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Introduction
For nearly three decades the Aquaculture Program at the University of the Virgin Islands (UVI) has focused on the development of two intensive tilapia production systems that conserve and reuse water and recycle nutrients. Dry conditions and limited arable land in the Virgin Islands provided the impetus for this research. A commercial-sized aquaponic system was developed. This system can annually produce 5 mt of tilapia and 5-13 mt of leafy green vegetables on 0.05 ha of land. A 0.02-ha biofloc system was developed which can produce 7 mt of tilapia annually. The biofloc system could be scaled up to a larger size. Using geotextile technology, solid waste from these systems can be recovered, dewatered and used as a soil amendment for field crops, replacing the need for inorganic fertilizers.
After 19 years of research and development, the aquaculture program started to promote and teach these technologies while continuing to conduct research. In 1999, the 1st Annual Aquaponics and Tilapia Aquaculture Short Course was held and attended by 17 students. Advertising for the 1-week course was conducted mainly by sending out flyers and placing ads in aquaculture publications. As the Internet became widely used, most attendees learned of the course through the Internet and the use of flyers was discontinued. Attendance gradually increased until the capacity of the lecture room (33) was consistently reached and exceeded, resulting in the rejection of many applicants. During the last 4 years, a new conference room became available and attendance in 2007, 2008, 2009 and 2010 was 63, 73, 56 and 92 students, respectively. In 2008, the 10th anniversary of the course, its name was changed to the International Aquaponics and Tilapia Aquaculture Course. During that year students came from all seven continents, including a researcher from Antarctica. 

A team of four aquaculturists teach the course which is divided into 26 hours of classroom instruction and 22 hours of hands-on field exercises. During 2007-2009, two lectures were delivered during each course by an aquaponics researcher (Dr. Wilson Lennard) from Australia over the phone while his PowerPoint slides were shown in the conference room.

Total course attendance to date has been 510 students from 45 U.S states and territories and 52 other countries (Table 1).  Former students have offered their own short courses in Florida, Illinois, Oklahoma, Hawaii and Mexico and have attracted hundreds of students. The course instructors are sometimes asked to conduct aquaponics training at other locations including Virginia, Pennsylvania, Wisconsin, Hawaii, Mexico, Trinidad and Australia. As a result of the UVI course and the efforts of many others, aquaponics is becoming remarkably popular but mainly at the hobby level so far. Biofloc system adoption is slower, but its potential in tropical areas is great. Biofloc technology training should be conducted in a separate course for a different audience. 
Table 1. Breakdown of participants taking the “International Aquaponics and Tilapia Aquaculture Course” by state, territory and country during 13 course offerings from 1999-2010.

	U.S. States
	Student No.
	West Indian Countries, Territories, Departments
	Student No.

	Alabama
	11
	
	

	Arizona
	6
	Antigua
	9

	Arkansas 
	2
	Barbados
	3

	California
	20
	British Virgin Islands
	2

	Colorado
	8
	Cayman Islands
	4

	Connecticut
	7
	Curacao
	3

	Florida
	39
	Dominican Republic
	3

	Georgia
	16
	Haiti
	3

	Hawaii
	6
	Jamaica 
	6

	Idaho
	1
	Martinique
	5

	Illinois
	5
	Montserrat
	1

	Indiana
	1
	Nevis
	2

	Iowa
	1
	St. Eustatius
	2

	Kansas
	3
	St. Lucia
	5

	Kentucky
	1
	St. Maarten
	7

	Louisiana 
	11
	Trinidad and Tobago
	16

	Maine
	1
	
	

	Maryland
	3
	Other Countries
	

	Massachusetts
	3
	Argentina
	1

	Michigan
	7
	Australia 
	3

	Minnesota
	2
	Bahamas
	3

	Missouri
	2
	Belize
	1

	New Hampshire
	2
	Botswana
	1

	New Jersey
	8
	Bulgaria
	1

	New York
	16
	Canada
	21

	North Carolina
	5
	Colombia
	4

	Ohio
	5
	Costa Rica 
	2

	Oklahoma
	5
	Cyprus
	2

	Oregon
	4
	Denmark
	1

	Pennsylvania
	8
	Ethiopia
	1

	Rhode Island
	2
	Finland
	1

	South Carolina
	3
	France
	1

	South Dakota
	1
	France (Réunion Island) 
	1

	Tennessee 
	4
	Guatemala
	2

	Texas 
	18
	Honduras
	1

	Utah
	3
	China (Hong Kong)
	3

	Virginia
	11
	Hungary
	1

	Washington
	4
	Indonesia
	2

	West Virginia 
	1
	Italy
	1

	Wisconsin
	1
	Japan
	1

	
	
