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PREPARATION OF THIS DOCUMENT 
 
This report describes the activities and outputs of the FAO technical workshop entitled 
“Advancing Aquaponics: an efficient use of limited resources”, an activity under the Technical 
Cooperation Project (TCP/SLC/3601) Towards a Caribbean Blue Revolution in response to the 
request from the Governments of Antigua and Barbuda, the Commonwealth of the Bahamas, 
Barbados, Saint Kitts and Nevis. 
 
The workshop was held in Saint John’s, Antigua and Barbuda, in the period 
14–18 August 2017. 
 
This report was prepared by Raymon Van Anrooy, Fisheries and Aquaculture Officer, FAO 
Subregional Office of the Caribbean, Austin Stankus, FAO Consultant, and Larry Francis, 
Owner/Operator of Indies Greens, Antigua. 
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ABSTRACT 
 
A technical training workshop on advancing aquaponics was held in Saint John’s, Antigua 
and Barbuda, in the period 14–18 August 2017. Fourteen international participants were 
present from five countries (Antigua and Barbuda, the Commonwealth of the Bahamas, 
Barbados, Grenada, Saint Kitts and Nevis). The workshop was an activity organized under 
the Technical Cooperation Project (TCP/SLC/3601) Towards a Caribbean Blue Revolution 
in response to the request from the Governments of Antigua and Barbuda, the 
Commonwealth of the Bahamas, Barbados, Saint Kitts and Nevis. 
 
The five-day workshop was convened by FAO and consisted of lectures, demonstrations and 
hands-on activities supported by aquaponics experts from Indies Greens, a commercial 
aquaponic farm that doubles as a teaching and demonstration system, and was supported by 
FAO technical officers and aquaponics consultants. Recommendations were gathered based 
on participant feedback and included: (i) FAO support for follow up activities; (ii) further 
development of tools for modelling and record keeping; (iii) networking support; (iv) severe 
weather risk mitigation support; (v) improvements to the workshop structure; and 
(v) clarification on certain terminology. 
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BACKGROUND 
 
Aquaponics is an emerging technology that supports integrated aquaculture and vegetable production. 
It combines the two most efficient methods in their respective fields: recirculating aquaculture systems 
(RAS) and hydroponics. Aquaponics combines these two proven technologies in order to gain synergy, 
increase revenue and decrease inputs. In traditional RAS, both water and fish wastes are discarded, 
adding to production costs and leading to environmental impacts in some cases. On the other hand, 
hydroponics requires the constant exchange of water and additions of chemical fertilizers. Aquaponics 
combines these two production systems: nutrient rich aquaculture water is recirculated through standard 
hydroponic growing beds. All of the nutrients required by the plants are supplied through the fish 
wastes, thereby eliminating the need for fertilizer. The plants clean the water for the fish, thereby 
eliminating the need for water exchanges. Aquaponics is a labour-saving technique, saving traditional 
agriculture work such as ploughing, tilling and digging, and is therefore appropriate for all genders and 
many age groups. In addition, aquaponic systems can be located inside the home thereby providing a 
secure means of income generation and nutritional security. 
 
With aquaponics, individual farmers and cooperatives are able to improve their diets through the 
addition of nutritious fruits and vegetables rich in micronutrients and essential minerals, as well as fish 
which are an important source of protein. Beyond improving diets, aquaponics offers an opportunity 
for income generating activities. Further, it can be conducted with limited space and without any arable 
land, making this technology appealing for urban and peri-urban agriculture, even finding success on 
rooftops, balconies and degraded land parcels. 
 
The technology and techniques are relatively simple and easy to adopt once demonstrated to the farmers. 
Aquaponics builds upon several decades of work, and systems have been built and tested successfully 
throughout the world. Currently, aquaponics serves many worldwide communities with limited 
freshwater resources, limited suitable land for other agriculture production systems and high market 
prices for fresh vegetables and fish. The state of the art is advancing rapidly, and new techniques and 
technologies, including decoupled designs and automated sensor controls, are supporting commercial 
aquaponic development. 
 
The Caribbean region depends to a great extent on the import of food and many products from countries 
outside of the region to satisfy the nutritional requirements of its peoples. In some of the Caribbean 
Small Island Developing States (SIDS) nearly 80 percent of the food consumed is imported. Fish and 
fisheries products imports in the smaller SIDS add up to 30–40 percent of the fish consumption by the 
local population and tourism. This high dependency on food imports leaves many SIDS extremely 
vulnerable to commodity shortages, transportation disruptions or other world factors that are outside of 
their control. With these factors in mind, it is essential for SIDS in the Caribbean to formulate mitigating 
strategies that will provide food security. 
 
By utilizing aquaponic technologies, SIDS can reduce their dependency on the import of various food 
products, reduce their overall food import bill, provide new employment opportunities for their 
populations and strengthen their food security positions. Additionally, aquaponics makes efficient use 
of limited land and water resources, which are in short supply in many Caribbean SIDS. Aquaponics, 
if well-developed and accompanied with sufficiently trained farmers, has the potential to make 
significant contributions to the economies and livelihoods in the Caribbean Region. 
 
Commercial aquaponics is not appropriate in all locations, and many aquaponic businesses have not 
been successful. Large-scale systems require careful consideration before financial investment, 
especially the availability and affordability of inputs (i.e. fish feed, buildings and plumbing supplies), 
the cost and reliability of electricity, and direct access to a significant market willing to pay premium 
prices for local pesticide-free vegetables. Aquaponics combines the risks of both aquaculture and 
hydroponics, and thus expert assessment and consultation is essential. 
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This practical training workshop, held in Saint John’s, Antigua, aimed at supporting and promoting the 
sustainable development of aquaponics through the active exchange of ideas and regional cooperation 
among participating countries. This activity was supported by the FAO Technical Cooperation 
Programme (TCP) project TCP/SLC/3601: Towards a Caribbean Blue Revolution and the Major Area 
of Work on Efficient Resource Use. 
 
This TCP project not only supported the workshop but aims to contribute to sustainable aquaculture 
development and aquaculture value chains in Antigua and Barbuda, the Commonwealth of the 
Bahamas, Barbados and Saint Kitts and Nevis. Also, Grenada is participating in some of its activities. 
This USD468 000 technical assistance project supports the four countries with aquaculture sector 
assessments, construction of local aquaponics and aquaculture demonstration sites, and awareness 
raising on and training in aquaculture or aquaponics in the four countries. Another follow-up action 
from the project is an aquaculture value chain training scheduled in 2018 and the preparation of a large 
scale bankable aquaculture investment programme for the Caribbean region. 
 
Other follow-up activities supported by FAO in terms of capacity building for aquaponics development 
in the Caribbean SIDS include training sessions in aquaponics facilitated by the Global Environment 
Facility (GEF), Special Climate Change Fund (SCCF), FAO implemented project on Climate Change 
Adaptation in the Eastern Caribbean Fisheries Sector (CC4Fish), which started in early 2017. 
Previously, FAO published Fisheries and Aquaculture Technical Paper No. 589 on small-scale 
aquaponic food production to support technology transfer as well as several previous workshops (see 
Appendix 10 for full list of references). 
 
Objectives 
 
The main objective of this workshop was to support the development of aquaponics in the Caribbean 
SIDS through capacity development of key government extension officers and private sector 
entrepreneurs with some background in either hydroponics or aquaculture. As a result of this workshop, 
participants are better prepared to successfully build, manage and operate a commercial aquaponic 
system in their home country. 
 
The specific workshop objectives were as follows:  
 Develop common knowledge of aquaponics, highlighting the opportunities of efficient and 

sustainable production while identifying the risks, costs and other issues that prevent wider 
implementation. 

 Support the adoption of commercial aquaponic production particularly through technical training, 
business plan development and market analysis, technical production modelling and demonstration 
unit design (a description of the Excel modelling tool is provided in Appendix 9).  

 Document the proceedings of the workshop for dissemination to participants and interested parties.  
 

 
COUNTRY SELECTION AND PARTICIPANT IDENTIFICATION 
 
Fourteen (14) international participants were present from five (5) countries (Antigua and Barbuda, the 
Commonwealth of the Bahamas, Barbados, Grenada, Saint Kitts and Nevis). The workshop was an 
activity supported by the FAO Technical Cooperation Programme project (TCP/SLC/3601) Towards a 
Caribbean Blue Revolution, in response to the request from the Governments of Antigua and Barbuda, 
the Commonwealth of the Bahamas, Barbados, and Saint Kitts and Nevis. Grenada was included after 
a direct request from a complimentary ongoing project in that country. 
 
The ideal participants for this workshop would have had previous experience in aquaponics, 
recirculating aquaculture or hydroponics. Moreover, the participants would be in a position to 
disseminate what they learned to a wider community, for example aquaculture or agriculture extension 
agents or university professionals, and these newly trained personnel were expected to be in a position 
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to inform key stakeholders for continued support of aquaponic development in the Caribbean region. A 
motivated and well-trained agent, with the continued support of FAO and provided with technical 
materials, would be instrumental for the extended transfer of aquaponics technology. The integrated 
nature of aquaponics implies that a successful intervention requires the support of both the ministry or 
division of fisheries and the ministry of agriculture, and therefore it would have been ideal to have one 
freshwater aquaculture expert and one horticulture expert from each country. This workshop saw 
participation from many ministries, including departments overseeing animal health, agricultural 
investment and cooperatives in addition to fisheries and aquaculture, as well as the private sector and 
small scale business owners. 
 
A list of participants is included as Appendix 3, and a group photo is included as Appendix 4. 
 
 
WORKSHOP PARTNERS 
 
An experienced aquaponics training company, Indies Greens, was approached and contracted to 
facilitate the workshop (www.facebook.com/indiesgreens). This company is a commercial aquaponic 
producer, providing fresh, organic vegetables and tilapia fish to the local community. In addition, they 
offer effective and expert advice to its clients in the fields of aquaculture, aquaponics and soil-less 
vegetable production. Indies Greens provided technical inputs to the workshop preparation in 
collaboration with the FAO Aquaculture Branch, including the agenda, presentations and hands-on 
training activities. 
 
An FAO aquaponics consultant, Mr Austin Stankus, was recruited for his services in conducting this 
workshop. His inputs to the workshop included the logistical and programmatic preparation, in close 
collaboration with Indies Greens, and the drafting of the prospectus and agenda. He developed financial 
and technical spreadsheet calculators and lecture materials, supporting capacity development exercises 
with participants in order to contribute to increasing feasibility of farm operations and working towards 
a mutually supportive network of aquaponic practitioners. 
 
The workshop facilitators and trainers included staff of Indies Greens, independent consultants and 
FAO staff. 
 
 
WOKSHOP PROGRAMME 
 
The five-day workshop consisted of lectures, demonstrations and hands-on activities, which were 
supported by aquaponic experts, and was hosted by Indies Greens. The workshop was designed to be a 
high-level introduction to aquaponics to highlight the technical requirements of any future aquaponic 
interventions, whether regional, national or private, and included ample opportunity for discussion of 
regional and national priorities. A valuable group session saw participants create their technical designs 
and draft business plans based on real data from their home countries using an FAO-developed planning 
tool. Additional time was dedicated to network building, and soft skills including advocacy, training 
and discussions. The agenda is included as Appendix 1. 
 
The workshop was broken down as follows: 
 
Day 1 
Opening ceremonies on behalf of the Government of Antigua and Barbuda and a keynote speech by 
FAO Fisheries and Aquaculture Officer for the Caribbean were followed by a detailed overview of 
aquaponics and introduction of teaching team and facility. The overview included strengths and 
weaknesses of aquaponics, explanation of the bio-ecological processes including the fundamental 
synergetic roles of the different organisms, followed by a brief overview of global aquaponic 
considerations and advanced topics and major areas of research and development. 
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Each country group made a presentation on the state of aquaponics, recirculating aquaculture and 
hydroponics in their home country. Presentations included the results of a circulated questionnaire. 
Participants indicated their goals for aquaponic development, as well as current constraints to adoption 
and uptake of this technology. Following the presentations there was a brief capacity assessment 
exercise to develop common goals and expectations for the workshop. Summarized country reports are 
included here below. 
 
Day 2 
The day’s objectives included understanding technical aspects of the physical system, including the 
relative sizing of key system components as well as important considerations of the management of 
aquaponics systems, including the construction (including designing systems resilient to extreme 
weather), operational management and environmental control of temperature, humidity and water 
quality parameters and data collection through record keeping. The importance of water quality 
monitoring and management was discussed, followed by a practical session on water quality testing. 
 
Presentations discussed and demonstrated alternative power sources (photovoltaic), including their 
sizing and construction. 
 
Day 3 
The day’s objectives were to increase understanding of plant production (including seedling 
production), plant health and disease management. Seedling production, transplanting and harvesting 
of plants were presented as theory and complemented with practical sessions. The identification, 
prevention and treatment of plant pests and diseases were key results of the day’s work. 
 
Day 4 
The day’s objectives were to understand the production and health management of the fish (tilapia), 
including nutrition, feeding, fingerling production (breeding and nursery techniques), grow out and 
waste management. Each of these topics were fully elaborated during the lecture portion and then 
demonstrated and reinforced with hands-on practical sessions. A key learning objective was an 
understanding of health and disease monitoring and treatment; strategies for and staggered breeding, 
feeding and harvest of fish. A facilitated discussion on severe weather risk management was held, with 
a facilitator asking each group for their ideas regarding the risk, consequences and mitigation options 
for severe weather. 
 
Day 5 
The day’s objectives were to understand commercial aspects of aquaponics, including market analysis 
and financial planning and to further develop the commercial plans for the participants, especially 
successful business planning. Some aspects of aquaponics from the point of social and market demands 
were discussed to show the impact of aquaponics on the larger food production sector. After a lecture 
section, there was a hands-on training session to create a business plan and financial analysis using 
provided spreadsheet calculators, and the questionnaire data provided by participants. Each participant 
designed a demonstration farm on paper using the concepts introduced and reinforced during the 
sessions. These designs were commented on in smaller groups, and will be used in follow up activities. 
 
Time was dedicated for summary, review and discussion among the participants. A final course 
evaluation was conducted during the closing exercises. This was a final course survey to monitor the 
success of the course and model how future courses can be improved. There was an exercise to 
strengthen the regional network of aquaponic practitioners for continued support. A prioritization 
exercise was held to identify what areas within aquaponics deserve increased attention, and what the 
roles and responsibilities of the participants can be in the future to provide a roadmap for future and 
continuing action. 
 
The expanded programme is made available in Appendix 2. 
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The intended technical uptake by the participants was a high-level understanding of the core concepts 
of aquaponics. These concepts include animal and plant health and production, water quality analysis 
and management, and technical design parameters, including how to calculate and balance the amount 
of fish to the number of plants. Moreover, it was expected that participants would learn the key 
opportunities and risks of aquaponic business development and independently consider the pros and 
cons of encouraging investment in aquaponics. This workshop used the time available efficiently and 
focused on lectures, demonstrations and participant dialogue to transfer knowledge. The participants 
acknowledged the success of this method, but unanimously requested a follow-up workshop and/or 
technical assistance dedicated to hands-on training activities to build upon the successes seen in this 
workshop. 
 
Selected photographs during the workshop as well as selected press releases are included in 
Appendices 11 and 12. 
 
 
RECOMMENDATIONS 
 
Recommendations were gathered in several ways. A participant feedback survey (Appendix 7) was 
used to gauge the overall satisfaction with the workshop and provided space to make written comments 
and recommendations. A Knowledge, Attitudes, and Practices (KAP) survey (Appendix 8) helped to 
quantify the participants experience in the workshop, and yielded a few recommendations. Bilateral 
recommendations as well as those raised during facilitated discussion sessions are also included here. 
 
Follow-up activities 

 It was requested that FAO support, both financially and technically with backstopping missions, 
follow up activities including the construction of demonstration units and training programmes 
in each Member country in attendance. It was recommended for FAO to prepare possible 
sourcing and lists of appropriate materials for the construction of demonstration units. 

 All participants agreed that aquaponic curricula should be included in education programmes 
at various levels. 

 Follow up activities should include more marketing and value-chain development support, 
including connecting to the hotel associations, tourist boards and chambers of commerce (or 
equivalent), as well as measures to streamline importation of key inputs. 

 
Further development of tools for modelling and record-keeping 

 FAO’s Excel-based modelling tool was seen to be very useful, but several changes were 
recommended. The units should be converted to Imperial (not metric) to allow for ease of use 
in Caribbean countries. Also, this tool should be made more user friendly, possibly with a web-
based user interface. The calculator should also include the possibility to add additional costs 
(packaging, distribution, marketing). 

 An online tool to calculate photovoltaic (PV) output of solar panels was also seen to be useful, 
and more training on how to size and finance PV systems was requested. 

 The importance of good record keeping was recognized by the participants. It was requested 
that FAO develop or provide access to data management tools to facilitate the data collection, 
storage and analysis. The parameters would include water quality, feeding, and harvest data for 
both fish and plants. It was suggested to use a phone or tablet-based Internet application. 

 
Networking support 

 Considering the similarities among farms in this region, it was suggested to form informal 
networks so that information and lessons can be shared among the participants. 

 Publishing success stories or farm profiles of good examples of aquaponic farms and share 
them across the network in order to raise visibility and awareness. 

