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1.0 Internship Components 

1.1Contact Information: 

Host Institution: 

Punta Galeta Marine Laboratory 
Smithsonian Tropical Research Institute 
Unit 0948 
APO AA 34002 
Email: galeta@si.edu 
Telephone : 507-212-8191 
Fax : 507-212-8148 
 
Alfredo Lanuza 
Director of Education Program 
Punta Galeta Marine Laboratory 
Telephone: 507-212-8192 
 
 
 
 

 
 
 
 
 
Supervisor: 
 
Heckadon-Moreno, Dr. Stanley 
Smithsonian Tropical Resaerch Institute 
Box 0843-03092 
Balboa, Ancon, Panama 
Republica de Panama 
Email : heckados@si.edu 
Telephone : 507-212-8068 
Fax : 507-212-8146 
 
Researcher : 
 
Chloe Stemler 
McGill University 
chloe.stemler@mail.mcgill.ca 

 
 
 

1.2 Number of days spent on project: 
 
 
Month # Days in 

Panama 
# Days at Galeta Total Days Total Hours 

January 1 3 4 28 
February 1 7 8 64 
March 0 8 8 64 
April 6 4 10 80 
Total 8 22 30 240 
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1.4 Executive Summary 
 
Open Sea Aquaculture in Panama: An Assessment of Cobia Production by Pristine Oceans 

By: Chloe Stemler 
 
Conducted at the Smithsonian Tropical Research Institute Punta Galeta Marine Laboratory, 
Colón, Panama. 
 
 While aquaculture shows great potential to reduce overfishing and provide income and 
food for impoverished areas, there are numerous documented environmental concerns associated 
with various aquaculture practices.  These include ecosystem degradation and risk of 
introduction of new species or pathogens into different habitats.  Recently, claims have been 
made that open sea aquaculture using high technologies to avoid escapes, avoids risk of 
environmental degradation by using current flows to disperse contaminants.  I will examine the 
validity of these claims and evaluate potential consequences by investigating an open sea 
aquaculture operation conducted by Pristine Oceans, a private Panamanian Aquaculture 
company. 

The site of the operation is located off the Costa Arriba in the province of Colón, within 
50 km of Punta Galeta Marine station.  While the project is still in its initial stages, the company 
plans to build a larger hatchery near Punta Galeta station to support its expansion of nine 
submerged cages in five sites, 8 km offshore.  Information was gathered through meetings with 
Pristine Oceans representatives, and visits to various coastal communities.  In addition, a 
literature review of aquaculture studies was used to investigate potential effects and suggest 
considerations to be made in the Pristine Oceans project. 

As required for government approval of the project, Pristine Oceans submitted an 
environmental impact assessment to ANAM.  However, considering open sea aquaculture is a 
very recent practice, especially in the Caribbean, there has been little research conducted on the 
environmental changes following introduction of submerged cages.  Sites which have been 
studied off of Puerto Rico following introduction of cages for cobia production show negligible 
changes in nutrient composition of the benthos and changes in water quality in the local area.  
However, this was a smaller operation than that which is projected for the Caribbean coast of 
Panama.  Therefore, frequent monitoring should be conducted to ensure the health of the 
surrounding ecosystems, such as the coral reefs, sea grass beds, and mangroves which can be 
especially sensitive.  The operation will certainly not help restore the already deteriorated 
ecosystems in the area, however it may pose minimal risk as compared to other human activities 
in the area.  In regards to improving the socioeconomic conditions of local communities, while 
Pristine Oceans employs about 30 local people for their hatchery operations, but the fish will not 
be for local consumption.  The company mentioned the possibility of eventually helping 
transform artisanal fishermen into microproducers through small scale aquaculture operations.  
This could be of potential interest to impoverished communities such as La Playita in Colon who 
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express interest in developing aquaculture but receive little support and aid to start such a 
project.  However, managing these operations in a sustainable way with lower technology may 
be a challenge.         
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1.5 Resumen Ejecutivo 

Acuicultura de Mar Abierto en Panamá: Una Evaluación del Producción de Cobia por Pristine 
Oceans 

Chloe Stemler 

Conducido al Smithsonian Tropical Research Institute, Punta Galeta Laboratorio Marino, Colón, 
Panama 

 La práctica de acuicultura tiene mucha potencial de disminuir la sobrepesca y de dar 
ingreso y subsistencia para áreas empobrecidos.  Sin embargo, hay muchas inquietudes por el 
medioambiente asociado con varios prácticas de acuicultura.  Algunos de estas inquietudes 
incluyen la degradación del medioambiente, y el riesgo de la introducción de nueva especies o 
enfermedades.  La acuicultura de mar abierto puede ser la solución a estés preocupaciones si la 
tecnología puede evitar riesgo de escapes, y si usa el corriente para dispersar los contaminantes.  
Este investigación examina la validez de estés reclamaciones y evalúa las consecuencias 
potenciales del proyecto de Pristine Oceans, une empresa privada de acuicultura. 

