their area. 

 
According to you, floods have ______ in past years.

87%

4%
9%

0%

0%

Increased a lot Increased a little Remained the same

Low ered a little Low ered a lot
 

Figure 4.4: Survey Data – 
Flooding Problems (2). The high 
majority of respondents, 91%, 
believed that floods have 
increased in past years. 

Does flooding worry you?

91%

3% 6%

Yes, very much Yes, a little No
 

Figure 4.5: Survey Data – 
Flooding Problems (3). The 
prospect of flooding problems in 
the future worried an 
overwhelming 94% of our 
respondents. 
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How is the quality of potable water in your area?

17%

61%

10%

11% 1%

Excellent Good Neutral Bad Horrible
 

Figure 4.6: Survey Data – 
Water Quality (1). A low 
proportion of respondents, 22%, 
were troubled with the quality of 
their potable water system in their 
area.

Are there contamination problems in your area?

22%

78%

Yes No
 

Figure 4.7: Survey Data – 
Water Quality (2). Only 22% of 
respondents held complaints 
about contamination in their area 
in the past. 

How is the quality of waste water and sanitation systems in 
your area?

2%

21%

13%

35%

29%

Excellent Good Neutral Bad Horrible
 

Figure 4.8: Survey Data – 
Water Quality (3). The majority 
of respondents, 64%, were 
troubled with the quality of their 
waste water and sanitation 
systems in their area. 
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Many companies have projects surrounding Colon and are 
cutting down mangroves. Mangrove deforestation can 

increase the frequency of flooding. Given this information, 
how important do you think mangroves are?

87%

10% 3%

They're very important They are slightly important They are not important
 

Figure 4.9: Survey Data – 
Community Awareness. The 
environmental and social 
importance of mangroves was 
understood by 97% of those 
surveyed, though 10% of those 
viewed them only as slightly 
important. 
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Figure 4.10: Survey Data – 
Impacts of Flooding on 
Communities. Most 
important problems caused 
by flooding as identified by 
the communities. Property 
damage and transportation 
were the most frequently 
mentioned.
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Appendix 5: Photos 

 

Figure 5.1: Canal system 
built by May’s Empresa 
next to highway entering 
Colón. (Photo: R. Labbe-
Bellas) 

 

Figure 5.2: Pollution 
next to a canal system 
alongside housing in 
Barriada de la 
Resurrección. (Photo: R. 
Labbe-Bellas)

 

Figure 5.3: Mangrove 
deforestation for project 
landfill situated near 
Area Protegida Isla 
Galeta. (Photo: D. 
Miller)  
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