 Documenting and sharing problems (and solutions) among the network was regarded as useful 
as well. 
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Severe weather risk mitigation support 
 During the facilitated discussion on severe weather, participants highlighted the following as 

key risks and consequences. It must be noted that the risk (likelihood) depends on the location; 
Antiguan participants noted the country experiences a major storm only every 20 years, whereas 
the Commonwealth of the Bahamas has a significant storm every year so therefore the risk 
management strategies are different. 

o Hurricanes and tropical storm force winds destroy structures (shade/greenhouses, deep 
water rafts, PV panels). 

o Loss of electricity means that water and air pumps will not work; as situation that can 
last for days, weeks to even months. 

o Warning time is often short, limiting preparation time. 
o Floodwaters can enter tanks and bring in pathogens and allow fish to escape/wash 

away. 
o Rainwater changes the temperature and pH of the system. 
o Severe weather prevents employees from attending to the system. 
o Most or all of the crop (fish and plants) will be lost, the priority is not the standing crop 

but rather the infrastructure. 
 

 Mitigation activities 
o Structures susceptible to wind should be removed. Structures should be built keeping 

in mind that rapid removal or breaking down may be needed. It should be relatively 
easy to take down the shade material, PV panels, etc. if they are constructed correctly. 

o Backup generators are a non-negotiable part of system design. Enough fuel should be 
kept on hand for several days at least. 

o A prioritized task list for what to do in the event of a severe storm should be developed 
by each farm and discussed with staff – and posted in a visible place. This task list 
would indicate the most urgent activities (e.g. first take down PV, second take down 
shade materials, third fill all fish tanks up to brim, then buy additional fuel for 
generator, etc.) such that no time is lost and everyone knows what is expected and the 
owner can be sure that the most important activities are done first. 

o Tanks should be insulated from flood water, either by using above ground tanks or 
lining the in-ground tanks with sandbags and barriers. A net over the tank can prevent 
debris from coming in and fish from escaping. 

o Tanks should be filled to the brim to make them heavier (less likely to be affected by 
wind) and less affected by the changes in temperature and pH. 

o Employee safety has to be paramount, but attempt to have supplies on hand in case 
people are stranded. Consider also the access roads to the farm. 

o Because the crop is lost, the farm should keep enough cash on hand to replenish the 
system as soon as possible with new fry and new seedlings, and to ensure there are no 
cash flow problems during the interim period. Selective harvest is less effective 
because there is no storage options for the fresh fish and fresh vegetables because of 
imminent power outages, and the markets are unlikely to absorb fresh produce before 
a storm. 
 

 Siting of the farm is of utmost importance. Things to consider include: 
o Build the farm away from natural water bodies, rivers and coasts to prevent floodwaters 

from affecting the farm. 
o Place the farm on a slightly raised area relative to the surrounding land to allow water 

to dissipate instead of collecting. 
o Steep gradients should be avoided because of landslides. 
o Debris from neighbouring properties can be destructive – choose areas that are less 

prone to flying debris. 
o Keep trees and branches trimmed back away from critical infrastructure. 
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 Insurance 
o The availability of crop (fish and vegetables) insurance is very limited in the Caribbean 

islands, unlikely to become available soon and if available it would be prohibitively 
expensive in terms of premiums. 

o However, be sure to insure the farm for liability, its buildings and main equipment. 
Usually the premiums for infrastructure are about 1 percent of total assets. 

 
Training workshop evaluation  

 Most participants thought that the workshop was well-balanced and well-linked in terms of 
theoretical and practical training, though some participants already wished for more practical 
sessions. However, it was recommended that for the national training (the follow up activities 
to this workshop) be focused even more heavily on the practical sessions. 

 Participants appreciated the sharing of all workshop presentations and soft-copies of 
aquaponics manuals and technical papers. 

 Participants requested a specific hands-on session where a demonstration unit (area of about 
4 metre square) be constructed during the workshop. This would allow participants to have the 
experience of cutting intermediate bulk containers (IBCs) totes, attaching the liner material to 
the grow beds, and putting in place all of the pipes and plumbing connections. 

 Some participants requested a more hands on session on the hydroponics section, including 
mixing hydroponic solutions (deliberately leaving out one key nutrient) to demonstrate the 
various nutrient deficiencies and rectifying them. 

 Some participants felt that the scope of the workshop was too broad, and that with this 
magnitude of topics that at least three weeks would be required. With only one week, the 
workshop could only provide a broad overview. 

 Some felt that the group work and presentations from other participants was most valuable, and 
this farmer-farmer sharing could be strengthened in future workshops, or through ongoing 
networking. 

 
Terminology clarification on various types of systems 

 There are many different varieties/flavours of aquaponic systems. Decoupled systems indicate 
a situation where the water does not flow back from the plants to the fish, which has significant 
benefits. However, it was recommended to use different terminology “fish-augmented 
hydroponics” to prevent friction with the more traditional and “pure” definition of aquaponics.  

 
 
OPENING REMARKS 
 
Opening remarks were presented by Raymon van Anrooy, Fisheries and Aquaculture Officer of FAO 
for the Caribbean on behalf of Ms Lystra Fletcher Paul, FAO Subregional Coordinator for the 
Caribbean. They are included in Appendix 5. 
 
The opening remarks reviewed the global situation of agriculture, including aquaculture in water scarce 
areas, and the global need to develop innovative practices of local food production that can include 
aquaponics. FAO has a proposed methodology to support the development of aquaponics. First, and 
most importantly, aquaponics should only be used in the right locations. Identification of these locations 
through participatory needs assessment is the first step. Documenting and disseminating the best 
practices through technical guidelines is also important. Then, facilitating regional networks of experts 
is crucial for the long-term anchorage of aquaponic development and to share locally appropriate and 
location-specific techniques. This form of South-South cooperation will reduce the reliance on outside 
materials and outside experts, and allow aquaponics to develop naturally within this geographic and 
cultural context. 
 
On behalf of the Fisheries Division of the Ministry of Agriculture, Lands, Fisheries and Barbuda Affairs 
Antigua and Barbuda, Mr Philmore James, senior fisheries officer, provided some welcome remarks to 
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the participants, appreciating the great interest in aquaponics development and stressing the large 
imports of fish and vegetables by the Caribbean countries. He emphasized that aquaponics development 
could contribute to reduction of these imports and increasing food security in the country. 
 
 
COUNTRY REPORTS 
 
Each country was invited to prepare a brief presentation to share with the group on the status of 
aquaponics, recirculating aquaculture and hydroponics in their home countries. The intention was to 
develop a regional overview of the status of aquaponic development in the Caribbean islands, identify 
common opportunities and challenges, and begin to map the key actors in the sector. In addition, each 
participant was invited to collect market data concerning the costs of aquaponic inputs (fish feed, 
electricity, etc.) and sale price of products (vegetables, fish) in order to conduct a real financial planning 
exercise. To support the participants gathering this information, survey forms were circulated before 
the workshop (Appendix 6). A brief summary of each country’s report is provided herewith. 
 
Antigua and Barbuda 
 
Antigua and Barbuda is one of the Caribbean's most prosperous nations. The State of Antigua and 
Barbuda is an archipelagic state made up of three main islands, with a combined land area of 442 km2. 
It lies in the eastern arc of the Leeward Islands of the Lesser Antilles separating the Atlantic Ocean 
from the Caribbean Sea. 
 
Antigua is 650 km southeast of Puerto Rico; Barbuda lies 48 km due north of Antigua, and the 
uninhabited island of Redonda is 56 km southwest of Antigua. The largest island of the three Islands is 
Antigua. The capital of Antigua and Barbuda is Saint John's located in Saint John's Harbour on the 
northwest coast of Antigua. Antigua and Barbuda’s economy is mainly service-orientated, with tourism 
and government services representing the key sources of employment and income. Tourism accounts 
directly or indirectly for more than half of Gross Domestic Product (GDP) and is also the principal 
earner of foreign exchange in Antigua and Barbuda. 
 
The twin island nation's agricultural production is mainly directed towards the domestic market; 
however, the sector is constrained by the limited water supply and labour shortages that reflect the pull 
of higher wages in tourism and related industries. The Fisheries Sector contributes 2 percent of the 
national GDP. This represents 52 percent of the overall agricultural GDP and the sector is of key 
importance for national food security. 
 
Although Aquaponics is relatively new to Antigua and Barbuda, it is being practiced by numerous 
entities namely, Indies Greens, Lincoln Farms, Barbuda Research Centre and a plethora of individuals. 
The general awareness of this system of food production by the government is relatively high, but below 
average among the general public, although attempts are being made by some of these 
companies/institutions to build general awareness throughout Antigua and Barbuda through activities 
such as school tours and a fish fry. It is recognized that the availability of information and related 
resources on aquaponics is very limited within the country. Until recently, there has been no official 
training of persons in aquaponics. Indies Greens and their team however now have available training 
facilities, which are used to educate and fully equip more persons in Antigua and Barbuda. 
 
The challenges that impact aquaponics uptake and development in Antigua and Barbuda include the 
cost of power, the availability of service points as well as the cost for new installations. Additionally, 
limited availability of technical assistance and lack of local inputs also pose challenges for aquaponics 
and potential aquaponic operators. 
 
To date, approximately five (5) institutions practice aquaculture in Antigua and Barbuda. As it relates 
to Recirculation Aquaculture Systems, there are currently no practicing organizations, companies or 
universities in Antigua and Barbuda. Therefore, the government level awareness is also at a minimum; 
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there are no regulations and information regarding RAS. There are various small operators of RAS 
producing ornamental fishes. 
 
Hydroponic production in Antigua and Barbuda is currently being practiced by one institution 
commercially; Precision Centre. There are several small backyard operators that produce using this 
technology. Although there is only a sole practicing institution of this method, government awareness 
on this system is high, while there are no regulations or policies reflecting this system. There are 
currently no platforms equipped with resources to educate citizens on this form of production, and 
therefore, individuals resort to the internet in order to gain knowledge on hydroponics and its 
production. Unfortunately, there are no commercial input- and support-providing industries for 
aquaculture. Additionally, there is a limited market for pesticide-free-food on island. In light of this, the 
market for fresh vegetables, fruits and herbs have been consistently successful in terms of sales. 
 
The Commonwealth of the Bahamas  
 
The Commonwealth of the Bahamas consists of roughly 3 000 small islands and cays with a land area 
of about 13 935 km2. These islands and cays are spread over an area of some 230 000 km2 and are 
located on 16 plateaus separated from each other and from Florida, Cuba and Hispaniola by depths of 
200–2 000 fathoms. The Commonwealth of the Bahamas has an estimated population of 392 718, of 
which about 85 percent live in urban areas. The most populous islands are New Providence, where 
Nassau, the capital and largest city, is located; and Grand Bahama, home to the second largest city of 
Freeport. 
 
The economy of the Commonwealth of the Bahamas is heavily dependent on tourism and offshore 
banking, and is largely an import and services economy. The Commonwealth of the Bahamas imports 
nearly all its food and manufactured goods from the United States. 
 
There is positive policy support and several enabling conditions for the further development of 
sustainable agriculture in the Commonwealth of the Bahamas. The government programme Agri-Vision 
2021 includes the expansion of aquaponics/hydroponics to all major islands, via schools and community 
centres. There is availability of information and training at the Bahamas Agriculture and Marine Science 
Institute (BAMSI), and other institutions, and in general the population has good access to education. 
Further government support can be seen through encouragement of private aquaculture enterprise 
through duty concessions (reduced import tariffs), and a feed mill. There is a good market for organic, 
fresh, pesticide-free foods, and overall a high demand for seafood and organic vegetables. 
 
Currently, there is only one company in  the Commonwealth of the Bahamas practicing aquaculture. 
Tropic Seafood, Ltd., is using a flow-through system to conduct preliminary research on the Nassau 
Grouper (Epinephilus striatus) and the Japanese/Korean Olive Flounder (Paralichthys olivaceous). As 
Tropic Seafood, Ltd., is located in the middle of the island of New Providence, the ocean is at least two 
miles away in the shortest direction. Thus, the source of sea water being used at Tropic Seafood, Ltd., 
is from a deep well. The well is 30.48 cm in diameter and goes down to 152.4 m, below ground level. 
It is cased with 20.32 cm pipe to 137.16 m, and has a 15.24 m, draw span. Water comes to within 15 feet 
of the surface so lifting the water from 4.57 m, is not too big of an issue. The suction pipe is 15.24 cm 
and extends downward 12.19 m, into the casing. There is a 15.24 cm valve (check valve) that allows 
the pump to easily be primed. The pump supplies 1 892.705  litres per minute to the facility. Waste 
water is injected back into a separate well that is 30.48 m deep. 
 
Additionally, Tropic Seafood, Ltd., purchases live spiny lobster from the commercial fishermen in order 
to ship them “alive” to the People's Republic of China each week during the open spiny lobster season. 
The spiny lobster is kept in 9 463.525 litres holding tanks until such time as there is sufficient spiny 
lobster to make an air shipment to the People's Republic of China. During that time, the water flow is 
changed from a flow-through system to a recirculating aquaculture system in order to sufficiently chill 
the sea water so that the metabolism of the spiny lobster is sufficiently reduced to the point where they 
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can be handled and shipped in Styrofoam boxes from Nassau, the Commonwealth of the Bahamas to 
the People's Republic of China. 
 
It is uncertain as to whether the Bahamian government is fully aware of the differences between a flow 
through aquaculture system and an RAS system. There is currently no policy on record regarding RAS 
systems. 
 
Availability of information about RAS systems is plentiful. Information sources such as “the internet” 
and from experts whom reside in the Commonwealth of the Bahamas is wholly available. 
 
Availability and affordability of obtaining fingerlings and fish feed is a different matter. There are 
currently no hatcheries in the Commonwealth of the Bahamas and thus, all fingerlings must be imported 
into the Commonwealth of the Bahamas. When the costs of the purchase of the fingerlings are coupled 
with transportation expenses that occur on the exporting side, shipping or transportation services to get 
the fingerlings or fry to the Commonwealth of the Bahamas and transportation services on the import 
end, these add up to be quite an expense for most aspiring aquaculturists. Tilapia fingerlings are an 
exception, which can be sourced domestically since their introduction to Bahamian bodies of fresh 
water some 40 years ago. Wild caught tilapia is available from lakes, ponds and streams of fresh and 
brackish water throughout the Commonwealth of the Bahamas. Also, tilapia can be attained from 
functioning aquaponics systems if the owners of those systems are willing to sell or give away some 
fish. 
 
The only commercial input and support-providing services that are available in the Commonwealth of 
the Bahamas is the Veterinary department. Government veterinarians are willing and expected to 
inspect fish and shellfish prior to exporting those items. Sales of local fish and shellfish are not inspected 
by any governmental body. There exist no fish feed processing or extruding equipment that is available 
to the public (beyond a small mill owned by the government that was once used for making pelleted 
feed for goats). Fertilizer is not produced and sold in the Commonwealth of the Bahamas, and neither 
are aquaculture supplies, drugs or equipment. Ice is available but is quite costly and would not be a 
cost-effective means of refrigeration for the long term. Insulated cold storage facilities are also not 
available beyond the privately-owned freezers of Tropic Seafood, Ltd., and a few other seafood 
processing facilities. 
 
Fish sales are conducted daily from both fresh and frozen fish suppliers. Two major areas in Nassau 
could be described as centres for fish sales: Potter’s Cay Dock and Montegue Beach. Often times, if 
there is not enough fresh fish being landed by commercial fishermen, bags (or “kits” as they are called 
in the Commonwealth of the Bahamas) of 18.14 kg of frozen fish are purchased from the seafood 
processing plants, then thawed out and sold as fresh fish at both fish centres, by fish vendors and dealers. 
The demand is high for the fish and so are the prices. Example: a 2.26 kg Nassau grouper could easily 
be sold for USD40–50 even if previously frozen. 
 
Large quantities of tilapia are imported from Viet Nam as a skinless, boneless fillet by the largest 
seafood importation company in the Commonwealth of the Bahamas (Bahamas Food Services). Those 
fillets are primarily sold to food services, hotels and restaurants as frozen products. Often, tilapia is sold 
as grouper to unsuspecting tourists dining in some of the restaurants or in the restaurants associated 
with the large hotels. 
 
The Bahamas Agriculture and Marine Science Institute (BAMSI) is a key actor in sustainable 
agriculture development. Their mission includes projects to establish and operate an adaptable state of 
the art comprehensive tutorial commercial farm, which will include crop and livestock agriculture 
enterprises, production of fresh fruits, condiments and value-added products and meats primarily for 
the domestic market of the Commonwealth of the Bahamas. For this purpose, they support training of 
next generation of national farmers and agricultural entrepreneurs. A large hydroponic facility is located 
at the BAMSI research station on Andros Island. Here, a variety of lettuce varieties are produced using 
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Deep Water Culture in large raceways. This system is being partially converted to a non-circulating 
aquaponic system as of mid-2017, with the core infrastructure being installed currently. 
 
Lacayan Tropical Produce is a hydroponic greenhouse operation founded in August, 2001 to improve 
the quality of produce available in the country. It uses the latest technology of greenhouse and 
hydroponic production techniques to produce the highest quality produce possible. They produce a 
variety of produce, including lettuce, endive, arugula, microgreens, bell pepper, cucumbers, and several 
varieties of tomatoes. 
 
Aquaponics is practiced in several sites. The Cape Eleuthera Foundation, Inc. is a non-profit charity 
founded in 1997 to support education and research, and has established and supported educational 
programs including the Cape Eleuthera Institute and Centre for Sustainable Development which 
includes a 278.71 m2 aquaponic demonstration facility. Mostly used for teaching and short-term 
research projects, the system also supplements the institutes food requirements. 
 