 El proyecto esta situado desde 8 km de la Costa Arriba en la provincia de Colon.  Aunque 
esta todavía en los etapas iníciales, ellos planifican construir un criadero de peces y una planta de 
procesamiento cerca de Punta Galeta.  También planifican incrementar su producción para 
incluir 5 sitios con 9 jaulas cada uno.  Información fue obtenido por medio de encuentros con 
representantes de Pristine Oceans, y visitas a comunidades en la costa.  También un resumen de 
otros estudios sobre la acuicultura del mar abierto fue conducido para investigar los efectos 
potenciales y dar consejos para el proyecto de Pristine Oceans.   

 Para conseguir aprobación del gobierno, Pristine Oceans tuvo que presentar una 
evaluación sobre el impacto ambiental a la Autoridad Nacional del Ambiente.  Sin embargo, la 
practica de acuicultura de mar abierto esta relativamente reciente, en particular en el mar Caribe.  
Han hecho pocos estudios para investigar los cambios ambientales causados por proyectos de 
acuicultura de mar abierto.  Investigaciones hecho en Puerto Rico después de la instalación de 
jaulas para acuicultura han encontrado ningún cambio en contenido de nutrimentos en los 
sedimentos, ni de cambio en la calidad del agua.  Sin embargo, la operación en este área era 
menos productivo que lo que esta planeado en Panamá.  Por lo tanto, es muy importante 
monitorear el área para asegurar la salud de los ecosistemas aledaños como los arrecifes de coral, 
los pastos marinos, y los manglares los cuales pueden ser muy sensibles.  La operación 
seguramente no ayudara a restorar los ecosistemas ya deterioradas en el área.  Sin embargo hay 
la posibilidad que cause menos problemas comparado a otras actividades humanas.  Con relación 
a la situación socioeconómico de las comunidades en el área, Pristine Oceans empleara 
aproximadamente 30 personas en el criadero en puerto lindo, pero el no será para consumo local.  
La compañía menciono la posibilidad de transformar pescadores artesanales en micro 
productores de proyectos pequeños de acuicultura.  Eso puede ser interesante para comunidades 
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empobrecidos como La Playita en Colón seria atraído a la idea de empezar un pequeño proyecto.  
Sin embargo, el mantenimiento de una operación sostenible así con  tecnología menos avanzada 
puede ser un desafío.            

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



9 
 

1.6 Host institution and study site 
 

Punta Galeta Marine station is located on the Caribbean coast of Panama 10 km from the 

city of Colón.  Colón is the second largest city in Panama with a population of 204,000.  It is 

most important as a port city for the Atlantic opening of the Canal and location of the Zona 

Libre.  It was formerly part of a US military base but in 1964 was transformed into a marine 

laboratory for the Smithsonian Tropical Research Institute and is now located in an ANAM 

protected area.  The station is surrounded by a fringing coral reef and mangroves which are 

currently threatened by deforestation due to the Colón port expansion.  It is equipped with 

environmental monitoring equipment, and hosts many researchers interested in Caribbean coastal 

ecosystems.  An oil spill which occurred in the area 20 years ago makes the area a site of high 

interest for research on reef and mangrove recovery processes.  Approximately 250 papers have 

been published from research conducted at Punta Galeta.  Currently, a huge focus of the center is 

to provide educational outreach programs to schools in the area, and to outside visitors.  These 

programs are maintained by the guides and volunteers employed by Galeta.  

The site of the Pristine Oceans open sea aquaculture operation is located in Puerto Lindo, 

about 40 km from Colón.  Their main office is located in Panama City.  They plan to construct a 

new hatchery and processing facility near Punta Galeta.  

 La Playita fishing community is located in the city of Colón itself and has access to the 

Bahía de Limón.  It is a squatter settlement and about half of the community devotes itself to 

fishing for subsistence and income.  The fishermen are organized into “Los Pescadores Unidos 

de La Playita”(PULP).  In recent years, fish populations have been declining which has posed 

hardship on the community as fish is their main source of sustenance and income.  They have 

considered alternatives, such as developing an ecotourism attraction, however the area where the 
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community is situated and the lack of governmental assistance makes these projects difficult to 

develop. 