	Lebanon
	1

	District of Columbia
	1
	Malaysia
	8

	
	
	Mexico
	9

	
	
	Nigeria
	2

	U.S. Virgin Islands
	 
	Norway
	1

	St. Croix
	34
	Peru
	2

	St. John
	1
	Republic of Benin 
	1

	St. Thomas
	12
	Saudi Arabia
	1

	
	
	Singapore 
	3

	Other U.S. Territories
	
	South Africa
	4

	American Samoa
	2
	UAE (Abu Dhabi) 
	1

	Guam
	1
	UK (England)
	10

	Puerto Rico
	26
	UK (Scotland)
	1

	Saipan
	2
	Venezuela 
	2

	
	
	Zimbabwe 
	1

	U.S. States
	40
	
	

	District of Colombia
	1
	
	

	U.S. Territories
	5
	
	

	Other Countries, Emirates Territories, Departments 
	52
	
	

	Continents
	7
	(including Antarctica)
	1

	Total Students
	510
	
	


Background
UVI is a U.S. Land-Grant University. Land-Grant Universities typically have an agricultural experiment station, a cooperative extension service and an agricultural instruction program. UVI however could not sustain an instructional program due to lack of students from the Virgin Islands (population ~ 110,000) who wanted to pursue a degree in agriculture. Therefore, offering short courses became a feasible alternative to a formal degree program. 
The U.S. Virgin Islands has a tourism-based economy of which agriculture is a very small segment. More than 95% of the food consumed in the Virgin Islands is imported, including 80% or more of the fish. There is a great need to increase the local production of fresh fish and vegetables.  
The UVI Agricultural Experiment Station supports the agriculture industry by conducting applied research in the areas of animal science, agronomy, horticulture, biotechnology and aquaculture. Aquaculture was the only research program which did not have a stakeholder base. The Aquaculture Program was established to create a commercial aquaculture sector by developing fish culture systems that are appropriate for the Virgin Islands and economically feasible.  The Aquaculture Program has enjoyed a long period of stable funding and freedom to explore new technologies without stakeholder pressure. 
The culture of freshwater fish in dug ponds is not feasible in the Virgin Islands because there is no running surface water and insufficient freshwater supplies in aquifers. Moreover, the high calcium carbonate soils (caliche) in the Virgin Islands lowlands do not retain water. Therefore, the Aquaculture Program focuses its research on high density tank systems that reuse and conserve water and recycle nutrients in vegetable crops. The program initially conducted research on aquaponic systems and later added the study of biofloc systems to its research agenda. Hydroponic herbs and vegetables were grown in aquaponic systems in conjunction with tilapia. The biofloc systems raised tilapia and recovered solid waste, using geotube technology, to fertilize field crops. 

The results from a long progression of experiments on aquaponic and biofloc technology were outstanding. Both systems were scaled up to commercial sizes and evaluated for productivity. The aquaponic system can produce 5 mt of tilapia and 5 - 13 mt of hydroponic leafy green vegetables such as lettuce and basil annually on 0.05 ha of land (Figure 1) (Rakocy et al. 1997, Rakocy et al. 2004a, Rakocy et al. 2004b).  Production of kangkong (Ipomoea aquatica), a nutritious aquatic plant, was 34 mt annually (unpublished data). A 0.02-ha biofloc tank can produce 7 mt of tilapia annually (unpublished data) (Figure 2) (Rakocy et al. 2004c). Dewatered solids (13% dry weight), which were collected from the biofloc system using geotube technology, produced comparable yields of vegetables when used as an organic fertilizer compared to standard applications of slow release inorganic fertilizers (Danaher 2009).  
Training     

By 1999 the development of the UVI aquaponic system reached a stage where it was ready for commercial application. While continuing to conduct research and refine the aquaponic and biofloc systems, the Aquaculture Program also began to promote this technology and train students by initiating the annual “Aquaponics and Tilapia Aquaculture Short Course.”  

The course begins on a Sunday in the middle of June. After the instructors are introduced, the students introduce themselves, stating where they come from and what their goal is in taking the course. At this point the students are given CDs containing numerous publications and a class schedule. Students generally belong to one of the following categories: farmers, entrepreneurs, teachers, researchers, extension agents, missionaries or hobbyists.  
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Figure 1. The UVI aquaponic system with a basil crop. 