An interesting application of aquaponics can be seen in NATCO Farms. Primarily a company 
specializing in ornamental fish and koi ponds, there is high demand from the service industry for 
aesthetically pleasing and beautiful vegetation in the koi ponds. This integrated landscape design, with 
plants and fish sharing the same water, can be considered a type of aquaponics. Indeed, the company 
has begun to branch out with small pilot initiatives to grow edible vegetables in the ponds as well. 
 
Barbados 
 
Aquaponics 
There is one company practicing aquaponics in Barbados (Archer’s Organic) and there are also about 
10–20 known persons with backyard setups. 
 
Broadly speaking, the level of awareness of aquaponics at the government level (the Ministry of 
Agriculture, Food, Fisheries and Water Resource Management) is relatively good. 
 
However, the awareness of aquaponics among the general public is not widespread. From about 2007 
there have been a few individuals who have attempted aquaponics or are currently doing it at a very 
small scale. In recent years there have been exhibits displaying aquaponics at the annual agricultural 
festival “Agrofest” to assist with raising awareness within the general public. Some of the schools have 
indicated an interest in using aquaponics as a teaching tool in the classroom. 
 
The Fisheries Division provides basic information on aquaponics to interested persons that might call. 
However, information from various sources (including the FAO) regarding aquaponics is mainly 
available on the internet. Leaflets and brochures on aquaponics have also been produced by the Ministry 
and FAO for the public attending Agrofest. 
 
Lack of training, an unstructured approach to developing and marketing aquaponics, and failure to 
organise stakeholders in an advisory and decision-making body will block aquaponics uptake and 
development. 
 
Recirculating aquaculture 
The only company known to be practicing recirculating aquaculture in Barbados is Adams Aquafarm, 
founded in 2013. 
 
The awareness of aquaculture at the government level is at a fairly good level. The 2008 fisheries sector 
medium-term development strategy includes policy proposals granting duty free and tax exemption 
concessions for live fish fry and fingerlings and live crustaceans intended for breeding or rearing for 
food. This also extends to machinery, equipment and chemicals for aquaculture, mariculture and 
aquaponics systems. Similar concessions and access to funding which is provided to farming, is also 
available to persons certified to be engaged in aquaculture. Persons can register with the Fisheries 
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Division as a fish farmer/aquaculturist. However, to date only three persons have registered with the 
Fisheries Division as such. 
 
Persons registered with the Ministry of Agriculture as crop or livestock farmers have been known to 
become involved in aquaculture and aquaponics without needing assistance from the Fisheries Division. 
Information regarding RAS is not known to be widely available except on the internet. 
Fingerlings are not readily available or accessible for purchase. Individuals needing a few fish generally 
resort to asking around until they find someone willing to give or sell them a few live fish. Tilapia fish 
feed is available from a company called Gale Hatcheries, Atlantic Marketing and occasionally at one 
of a few other animal feed stores. Fish feed and fertilizer are imported. Veterinary services in support 
of aquatic animal health may be available through the Veterinary Services Section of the Ministry of 
Agriculture. Ice and freezer equipment are generally imported, but are then maintained by local 
technicians. 
 
Adams Aquafarm is the only aquaculture operation active in the fresh fish market. Fish are harvested 
and collected and processed by a local fish processor (Shorelinez) for distribution to the supermarket 
trade. 
 
There is a large market for fresh fish as most of the fish on the island is imported (frozen). The large 
tourist market on the island creates a large demand for fish. The local population is also increasing the 
consumption of fish, as it is considered a healthier option. 
 
Vegetables/Herbs 
Some of the domestic market for fresh vegetable and herbs is supplied by Barbadian farmers. It is 
believed that they can still produce more locally grown food to save on foreign exchange currency and 
assist with ensuring food security. There is a market for pesticide free vegetables (Massy and Emerald 
City, Holder’s Hill Market). The certification process being developed by the Ministry of Agriculture 
is still ongoing. 
 
Hydroponic production 
There are two companies practicing Hydroponics (Redlands and Inno Grow). The level of general 
awareness and priority of hydroponics at government level is relatively low. However, duty free and 
tax exemption is granted to registered farmers if they were to purchase hydroponic equipment. 
Availability of information regarding hydroponics is mainly through the Ministry of Agriculture and on 
the internet. 
 
Grenada 
 
Aquaponics is relatively new to Grenada. However, aquaculture and hydroponic production systems 
were introduced to Grenada during the 1990s. Both the French and Taiwanese did extensive work in 
Grenada during the early and mid-1990s. The adaption of the technology was slow due to a number of 
challenges encountered by both the government and at farm level. 
 
Aquaponics  
The Ministry of Agriculture, Fisheries, Forestry, and Lands is currently working along with Grace 
Lutheran, while the Ministry of Education is working along with Olive Branch to introduce the 
technology to local communities via the school curriculum. At the government level, there is a basic 
understanding or awareness of the emerging technology. The latest Ministers of Agriculture had a sense 
of the potential of the technology, but there is a general lack of political will to fully support the 
development. There has been interest from Saint George’s University in establishing a Blue Innovation 
institute that may include aquaponics, but it remains in the early stages. 
 
Awareness among the general public is almost non-existent. The Ministry of Agriculture does not have 
any archived information that relates to aquaponics. Information is accessed only through the internet. 
The transfer and adoption of the technology faces various challenges, including access to start-up 
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capital; a steep land gradient (cannot be developed); inaccessibility of reliable inputs; and a lack of 
trained local experts. 
 
Recirculating aquaculture 
There are no large or medium scale companies practicing Recirculating Aquaculture System. However, 
Grace Lutheran and Oliver Branch are NGOs that are beginning the practice RAS but they are utilizing 
simplified versions at the backyard level. Presently, there are no government policies governing RAS 
systems. In general, there is no nationally available information. However, some agricultural extension 
officers have received training which included RAS but none of them practice it/ transferred the 
knowledge. All inputs have to be imported. The only known source for tilapia fingerlings is the river 
(however, it’s not a recommended source). The demand for fresh, freshwater fish is unknown. However, 
in a number of supermarkets one can purchase frozen freshwater species. Grenadians are accustomed 
to consume fresh fish, harvested from the marine environment. 
 
Hydroponics 
The only person practicing commercial hydroponics is Mr Derrick Penny, based on the information 
available to the Ministry of Agriculture. No policy exists as it relates to hydroponics. None of the current 
agro-input suppliers offer hydroponics inputs on the island. 
 
There is an increasing demand for fresh fruits and vegetables locally. The Government in recent times 
has made a number of attempts to reduce the food import bill. An increase in local production would 
mean that there would be a decrease in the need to import vegetables. Hydroponics is considered to be 
one of the practices that can enhance local food security. 
 
The market for organic produce exists, but there is no specific pricing scheme for organic products. 
Both conventional and organic farmers receive the same price for their produce. 
 
Saint Kitts and Nevis 
 
Aquaponics 
Currently there is no institution or organization practicing aquaponics on St Kitts or Nevis. Aquaponics 
is not promoted, encouraged, or discussed as a means of fish and plant production in the federation by 
either the Department of Marine Resources (DMR) or Ministry of Agriculture. However, the DMR has 
information about aquaponics and aquaculture. The constraining factors to aquaponics development 
relate to the lack of human resources trained in the field, limited interest shown by the public and the 
non-willingness of government or private institutions to make the necessary investments. 
 
Recirculation Aquaculture 
There are three (3) persons practicing aquaculture in the federation and mainly in Saint Kitts. 
Dr Barrington Browne (S.N.A.P.P.E.R), a local entrepreneur that uses the farm as a tourist attraction, 
and a field farmer that holds fish in a dammed lake designed to irrigate a greenhouse. 
 
The government (DMR) is the main driving force behind aquaculture development in the federation. 
Many personnel staffed at the DMR have been involved in demonstration projects and tried creating 
awareness amongst fisher folks, practitioners, particularly at annual agricultural open day events. 
 
There is a wealth of information regarding RAS in the federation, but the uptake based on results 
demonstrated has become futile considering the status and output of the practical model farms that 
currently exist. Only Tilapia fingerlings are available that can be sourced from one of the local 
practitioners or through the DMR. There is no commercial output currently from any of the fish farms 
as they are struggling with the science, consistency, and standard operation procedures. The SNAPPER 
farm run by Dr Browne is currently producing tilapia, but only on a subsistence level, where he provides 
minimal amounts of feed and harvests are often not scheduled. 
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Fish consumption in the federation is very high and it is the number one consumer choice at the average 
restaurant. Coastal pelagics, big game fish and tilapia are some of the main choices for consumers on 
both islands. Tilapia consumption was booming until recently with a few concerns been posted on social 
media about the way the imports were grown in places like the People's Republic of China and 
Viet Nam. Since then, the consumption has declined. The federation imports on average USD52 million 
annually of fish and fish related products for the last 10 years. Currently the local price for fish has 
increased as the slight turn away from imported tilapia has increased. 
Hydroponics 
Currently there are many persons practicing this technique on subsistence levels as well as on a 
commercial level. Some of the larger farms would be Montraville, Cades Bay and Green Leaf with 
average outputs of 214–227 kg weekly or in the case of lettuce 1500–2600 heads weekly. Some of the 
smaller farms fill the gaps in the local community shops and restaurants, while the larger ones service 
hotels and some produce is exported. 
 
Research is done in the field of hydroponics at the national level where awareness is created in 
secondary schools as hydroponics has been added to the schools’ curriculum. Most high schools in 
Saint Kitts have their own semi commercial hydroponics systems or access to an active system. The 
Clarence Fitzroy Bryant College is currently the lead institution on hydroponics education at the college 
level. Students are trained and some set up their own business. This program has been in place for only 
4 years. 
 
Eating fresh in the federation is the corner stone of heritage and culture. There always seems to be a 
shortage of food in the markets and on the street from vendors. Hydroponics is mostly recognized and 
patronized by the expatriate, tourist, and foreign university populations in the federation. In fact, the 
foreign universities on the island with a combined population of around 8 000 students contribute to 
10 percent of Saint Kitts GDP. Some locals are still sceptical about hydroponics. 
 
Hydroponics produce also attracts a higher price than most traditional means of agriculture because 
traditional techniques still use pesticides. Organic produce commands the highest prices, even higher 
than hydroponics produce. Green and shade house development is given significant attention by the 
government in the last 5 years. The prime minister has indicated that the country is in technological age 
and we should be adopting the same approach to agriculture. 
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APPENDIX 1 

WORKSHOP AGENDA 

DAY-1: Introduction to aquaponics and country reports 
08:30 – 09:00 Registration 
09:00 – 09:30 Opening remarks Ministry of Agriculture, Lands and Fisheries 
09:30 – 09:45 Welcome address R. Van Anrooy 
09:45 – 10:00  Welcome remarks L. Francis 
10:00 – 10:15 Roll call and individual introductions All participants 
10:15 – 10:30 Coffee break 
10:30 – 11:30 Introduction to aquaponics  A. Stankus 
11:30 – 12:30 Tilapia biology D. Francis 
12:30 – 13:30 Lunch 
13:30 – 14:00 Group exercise – expectations | Pre-workshop survey A. Stankus 
14:00 – 16:00 Presentation of country reports (15 min/country) All participants 
16:30 – 17:00 Q&A session/review A. Stankus 

DAY-2: Design of aquaponic systems 
08:30 – 10:00 Water quality – lecture & practical | Tour of facilities L. Francis 
10:00 – 10:15 Coffee break 
10:15 – 12:00 Alternative energy – photovoltaic electric system D. Jackson 
12:00 – 13:00 Lunch 
13:00 – 14:30 System components, design and construction techniques L. Francis 
14:30 – 17:00 Grow-out pond stocking Indies Greens 
17:00 – 17:30  Q&A session/review A. Stankus 

DAY-3: Plant production and health 
08:30 – 10:00 Plant production and nutrient requirements D. Francis 
10:00 – 10:15 Coffee break 
10:15 – 12:00 Plant pests and disease – Identification and treatment A. Stankus 
12:00 – 12:30 Q&A session/review A. Stankus 
12:30 – 13:30 Lunch 
13:30 – 14:30 Seedling production – theory D. Francis 
14:30 – 16:30 Seedling production – practical | Transplanting | Packaging M. Francis 
16:30 – 17:00 Q&A session/review A. Stankus 

DAY-4: Animal production and health 
08:30 – 09:15 Tilapia production – broodstock management & breeding D. Francis 
09:15 – 10:30 Tilapia feeding and nutrition  L. Francis 
10:30 – 10:45 Coffee break 
10:45 – 12:00 Fingerling sampling practical | Egg collection | Tilapia sexing D. Francis 
12:00 – 12:30 Q&A session/review A. Stankus 
12:00 – 13:00 Lunch 
13:30 – 14:00 Waste management | Filtration equipment and maintenance Indies Greens 
14:00 – 15:00 Construction of backyard systems – practical L. Francis 
15:00 – 16:30 Fish processing Indies Greens 
16:30 – 17:00 Severe weather – facilitated discussion of risk and mitigation A. Stankus 

DAY-5: Commercialization 
08:30 – 09:00 Economics – capital expense | Operations planning A. Stankus 
09:00 – 10:00 Marketing  Tropic Seafood (Bahamas) 
10:00 – 10:15 Coffee break 
10:15 – 12:30 System design – group work & critique A. Stankus 
12:30 – 14:00 Indies Greens Fish Fry 
14:00 – 15:00 Closing activities A. Stankus 
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APPENDIX 2 

EXPANDED PROGRAMME 
 
DAY 1 – Introduction to Aquaponics and Country Reports 
 
Opening remarks 
 
Provided by the Ministry of Agriculture, Lands, Fisheries and Barbuda Affairs.  
 
Welcome address 
 
Opening address presented by Mr Raymon Van Anrooy, Fishery and Aquaculture Officer, Subregional 
Office for the Caribbean. 
 
Welcome remarks  
 
Introductory remarks by host organization, Indies Greens.  
 
Roll call and individual introductions 
 
Participants are invited to introduce themselves.  
 
Introduction to aquaponics (Lecture 1) 
 
Aquaponics combines aquaculture (the culture of aquatic animals) with hydroponics (the soilless culture 
of plants). Aquaponics integrates closed recirculating aquaculture systems with soilless plant 
productions (hydroponics). Closed systems, contrary to open systems, achieve high nutrient 
concentrations for plants allow vegetables to grow under high qualitative and commercial standards. 
Aquaponics is based on a multispecies layout where different live organisms interact in a symbiotic 
environment: animals, vegetables and bacteria. Aquaponics is a model for sustainable food production 
because it integrates fruit and vegetables with aquaculture, meaning that it recycles all of the materials 
it uses. 
 
Aquaponics is a completely natural process which mimics all lakes, ponds, rivers and waterways on 
earth. The only input to an aquaponic system is fish food. The fish eat the food and excrete waste, which 
is converted (by beneficial bacteria) to a form that plants can use. Then the clean water returns to the 
fish tank. The key “engines” in aquaponics are the nitrifying and mineralizing bacteria. The former 
serves to convert ammonia released by fish and uneaten feed in nitrate, which is the most used form of 
nitrogen by the plants. Nitrification has the indispensable role to maintain optimal water quality for fish, 
which is fundamental in closed systems. In aquaponics the biofiltration operated by nitrifying bacteria 
occurs directly on the plant substrates, root and system surfaces and in dedicated units called biofilter. 
Mineralizing bacteria, on the other hand, feed on organic wastes and help to release nutrients essential 
for plants such as phosphorus. 
 
Aquaponics, like any aquaculture system, needs: good water quality/sources, oxygen, ideal growth 
conditions, feed and optimal waste removal to keep water quality within acceptable ranges for fish. 
Nevertheless, the farming intensification achieved in aquaponics on one side needs energy and feed, on 
the other side it allows more control on water quality, environment, and health aspects, which are all 
factors that increase productivity. Aquaponics is an advantageous solution for the high yields achievable 
in limited space and for its highest water saving capacity. 
 
Aquaponics, like hydroponics, is much more productive than soil, and saves a large volume of water 
compared to traditional agriculture. The key of such success stands in the avoidance of certain farming 
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tasks, reduction of soil-borne diseases and weed competition. Aquaponics can be used in marginal areas 
(city, deserts, and coastal areas) where traditional agriculture cannot be done. 
 
Aquaponics, on the contrary, raises some managerial challenges owing to the double expertise needed 
to farm both fish and plants and the need of a reliable supply of energy and feed. Aquaponics, like all 
businesses, requires careful financial and market analysis and hard-nosed business decisions to be 
successful as a profitable enterprise. A strong business model with convenient financing structures, a 
good marketing strategy including brand differentiation and value-added marketing is essential for 
profit. Risk is compounded in aquaponics because it is both fish and plants, and thus a risk management 
strategy is needed. Well trained people and high quality human resources ensure consistent and top-
notch production. 
 
Tilapia biology (Lecture 2) 
 
The key characteristics for choosing the right species to rear include: temperature range, the ability to 
live in crowded conditions, and fast growth. Also, it should be neither territorial nor cannibalistic; be 
adaptable to different methods of raising; able to be reared in polyculture; and exhibit a high survival 
rate and be resistant to diseases. 
 