1.7 Objectives and justification 

 Richard Pretto, the General Manager of Pristine Oceans visited Galeta in February to 

present the open sea aquaculture operation underway in the area, and the plans to construct a 

hatchery and processing facility at the site of a collapsed, former US military base near Galeta.  

This is the first open sea aquaculture project to be conducted in Panama, and I was interested in 

learning more details of the project and what could be its potential effects on Galeta and the 

surrounding ecosystems.  Pretto was very cooperative and agreed to help me obtain whatever 

would help me accomplish my research objectives. 

 Considering the role that the Smithsonian’s Punta Galeta marine laboratory plays in 

communicating scientific knowledge and expertise to the public, it is important for the staff and 

visiting scientists to have access to knowledge of the operations underway and their potential 

impacts on the environment.  It may be possible for the center to host research regarding the 

changes in the local environment as a result of the large scale aquaculture operation.  Because 

the technology and practice of open sea aquaculture is very recent, careful monitoring of changes 

will be very important to avoid potential environmental problems. 

 The ultimate goals of this report are to introduce the current state of aquaculture in 

Panama, describe the operation conducted by Pristine Oceans, and assess the potential impacts 

the project may have on the environment so recommendations can be made.  This information 

may be used by Galeta staff and researchers to transmit knowledge to the public, or obtain the 

background knowledge necessary for involvement in environmental monitoring of the area.   
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1.8 Methods 
  

Much of the information about the Pristine Oceans operation was obtained by consulting 

representatives from the company in person.  I spoke with Richard Pretto who supplied me with 

necessary sources and contacts for more information.  In April, I visited the site of the hatchery 

in Puerto Lindo and spoke with technicians and feed specialists working at the site.  The visit 

allowed me to observe the entire rearing process.  I consulted the Environmental Impact 

Assessment (EIA) submitted to the Autoridad Nacional del Ambiente (ANAM) for Pristine 

Oceans and conducted a literature review to compile results of previous open ocean aquaculture 

studies.  Lastly, I visited La Playita to conduct casual interviews on what the views of local 

fishermen are with regards to aquaculture, and what is the current state of the fisheries in this 

area.   

1.9 Ethics 

 I followed the McGill Code of Ethics when conducting informal interviews or visits to 

institutions involved throughout my research.  This includes, informing all participants that I am 

a student of McGill University conducting an internship with the Smithsonian Tropical Research 

Institute.  I stated the purpose of the project to all consenting participants, and names were only 

included upon formal consent.   

2.0 Introduction  

2.1 The state of world fisheries and aquaculture 
  

In 2006, capture fisheries and aquaculture supplied 110 million tonnes of fish for global 

consumption, a number which has continued to increase in recent years (FAO 2008).  Of this, 

52.7 million, or 45 percent was supplied by aquaculture, which is soon expected to supply over 
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half of the world’s fish for consumption.  China is the largest capture fisheries producer, 

followed by Peru, and the United States.  The industry is important globally for supplying jobs; 

in 2006, an estimated 43.5 million people were directly engaged in the production of fish.  

Fishing has of course taken a toll on most fish populations; in 2007 about 28 percent of fish 

stocks were overexploited, depleted, or recovering from depletion, while another 52 percent were 

fully exploited.  Aquaculture has grown largely in response to these declining populations as it is 

thought to be a solution to the overharvesting that is being conducted.  While the Asia and 

Pacific regions are the largest aquaculture producers, accounting for 89% of production, the 

Latin American and Caribbean region shows the highest average annual growth of 22 percent.  

This region cultivates mainly salmonids and shrimp.   

 It is hoped that aquaculture will provide many benefits for the fishing industry on the 

local and global scale.  The three main objectives, according to Bert (2007) are to reduce 

pressure on wild stocks, provide food and income for developing countries, and maintain 

sufficient numbers of fish to sustain commercial, recreational, and subsistence fisheries.   