The course is taught at a very fundamental level, assuming the students have little or no knowledge of aquaculture or horticulture. The course is comprised of 6 days of instruction and a field trip on the seventh day. Instruction is divided into 26 hours of classroom presentations and 14 hours of hands-on field work. The lectures are given by four professional staff members in the Aquaculture Program and an aquaponics expert from Australia who calls in his two 1-hour presentations while his PowerPoint slides are shown to the class. The lecture topics emphasize the principles and practical applications of aquaponics and biofloc technologies (Table 2). 

One topic that is always well received is the development of the UVI aquaponic system. This is a 2-hour PowerPoint presentation with many photos of the 2-decade evolution of the UVI system. It shows three scale-ups of the system to the current commercial size and many design iterations of the commercial system. Emphasis is placed on the mistakes that were made in a trial and error process. The goal of this lecture is to have students learn from these mistakes, not repeat them and realize that small changes can lead to unintended consequences in a biological system.

Hands-on field work is a very important aspect of the course. After an initial comprehensive introductory tour of the aquaculture facility, students actively participate in several field activities (Table 3).
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Figure 2. The UVI biofloc system. 
Table 2. Lecture topics in the “International Aquaponics and Tilapia  

Aquaculture Course.”

	World status of tilapia production and aquaponics systems 

	Overview of the UVI systems

	Development of the UVI aquaponic system

	UVI aquaponic system design

	UVI aquaponic system construction

	Technical aspects of Australian aquaponics

	Aquaponic guidelines

	The UVI biofloc system

	Tilapia breeding, fry and fingerling production

	Feeding and fish nutrition

	The biology and diseases of tilapia

	Processing and marketing

	Water quality 

	Plant requirements

	Plant production

	Plant pests, diseases and treatment

	Economics of aquaponics

	Business planning 


Table 3. Field activities in the “International Aquaponics and Tilapia 

Aquaculture Course.”

	Sort brood fish by sex

	Stock breeding hapas

	Collect and incubate eggs

	Estimate fry numbers

	Stock fry into hapas for sex reversal

	Grade and stock advanced fingerlings

	Harvest, purge and process tilapia

	Seed planting trays in greenhouse

	Fertilize and thin seedlings

	Transplant seedlings into aquaponic system

	Harvest and package vegetables  

	Clean raft tops and net pots


The field activities in Table 3 are done by students. In addition, demonstrations are conducted to show students the feeding of fry, fingerlings and growout fish, the addition of base, sludge removal from clarifiers and filters tanks and other miscellaneous activities. 
The local media is invited during one of the field-activity sessions. Reporters from the two local newspapers and one local television station film or take photos of students working with the fish and plants and interview several students, especially students who come from distant countries. The resultant newspaper articles and TV news stories are always very positive and reflect well on the aquaculture research program and the university.  
There are four social events during the week to encourage interaction among the students and the instructors in a less formal setting. On the first day of class the students are given dinner consisting of tilapia produced at the research facility and aquaponic vegetables along with some purchased items. On Wednesday, the students report to class in the field at 7:00 a.m. to harvest fish and vegetables, restock the fish tank and transplant seedling. After lunch on this day the students are given an island tour which finishes at a beach bar for drinks. On Friday night a banquet is held at a luxury resort which includes a cultural show. On Saturday the students go on a full day sailing and snorkel trip to Buck Island National Park. On the return trip the sail boat moors at a deserted beach on St. Croix for a beach barbecue. 
A class photo is taken Thursday afternoon. By Friday copies of this photo are printed, laminated and distributed at the class closing ceremony. The students are given certificates of completion and T-shirts with a design signifying aquaponics. The students are also given an access code so that they may view all the PowerPoint presentations on a website called Blackboard. The students fill out and submit evaluation forms, which are used to improve the course. 
There is no formal method to follow up on the students after the course. The students are encouraged to call or e-mail the instructors if they want additional information or need clarification on some topic. A few students have taken the course a second time as they get closer to constructing their operation. Several students have sent photos of their aquaponic operations. The course has lead to the installation of many aquaponic systems, but the full extent of application is not known. 

Students learn the principles of aquaponics during this intensive course. They see a working model of a commercial-scale aquaponic system and develop a good sense of the steps required to prepare an aquaponic business plan and to construct and operate an aquaponic system. However, it has become apparent over the years that students could benefit from an internship program where they are given full responsibility for operating an aquaponic system for a two or three-month period while having instructors available to assist them if problems develop or they are uncertain about some aspect of the operation. A trained intern would have the confidence and knowledge to start their own aquaponic business or work for someone else in a management capacity.  
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