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Aquaponics, also known as the inte-
gration of hydroponics with aquacul-
ture, is gaining increased attention as 

a bio-integrated, multitrophic food produc-
tion system. Th is publication, originally 
written in 2000, has been updated to take 
into consideration the newest technologies,
trends, and philosophies of aquaponic food 
production and system operation. It introduces

aquaponics and provides extensive further 
resources. It does not attempt to describe 
production methods in comprehensive tech-
nical detail, but it does provide a summary of 
key elements and considerations. References 
to details on specifi c production techniques 
and methods, including manuals and technical 
information on specifi c systems, can be found 
in the Further Resources section.

Aquaponics is a bio-integrated system that links recirculating aquaculture with hydroponic vegetable, 

fl ower, and/or herb production. Advances by researchers and growers alike have turned aquaponics into 

a working model of sustainable food production. This publication introduces aquaponic systems, dis-

cusses economics and getting started, and includes an extensive list of resources that point the reader 

to print and online educational materials for further technical assistance.

Aquaponic system. Photo: Nelson and Pade, Inc.

Introduction
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fi sh manure, algae, and decomposing fi sh feed — 
are contaminants that would otherwise build up 
to toxic levels in the fi sh tanks, but instead serve 
as liquid fertilizer to hydroponically grown plants. 
In turn, the hydroponic beds function as a bio-
fi lter — stripping off  ammonia, nitrates, nitrites, 
and phosphorus — so the freshly cleansed water 
can then be recirculated back into the fi sh tanks. 
Th e nitrifying bacteria living in the gravel and in 
association with the plant roots play a critical role 
in nutrient cycling; without these microorgan-
isms the whole system would stop functioning. 

Aquaponics harnesses a natural process and, 
unlike hydroponics, has the potential to be a 
sustainable, zero-waste food production sys-
tem. “Soil is not the only biologically active and 
diverse medium,” notes Nick Savidov, an aqua-
ponic researcher at Lethbridge College (2018). 
Like soil, a closed-loop aquaponic system is an 
ecosystem, and this is a change of paradigm 
for many hydroponic producers. Aquaponics is 
not just hydroponics plus aquaculture; it’s hydro-
ponics plus aquaculture plus a diverse microbial 
community that facilitates nutrient cycling. 

Just as adding fi sh to plants increases effi  cien-
cies, adding plants to land-based recirculation 
aquaculture has its own benefi ts. Recirculation 
aquaculture requires that wastewater be treated 

Microorganisms are the important link between 
aquatic animals and plants in an aquaponic sys-
tem. Plants evolved in association with microor-
ganisms, and having microbes in all parts of the 
aquaponic system builds an important connection 
between animals and plants that facilitates nutri-
ent uptake and plant vigor. Nutrient-rich effl  uent 
from fi sh tanks is used to fertilize hydroponic 
production beds. Th is is good for the fi sh because 
plant roots and rhizobacteria remove nutrients 
from the water. Th ese nutrients — generated from 

Aquaponics serves as a model of ecological 

food production by following several basic 

principles:

• The waste products of one biological 

system serve as nutrients for a second 

biological system, facilitated by microbial 

activity.

• The integration of fi sh and plants results 

in a multitrophic polyculture that increases 

diversity and yields multiple products. 

• Water is re-used through biological fi ltra-

tion and recirculation. 

• Local food production provides access 

to healthy foods and enhances the local 

economy.

Table 1: Hydroponic and aquaponic comparison chart. Adapted from Savidov, 2016

Rosemary roots grown hydroponically (left) and 

aquaponically (right). Photo: Nick Savidov

https://attra.ncat.org
https://attra.ncat.org/attra-pub-summaries/?pub=468
https://attra.ncat.org/attra-pub-summaries/?pub=552
https://attra.ncat.org/attra-pub-summaries/?pub=45
https://attra.ncat.org/attra-pub-summaries/?pub=512
https://attra.ncat.org/aquaculture
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Aquaponics: Key Elements 
and Considerations
A successful aquaponics enterprise requires special 
training, skills, and management. Th e following 
items point to key elements and considerations to 
help prospective growers evaluate the integration 
of hydroponics with aquaculture.

to remove nutrients before discharge, usually into 
a local body of water. Recirculation aquaculture 
is expensive given the cost of fi sh feed, the cost 
to treat the water, and the costs associated with 
permitting and discharge. It also produces a waste 
stream that must be managed (NHPR, 2018). 
Adding plants to a recirculating aquaculture sys-
tem introduces a natural biofi lter that treats the 
water, which can then be recirculated back to the 
fi sh, making a closed system.