2.2 The state of fisheries and aquaculture in Panama 
  

Ninety-five percent of Panama’s fishing activity is conducted on the Pacific side, as are 

most of its aquaculture operations.  According to the FAO (2007) in 2007, 206,732 tons were 

produced from fishing activity in Panama.  The main aquaculture industries in Panama are for 

production of shrimp, followed by tilapia, and trout.  Currently, 9,102 hectares are dedicated to 

shrimp cultivation while 101 hectares are dedicated to inland aquaculture projects.  Aquaculture 

began to be developed in Panama within the last 35 years and is an important source of food and 

income for marginal areas.  The industry provides 1,500 permanent jobs for Panamanians.  Most 

of the shrimp cultivated is destined for international export as is the trout, while tilapia and carp 
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are often destined for local consumption.  Open sea aquaculture is in its initial stages of 

development.  One cobia production farm using floating cages was attempted in Bocas del Toro 

however it was not environmentally sustainable and poorly managed financially.  There is also 

intention of raising tuna offshore on the Pacific side.  The cobia operation directed by Pristine 

Oceans is the first functional submerged open ocean operation yet in Panama.  The Caribbean 

coast of Panama represents an excellent location for raising cobia because the temperature is 

ideal at 26-28 degrees and there is a rare occurrence of hurricanes.  Cobia has been grown in 

China, Southeast Asia, Japan, Iran, and Taiwan.  Following this success in Asia its cultivation is 

now expanding into the Caribbean.  In the last five years within the Caribbean, cobia has been 

farmed in Puerto Rico, the Bahamas, Martinique, Belize, Mexico, and Brazil.  Hatcheries for 

cobia are only located in Mexico, the Bahamas, Brazil, and Panama; the remaining locations 

import fingerlings from other countries.  In the waters near Colón, there have been noticeable 

declines in fish and seafood which have tremendous impact on the economic situation of local 

fishermen.  Fishermen in the La Playita community are obtaining significantly smaller catches 

than 15 years ago and are forced to go farther away to catch fish.                    

2.3 Cobia 

Aquaculture for raising cobia has been largely successful in Taiwan and is now being 

expanded into the Caribbean and the Americas where hatchery and open ocean cage technology 

is being perfected.  The fish is naturally found in sub-tropical and tropical waters in the Indo-

Pacific region and in the Atlantic from New Brunswick to Southern Argentina.  It is frequently 

found near reefs, bays, and mangroves and feeds on crustaceans, cephalopods, small fish, and 

crab.  Its weight at maturity can reach 60 kg.  The fish has one of the highest growth rates of all 

teleosts, a low feed conversion rate, and low mortality rates which make it an excellent candidate 
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for aquaculture production (Benetti et al. 2008).  Survival rates in the Americas and Caribbean 

has ranged from 10% to 90%, however the low survival rates were mainly a result of escapes due 

to shark attacks which tore holes in the nets of cages in the Bahamas and Puerto Rico (Benetti et 

al.  2008).  Cobia also has low feed conversion rates, yielding 1kg of fish biomass for 1.8 kg of 

pellets containing 50 percent fish meal (Benetti et al. 2006).  In addition, it has a high market 

value and Pristine Oceans expects to receive a price for the fish of $5 per pound (Dipierto 2008).   

3.0 Pristine Oceans 

3.1 The company 

Pristine Oceans is a privately owned Panamanian aquaculture company that works in 

conjunction with Environmental Technologies, Inc. of Seattle, Washington, USA.  Their 

hatchery and open sea aquaculture operations lie 5 km from Cacique in the province of Colón, on 

the Atlantic side of Panama.  They are currently raising cobia, (Rachycentron canadum) in six 

net cages.  They plan to expand their production to include 9 cages in each of 5 sites, and build a 

new hatchery and processing plant to support this large scale production.  Each site is expected 

to produce 1200 tonnes per year.  The site for construction of the first closed system recirculation 

hatchery in Central America is located near Galeta.  This system is more environmentally 

sustainable as it recycles water using a biofiltration system.  The markets for their products are 

mainly for fine dining restaurants located in the US, Canada, and Spain.  The fish will be flown 

to their destinations and never frozen.  The fish is marketed as organic and environmentally 

sustainable because it uses feed obtained from environmentally managed fisheries, and the 

practice of open sea aquaculture is considered non-harmful to the environment because the 

currents naturally disperse contaminants and pollution.      
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Funding for their operation was made possible through $5 million contributed by 

Panamanian investors.  The company was also approved by the Secretaria Nacional de Ciencia, 

Technologia e Innovacion and recently received their first payment of $150,000 in government 

grants.   

3.2 Production process 

The hatchery in Puerto Lindo contains one tank for its 15 reproducers (Fig. 1).  Three of the 

individuals are wild caught by fishermen near Puerto Lindo; the remaining were imported from 

the Dominican Republic.  