The most common species reared in aquaponics are: tilapia, carp, koi carp (ornamental species), trout, 
catfish, barramundi, jade perch, blue gill (sunfish), crayfish, freshwater prawn (Macrobrachium sp.).  
Tilapia are the focus of this training workshop, and the only species grown at Indies Greens farm. 
Tilapia are an easy-to-grow species and are in high market demand in the Caribbean. They are tolerant 
of poor water quality and crowding, resistant to disease, and grow well in the local temperature. 
Moreover, they are resistant to brackish and salt water. They are an ideal aquaculture species because 
ease of reproduction, and they readily reproduce in captivity. They have high production characteristics, 
with good growth rate and survival, can be grown in high densities and are stress tolerant, including 
water quality, temperature, salinity. And they are marketable, with great presentation as either whole 
fish or fillet, with a mild flavour, flaky flesh, and come in a variety of colours. 
 
Classification was formerly into three genera, Tilapia, Oreochromis, and Sarotherodon. All species in 
this course are Oreochromis. The separations were previously on reproduction characteristics, with 
Tilapia identified as substrate spawners where both parents dig a nest and incubate the fry; Oreochromis 
as female mouth brooders; and Sarotherodon as either male or female mouth brooders. 
 
Differentiation between species is not generally necessary, and can be quite difficult. Nile tilapia 
(O. niloticus) is the most commonly cultures species. They have strong vertical stripes | Terminal mouth 
| Dorsal fin with dark margin | Red coloration on head and lower part of the body in breeding males | 
Variable coloration in females dependent on subspecies – some may show coloration similar to males 
during breeding season. Mozambique (O. mossambicus) are also popular and can grow quite large and 
are tolerant to salt water. They have weak or no bands | Male with upturned snout Blue (O. aureus) are 
less common but important for hybridization and breeding, and are tolerant of salt water. Red tilapia 
(O. hybrids) are originally a cross between O. mossambicus and another species (either niloticus or 
aureus), though constant selective breeding around the world has led to many strains. Red tilapia often 
have higher market value b/c of colouration. A few examples of red tilapia variants are Florida Red, 
Jamaican Red, Taiwan Red and ND56, and most are highly tolerant of brackish water. All species do 
well between 23–29°C, though there is some variation in the lowest temperature limit. 
 
Differentiation between males and females is important for breeding purposes. Hand sexing simply 
consists of separating males from females by looking at their genital papilla when fish are about 40 g 
or larger. The process of identification is quite straightforward. In the vent region the males have only 
a single opening whereas females have two slits. The vent of the female is more “C” shaped, while in 
males the papilla is more triangular. As the fish grow larger, secondary characteristics can help identify 
males from females. Male fish have larger heads with a more pronounced forehead region, a humped 
back and more squared-off features. Females are sleeker and have smaller heads. Moreover, the fish’s 
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behaviour can indicate the sex because males chase other males away and then court the females. Hand-
sexing can be performed with small numbers of fish, as it does not take much time. However, this 
technique may not be practical in large-scale systems owing to the large numbers of fish being cultured. 
 
General fish biology, including the main physiological features is also presented. 
 
Group assessment exercise  
 
Knowledge, Attitudes, Practices – An individual exercise where each participant is asked to complete 
a distributed worksheet that will answer a series of questions about the participants current state of 
knowledge, attitudes, and practices. Results will be used to guide further workshop activities. 
 
Presentation of country reports 
 
Participants from each country are invited to introduce themselves and present the state of aquaponics 
in their home country. These presentations follow the summary report questions circulated to the 
participants, including questions about the level of aquaponics knowledge, development of RAS 
technologies, and major stakeholders. The purpose is to develop a broader understanding about 
aquaponics, and to identify similarities and differences among the group and within the sector. 
 
 
DAY 2 – Design of aquaponic systems 
 
Water quality (Lecture 3) 
 
Water is the life-blood of an aquaponic system. It is the medium through which all essential macro- and 
micronutrients are transported to the plants, and the medium through which the fish receive oxygen. 
Thus, it is one of the most important topics to understand. 
 
There are several common sources of water: municipal water, rainwater, surface water, well water. All 
new sources of water should be tested before use in an aquaponic system. Initial chemical analysis 
should include microbiological and chemical contaminants including chlorine and heavy metals. 
 
Main water parameters to check on a regular basis include: dissolved oxygen (DO), nitrogen (ammonia, 
nitrite, nitrate), pH and alkalinity, carbon dioxide (CO2), settleable and suspended solids, and 
temperature. Each parameter has an impact on all three organisms in the unit (fish, plants and bacteria), 
and understanding the effects of each parameter is crucial. Although some aspects of the knowledge on 
water quality and water chemistry needed for aquaponics seem complicated, the actual management is 
relatively simple with the help of simple test kits. 
 
Oxygen is essential for all three organisms involved in aquaponics; plants, fish and nitrifying bacteria 
all need oxygen to live. The DO level describes the amount of molecular oxygen within the water, and 
it is measured in milligrams per litre. It is the water quality parameter that has the most immediate and 
drastic effect on aquaponics. Indeed, fish may die within hours when exposed to low DO within the fish 
tanks. Thus, ensuring adequate DO levels is crucial to aquaponics. The two strategies for small-scale 
aquaponics are to use water pumps to create dynamic water flow, and to use aerators that produce air 
bubbles in the water. Water movement and aeration are critical aspects of every aquaponic unit, and 
their importance cannot be overstressed. The optimum DO levels for each organism to thrive are 
5–8 mg/litre. 
 
Nitrogen is a crucial water quality parameter. It is required by all life, and part of all proteins. Nitrogen 
originally enters an aquaponic system from the fish feed, usually labelled as crude protein and measured 
as a percentage. Some of this protein is used by the fish for growth, and the remainder is released by 
the fish as waste. This waste is mostly in the form of ammonia (NH3) and is released through the gills 
and as urine. Solid waste is also released, some of which is converted into ammonia by microbial 
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activity. This ammonia is then nitrified by bacteria, and converted into nitrite (NO2
-) and nitrate (NO3

-

). Nitrogenous wastes are poisonous to fish at certain concentrations, although ammonia and nitrite are 
approximately 100 times more poisonous than nitrate. Although toxic to fish, nitrogen compounds are 
nutritious for plants, and indeed are the basic component of plant fertilizers. All three forms of nitrogen 
(NH3, NO2 - and NO3 - ) can be used by plants, but nitrate is by far the most accessible. In a fully 
functioning aquaponic unit with adequate biofiltration, ammonia and nitrite levels should be close to 
zero, or at most 0.25–1.0 mg/litre. The bacteria present in the biofilter should be converting almost all 
the ammonia and nitrite into nitrate before any accumulation can occur. 
 
Nitrogen cycle/biofilter is the engine of aquaponics, and it is a result of bacteria. In aquaponics, 
ammonia must be oxidized into nitrate to prevent toxicity to fish. The nitrification process is a two-step 
bacterial process where ammonia-oxidizing bacteria convert ammonia (NH3) into nitrite (NO2

-), and 
then nitrite-oxidizing bacteria convert nitrite into nitrate (NO3

-). The five most important factors for 
good nitrification are: high surface area media for bacteria to grow and colonize; pH (6–7); water 
temperature (17–34 °C); DO (4–8 mg/litre); cover from direct exposure to sunlight. System cycling is 
the initial process of building a nitrifying bacteria colony in a new aquaponic unit. This 3–5 week 
process involves adding an ammonia source into the system (fish feed, ammonia-based fertilizer, up to 
a concentration in water of 1–2 mg/litre) in order to stimulate nitrifying bacteria growth. This should 
be done slowly and consistently. Ammonia, nitrite and nitrate are monitored to determine the status of 
the biofilter: the peak and subsequent drop of ammonia is followed by a similar pattern of nitrite before 
nitrate starts to accumulate. Fish and plants are only added when ammonia and nitrite levels are low 
and the nitrate level begins to rise. Ammonia and nitrite tests are used to monitor the function of the 
nitrifying bacteria and the performance of the biofilter. In a functioning system, ammonia and nitrite 
should be close to 0 mg/litre. High levels of either ammonia or nitrite require a water change and 
management action. Usually, poor nitrification is due to a change in water temperature, DO or pH levels. 
Another class of micro-organisms naturally occurring in aquaponics is that of heterotrophic bacteria. 
They decompose the solid fish waste, releasing some of the nutrients into the water in a process called 
mineralization. Denitrification occurs in anaerobic areas and removes nitrate from the system as a gas. 
It is useful for growing fruiting plants by balancing the NPK ratio in the tank, also, high denitrification 
means that the tank will not become acid from the effects of nitrification. Control the rate of 
denitrification by the frequency of cleaning the filters. 
 
pH is useful for managing aquaponic systems. The pH of a solution is a measure of how acidic or basic 
the solution is on a scale ranging from 1 to 14. A pH of 7 is neutral; anything below 7 is acidic, while 
anything above 7 is basic. The term pH is defined as the amount of hydrogen ions (H+) in a solution; 
the more hydrogen ions, the more acidic. The pH scale is negative; a pH of 7 has fewer hydrogen ions 
than a pH of 6. The pH scale is logarithmic; a pH of 7 has 10 times fewer hydrogen ions than a pH of 
6, 100 times fewer than a pH of 5, and 1 000 times fewer than a pH of 4. The pH of the water has a 
major impact on all aspects of aquaponics, especially the plants and bacteria. For plants, the pH controls 
the plants’ access to micro- and macronutrients. At a pH of 6.0–6.5, all of the nutrients are readily 
available but outside of this range the nutrients become difficult for plants to access. In fact, a pH of 
7.5 can lead to nutrient deficiencies of iron, phosphorus and manganese. This phenomenon is known as 
nutrient lock-out. Nitrifying bacteria experience difficulty below a pH of 6, and the bacteria’s capacity 
to convert ammonia into nitrate reduces in acidic, low pH conditions. This can lead to reduced 
biofiltration, and as a result the bacteria decrease the conversion of ammonia to nitrate, and ammonia 
levels can begin to increase, leading to an unbalanced system stressful to the other organisms. The 
nitrification process of bacteria naturally lowers the pH of an aquaponic system. Weak concentrations 
of nitric acid are produced from the nitrification process as the bacteria liberate hydrogen ions during 
the conversion of ammonia to nitrate. Over time, the aquaponic system will gradually become more 
acidic primarily as a result of this bacterial activity. The respiration, or breathing, of the fish releases 
carbon dioxide (CO2) into the water. This carbon dioxide lowers pH because carbon dioxide converts 
naturally into carbonic acid (H2CO3) upon contact with water. The higher the fish stocking density of 
the unit, the more carbon dioxide will be released, hence lowering the overall pH level. This effect is 
increased when the fish are more active, such as at warmer temperatures. A target range of 
pH is 6.5–7. 
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There are two major types of hardness: general hardness (GH), and carbonate hardness (KH). General 
hardness is a measure of positive ions in the water. 
 
General hardness is essentially the amount of calcium (Ca²+), magnesium (Mg²+) and, to a lesser extent, 
iron (Fe+) ions present in water. It is measured in parts per million (equivalent to milligrams per litre). 
High GH concentrations are found in water sources such as limestone-based aquifers and/or river beds, 
as limestone is essentially composed of calcium carbonate (CaCO3). Both Ca²+ and Mg²+ ions are 
essential plant nutrients, and they are taken up by plants as the water flows through the hydroponic 
components. Rainwater has low water hardness because these ions are not found in the atmosphere. 
Hard water can be a useful source of micronutrients for aquaponics, and has no health effects on the 
organisms. In fact, the presence of calcium in the water can prevent fish from losing other salts and lead 
to a healthier stock. 
 
Carbonate hardness, also known as alkalinity, is a measure of the buffering capacity of water. Carbonate 
hardness is the total amount of carbonates (CO3

2-) and bicarbonates (HCO3
-) dissolved in water. It is 

also measured in milligrams of CaCO3 per litre. In general, water is considered to have high KH at 
levels of 121–180 mg/litre. Water sourced from limestone bedrock wells/aquifers will normally have a 
high carbonate hardness of about 150–180 mg/litre. Carbonate hardness in water has an impact on the 
pH level. Simply put, KH acts as a buffer (or a resistance) to the lowering of pH. Carbonate and 
bicarbonate present in the water will bind to the H+ ions released by any acid, thus removing these free 
H+ ions from the water. Therefore, the pH will stay constant even as new H+ ions from the acid are 
added to the water. This KH buffering is important, because rapid changes in pH are stressful to the 
entire aquaponic ecosystem. The nitrification process generates nitric acid (HNO3), which is dissociated 
in water in its two components, hydrogen ions (H+) and nitrate (NO3

-), with the latter used as source of 
nutrients for plants. However, with adequate KH the water does not actually become more acidic. If no 
carbonates and bicarbonates were present in the water, the pH would quickly drop in the aquaponic 
unit. The higher the concentration of KH in the water, the longer it will act as a buffer for pH to keep 
the system stable against the acidification caused by the nitrification process. 
 
Base addition of calcium hydroxide and potassium hydroxide (or alternatively calcium/potassium 
bicarbonate) increases the pH and at the same time adds needed nutrients to the tank. 
 
Carbon dioxide needs to be off-gassed through dynamic water flow (splash tower) or aerators. Too 
much dissolved carbon dioxide can affect the respiration of the fish. 
 
Temperature affects the fish, plants and bacteria. It is best to choose fish species that grow well in the 
local conditions. 
 
Suspended solids are too small to settle by themselves, and they are captured by filters. Some suspended 
solids are mineralized by bacteria into molecules – which can be used by plants. This is essential for 
the complete fertilizer profile for the plants. Settleable solids are larger and they will settle by 
themselves. They are the first stage of solids removal – and can clog pipes and drains. A floating bead 
filter is one option of mechanical filtration to filter out these solids. 
 
Water quality (Practical) 
 
Water management includes full water quality testing and adjustment of key parameters. Correction of 
the pH of water using acid or base substances. Participants take a tour of the facilities, noting key aspects 
of water management, and then practice using water testing equipment. 
 

Objective: The objective of this practical is to demonstrate how to properly test water 
parameters and correctly document them on a logbook 

Time duration: 10 minutes per parameter. Total allotted time 90 minutes 
Parameters: Ammonia, Nitrite, Nitrate, Alkalinity, pH, EC 
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Method: The participants will be divided into groups of 2 and given a chance to test at 
least one (1) water parameter. If time permits each group will be given a change 
to test all parameters. 

Key outputs: 
o Participants will be aware of the proper procedure of using API Freshwater Master Test Kit 

(commonly used in the industry) 
o Theoretical concepts from the lecture will be reinforced 
o Importance of detail-oriented and responsible workers will be introduced.  

 
Alternative energy – photovoltaic electric systems (Lecture 4) 
 
Energy consumption could be a significant cost. Some strategies to reduce consumption include timed 
pumping, temperature control with passive heating/cooling, positioning of greenhouse, solar, small 
strategies, types of grow light (neon, HPS, and LED). 
 
System components, design and construction techniques (Lecture 5) 
 
The fish tank is where the fish live. It should be a normal shape that allows water movement and easy 
cleaning, be covered with netting to prevent the fish from jumping out, and be in indirect sunlight. 
Common tanks include plastic, fiberglass, wood structures lined with high-density polyethylene or 
ethylene propylene terpolymer, or concrete. 
 
The fish tank should be large enough to house the target biomass of fish. The maximum recommended 
stocking density is 25 kg of fish per cubic metre (1 000 litres) [24.94 kg per 1 003.13 litres]. Higher 
density is possible but increases the risk. 
 
Mechanical filters are used to separate the solid wastes, the most important aspect of RAS and 
Aquaponics. Common types include a swirl filter, baffle filter, drum filter or mesh screen. 
 
The biofilter is a tank where particulate media with high surface-to-volume ratio provide surface for the 
nitrifying bacteria to grow. Nitrifying bacteria help to convert toxic ammonia into nitrate for the plants. 
Different media can be used. Media beds, filled with their substrates are natural biofilters. For every 
100 grams of feed, 6.7 square meters of surface area is needed. All surface areas of the aquaponic system 
will become home to nitrifying bacteria, but a dedicated area using standard biofilter materials is 
recommended. 
 
The water pump should be large enough to circulate the water 1–2 times every hour. A pre-filter 
prevents obstructions from damaging the pump. An expensive, efficient pump will be more cost 
effective than a cheap, inefficient pump because of the relatively lower consumption of electricity. 
 
The air pump should be large enough to provide 2.26–3.63 kg per minute of dissolved oxygen in all 
parts of the fish tank at all times. The standard sources of air in aquaculture systems are blowers and air 
pumps. These are used with air stones. Well placed air stone diffusers ensure there are no “dead” spots 
with low DO. 
 
Using aeration (bubblers/airstones) as the only source of oxygen, the theoretical maximum stocking 
density is about 40 kg/cubic metre, but with pure oxygen in an intensive RAS system, it is possible to 
achieve 120 kg/m3. Pure oxygen is not recommended for aquaponic systems. 
 
For each gram of feed supplied an equal weight of oxygen is needed. Oxygen solubility depends on 
water salinity, temperature, and air pressure (solubility is maximum at sea level). In general, an airstone 
positioned at 0.9 m depth in the fish tank filled with freshwater, at sea level and with temperatures of 
25–30 °C can transfer 1.2 g/hour of oxygen (2.5 × 5 cm airstone, with an air flow of 5.7 litre/min) or 
2.2 g/hour of oxygen (4 × 8 cm airstone, with an air flow of 9.9 litre/min). 
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The grow bed is where the plants live. It is important to have the correct size, good aeration and no 
leaks. Media materials should be lightweight and porous, but not float. 
 
Large scale aquaponic systems should have the ability to operate independently in case there is a system 
disruption in one or the other. 
 