Th ough aquaponic systems capture nutrients 
from fi sh effl  uent and pass them through the 
plant component of the system for fi ltration, there 
are still some ineffi  ciencies. Th e fi sh-waste solids 
left behind after biofi ltration must still be han-
dled. Currently, producers manage fi sh manure 
through fi eld application, composting, and anaer-
obic digestion (Khiari et al., 2019). Th ese prac-
tices, though they capture some nutrients, incur 
nutrient losses through greenhouse gas emissions 
and leaching. Recycling fi sh waste solids back into 
the aquaponic system would close the loop and 
reduce waste to practically zero. 

One way to capture the nutrients in solid fi sh 
waste is being investigated by researchers at Leth-
bridge College in Alberta, Canada. Using aerobic 
bioreactors, they have developed a two-loop sys-
tem for treatment of liquid and solid waste (Khi-
ari et al., 2019). Since 2005, aerobic bioreactors 
have been used to break down and release min-
eral nutrients to loop back into the system, with 
remarkable results (Savidov, 2018). Whereas min-
eral supplementation is common in conventional 
aquaponics, the two-loop system doesn’t require 
this. Th e solid-waste nutrients that are captured 
in the process complement liquid-effl  uent nutri-
ents, and this eliminates any waste in the system.

Th e technology associated with aquaponics is 
complex. It requires the ability to manage the pro-
duction and marketing of two diff erent agricul-
tural products simultaneously. Historically, most 
attempts at integrated hydroponics and aquacul-
ture had limited success. However, recent inno-
vations have transformed aquaponics technology 
into a viable system of food production. Modern 
aquaponic systems can be highly successful, but 
they require intensive management and careful 
attention to business planning and marketing, as 
well as the use of technology for monitoring and 
system control.

Greenhouse growers and farmers are taking note of aquaponics 
for several reasons:

• Hydroponic growers view fi sh-manured irrigation water as a source 

of organic fertilizer that enables plants to grow well. 

• Fish farmers view hydroponics as a biofi ltration method to facilitate 

intensive recirculating aquaculture.

• Greenhouse growers view aquaponics as a way to introduce organic 

hydroponic produce into the marketplace, because the only fertility 

input is fi sh feed, and all of the nutrients pass through a biological 

process. 

• Food-producing greenhouses — yielding fi sh and produce from 

one production unit — are naturally appealing for niche market-

ing and green labeling. 

• Aquaponics can enable the production of fresh vegetables and fi sh 

protein in arid regions and on water-limited farms because it is a 

water re-use system. 

• Aquaponics is a working model of sustainable food production, 

wherein plant and animal agriculture are integrated and recycling 

of nutrients and water fi ltration are linked.

• In addition to commercial applications, aquaponics has become 

a popular training aid on integrated bio-systems for vocational 

agriculture programs and high school biology classes.

Basic Aquaponic System 
Operation 
As discussed, aquaponics combines two produc-
tion components (fi sh and vegetables) to inte-
grate feed and waste processes in a closed system. 
Th e basic components include a fi sh-rearing tank, 
where feed is consumed by fi sh and the nitrogen 
cycle begins. Nitrogen is taken up by the fi sh, 
metabolized into protein, and excreted into the 
water as waste. From there, nutrients in the water 
(feed and feces) are cycled to the settling tank, 
where solids are removed and can be added to 
compost. Next in line is a biofi ltration tank, where 
ammonia from the waste nitrogen produced by 
the fi sh tank is converted to nitrite and then to 
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nitrate by bacteria. Th en, the plant-available nitro-
gen is pumped into grow beds, where nitrogen is 
taken up by plants and removed from the system 
in the form of produce. Wastewater from the grow 
beds cycles to the sump, then is degassed (where 
oxygen is put in and carbon dioxide is taken out). 
Finally, the water is pumped back into the fi sh-
rearing tank to begin the cycle once again.

Hydroponics: Hydroponics is the production of 
plants in a soilless medium, whereby all of the 
nutrients supplied to the crop are dissolved in 
water. Liquid hydroponic systems employ the 
nutrient fi lm technique (NFT), fl oating rafts, 
and noncirculating water culture. Aggregate 
hydroponic systems employ inert, organic, and 
mixed media contained in bag, trough, trench, 
pipe, or bench setups. Aggregate media used in 
these systems include perlite, vermiculite, gravel, 
sand, expanded clay, peat, and sawdust. Normally, 
hydroponic plants are fertigated (soluble fertilizers 
injected into irrigation water) on a periodic cycle 
to maintain moist roots and provide a constant 
supply of nutrients. Th ese hydroponic nutrients are 
usually derived from synthetic commercial fertil-
izers, such as calcium nitrate, that are highly sol-
uble in water. However, hydro-organics — based 
on soluble organic fertilizers such as fi sh hydro-
sylate — is an emerging practice. Hydroponic 
recipes are based on chemical formulations that 
deliver precise concentrations of mineral elements. 
Th e controlled delivery of nutrients, water, and 
environmental modifi cations under greenhouse 

Table 2: UVI Diagram. Source: University of the Virgin Islands Aquaponics Program

conditions is a major reason why hydroponics is 
so successful.