Spawning occurs naturally at 

proper temperatures, and at this 

site they do not induce spawning 

with human chorionic 

gonadotrophin.  The eggs are 

extracted from the spawners and 

incubated in tanks in the laboratory.  The larvae are fed 

microalgae cultures and rotifers are fed for 3-7 days after first 

feeding (Fig. 2).  Artemia are then added to the feed after seven 

days.  After 39 days, fingerlings are transferred to the alevine 

tanks (Fig. 3).  Previously, when the alevines attained 5 grams, 

they were moved to small nets in the bay located at the 

hatchery site.  However, due to problems with bacterial 

infections, they will now raise the fish in tanks until they attain 

200 grams, and then move them to smaller cages adjacent to 

Figure 1.  Cobia reproducers in Puerto Lindo, Colón.

Figure 2.  View of rotifers under a 
microscope. 
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the large submerged cages at sea.  Within 12-15, the fish attain 

the harvestable size of 6-8 kg.  It has been shown that cobia 

reach their maximum growth rate of about 6 kg in one year 

when stocked below 5 kg m-3 (Benetti et al. 2008).     

 Pristine Oceans is licensed to use an area 12 km long 

and 3.4 km wide, 5 km offshore of Cacique (Fig. 4).  They plan 

on installing nine cages at each of five locations within this 

area.  Each cage has a capacity of 6,400 m3 which will be 

stocked with 30,000 fish each.  Stocking density is important; 

once density is beyond 5kg m-3, survival rates begin to 

decrease as density increases (Benetti et al. 2006).  

3.3 Impacts on the local community 

The environmental impact assessment 

conducted by Pristine Oceans (2007) 

included a survey of the local 

community’s socio-economic 

condition and their views toward the 

aquaculture operation to be installed.  

Communities in the Costa Arriba of 

Colón which may be affected by economic and environmental impacts include Cacique, 

Majagual, Jose del Mar, Pueblo Nuevo, Portobello, Boca de la Quebrada, and Playa Blanca.  

Most people living in these communities make a living by working for the Zona Libre, tourism, 

or by practicing subsistence agriculture.  The largest problems in the area according to the 

Figure 3.  Alevines in Puerto Lindo, 
Colón. 

Figure 4 Site of the five cage aggregations off of the Costa Arriba, Colón.  
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communities surveyed include water quality and security, road problems, unemployment, and 

garbage.  For the most part, those included in the survey had no knowledge of the proposed 

project by Pristine Oceans, however 80% believed the project would have either no impact, or a 

positive impact on the surrounding area.  Nearly 60% felt it would have positive impacts on the 

community in that it would provide jobs, help protect species, promote tourism, and increase 

income.  However, nearly 10% remained fairly negative about the project and saw all profits 

going to the project owners, no fish would enter the communities, and it would damage fishing 

operations carried out by local fishermen.  With 33% of those in the community opposed in some 

way to the project, it is important for Pristine Oceans to be sensitive to the needs of the 

community and attempt to meet some of their requests.   

 Pristine Oceans currently employs about 30 people, mostly from the local area, to 

maintain the hatchery and cage operations in Puerto Lindo.  Nearly all of the fish will be 

exported to high price markets and profits will be returned to the investors and employees of the 

company.  The new hatchery and processing plant will likely create a significant number of jobs 

for locals in the Colón area.   

4.0 Assessment of Environmental Impacts 

4.1 Risks and concerns for open ocean aquaculture 
 
Nutrient loading 

 There are numerous risks which have been associated with aquaculture, the main ones 

being land conversion and environmental degradation from contamination.  Risks that could 

apply to open ocean practices include change in water composition (nutrient content, organic 

matter content, chemical enrichment, turbidity, anoxia), changes in nutrient and oxygen levels in 
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the benthos layer which can lead to formation of toxic compounds, ecosystem degradation, 

introduction of pathogens, alteration of genetic diversity in wild stocks, and the hatchery broods 

may decrease in fitness after several generations (Bert 2007).  

 Environmental monitoring has not shown any impacts in the water column and the sea 

floor bottom around the sites of the cobia operations in Puerto Rico of the Bahamas (Alston et al. 