A floating raft hydroponic subsystem is ideal for the cultivation of many types of vegetables. Closed-
cell polystyrene sheets support the vegetables at the water surface with roots suspended in the culture 
water. Deep water culture is a large tank of water with a floating polystyrene sheet on top, and the roots 
hang down into the water. The positives of deep water culture are the ability to grow large amounts of 
plants in a small space. The tanks can be built with simple materials, buried in the ground or made with 
hollow-form bricks, and lined with polyethylene sheets. There is an opportunity for automation. This is 
the best and most common system for large scale commercial plants. The negatives are the heavy weight 
of the water. The water pump needs to be larger to circulate the water constantly, and it is easy for there 
to be anoxic, dead spots. 
 
The sump is the lowest point in the system – water always flows downhill into the sump. The sump is 
not strictly necessary, but it makes water management and filtration easier. 
 
The fish and the plants need to be balanced. If there are too many fish, then there is an accumulation of 
nutrients and the plants and fish both suffer. If there are too many plants, there are insufficient nutrients 
and the plants do not grow well. If the biofilter is too small, there will be insufficient bacteria to convert 
the ammonia, and the fish will suffer. The Feed Rate Ratio is the best way to balance an aquaponics 
system. 
 
The Feed Rate Ratio states that every 50–80 grams of fish food that enters the system per day can 
fertilize 1 square metre of plant growing area. The amount of feed suggests the biomass of fish required. 
 
The crop densities normally applied in aquaponics are in general 20–25 plants/m2 in case of lettuce and 
4–8 plants/m2 for fruity crops, depending on their size. 
 
For sizing the water pump it is necessary to determine the volume of the fish tank/s, the hydraulic 
retention time (time needed to fully replace the tank water) and the water head. Some practical examples 
are shown to correctly identify the optimal pump and thus saving on electricity. 
 
Grow-out pond stocking (Practical) 

 
Participants will calculate the target stocking density of a grow out pond. Fry will be counted 
(estimated) and stocked. 
Objective: Participants will understand the step-by-step practice of stocking the grow out 
pond.  
Time duration: 90 minutes 
Method: Participants will use pen/paper to calculate the target stocking density of the 
grow-out pond based on volume. Fingerlings will be sampled to determine the average size. 
Therefore, an estimated number of fingerlings will be collected and stocked.  
Key outputs:  
o Participants will understand the simple math used to calculate a target stocking density 
o The importance of good fish handling techniques will be reinforced 
o The concepts of “balance” between the number of fish and the number of plants will be 

strengthened. 
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DAY 3 – Plant production and health 
 
Plant production and nutrient requirements (Lecture 6) 
 
Plants use light, water and nutrients to grow. Besides the environmental parameters such as light, 
temperature and humidity, wind, aquaponic method, water quality and nutrients determine the health 
and production of fish. Each plant has a specific tolerance and acceptable range, and sometimes 
protected culture areas are required. 
 
Sixteen plant food nutrients are essential for proper crop development. Each is equally important to the 
plant, yet each is required in vastly different amounts. These differences have led to the grouping of 
these essential elements into three categories: 
 
Primary (macro) nutrients are nitrogen, phosphorus, and potassium. They are the most frequently 
required in a crop fertilization program. Also, they are need in the greatest total quantity by plants as 
fertilizer. These are what are on the label of fertilizers as NPK. 
 
The secondary nutrients are calcium, magnesium, and sulphur. For most crops, these three are needed 
in lesser amounts than the primary nutrients. They are growing in importance in crop fertilization 
programs due to more stringent clean air standards and efforts to improve the environment. 
 
The micronutrients are boron, chlorine, cooper, iron, manganese, molybdenum, and zinc. These plant 
food elements are used in very small amounts, but they are just as important to plant development and 
profitable crop production as the major nutrients. Especially, they work "behind the scene" as activators 
of many plant functions. 
 
Understanding the uses and function of the essential nutrients (N, P, K, Ca, Mg, S, Fe, Mn, B, Zn, Cu, 
and Mo) can aide in identifying and rectifying nutrient deficiencies. pH can affect the availability of the 
nutrients, and the best range for plants is from 5.5–7.0. 
 
Nutrient deficiencies occasionally occur in aquaponics, especially potassium and iron. To correct, first 
ensure a correct balance of fish to plants, complete fish waste mineralization, and then consider 
supplementation. Potassium and calcium can be added during pH correction using carbonates, iron can 
be added as a chelate, and liquid kelp can supply micronutrients. 
 
Plant pests and disease – identification and treatment (Lecture 7) 
 
A healthy plant is visually recognizable: swollen and erect parts of the body; green leaves and no tissue 
alterations (such as curling, discolouration, dry parts, etc.); well-developed and healthy roots; absence 
of signs of rot; the fruits are colourful. Nutrient deficiencies occasionally occur in aquaponics, 
especially potassium and iron. To correct, first ensure a correct balance of fish to plants, complete fish 
waste mineralization, and then consider supplementation. Potassium and calcium can be added during 
pH correction using carbonates, iron can be added as a chelate, and liquid kelp can supply 
micronutrients. 
 
Insect and disease identification is important to help target the correct treatment. Several common pests 
(mites, thrips, aphids, caterpillars) are shown. Several diseases are also shown (wilt, rot, virus, mildew). 
 
The 4 most common pests in Antigua are pythium, mildew, caterpillars and soft-bodied insects. To 
prevent Pythium, the best method is to prevent the introduction by keeping the system clean and 
sanitized. Mildew can be treated with potassium bi-carbonate (example trade name Milstop) which 
dehydrates and changes the pH. Caterpillars can be treated with Bt bacteria (example trade name Dipel) 
which is a bacteria that kills only caterpillars. Soft-bodied insects can be killed with low-toxic 
insecticidal soaps (example trade name M-Pede), but care should be used to prevent soap getting into 
the water. For the pests, predators and parasitoids can be purchased from agricultural suppliers, but it 
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is important to match the beneficial insect with the pest, and it is best to use them in enclosed areas 
(greenhouses) so they don’t fly away. 
 
Integrated Pest Management is the combination of several methods to manage problems dues to insects. 
There are 5 principles: a health crop (and environmental control such as sanitation, crop rotation, trap 
crops, healthy environment, plant spacing, air movement, water quality, etc.), 2) resistant varieties, 
3) physical and mechanical controls (nets, insect barriers; insect traps), 4) biological control (beneficial 
organism, predators, parasitoids and specific bacteria and fungi, and 5) chemical pesticides (such as 
insecticidal soaps). 
 
Seedling production (Lecture 8) 
 
High throughput of plants requires a system to ensure efficient seeding, transplanting, grow-out, and 
harvest. It is important to have a good supply of seedlings ready to be planted into the system; continual 
harvesting and replanting will ensure that the levels of nutrients into the water are relatively constant. 
Two seed starting choices are available: seeding directly on the grow bed or a nursery area where to 
grow the seedlings; it is strongly recommended to avoid using plants started in soil or from an 
independent nursery temperature. Temperature and humidity are fundamental for the rapid growth of 
the seedlings. 
 
Seedling Production | Transplanting | Packaging (Practical) 
 
The practical section and hands-on activities include the practice of: seeding, transplanting and 
harvesting; identification of diseases, pests and nutrient deficiencies and their treatment options. 
 

Objective: To demonstrate how to mix the planting media, fill the seedling flats and plant 
a variety of seeds (lettuce, thyme, pakchoi) 
Time duration: 120 minutes 
Method (Seedling production): Each participant will be responsible for filling a seedling flat 
with media, and plant the seeds according to the explained method. 
Method (Transplanting): Each participant will get the opportunity to transfer seedlings 
from the seedling flat into the hydroponic system. 
Method (Packaging): Each participant will be given the opportunity to harvest mature lettuce 
plants and package and seal the produce for sale. 
Key outputs: 
o Participants are exposed to the proper methodology of seedling production, including the 

importance of clean techniques, accurate records, etc.  
o Importance of ergonomic and intelligently designed farm layout (material handling) will 

be introduced 
o The importance of harvesting, washing, chilling, packaging, storing and distribution will 

be reinforced.  
 
DAY 4 – Animal production and health  
 
Tilapia production – broodstock management and breeding (Lecture 9) 
 
Good water quality will ensure health fish and high growth rates. Strong, healthy fish living in clean, 
un-crowded conditions with adequate oxygen is the best defence against disease – support the immune 
system of the fish by providing a healthy environment and good food. 
 
It is important to keep a steady standing crop of fish in the systems. To replenish harvested fish, choose 
either to resupply from a hatchery or to breed fish on-site. Hatchery-supplied fish can add to cost, and 
you need an additional biosecurity control to prevent incoming disease. On-site breeding adds to the 
labour costs and requires more expertise. 
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It is important observe the behaviour and the physical features of animals every day and every time they 
are fed. A healthy fish swims normally, with all fins erect, and exhibits normal colours and markings; 
has a good appetite; does not show signs of stress or damaged fins; breathes normally and does not gasp 
at the surface. 
 
Preventive healthcare is based on the observation of the following features: biology of species; feed; 
water quality; quarantine; cleaning of the system; and disinfection. Sanitation practices for tank 
facilities include: regularly remove wastes (faeces, uneaten food, etc.); weekly clean the facility; place 
hand-washing areas at the entrance of the facility and in the working hot spots. 
 
Ensure proper biosecurity by using: nets against birds; fences against wild animals; disinfectants such 
as bleach (sodium hypochlorite at 5 percent) against harmful bacteria and microorganisms. Be cautious 
to avoid using chemicals that are dangerous to the fish or plants, or are prohibited. Avoid any live feed 
from outside source, unless cooked; filter/disinfect incoming water; and control any stress that could 
make animals more prone to pathogens. 
 
A hospital tank should be available to remove fish out of the main system for treatment. No chemical 
treatments can be used in the main system because it will hurt the bacteria and the plants necessary for 
aquaponics. Anyway, it is possible to use some organic substances such as common salt that are well-
known for their ability to protect the animals from the action of some parasite organisms. 
 
It is important observe the behaviour and the physical features of animals every day and every time they 
are fed. A healthy fish swims normally, with all fins erect, and exhibits normal colours and markings; 
has a good appetite; does not show signs of stress or damaged fins; breathes normally and does not gasp 
at the surface. 
 
Preventive healthcare is based on the observation of the following features: biology of species; feed; 
water quality; quarantine; cleaning of the system; and disinfection. Sanitation practices for tank 
facilities include: regularly remove wastes (faeces, uneaten food, etc.); weekly clean the facility; place 
hand-washing areas at the entrance of the facility and in the working hot spots. 
 
Ensure proper biosecurity by using: nets against birds; fences against wild animals; disinfectants such 
as bleach (sodium hypochlorite at 5 percent) against harmful bacteria and microorganisms. Be cautious 
to avoid using chemicals that are dangerous to the fish or plants, or are prohibited. Avoid any live feed 
from outside source, unless cooked; filter/disinfect incoming water; and control any stress that could 
make animals more prone to pathogens. 
 
A hospital tank should be available to remove fish out of the main system for treatment. No chemical 
treatments can be used in the main system because it will hurt the bacteria and the plants necessary for 
aquaponics. It is possible to use some organic substances such as common salt that are well-known for 
their ability to protect the animals from the action of some parasite organisms. 
 
Tilapia feeding and nutrition (Lecture 10) 
 
Fish need to be fed to intensify production, especially in recirculating or cage systems. It also gives 
control over what the fish eats to ensure good nutrition which increases growth rate. The feed is the 
most important component for the whole production system, and influences growth, feed conversion 
ratio, water quality and health and disease. Feed is likely the most expensive input, and therefore affects 
the economics of the business. Feed should be commercially purchased, and chosen for the size and 
species of fish. 
 
Balanced feed has protein, fat, carbohydrates, minerals, and vitamins – all are essential for the health 
and growth of the fish. 
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Waste management | Filtration equipment and maintenance (Practical) 
 
Participants will have a practical demonstration of the daily tasks related to filtration maintenance, 
including backwashing filters, draining and rinsing wastes into secondary treatment, and ensuring the 
proper functioning of all equipment. 

Objective: Participants will appreciate and be familiar with all aspects of mechanical and 
biological filtration 
Time duration: 30 minutes 
Method: The group will be separated into two groups who will be escorted on a tour of 
the facilities with special attention shown to the drainage lines, filters and sump.  
Key Outputs: 
o Participants will be able to identify and design well-thought out filtration systems for 

aquaponic installations of various sizes.  
 
Fingerling sampling practical | Egg collection | Tilapia sexing (Practical) 
 
Participants will have an opportunity to sample fry and fingerlings, examining them for health and 
growth. Brooding females will be caught and observed, and eggs will be stripped and placed in the 
MacDonald jars. Broodstock will be caught, sexed and placed into breeding tanks, noting the particular 
components to encourage breeding. 
 

Objective: This practical will demonstrate to method used to sample fingerlings, how to 
check the brood stock females for eggs, collect eggs and fry, and determine the sex of the adult 
tilapia 
Time duration: 120 minutes 
Method of fingerling sampling: Fingerlings will be sampled as a single group activity with all 
participants will firstly tare a holding container with water on a scale, jointly net fingerlings 
from a tank, count and transfer the fingerlings to the holding container and record the weight 
obtained. The average of the weights will then be calculated. 
Method of egg collection and sex identification: This is a single group activity with all 
participants getting a chance to handle a female tilapia and is shown how to identify the sex 
whether male or female. Additionally, any eggs or fry collected will be transferred to a hatching 
jar or a nursery tank. 
Key Outputs:  
o Participants will be comfortable handling and monitoring broodstock 
o Theoretical concepts of breeding and reproduction will be reinforced 

 
Construction of backyard systems (Practical) 
 
Participants investigate the practical requirements of constructing a commercial aquaponics facility, 
including: initial land preparation and levelling, construction of fish containment facility and tanks, 
laying plumbing and electrical lines, installing PV systems. Good initial planning, and high-quality 
construction, can prevent costly future alterations. 
 
Fish processing (Practical) 
 
Participants engage to harvest, slaughter and butcher fish, taking note of the animal welfare and human 
health code requirements, in preparation for the next day’s fish fry. 
 
Severe weather, risks and mitigation – (Facilitated discussion) 
 
Participants engage to identify i) risks, 2) consequences and 3) mitigation options for severe weather. 
The first round of discussion sees each country group answer these questions, and subsequent rounds 
build upon the feedback. The output from this session is a series of recommendations and considerations 
for doing aquaponics in place with many tropical storms and hurricanes. 
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DAY 5 – Commercialization 
 
Economics – capital expense | Operations planning (Lecture 11) 
 
There is a difference between commercial production and small-scale production. Commercial 
production can realize gains from the efficiency of scale, but the investment increases. Aquaponics 
changes from small to large – it is not always linear. Large designs must be designed in such a way to 
take advantage of these differences. Many commercial aquaponic farms exist, but many farms have 
failed. 
 
A pilot system is important to make before a full commercial site is developed – to develop the market, 
work out the bugs, and bring in investors. 
 
Village aquaponics is a good solution for the creation of a big commercial plant, dividing the cost of 
installation, management and work between several persons in a community. 
 
The capital expenditure is the initial cost of building the business. These costs include: 1) fish tanks, 
2) grow beds, 3) water pump and plumbing, 4) air pump and aeration system, 5) greenhouse and rain 
shelters and associated equipment, and 6) primary land preparation (levelling, digging, etc.). Capital 
expenditure includes the 7) original regulatory costs, such as permitting and certification. It also 
includes equipment necessary for 8) harvesting, 9) cooling and storage, 10) distribution (e.g. trucks), 
11) administrative support (computers/phones). 
 
Recurring costs, also known as operating expenses, are things that cost money in order to produce the 
fish and vegetables. The largest recurring costs are 1) fish feed, 2) water, 3) electricity and 4) labour. It 
is essential to understand these costs and identify ways to reduce them (e.g. rainwater, PV). Other 
physical recurring costs include: 5) plant seeds, 6) fish fingerlings, 7) nutrient supplement, 
8) pH correction/bases, 9) and pest management materials. Additional operating expenses include 
10) insurance, 11) depreciation, 12) land tenure (rent), 13) administrative support, 14) produce storage, 
processing, distribution and marketing 15) greenhouse management and 16) security. 
 
Recurring costs will give a sense of how much a unit of vegetable/fish costs you to produce. 
 
Revenue, also known as income. The main sources of revenue are 1) fish sales and 2) vegetable sales. 
Some businesses may also earn income from tours, training, equipment or ancillary activities. Revenue 
is directly linked to market. 
 
Financing and start-up costs are beyond the scope of this course – but many options are available. The 
key is to be sure that the initial capital is enough to cover all building and start-up costs (capital 
expenditure) in addition to the operating expenditure for about 2 years. The farm will take about 
2 seasons (minimum) until it is producing at full capacity and to ensure a place in the market share. 
Plus, consider the ‘growing pains’ of an inexperienced crew. 
 
The market, is basically the ‘buyer’. It is important to understand the market demands, market location, 
produce production and sales prices, transportation and storage logistics. This market analysis must be 
done before designing a commercial system. The idea is not ‘how much can I grow’ but it is ‘how much 
can I sell’. Market research includes direct investigation, engagement with wholesale, farmer markets, 
restaurants, etc., and is a professional business so consulting may be available. 
 
Marketing, includes insuring that the buyer is aware and educated about the product. This may include 
branding, advertising, and promotion. 
 