2005).  An assessment of potential impacts evaluated the concentrations of nutrients in the water 

and sediment, effects on the benthic community, and rate of biofouling growth.  The results 

found no change in inorganic nitrogen and phosphorus, organic matter, organic nitrogen and total 

carbon, and macroinvertebrates, nor did it find changes in the inorganic nitrogen, phosphate, 

total carbon, dissolved oxygen, temperature, chlorophyll-a concentration, turbidity, salinity, or 

wild fish fauna, in the water column.  Eutrophication was evaluated, but no difference in 

indicators were found between locations near the cages and those far away.  There was no 

indication of anaerobic sediments beneath the cages.  There were no differences in the water 

quality parameters.  However, during the time of the studies, the cages were operating at the 

demonstration stage, producing no more than 50 tonnes per year.  A study conducted by Rapp 

(2006), more specific to the benthic layer found minimal organic loading in the sediment layer.  

Organic loading was dependent on the dustiness of the pellets. 

Studies conducted in Hawaii found some evidence that open sea aquaculture does have 

impacts on the local environment (Lee 2006; Lin and Bailey-Brock 2008).  At one particular site 

of cultivation for moi (Polydactylus sexfilis), reduced benthic invertebrate diversity, low oxygen 

levels in surface sediments, and increased abundance in organic enrichment indicator species 

were observed close to the farm.  Even after a 6-month fallow period, full recovery had not been 

achieved, however the authors conclude such fallow periods may be beneficial and fallow 
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periods should be included in the production process (Lin and Bailey-Brock 2008).  Studies on 

polychaete species composition demonstrate evidence of anoxia, and show appearance of 

pollution indicators and depressed community abundance of ambient polychaete species (Lee et 

al. 2006).  A study in Greece showed higher nutrient concentrations (ammonium-nitrogen and 

phosphate) near cage sites.  However, there was little accumulation of organic sediments from 

waste food or faeces because of wild species which were attracted to the cages and fed on the 

waste (Mantzavrakos et al. 2007). 

When organic enrichment of an ecosystem occurs, oxygen consumption by heterotrophic 

organisms increases.  This creates anaerobic conditions which results in production of reduced 

compounds such as ammonia, hydrogen sulphide, and methane to be produced from sediment.  

Hydrogen sulphide is toxic to fish; anoxia inhibits microbial activity resulting in low ATP (Islam 

2004).  This could pose a risk to wild fish populations and to those in the cages as well.          

Biofouling is an important issue to consider in most aquaculture projects.  Biofouling is 

the attachment of an organism to a surface in contact with water for a period of time.  The rate 

depends on the mesh size of nets, temperature of the water, water velocity, and productivity of 

the site (Hincapie-Cardenas 2007).  Biofouling can reduce the efficiency of materials and 

equipment, can cause damage in the netting which may lead to escapes of organisms, reduce 

water exchange causing oxygen depravation and accumulated wastes, can compete with 

resources with cultured organisms, harbor pathogens for fish, and limit light availability.  

However, it can also provide some benefits such as biofiltering the water and extracting 

pollutants and pathogens, precipitating suspended particles, providing food for fish, or increasing 

dissolved oxygen concentrations.  Biofouling is dictated mostly by chemical and physical 

characteristics of water such as temperature and current velocity.  Current rate of .1-.5m/sec is 
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optimal for development of biofouling communities, as are warmer temperatures of tropical 

waters (Hincapie-Cardenas 2007).   

Disease 

  Since the project is still in its initial stages, there have not yet been outbreaks of disease 

yet in the captive fish in the ocean cages.  There were problems with bacterial infection in the 

small net pens for juveniles which were situated in the bay in Puerto Lindo.  This occurred 

because there was no current flow, and Pristine Oceans will change its production process so that 

juveniles are raised until 200 grams in the tanks, and then transferred to smaller nets in the open 

ocean.  Disease outbreaks in marine organisms have been increasing and the increase in the 

practice in open ocean aquaculture is one factor thought to be contributing to this rise (Harvell et 

al. 2004).  Risk of disease is a serious consideration to make, especially for such a large 

production as the Pristine Oceans operation.          

Feed Sustainability            

Cobia is a carnivorous fish which raises some concerns about the long-term sustainability 

of raising such large populations of a top predator.  Some have even gone so far as to saying 

aquaculture contributes to the collapse of fisheries stocks world-wide because of the large 

amount of small pelagic fish harvested for fishmeal (Naylor 2005).  In contrast, FAO data shows 

no statistical relationship between aquaculture production, harvest rates for pelagic fish, or 

fishmeal production (Naylor 2005).  Although aquaculture has been increase, fish harvested for 

fishmeal has been relatively constant over the past 15 years (Tidwell and Allan 2001).  This can 

be explained by the high quantity of fishmeal used in livestock feeds and the development of 

aquaculture feed using alternative sources of protein.  It is even possible that fishmeal for fish 
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production represents a more environmentally friendly way since fish are more efficient 

converters than livestock.  (Tidwell and Allan 2001).  

Sensitive Environments  

 Sensitive environments in the Costa Arriba in Colón include sea grass beds, coral reefs, 

and mangroves.  Impacts that a fish farm could have on these ecosystems are largely unknown; 

the sites studied in Puerto Rico and the Bahamas had no coral reefs nearby.  It has been noted by 

a Pristine Oceans employee that there are much larger scale land transformation processes 

underway near Colón that affect these ecosystems much more than this fish farm.  Considering 

the mangrove destruction resulting from the port expansion, or the amount of damage to corals 

caused by an oil spill in 1986 (Guzman and Holst 1993), this may be true.  While the employee 

claimed the amount harvested per year is negligible compared with the load fished every year of 

wild populations, this is not necessarily true.  With the installation of 5 sites, production is 

estimated at 6,000 tons per year.  Compared to the nearly 207,000 tons fished in 2007 in Panama, 

95% of which came from the Pacific side, these 6,000 tons are a significant production for the 

Caribbean side of Panama.  Sea grass beds have been shown to be very vulnerable to change; a 

study conducted in the Mediterranean showed fish farms had an effect on sea grass beds even 10 

years after farm onset (Diaz-Almela et al. 2008).  There was observed extension of bare sediment 

and vegetated area with reduced shoot density around the cages which occurred less than one 

year after installment of the cages.       

4.2 Prevention measures and recommendations 
 
 According to the EIA (Pristine Oceans 2007), preventative measures to avoid some of the 

risks associated with open ocean aquaculture include the following: 

 
• proper maintenance of equipment, boats, and cages  
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• evaluation of appropriate feeding level 
• responsible disposal of organic wastes 
• regular changing of filters 
• monitoring the water column and benthos, measuring pH, temperature, oxygen 

concentration, turbidity, and nutrient levels 
• removing sick or dead animals from cages 
• maintaining regular densities 
• regular cleaning 
• make pertinent information available to the community 
• employing appropriate waste removal services 
• educating employees of environmental effects 
• improving feed to energy conversion ratios and less fish-based feeds 
• careful site selection to a location where it will cause the least damage 
• using sterile cultured organisms to prevent reproduction in the wild 
• reducing stocking densities 
• ensure reduction in feed waste and possibility of escapes through high technology 

 
 Whether nutrient enrichment and subsequent eutrophication that it may lead to are a risk 

in open sea aquaculture is still debated.  It seems it has caused nutrient enrichment in some sites, 

but not in those evaluated in the Caribbean.  If indeed currents are strong enough to effectively 

disperse waste products, this risk does not seem very large.  The speed of the currents near the 

cage sites in Colón is about .33m/sec.  Currents in Puerto Rico where the evaluations were 

conducted averaged at .084m/sec (Alston et al. 2005).  It has been suggested cages should not be 

placed in areas where currents exceed 1m/sec (Huang et al. 2008).   

 Cleaning of cages is supposed to be carried out twice a week in the cages maintained by 

Pristine Oceans.  One representative whom I spoke with claimed the introduction of fish 

populations was in fact beneficial to the surrounding environment because it introduced nutrients 

which helps sustain other species.  This is debatable; some effects of biofouling are beneficial, 

however too much can obviously have consequences (Hincapie-Cardenas 2007).  Attracting 

predators to the area in higher numbers than naturally found may pose a stress to the 

environment.  Routine cleaning should be maintained and wastes disposed of responsibly, not 

thrown into the surrounding water.   
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Feed     

  The sustainability of the feed largely depends on the management of the small pelagic 

fisheries that supply the fish meal (Benetti et al. 2006).  Such fisheries may not necessarily be 

stable and may become overexploited due to cultivation of unnaturally high populations of a top 

predator.  Pristine Oceans plans on using fishmeal made from sustainably managed Peruvian 

anchovy fish stocks.  It is estimated that three metric tons are required to produce one metric ton 

of captive fish, however this varies depending on the species (Benetti et al. 2006).  Cobia is 

relatively efficient at food conversion; it is possible to produce 1 kg of cobia with 1.8 kg of feed 

which contains about 50% of fishmeal and is thus a very efficient feed converter (Benetti et al. 