The essential question in commercial aquaponics is not “How much can I grow” but rather “How much 
can I sell?” Additional market analysis will include the identification of the buyer, how much product 
can the market absorb and at what price, and who are the competitors. 
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The cash flow analysis is an analysis of the income and expenditure according to the financial budget 
developed economic and related considerations. Profit is when there is positive cash flow – or more 
income than expenditure. Return on investment is the time until the investment costs are paid off, which 
requires positive cash flow. 
 
Risks include the accessibility and reliability of inputs (water, power, labour, seeds, and equipment); 
reliability of the market (changing customer demands, new competitors); environmental (flood, storm, 
etc.); production losses (plant or fish diseases); and general risks, such as accidents or human error. 
 
Risk management includes an assessment and set of precautions to prevent that the unforeseen may lead 
to significant shifts in the budget and problems in production. It is a strategy that begins with identifying 
all of the risks and their likelihood to occur, prioritizing the most important risks, putting into place 
standard operating procedures to minimize risk, and backup plans for risks that are unavoidable. And 
to put aside some resources for “a rainy day”. Risk management should be considered also in the initial 
design, with redundancies built into the system wherever possible. There is a trade-off between 
redundancy and economy of scale, so plan accordingly. 
 
Human resources, training and capacity are required in a variety of specialities. There needs to be 
expertise in fish production, plant production, and someone will need to look after the administrative 
and financial aspects. In addition, a marketing specialist may be important. Specialized skills may be 
needed (either in-house or on-call) in plant production, plant disease management, veterinary services, 
plumbing and fabrication, greenhouse controls, and marketing and communication. These human 
resources can be expensive, so be sure to include in the original budget – as well as where/how they 
receive additional training.  
Pilot systems are important in a place where aquaponics is new, or if the operator is new. A pilot system 
will allow testing of the business plan and financial budget forecasts, and allow for careful data 
collection. It also serves to provide training to the staff, improve investor confidence, and make in-roads 
into the market. Often, pilot studies are supported by University or Governmental interventions. A pilot 
should be run as a commercial facility (not a hobby, and not for research), and can be from 50–200 m2 
of growing area (100–500 m2 of total area). 
 
A full business plan will include an economic budget of a commercial plant includes the analysis of 
cost and revenue forecasts (cashflow), capital expenditure and the return on investment, a financing 
plan, and a staff recruitment and development plan. 
 
System design (Practical – group work) 
 
A hands-on practical group activity that uses a spreadsheet calculator (provided) and participants local 
financial variables (i.e. cost of fish feed and sale price of vegetables) in order to design a theoretical 
aquaponic demonstration system that could be built at the participants home station. 
 

Objective:  Using the spreadsheet calculator, each group will create a basic financial 
analysis, and hand-sketched demonstration farm. 
Time duration:  60 minutes (continued on next day) 
Method:  Each country group will work together. Each group needs a laptop with the 
MS Excel spreadsheet already loaded. The groups will use the data prepared in the 
“Questionnaire” to fill in the variables in the spreadsheet calculator. Groups will discuss and 
adjust the variables until a profitable design is agreed. The data will be transferred onto the 
accompanying worksheet. Finally, a scale sketch will be made using graph paper 
Outputs:   
o Sketches include sizes and position of each component, including the fish tank, grow bed, 

sumps and pumps to reinforce the importance of balancing system components.  
o This exercise shows the relationships between enterprise-oriented financial variables, 

relative costs, and serves as a final review of the course.  
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o Participants have materials to show to colleagues and co-workers upon return, and have 
practiced and explaining aquaponics.  

 
Closing remarks and future directions 
 
Course evaluation – a survey used to determine participants’ satisfaction with the course as well as a 
second survey to indicate changes knowledge and attitudes about aquaponics. 
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APPENDIX 3 

LIST OF PARTICIPANTS 

Jerelle Aaron 
Fisheries Officer 
Ministry of Agriculture, Lands,  
Fisheries and Barbuda Affairs  
Saint John's, Antigua 
 
jerelle651@gmail.com  
Tel:         +1 268 78 38 803 
 

Nahshon Small 
Aquaponic Farmer 
Golden Grove 
Saint John's, Antigua 
 
nahshonsmall@gmail.com  
Tel:         +1 268 7719578 
 

Dwayne Adderley 
Manager, Natco Farm 
PO Box N-29 
Nassau, Bahamas 
 
dwaynea_2000@yahoo.com 
DAdderley@nib-bahamas.com 
Tel:         +12424222643 
 

 

Jon Chaiton 
Director, Aquaculture and Quality  
Assurance 
Tropic Seafood 
Flagstone Road 
Nassau, Bahamas 
 
JChaiton@tropicseafood.com     
emeraldpartners@yahoo.com  
Tel:         +1 2424277570 (office) 
+1 241 46 15008 (mobile) 

 

Vallierre K.W. Deleveaux 
Director, Marine Resources Development 
Bahamas Agriculture and Marine Science 
Institute (BAMSI) 
P. O. Box SS 6254  
Nassau, Bahamas 
 
vdeleveaux@bamsibahamas.com 
Tel: +1 242 32 91104 (Andros office) 
    +1 242 3766926 (mobile) 

Kristina Adams (Ms) 
Owner, Adams Aqualife 
15 Rowans Development 
St George, Barbados 
 
adamsaqualife@gmail.com 
Tel:        +1 246 23 01 042 
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Colvin Taylor 
Fisheries Assistant, Fisheries Division 
Ministry of Agriculture, Fisheries and  
Water Resource Management 
No. 53 Baker's Terrace 
 St Peter, Barbados 
 
ctaylor@agriculture.gov.bb 
Tel:        +1 246 42 78 480 
               +1 246 42 63 745 

 

 

Hophni Sargeant 
General Worker, Fisheries Division 
Ministry of Agriculture, Fisheries and  
  Water Resource Management 
No. 6 Chapel Land 
St Philip, Barbados 
 
HophniSargeant@gmail.com 
Tel:         +1 2464278 480 
                +1 246 4263745 

Derrick Penny 
North East Farmers Organization 
Vendome 
Saint George, Grenada 
 
dfavour@hotmail.com 
Tel:       +1 4734564319 

Michael Church 
Planning Officer 
Ministry of Agriculture, Lands, Forestry  
  and Fisheries 
Botanical Gardens 
Saint George's, Grenada 
 
agriculturegrenada@gmail.com 
makanac23@yahoo.com 
Tel:      +1 473 44 02 708 

Tara Brizan (Ms) 
Veterinary and Livestock Extension  
Ministry of Agriculture, Lands, Forestry  
and Fisheries 
Botanical Gardens 
Saint George's, Grenada 
 
agriculturegrenada@gmail.com 
taralus007@hotmail.com 
Tel:        +1  473 44 02 708 

Brandon Frederick 
Extension Officer 
Agriculture Department 
Ministry of Agriculture, Lands, Housing, 
Co-operatives and Fisheries  
Prospect, Nevis 
 
f.clip@hotmail.com 
Tel:       +1 869 66 40009 
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Stuart LaPlace 
Science Lecturer 
Clarence Fitzroy Bryant College 
Burdon street campus 
Basseterre, Saint Kitts 
 
stuartlaplace@gmail.com 
Tel:       +1869 66 70 778 
              01 869 76 76565 

Thrizen Leader  
Agriculture Department 
Ministry of Agriculture, Co-operatives, 
Fisheries, Lands and Housing 
Basseterre, Saint Kitts 
 
jahlleader@gmail.com 
Tel:       +18696638019 
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APPENDIX 4 

GROUP PHOTO 

 
Group photo of the “Technical Workshop on Advancing Aquaponics”, which was held in Saint John’s, Antigua, 14–18 August 2017. (Left to right): Hophni SARGENT; Jerelle AARON; Brandon 
FREDERICK; Stuart LAPLACE; Colvin TAYLOR; Thrizen LEADER; Adolf AUDAIN; Damon FRANCIS; Nahshon SMALL; Derrick PENNY; Larry FRANCIS; Tara BRIAN; Vallierre DELEVEAUX; 
Kristina ADAMS; Michael CHURCH; Dwayne ADDERLEY; Raymon VAN ANROOY; Jon CHAITON. Photo courtesy Austin STANKUS/FAO. 
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APPENDIX 5 

FAO WELCOME REMARKS 

The following FAO opening address, reproduced here in its entirety, was presented on behalf of 
Ms Lystra Fletcher Paul, FAO Subregional Coordinator for the Caribbean, on the occasion of the workshop 
Advancing aquaponics: an efficient use of limited resources, 14–18 August 2017 in Saint John’s, Antigua. 

 

Ladies and Gentlemen, 

1. On behalf of Ms Lystra Fletcher Paul, Subregional Coordinator for the Caribbean Representative of the 
Food and Agriculture Organization of the United Nations (FAO), it is my pleasure to welcome you here today. 
Some of you have travelled a long distance, and we thank you for your effort for what we hope will be a valuable 
experience for furthering the development of aquaponics in the Caribbean. We thank our hosts, the Ministry of 
Agriculture, Lands, Fisheries and Barbuda Affairs of Antigua and Barbuda and Indies Greens for their gracious 
hospitality and support, but even more so for their earnest desire to share their experiences of aquaponics with 
the wider community in the Caribbean. 

2. To begin, we should remember why we are here. We face global challenges in the near future: namely 
that our natural resource base must sustain a rapidly growing population in the Caribbean where agriculture faces 
an unprecedented confluence of pressures. The population is increasing, hungry for more and better food, yet 
even now there are many undernourished people in the Caribbean and on the other side there is an increase in 
obesity. Many natural resources, including soil and freshwater, are already overexploited, and a changing climate 
will put further pressure. Within this context, we have complex social dynamics, institutional and governmental 
capacities that influence the long-term success and impact of development interventions, both national and 
international. 

3. To combat these global concerns, FAO passed through a strategic restructuring, focusing on five priority 
objectives, in order to make it a more agile and streamlined institution capable of tackling the global concerns 
through interdisciplinary and cross-sectoral actions. These priorities are: 1) help eliminate hunger, food insecurity 
and malnutrition; 2) make agriculture more sustainable and productive; 3) reduce rural poverty; 4) enable 
inclusive and efficient food systems; and 5) increase resilience from disasters. 

4. Though aquaponics addresses several of these priorities, our main focus here is Strategic Objective 
Number 2 (SO2), i.e. to make agriculture, forestry and fisheries more productive and sustainable. To do more, 
with less. 

5. This training workshop will focus on one of the Objectives’ major streams of work: supporting innovative 
practices and the adoption of new technologies. We will be primarily focusing on enhancing Efficient Resource 
Use through aquaponics. At the same time, we will address the principles of protecting natural resources, 
improving livelihoods and increasing resilience. 

6. One of the most pressing issues for agriculture development in the Caribbean is the availability of 
freshwater resources, recognizing that freshwater is a very precious resource and has high costs associated with 
it in the region. Aquaponics is one of the integrated technologies that reduces the use of water to produce crops, 
or food, in agriculture. 

7. The next few days will be spent discussing and learning about the technical details, with an experienced 
team of experts from Indies Greens in collaboration with a team of FAO consultants, and the expertise you all 
have in your specific fields of work. 

8. In the simplest terms, aquaponics is the combination of hydroponics and aquaculture. By combining these 
two separate systems, we are able to use the wastewater from the fish to fertilize the plants. This integration 
increases efficiency. This is the key opportunity provided by aquaponics. 

9. FAO has a proposed methodology to support the development of aquaponics. First, and most importantly, 
aquaponics should only be used in the right locations. Identification of these locations through participatory needs 
assessment is the first step. Documenting and disseminating the best practices through technical guidelines is also 
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important. FAO produced a technical manual on small-scale aquaponic food production and we will provide all 
of you one by mail or to take home. 

10. Then, facilitating regional networks of experts is crucial for the long-term aquaponic development in the 
region. It is important for us, for you, to forge connections among yourselves and others in the region to share 
locally-appropriate and location-specific techniques. This form of South-South Cooperation can reduce the 
reliance on outside materials and outside experts and allow aquaponics to develop naturally within the Caribbean 
context. 

11. Then, it is important to consider building demonstration units. These demonstration sites should 
preferably be of a profitable size, located somewhere where they can be actively maintained, within a stable well 
established private sector farm or a research institute or university, and then used to research and adapt the general 
aquaponic technologies to locally important fish and plant species. Moreover, these sites serve as education and 
training centres, often targeting youth and entrepreneurs, to develop the capacity of the farmers who should be 
provided with simple implementation materials to build production systems of their own. 

12. Aquaponics works, but different scales should be used for different purposes. Medium to large 
demonstrations centres, such as the one at the University of the Virgin Islands, are used to teach, research and 
develop sound financial investment strategies. Small systems using simple materials and simple techniques are 
used for family and village level interventions using low-risk and low-expenditure techniques, key for 
development in rural areas. 

13. The impact of aquaponics is to produce both fish and vegetables, together and efficiently, using minimal 
inputs. Aquaponics is an option for farmers with limited access to land and water to have a chance to grow food. 
No fertilizers or chemical pesticides are required. And overall it provides small-scale farmers the potential to earn 
a supplementary income, and for commercial farmers to create a viable business. 

14. In addition, aquaponics provides an opportunity for women and youth to be involved in the production 
of fish and plants, and the daily tasks are labour-saving. It is an opportunity to promote education, and can be 
done in a safe and secure way inside the home on the balcony or rooftop at a small-scale. In areas where there is 
a potential to build a network among several households using aquaponics, it is easier to purchase fish stock, 
feed, and seed plants in bulk and at a cheaper price and can thereby lead to opportunities for commercialization. 

15. Aquaponics provides a method to grow fish as a source of protein. Choosing a wise selection of crops 
for a small-scale system can add to a family’s dietary diversity and alleviate the burden of micronutrient 
deficiencies by adding nutritious crops to the diet in a cost-effective way. 

16. But one must be cautious. Aquaponics seems too good to be true. However, an aquaponic system requires 
electricity to operate the pumps and thus cannot work unless there is a reliable source of power. Aquaponics is 
most appropriate where land is expensive, water is scarce, and soil is poor. Otherwise, in areas suitable for 
agriculture, the introduction of aquaponics may be too complicated, or just unnecessary. A market that is willing 
to pay premium prices for nutritious, high-quality and residue-free produce is required for a large-scale 
commercial system. 

17. There are challenges that should be addressed and discussed over the following days. Aquaponics 
requires dependable electricity, reliable access to fish seed, plant seed and good quality water. The farmers and 
workers need to be trained and engaged. Finally, any commercial aquaponics venture requires a feasibility study, 
sound financial planning and significant technical expertise before it can be seriously considered. Interventions 
need to initially work with farmers who possess both an entrepreneurial spirit and a farming background – and 
this is why you are here. Further, we need a local technical base and a regional network to provide on-going 
support and extension. 

18. This training workshop is organized under a regional technical cooperation programme (TCP) project, 
called, “Towards a Caribbean Blue Revolution”. This project supports sustainable aquaculture development and 
aquaculture value chains in Antigua and Barbuda, the Commonwealth of the Bahamas, Barbados and Saint Kitts 
and Nevis. Also, Grenada is participating in some of its activities. This USD468 000 technical assistance project 
will support the 4 countries with aquaculture sector assessments, construction of local demonstration sites and 
organization of training in aquaculture or aquaponics in the 4 countries, this reginal training and a regional 
training on aquaculture value chains early next year, and the preparation of a large scale bankable aquaculture 
investment programme for the Caribbean region. 
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19. The FAO team has been in touch with many of you to discuss the establishment of demonstration sites 
for training in your countries and we hope to finalize together with you soon the designs of the investments in 
these sites. So, we can start procurement of equipment and materials and have the first training sessions before 
the end of this year. We really count on your support as private sector entrepreneurs who are willing to share 
experiences and the support of government extension officers for aquaculture to make this a success. 

20. The main goal of this training workshop is to exchange aquaponics experiences and learn from each 
other; open a dialogue with you. You will get an opportunity for a hands-on, intensive technical training where 
you will go through every detail of aquaponics. By the end of the week, we hope that you will have acquired the 
knowledge, experience and materials to share what you have learned with your research centres and the farmers 
in your countries. 

21. The workshop is just 5 days, but we hope that the conversation can continue afterwards, so let us keep in 
touch through a network so that we can continue to share and learn from each other. We would like to hear from 
you what further needs are envisaged to support aquaponic development, and especially how FAO can provide 
some key support, whether it is through technical assistance or other means. Over the next few days, we will 
record your recommendations to guide our future activities. 

22. Before ending these welcome words, I would like to thank my colleague, Austin Stankus, aquaponics 
expert of FAO, Labi Elabanjo, FAO’s national correspondent in Antigua, and Larry Francis and his team for their 
great work in organizing this training. 

23. Welcome to all of you. Thank you for coming and we look forward to collaborating and supporting you 
in future endeavours that may include aquaponics development here in beautiful Antigua and Barbuda and in the 
other countries of the Caribbean. 
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APPENDIX 6 

COUNTRY SURVEY FORMS 

 

Each country was asked to give a short presentation on the first day regarding the level of aquaponic development 
in their home country. For this, a 2–4 page written summary was requested in addition to the 5–10 minute 
presentation. 

Each participant was invited to design a model aquaponic system on the final day. The exercise was to imagine 
that the participant would actually build a demonstration system upon their return to their home country. Each 
choose an actual location (university, Department of Fisheries, aquaculture training centre, etc.) that would be 
convenient for training industry professionals and students. The following questionnaire was circulated in 
anticipation of the workshop to collect actual market prices (electricity cost, crop sale price, etc.) to support the 
financial analysis. These data were fed into an Excel model which was used to estimate production and revenue 
based upon local conditions. 

Both the survey forms are presented herewith. 
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Summary report 

 

TECHNICAL TRAINING WORKSHOP ON ADVANCING AQUAPONICS: 

AN EFFICIENT USE OF LIMITED RESOURCES 

Country summary report 

Each participant is kindly requested to prepare a 2–4 page report regarding the current state of 
aquaponics, if any exist, in their home country. However, summaries should include not only the state 
of aquaponic development, but information on recirculating aquaculture and hydroponics. Some 
important information to include would be: 

Aquaponics 

 General awareness of aquaponics in university and extension programmes. 
 Number of universities with aquaponic systems. 
 Number of commercial aquaponic companies. 
 General awareness of aquaponics at the government level. 
 General awareness of aquaponics in the general public. 
 Availability of information regarding aquaponics. 
 Significant blocking issues to aquaponic uptake and development. 
 Relevant companies, institutions, universities or other organizations that are practicing aquaponics. 
 Level of business interest for investment on new agricultural technologies. 
 
Recirculating aquaculture (RAS) 

 Level of awareness of RAS at university level. 
 Level of use of RAS in commercial production. 
 Level of awareness of RAS at government level. 
 Availability of information regarding RAS. 
 Relevant companies, institutions, universities or other organizations that are practicing RAS. 
 Availability of fish fingerlings and fish feed. 
 Availability of veterinarians and fish health professionals. 
 
Hydroponic production 

 Level of awareness of hydroponics at university level. 
 Level of use of hydroponics in commercial production. 
 Level of awareness of hydroponics at government level. 
 Availability of information regarding hydroponics. 
 Relevant companies, institutions, universities or other organizations that are practicing hydroponics. 
 Availability of nutrient solutions and equipment. 
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TECHNICAL TRAINING WORKSHOP ON ADVANCING AQUAPONICS 

 

  

DEMONSTRATION AQUAPONIC UNIT QUESTIONNAIRE 
Please imagine that you will be building a demonstration aquaponic system upon your return to your 
home country. Choose an actual location (university, department of fisheries, aquaculture training 
centre, etc.) that would be convenient for training industry professionals and students, and answer the 
following questions. These answers will be used during the workshop to develop a technical design and 
business plan based on the local species, conditions and constraints. 

Category Question Answer Unit 

Location 

Nearest city, name of country  -- 

Land tenure (taxes, rent – if any)  $/year 

Is the land level and ready for building  -- 

Distance to nearest urban area with 
> 50 000 people 

 
km 

Climate 

Average air temperature in summer  °C 

Average air temperature in winter  °C 

Average humidity in summer  % 

Average humidity in winter  % 

Elevation from sea level  metres 

Total rainfall per year  mm 

Number of days with rain per year  days 

Water 

Access to irrigation quality water on site? 
(circle answer) 

Yes   /   No -- 

What is source of water at location? (rain-
fed, well, municipal) 

 
n/a 

pH of the water?  -- 

Cost of water per cubic meter?  USD/m3 

Electricity 

Access to electricity at site? 
(circle answer) 

Yes   /   No -- 

Cost of electricity per kilowatt*hour?  USD/kWh 

Number of hours of electricity at site?  hours 
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Category Question Answer Unit 

Aquaculture 

Are there any freshwater aquaculture 
farms near the site? 

Yes   /   No -- 

Local freshwater aquaculture species (list 
at least 3), especially the ones you want to 
grow? 

1. -- 

2. -- 

3. -- 

Farm-gate/market sale price of each 
species? (provide both if available) 

1. USD/kg 

2. USD/kg 

3. USD/kg 

Cost of fingerlings of each species? 
Indicate unit price and species name 

1. USD/fish 

2. USD/fish 

3. USD/fish 

Cost of fish feed per kilo?  USD/kg 

Horticulture 

Access to seeds? Yes   /   No -- 

Access to hydroponic nutrients? Yes   /   No -- 

Local and popular vegetables (list at least 
3), especially the ones you want to grow? 

1. -- 

2. -- 

3. -- 

Farm-gate/market sale price of each 
vegetable? (provide both if available) 

1. USD/kg 

2. USD/kg 

3. USD/kg 

Is there a market for certified organic 
produce? 

Yes   /   No -- 

Supplies and 
equipment 

Access to PVC pipe, connectors, and 
fittings? 

Yes   /   No -- 

Access to water pumps? Yes   /   No -- 

Access to air pumps, airstones? Yes   /   No -- 

Access to greenhouse supplies? (shade-
cloth, nursery trays, potting mix, etc.)  

Yes   /   No -- 

Access to fish tanks Yes   /   No -- 

Labour 
Average hourly or daily (please specify) 
wage for labourer 

 USD/hr 

Additional notes 
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APPENDIX 7 

PARTICIPANT SATISFACTION SURVEY 

 
A workshop satisfaction form was circulated on the last day of the workshop that was designed to quantify how 
well the expectations of the participants were met. The form and analysis are included herewith. 
 

Satisfaction form  

 

 
 
 
 

Participant name (optional): ................................................... Country: .................................... 

 

Instructions: 
Please circle your response to the items below. Rate aspects of the workshop on a 1–5 scale:  
 

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

 
Your feedback is most appreciated. Thank you.  

 
Circle your response to each item 

1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 
 

Workshop content 
1. I was well informed about the objectives of this workshop 1        2         3         4         5        

2. This workshop lived up to my expectations 1        2         3         4         5        

3. The content is relevant to my job 1        2         3         4         5        

Workshop design 
4. The workshop objectives were clear to me 1        2         3         4         5        

5. The workshop activities stimulated my learning 1        2         3         4         5        

6. The activities gave me sufficient practice and feedback 1        2         3         4         5        

7. The difficulty level was appropriate 1        2         3         4         5        

8. The pace was appropriate 1        2         3         4         5        

Workshop instructors (facilitators) 
9. The instructors were well prepared 1        2         3         4         5        

10. The instructors were helpful 1        2         3         4         5        

Workshop results 
11. I accomplished the objectives of this workshop 1        2         3         4         5        

12. I will be able to use what I learned in this workshop 1        2         3         4         5        

13. The workshop was a good way for me to learn this content 1        2         3         4         5       

14. How would you improve this workshop (check all that apply) 

WORKSHOP EVALUATION QUESTIONNAIRE 
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  Provide better information before the workshop 

  Clarify the workshop objectives 

  Reduce the content covered in the workshop 

  Increase the content covered in the workshop 

  Include more practical/hands-on activities 

  Include less practical/hands-on activities 

  Make activities more stimulating 

  Improve workshop organization 

  Make workshop less difficult 

  Make workshop more difficult 

  Slow down the pace of the workshop 

  Speed up the pace of the workshop 

 

15. What other improvements would you recommend in this workshop? 

 
................................................................................................................................................... 
 
...................................................................................................................................................  

16. What is least valuable about this workshop?  

 
................................................................................................................................................... 
 
...................................................................................................................................................  
 
 

17. What is most valuable about this workshop? 

 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
 
18. Any other comments, concerns and follow-up recommendations 

 
................................................................................................................................................... 
 
.................................................................................................................................................. 
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Participant satisfaction survey – Satisfaction analysis 

The data from the satisfaction form were tallied and are presented in the following table: 

  
Average 

n=13 
Standard deviation 

Workshop content    

1.      I was well informed about the objectives of this workshop 4.54 0.52 

2.      This workshop lived up to my expectations 4.77 0.44 

3.      The content is relevant to my job 4.77 0.44 

Workshop design    

4.      The workshop objectives were clear to me 4.62 0.51 

5.      The workshop activities stimulated my learning 4.85 0.38 

6.      The activities gave me sufficient practice and feedback 4.23 0.83 

7.      The difficulty level was appropriate 4.42 0.51 

8.      The pace was appropriate 4.17 0.94 

Workshop instructors (facilitators)    

9.      The instructors were well prepared 4.77 0.44 

10.    The instructors were helpful 4.85 0.38 

Workshop results    

11.    I accomplished the objectives of this workshop 4.50 0.52 

12.    I will be able to use what I learned in this workshop 4.77 0.44 

13.    The workshop was a good way for me to learn this content 4.92 0.28 

14.  How would you improve this workshop (check all that apply) COUNT of responses 

�       Provide better information before the workshop 5 

�       Clarify the workshop objectives 1 

�       Reduce the content covered in the workshop 0 

�       Increase the content covered in the workshop 1 

�       Include more practical/hands-on activities 9 

�       Include less practical/hands-on activities 0 

�       Make activities more stimulating 1 

�       Improve workshop organization 0 

�       Make workshop less difficult 0 

�       Make workshop more difficult 0 

�       Slow down the pace of the workshop 4 

�       Speed up the pace of the workshop 2 
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APPENDIX 8 

KNOWLEDGE, ATTITUDES AND PRACTICES (KAP) 

Form and analysis 

An informal capacity analysis was done with the participants on the first and last day of the course. The objective 
was to understand the targeting of the invitations, the impact of the course and the opportunities for future 
endeavours. The two forms are almost identical, with a small difference about institutional arrangements in 
regards to aquaponics. The two forms are presented below, followed by a numerical analysis and discussion. 

 

KAP form (before) 

Participant name (optional): .................................................. Country: ....................................... 

Instructions: 
Please circle your response to the items below. Rate your current level of current level of understanding and/or 
comfort on a 1–5 scale:  

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

Your feedback is most appreciated. Thank you.  

Circle your response to each item 

1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 

Aquaculture 

1. I understand and can explain freshwater fish production 
(breeding, on-growing, harvest) 

1     2      3     4     5 

2. I understand and can explain key aspects of fish feeding (feed 
conversion ratio, growth rate, feed selection) 

1     2      3     4     5 

3. I understand and can identify water parameters required for good 
fish production (pH, T, DO, TAN, NO2, NO3, KH) 

1     2      3     4     5 

4. I understand the importance of mechanical filtration and can 
describe different types of filters 

1     2      3     4     5 

5. I understand and can explain the importance of biological 
filtration and the nitrogen cycle 

1     2      3     4     5 

6. I am comfortable designing a Recirculating Aquaculture System 
(less than 20 000 litres) 

1     2      3     4     5 

7. I am comfortable recognizing and treating common fish diseases 1     2      3     4     5 
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Agriculture 

8. I understand and can explain the basic anatomy of a plant 1     2      3     4     5  

9. I understand and explain the nutrient requirements of plants 1     2      3     4     5  

10. I understand and can explain and major aspects of Integrated Pest 
Management  

1     2      3     4     5 

11. I am comfortable identifying nutrient deficiencies in plants 1     2      3     4     5 

12. I am comfortable identifying insect pests on plants 1     2      3     4     5  

13. I am comfortable propagating seedlings, transplanting, harvesting, storing 
agricultural crops 

1     2      3     4     5  

14. I understand the importance of market analysis for commercial 
agriculture 

1     2      3     4     5  

15. I am comfortable adjusting the pH of water using acids/bases 1     2      3     4     5  
Aquaponics 

16. I understand and can explain the theoretical balance between the number 
of fish and the number of plants in an aquaponic system 

1     2      3     4     5 

17. I understand and can explain the critical components of an aquaponic 
system (fish tank, sump, water pump, etc.) 

1     2      3     4     5 

18. I am comfortable performing water quality analysis 1     2      3     4     5 

19. I understand and can explain the key opportunities of aquaponics for 
sustainable food production 

1     2      3     4     5 

20. I understand and can explain the key constraints/challenges of aquaponics 1     2      3     4     5 
21. I currently use aquaponics while preforming my professional duties 1     2      3     4     5 
22. I currently use aquaponics in my private/personal garden 1     2      3     4     5 

Training and capacity development 
23. I understand the importance of trained human resources specializing in 

aquaponics 
1     2      3     4     5  

24. I am comfortable teaching aquaponics to farmers, students and 
entrepreneurs 

1     2      3     4     5  

Advocacy 
25. I believe that aquaponics deserves increased investment from the 

government 
1     2      3     4     5 

26. I believe that aquaponics should be taught in universities and schools 1     2      3     4     5 
27. I believe that more research is needed in aquaponics 1     2      3     4     5 

28. I believe that a regional network of experts and practitioners would 
support aquaponic development 1     2      3     4     5 
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KAP form (after) 

Participant name (optional): .................................................. Country: ……………................... 

Instructions: 
Please circle your response to the items below. Rate your current level of current level of understanding and/or 
comfort on a 1–5 scale:  

1 = “Strongly disagree” or the lowest, most negative impression 
3 = “Neither agree nor disagree” or an adequate impression 
5 = “Strongly agree” or the highest, most positive impression 

Your feedback is most appreciated. Thank you.  

Circle your response to each item 

1 = strongly disagree | 2 = disagree | 3 = neither agree nor disagree | 4 = agree | 5 = strongly agree 

Aquaculture 

1. I understand and can explain freshwater fish production 
(breeding, on-growing, harvest)  

1     2      3     4     5 

2. I understand and can explain key aspects of fish feeding (feed 
conversion ratio, growth rate, feed selection) 

1     2      3     4     5 

3. I understand and can identify water parameters required for good 
fish production (pH, T, DO, TAN, NO2, NO3, KH) 

1     2      3     4     5 

4. I understand the importance of mechanical filtration and can 
describe different types of filters 

1     2      3     4     5 

5. I understand and can explain the importance of biological 
filtration and the nitrogen cycle 

1     2      3     4     5 

6. I am comfortable designing a Recirculating Aquaculture System 
(less than 20 000 litres) 

1     2      3     4     5 

7. I am comfortable recognizing and treating common fish diseases 1     2      3     4     5 
Agriculture 

8. I understand and can explain the basic anatomy of a plant 1     2      3     4     5 

9. I understand and explain the nutrient requirements of plants 1     2      3     4     5 

10. I understand and can explain and major aspects of Integrated Pest 
Management  

1     2      3     4     5 

11. I am comfortable identifying nutrient deficiencies in plants 1     2      3     4     5 

12. I am comfortable identifying insect pests on plants 1     2      3     4     5 

13. I am comfortable propagating seedlings, transplanting, 
harvesting, storing agricultural crops 

1     2      3     4     5 

14. I understand the importance of market analysis for commercial 
agriculture 

1     2      3     4     5 

15. I am comfortable adjusting the pH of water using acids/bases 1     2      3     4     5 
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Aquaponics 

16. I understand and can explain the theoretical balance between the 
number of fish and the number of plants in an aquaponic system 

1     2      3     4     5 

17. I understand and can explain the critical components of an 
aquaponic system (fish tank, sump, water pump, etc.) 

1     2      3     4     5 

18. I am comfortable performing water quality analysis 1     2      3     4     5 

19. I understand and can explain the key opportunities of aquaponics 
for sustainable food production 

1     2      3     4     5 

20. I understand and can explain the key constraints/challenges of 
aquaponics 

1     2      3     4     5 

Training and capacity development 
21. I understand the importance of trained human resources 

specializing in aquaponics 
1     2      3     4     5 

22. I am comfortable teaching aquaponics to farmers, students and 
entrepreneurs 

1     2      3     4     5 

Advocacy 

23. I believe that aquaponics deserves increased investment from the 
government 

1     2      3     4     5 

24. I believe that aquaponics should be taught in universities and 
schools 

1     2      3     4     5 

25. I believe that more research is needed in aquaponics 1     2      3     4     5 

26. I believe that a regional network of experts and practitioners 
would support aquaponic development 

1     2      3     4     5 

Institutional arrangement 

27. Aquaponic extension (research and farmer training) would be 
covered by my current job description 

1     2      3     4     5 

28. Aquaponic extension (research and farmer training) would be 
covered by my organizations mandate 

1     2      3     4     5 
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KAP analysis 

 

  
  

Before After 

Avg SD Avg SD 

Aquaculture         
1. I understand and can explain freshwater fish production (breeding, 

ongrowing, harvest) 
3.50 1.41 4.62 0.51 

2. I understand and can explain key aspects of fish feeding (feed 
conversion ratio, growth rate, feed selection) 

3.44 1.36 4.23 0.44 

3. I understand and can identify water parameters required for good 
fish production (pH, T, DO, TAN, NO2, NO3, KH) 

3.06 1.53 4.62 0.51 

4.     I understand the importance of mechanical filtration and can 
describe different types of filters 

3.56 1.26 4.46 0.66 

5.    I understand and can explain the importance of biological filtration 
and the nitrogen cycle 

3.50 1.41 4.46 0.78 

6.    I am comfortable designing a Recirculating Aquaculture System 
(less than 20 000 litres) 

3.25 1.53 4.15 0.69 

7.    I am comfortable recognizing and treating common fish diseases 2.50 1.37 3.31 1.03 

Agriculture         

8.      I understand and can explain the basic anatomy of a plant 3.75 1.18 4.46 0.66 

9.      I understand and explain the nutrient requirements of plants 3.81 1.05 4.38 0.51 

10. I understand and can explain and major aspects of Integrated Pest 
Management 

3.31 1.45 4.15 0.69 

11. I am comfortable identifying nutrient deficiencies in plants 3.44 0.96 4.23 0.60 

12.   I am comfortable identifying insect pests on plants 3.56 0.81 4.08 1.04 

13.   I am comfortable propagating seedlings, transplanting, harvesting, 
storing agricultural crops 

3.94 1.00 4.77 0.44 

14.  I understand the importance of market analysis for commercial 
agriculture 

4.25 1.06 4.69 0.48 

15.  I am comfortable adjusting the pH of water using acids/bases 3.31 1.70 4.19 0.85 

Aquaponics         

16. I understand and can explain the theoretical balance between the 
number of fish and the number of plants in an aquaponic system 

3.25 1.44 4.31 0.63 

17. I understand and can explain the critical components of an 
aquaponic system (fish tank, sump, water pump, etc.) 

3.88 1.20 4.77 0.44 

18. I am comfortable performing water quality analysis 3.25 1.44 4.77 0.44 
19. I understand and can explain the key opportunities of aquaponics 

for sustainable food production 
4.06 0.85 4.85 0.38 

20. I understand and can explain the key constraints/challenges of 
aquaponics 

4.00 0.89 4.77 0.44 

21. I currently use aquaponics while preforming my professional duties 2.63 1.67   

22. I currently use aquaponics in my private/personal garden 2.69 1.82   
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Training and capacity development         

23. I understand the importance of trained human resources 
specializing in aquaponics 

4.44 1.09 5.00 0.00 

24. I am comfortable teaching aquaponics to farmers, students 
and entrepreneurs 

3.75 1.18 4.38 0.57 

Advocacy         

25. I believe that aquaponics deserves increased investment 
from the government 

  4.85 0.38 

26. I believe that aquaponics should be taught in universities 
and schools 

  4.85 0.38 

27. I believe that more research is needed in aquaponics   4.75 0.62 

28. I believe that a regional network of experts and practitioners 
would support aquaponic development 

  4.92 0.28 

Organizational         
29. Aquaponic extension (research and farmer training) would be 

covered by my current job description 
   3.92 1.32 

30. Aquaponic extension (research and farmer training) would be 
covered by my organizations mandate 

   4.15 1.21 

 

KAP discussion 

In every single question, the participants improved based on this self-assessment. Overall, this further emphasises 
the success of the workshop, but there are interesting trends in these data, including the targeting, the skills gaps 
and the future directions. 