2006).  It has also been shown that using fishmeal to produce cobia can be 3.7 times more 

efficient than energy transformation which occurs in nature (Benetti et al. 2006). However, when 

I spoke with the Pristine Oceans feed scientist, he said they were aiming for a meat to fishmeal 

ratio of 1:1.5.  This indicates that it still requires more fishmeal than the weight of fish produced.    

Composition of the feed must be evaluated both for both environmental and economic 

sustainability.  Waste produced from fish is mainly a function of the feed wastage, feed 

coefficient, feed composition, and metabolic processes in the fish (Islam 2004).  Therefore, these 

factors need to be considered when developing feed composition.   It is recommended to use 

high quality feeds with high digestibility and assimilation coefficients (Alston et al. 2005).  High 

quality feeds are designed for low rates of nitrogen excretion which is beneficial to the 

environment.  Pristine Oceans is still researching feed composition and is currently testing 4 

types of fish meal to see which can be most productive while using the least amount of fish meal 

possible.  Fish meal is becoming more expensive over time due to declining fish stocks, therefore 

there is much research going into developing feeds with less expensive protein sources.  
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Potentials include pulses, oilseeds, grains, animal meals, processing discards and fishery by-

catch, and soybean (Lunger et al. 2005).  Using some of these alternatives can affect fish 

performance; palatability may be reduced, and weight gain may be affected.  Vegetable proteins 

are uncertain alternatives, especially for higher level carnivores such as cobia.  Plant proteins 

harbor anti-nutritional factors, have amino acid deficiencies, or poor digestibility (Lunger et al. 

2005).  Feeds made without fish protein may remain in the environment more time, however this 

remains to be further investigated (Bert 2007). 

Escapes    

Risk of escapes avoided by high technology and by absence of strong storms or 

hurricanes in Panama.  Cages in the Dominican Republic were damaged, and in Mexico cages 

lost about 60,000 cobia stocked following hurricanes in 2007 (Benetti et al. 2008).  However, 

Panama does not experience hurricanes and damage by sharks can be avoided by routine 

cleaning of dead fish from the cages.  Therefore this risk is minimal, as long as proper 

procedures are followed.   

Supporting microproducers 

It has also been suggested that one of the responsibilities of the aquaculture industry is to 

develop affordable practices that can be run by local people in areas with limited modern 

technology (Bert 2007).  Pretto spoke of the eventual plans to help artisanal fishermen develop 

into microproducers.  While he gave no specifics on how the company would accomplish this 

goal, he did include it as one of the long term objectives once the project is completed and 

successful.  Clearly open sea cobia farming would not be feasible on a small scale considering 

the high technology and specific feed requirements needed.  However, the company may 

consider expanding production of other products which could be produced on a smaller scale.  
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Whether small scale projects can be environmentally sustainable in the area is also questionable; 

clearly operations closer to shores, in bays and inlets don’t experience much current flow and are 

closer to sensitive environments such as coral reefs and mangroves.     

To get a perspective on how artisanal fishermen felt about the possibility of managing 

aquaculture projects, I spoke with some members of the La Playita fishing community in Colón.  

Those with whom I spoke were very open to the idea of conducting their own aquaculture 

projects, however said they lacked funding and support from outside organizations.  Without 

support, they would not be able to get a project underway.  This is the problem for many 

impoverished rural areas, however, with support from organizations such as the Autoridad de los 

Recursos Acuaticos de Panama (ARAP), small scale project can become an important source of 

sustenance and income for people in these areas.    

5.0 Conclusion 
  

In theory, open ocean aquaculture sounds like a very environmentally sound method of 

raising fish, provided maintenance and precautionary measures are implemented and followed.  

However, much research is still needed to determine the effects of this particular operation.  The 

environmental impact assessment conducted by Pristine Oceans did not mention plans of follow 

up monitoring which would be very useful in assessing the impacts.  It is important to consider 

the species of fish being cultivated for aquaculture.  While aquaculture is a way to reduce 

pressure on wild fish stocks, this is only true if the fish being raised consumes less than is 

produced.  This is rarely the case with top predator fish, although cobia is highly efficient at feed 

conversion and can be produced with relatively low amounts of fishmeal.  Although the studies 

conducted in Puerto Rico showed no environmental impacts, the cages only produced 50 tonnes 
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per year.  The operation conducted by Pristine Oceans will produce 6000 tonnes per year; a huge 

quantity when compared to other fishing operations in the area.  It is clear that a disease outbreak 

could be very detrimental, and the impacts from waste products from such a large production 

could likely impact the local environment.     
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