The targeting of this workshop was very well done, and indeed most participants considered that extension of 
aquaponics would fall within their current job description and within the mandate of their organization. Several 
of the participants were currently using aquaponics in their private or professional capacity and therefore clearly 
benefited from this training. Also, the group’s initial knowledge was diverse across the categories showing that, 
as a whole, participants understood aquaculture, horticulture and aquaponics. The participants showed the 
greatest improvement in the category of aquaponics. 

This self-examination helped to quantify the impact of this workshop. These questions were designed as 
indicators of the major learning objectives of the course. Further, the survey provided an opportunity for the 
participants to think critically about their current state of KAP regarding aquaponics while discussing and 
brainstorming ways to improve. 
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APPENDIX 9 

CALCULATOR (EXPLANATION AND SCREENSHOTS) 

 

Purpose and introduction 

FAO is developing a spreadsheet model of aquaponic systems. The two purposes are to 1) reinforce theoretical 
lessons of an aquaponic course, and 2) estimate cash-flow, running costs and production volume in a model 
aquaponic farm. As a teaching tool, this calculator reviews the key equations and calculations that are required 
to design an aquaponic farm. The user can follow through the built-in logic inside the model to understand how 
the production is calculated. This offers an opportunity for the practical use of the core concepts taught in the 
workshops, and moves the participant from a classroom setting into actually planning a model farm. 

Secondly, by estimating cash flow in a simple way the participant sees a demonstration of the importance of 
adequate market research, proper targeting of aquaponic interventions and niche marketing. It is important to 
note that this calculator is in no way intended to replace full business plan development or the work of 
professional consultants and builders. Instead, it is intended to show why proper planning is essential to a 
successful intervention. The calculator is currently (August 2017) in beta development and is being released for 
testing to verify the calculations and add missing components. As of writing the calculator does not calculate 
capital expenditure nor return on investment.  

 

 

Description of components 

First, the user inputs variables that include: the growing area, the crop choices, the cost of water, cost of electricity 
and sale prices of fish and vegetables. These input parameters can be developed through online research, farm 
visits or expert opinion. 

Second, the user examines the “assumptions” which are prefilled for the user. These assumptions are the technical 
parameters of the aquaponic system, including: feed conversion ratio, feed rate ratio, feeding rate, stocking 
density, water turnover rates, displacement and electrical efficiency. The assumptions can be easily changed by 
the user, which is encouraged based on local experience or feedback from demonstration/pilot units. The prefilled 
values are based on literature research, expert consultation and experience. 
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Each time one of the input parameters or assumptions is changed, the output also changes. The output is a grouped 
set of response variables. The high-level groupings are “Revenue”, “Cost” and “Profit” in order to underscore 
the importance of financial planning. These two high level groupings can be expanded to provide itemized cash 
flow as well as design parameters. 

The revenue is divided into volume and sales prices of the fish and two crops. 

The costs are broken into the costs of feed, water, electricity, fingerlings, labour and running costs. 

Within the feed group the daily and monthly weight of feed is also calculated. 

Within the water group the sizes of each tank, including the fish tank, sump, filters and grow beds is calculated. 

Within the electricity group the energy consumption of the water and air pumps is calculated, as well as the 
required flow rates. 

Overall the breakdown of the costs demonstrates their relative importance. The calculations of component sizing 
is designed to lead to an accurate understanding of the total system size, and helps the participant to cost and 
source the correct materials. 
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Calculations 

The following section walks through the mathematical logic embedded within the spreadsheet. 

Steps (costs): 

Feed weight and fish biomass 

1. Grow area × Feed Rate Ratio = Daily feed 
2. Daily feed × 30 × Feed unit cost = Feed costs (month) 
3. Daily feed ÷ Feeding rate = Biomass of fish (instantaneous average) *unit conversion 
4. Biomass of fish (average) × Stocking swing = Biomass of fish (max) 
5. Biomass of fish (max) ÷ Stocking density = Water volume (fish tank) 

Water volume, water usage, water weight, fish tank sizing, filter sizing 

6. Water volume (fish tank) × Filter percentage = Water volume (filter) 
7. Water volume (fish tank) × Sump percentage = Water volume (filter) 
8. Water volume (fish tank) × Grow bed volume × media displacement = Water volume (grow bed) 
9. ∑Water volume (fish tank, filter, sump, grow bed) = Water volume total 
10. Water volume total × Water usage percent = Water usage *unit/time conversion 
11. Water usage × Water unit cost = Water cost (month) 
12. Water volume total => Water weight tonnes *unit conversion 

Energy consumption (air and water only), pump size 

13. ∑Water volume (fish tank, filter, sump) × Water turnover fish = Water flow rate (fish) 
14. Water volume (grow bed) × Water turnover plants = Water flow rate (plants) 
15. ∑Water flow rate (fish, plants) × Water pump efficiency = Energy demand (water pump) 
16. Daily feed = Oxygen demand by day  
17. Oxygen demand by hour × Air stone efficiency = number of air stones (sea level) *unit conversion 
18. Number of air stones (sea level) * [1 +(Farm elevation × 0.0133333)] = Number air stones (farm) 
19. Number of air stones (farm) × 9.9 = Air volume delivered at depth 
20. Air volume delivered at depth × 1.33 = Air volume at pump outlet 
21. Air volume at pump outlet × Air pump efficiency = Energy demand (air pump) 
22. ∑Energy demand (water pump, air pump) × unit cost electricity = Electricity cost (month) 

Fish costs 

23.  Feed usage × Feed conversion ratio = Fish production (kilo) 
24.  Fish production (kilo) ÷ Fish harvest weight = Fish production (#) 
25.  Fish production (#) × Fish fry cost = Fish costs 

Labour costs 

26. Grow area × labour time = labour burden *unit conversion 
27. Labour burden (hours) x labour cost (per hour) = Labour cost 

Fixed costs (Insurance, depreciation, tenure 

28. *Carried down from input variables 
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Steps (revenue): 

Vegetable crop, production and revenue 

1. Grow area × Crop production per area = Crop 1 production 
2. Crop 1 production × Crop unit price = Crop 1 revenue 
3. *repeat for Crop 2 

Fish production and revenue 

4. Feed usage × Feed conversion ratio = Fish production (kg) 
5. Fish production (kg) × Fish sale price = Fish revenue 
6. Fish production (kg) ÷ Fish harvest weight = Fish production (#) 

 

Limitations 

The calculator is limited in three ways, one significant and two manageable with further development. The most 
significant limitation is the balance between flexibility and prescriptiveness. In order to calculate accurately, the 
model must dictate a certain set of design choices. For example, two crops are grown in either media bed or deep-
water culture, a filter and a sump are used, and all calculations are done monthly. This was identified as an issue 
of concern because it could not accurately reflect the culture of batch harvesting nor the bumina-method of 
aquaponics. Increased flexibility of the model can be contained with more back-end/hidden coding, but would 
make its use more complicated. At the same time, there is an argument for a more prescriptive approach that 
indicates the exact design criteria. Once the user has entered the input parameters the model would provide an 
actual line-drawing and estimate costs of construction. This will be useful for investors to calculate return on 
investment and for farmers looking for exact design blueprints. However, it will be impossible to capture all 
possible permutations of an aquaponic farm and will limit the adaptability and creativity. Moreover, choosing the 
design based on location specific materials and limitations is the most important step in the planning process 
which means that the calculator is already presupposing. In this regards it is proposed that the main calculator 
should remain flexible, and an associated secondary tool could provide capital expenditure on the most common 
and recommended systems, based on a modular greenhouse system using standard and tested technologies. 

The second problem is technical and manageable. The set of variables called “assumptions” change for every 
farm, in every location. Currently these assumptions are averages based on literature research, expert opinion and 
experience. However, they are biased based on where the research was done, typically in Australia, Europe and 
the United States of America (USA). Therefore, regionally specific parameters will need to be calculated, and 
pilot projects will need to ground-truth and verify those assumptions. In addition, more expert consultation will 
be needed. The model will need to be tested against existing farms to verify how well it predicts observed 
production and consumption values. 

The third problem is related, but deserved special attention. The labour costs calculation can cause bias within 
the system based on the high leverage of the variable. The labour, in reality, needs to be calculated very carefully 
to include marketing, human resources, distribution and ancillary tasks. As the farm grows, so will the need for 
these additional resources. At the same time, as the farm grows so do the opportunities for automation in the 
seeding, transplanting, harvesting and packaging and thus the labourers decrease. No study has ever quantified 
the labour burden of an aquaponic farm based on the size, and therefore it is difficult to make a scalable variable. 
In this regards this labour parameter will need dedicated attention during any pilot studies and should be the focus 
of further research. 
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APPENDIX 10 

FAO AQUAPONICS MANUAL AND PUBLICATION PORTFOLIO 

 

Somerville, C., Cohen, M., Pantanella, E., Stankus, A. & 
Lovatelli, A. 2014. 
 

Small-scale aquaponic food production. Integrated fish 
and plant farming.  

FAO Fisheries and Aquaculture Technical Paper No. 589. 
Rome, FAO. 262 pp. 
 
Aquaponics is a symbiotic integration of two mature 
disciplines: aquaculture and hydroponics. This technical paper 
discusses the three groups of living organisms (bacteria, plants 
and fish) that make up the aquaponic ecosystem. It presents 
management strategies and troubleshooting practices, as well 
as related topics, specifically highlighting the advantages and 
disadvantages of this method of food production. This 
publication discusses the main theoretical concepts of 
aquaponics, including the nitrogen cycle, the role of bacteria, 
and the concept of balancing an aquaponic unit. It considers 
water quality, testing and sourcing for aquaponics, as well as 
methods and theories of unit design, including the three main 
methods of aquaponic systems: media beds, nutrient film 
technique, and deep water culture. The publication includes 
other key topics: ideal conditions for common plants grown in 
aquaponics; chemical and biological controls of common pests 

and diseases including a compatible planting guide; common fish diseases and related symptoms, causes and 
remedies; tools to calculate the ammonia produced and biofiltration media required for a certain amount of fish 
feed; production of homemade fish food; guidelines and considerations for to establishing aquaponic units; a 
cost-benefit analysis of a small-scale, media bed aquaponic unit; a comprehensive guide to building small-scale 
versions of each of the three aquaponic methods; and a brief summary of this publication designed as a 
supplemental handout for outreach, extension and education. Aquaponics is an integrated approach to efficient 
and sustainable intensification of agriculture that meets the needs of water scarcity initiatives. Globally, improved 
agricultural practices are needed to alleviate rural poverty and enhance food security. Aquaponics is residue-free, 
and avoids the use of chemical fertilizers and pesticides. Aquaponics is a labour-saving technique, and can be 
inclusive of many gender and age categories. In the face of population growth, climate change and dwindling 
supplies of water and arable land worldwide, developing efficient and integrated agriculture techniques will 
support economic development. 
 
The manual can be downloaded from the following web link (English version): 
www.fao.org/3/a-i4021e/index.html 
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Additional publications from FAO regarding aquaponics can be found at the following links: 

 
FAO Aquaponic Portfolio 

Direct Link Brief Description 
www.fao.org/3/a-i4021e.pdf FAO Aquaponic Technical Manual (English) 
www.fao.org/3/a-i4021a.pdf FAO Aquaponic Technical Manual (Arabic) 
www.fao.org/3/a-i5337e.pdf FAO Aquaponic Workshop Report – Osimo, Italy 
www.fao.org/3/a-i5543e.pdf FAO Aquaponic Workshop Report – Bogor, Indonesia  

www.fao.org/3/a-i6851e.pdf 
FAO Multistakeholder Workshop Report – Bogor, 
Indonesia 

 
FAO Aquaponic Workshop Report – Saint John’s, 
Antigua 

www.fao.org/blogs/blue-growth-blog/advancing-
aquaponics-development-in-indonesia/en/ 

Blue Growth Blog on FAO Aquaponic Workshop in 
Indonesia 

www.fao.org/3/a-i4504e.pdf 
FAO Fisheries and Aquaculture Newsletter #53 (page 
52) 

www.youtube.com/watch?v=Cp-fyoZxwAo YouTube video of Aquaponic farm in Limo, Indonesia 

www.youtube.com/watch?v=558nSVsL5nI 
YouTube video of Aquaponic AP farm in Cijeruk, 
Indonesia 

http://teca.fao.org/keywords/aquaponics 
FAO TECA (keyword aquaponics) on simple aquaponic 
practices – French and English 

http://teca.fao.org/technology/simple-non-
circulating-hydroponic-method-vegetables 

FAO TECA – non circulating hydroponics 

www.fao.org/zhc/detail-events/en/c/320156/ 
FAO Zero Hunger Challenge – 7 rules of aquaponics in 
6 languages 

www.fao.org/3/a-i4741e.pdf 
FAO report on Women’s work burden (aquaponics on 
page 26) 

 
  



57 

APPENDIX 11 

SELECTED PHOTOS OF THE WORKSHOP 

 

 

 

Damon Francis of Indies Greens explains fish stocking density 
in the grow-out tanks 
 

 
Kristina Adams demonstrates how to catch tilapia using a dip net 
 

 

 

Two methods to start plants seeds were shown, the vacuum 
assisted seeding machine, and the traditional wet-stick method 
 

 A large supply of healthy seedlings is essential to maintain high 
production volume and quality 
 

 

 
Genelle Henry 

Kaywana Richards 
 
Interns during their summer holiday before going to University demonstrate how to outplant seedlings into the deep water rafts using 
kitchen tongs to extend their reach 
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Vallierre examines the produce ready for harvest, noticing the 
all-important backup generator in the background 
 

 Hophni Sargent trims the roots from a lettuce, while Kristina 
exaggerates the size of the lettuce that got away 
 

 

 

Marjorie Browne prepares seedlings for outplanting 
 

 The heat of summer is hard on the cool-weather lettuce, and sick 
plants are removed from the system to prevent disease 

 

 

Participants capture broodstock in the hapa nets 
 A female tilapia is hand-stripped of eggs which are then put into 

incubators to finish the development 
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Good water quality is essential to maintaining a healthy and 
productive system. Here participants use colourimetric tests 
 

 Vallierre shows the camera a more precise tool to measure the 
quality of the water 
 

 

 

Larry Francis of Indies Greens explains the cardinal rule of 
recirculating aquaculture – get the wastes out fast – while 
discussing mechanical drum filters 
 

 
Since no pesticides are used, spiders, frogs and beneficial insects 
are critical to keep the population of pests under control 

 

A billboard in the capital shows what it is all about – supporting 
local farmers 

 The final Friday fish fry gave particapants a chance to enjoy the 
fruits (and fish) of their labour 
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APPENDIX 12 

SELECTED PRESS RELEASES AND NEWS CLIPS 

 

“More exploration in aquaculture can lower import fees” The Daily Observer [Saint Johns, Antigua]. 
15 August 2017: p 11. 

 
 
 



A technical training workshop on advancing aquaponics was held in Saint John’s, 

Antigua and Barbuda, in the period 14–18 August 2017. Fourteen international 

participants were present from five countries (Antigua and Barbuda, the 

Commonwealth of the Bahamas, Barbados, Grenada, Saint Kitts and Nevis). The 

workshop was an activity organized under the Technical Cooperation Project 

(TCP/SLC/3601) Towards a Caribbean Blue Revolution in response to the request 

from the Governments of Antigua and Barbuda, the Commonwealth of the Bahamas, 

Barbados, Saint Kitts and Nevis. 

The five-day workshop was convened by FAO and consisted of lectures, 

demonstrations and hands-on activities supported by aquaponics experts from 

Indies Greens, a commercial aquaponic farm that doubles as a teaching and 

demonstration system, and was supported by FAO technical officers and 

aquaponics consultants. 
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