Nutrients in Aquaculture Effl  uent: Green-
house growers normally control the delivery of 
precise quantities of mineral elements to hydro-
ponic plants. However, in aquaponics, nutrients 
are delivered via aquacultural effl  uent. Fish effl  u-
ent contains suffi  cient levels of ammonia, nitrate, 
nitrite, phosphorus, potassium, and other second-
ary and micronutrients to produce hydroponic 
plants. Naturally, some plant species are better 
adapted to this system than others. For technical 
details on aquaponic nutrient delivery, see Recir-
culating Aquaculture Tank Production Systems: 
Aquaponics—Integrating Fish and Plant Culture 
(Rakocy et al., 2006).

Plants Adapted to Aquaponics: Th e selection 
of plant species adapted to hydroponic culture in 
aquaponic greenhouses is related to stocking den-
sity of fi sh tanks and subsequent nutrient concen-
tration of aquacultural effl  uent. Lettuce, herbs, and 
specialty greens (spinach, chives, basil, and water-
cress) have low to medium nutritional requirements 
and are well adapted to aquaponic systems.

Plants yielding fruit (tomatoes, bell peppers, and 
cucumbers) have a higher nutritional demand and 
perform better in a heavily stocked, well-estab-
lished aquaponic system. Greenhouse varieties 
of tomatoes are better adapted to low-light, 
high-humidity conditions in greenhouses than 
fi eld varieties are.

Rearing tanks

Base addition

Degassing
Effluent line

Return line

Hydroponic tanks

Sump 
Clarifier 
Filter tanks

UVI Aquaponic System
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Types of Aquaponic Systems

1. Nutrient fi lm technique (NFT) allows 

the plant roots to absorb nutrients from 

a ½-inch fi lm of water with high oxygen 

exposure. A small amount of water enters 

one end of a channel or gutter and fl ows 

by gravity to the other end, where it drains 

into a common collection area. Because 

of the high potential surface area, this 

method allows for greater plant produc-

tion with less water.

Nutrient fi lm technique. Photo: purehydroponics.com

2. Flood and drain uses of a substrate of pea 

gravel, perlite, or expanded clay as a plant 

growth medium. A biofi lter is not neces-

sary in this system because bacteria col-

onize the internal structures and pipe in 

the system, providing essential nitrifi ca-

tion of fi sh wastes for plant uptake. Water 

constantly fl ows through the system on a 

20- to 30-minute cycle to provide periodic 

exposure of the plant roots to water and 

air. Flood and drain systems are particu-

larly suited for heavy-fruiting plants such 

as peppers or tomatoes. 

Flood and drain. Photo: Nelson and Pade, Inc.

3. Floating raft systems use a platform, usu-

ally polystyrene, to support the plants and 

allow the roots to access water underneath. 

As with fl ood and drain systems, a biofi lter 

is usually not necessary. A large volume of 

water circulated to the roots creates tem-

perature stability and better water quality.

Floating raft. Adapted from Burden and Pattillo, 2018. Photo: Texas AgriLife Extension
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Further, in shallow-bed systems where only three 
inches in depth are employed for the production 
of specialty greens such as lettuce and basil, the 
square footage of grow space will increase four 
times. Depending on the system design, the com-
ponent ratio can favor greater outputs of either 
hydroponic produce or fi sh protein. A “node” 
is a confi guration that links one fi sh tank to a 
certain number of hydroponic beds. Th us, one 
greenhouse may contain multiple fi sh tanks and 
associated growing beds, each arranged in a sepa-
rate node.

Economics and Business 
Planning for Aquaponics
A combined recirculation aquaponic system 
incorporating fi sh and vegetables has been shown 
to provide both fi nancial and environmental 
benefi ts in some research studies and commer-
cial applications. Th e sharing of resources (i.e., 
water and nutrients) can result in a reduction of 
fertilizer and wastewater discharge, as well as 
reduced water use in vegetable production. Aqua-
ponic production can be feasible but requires a 
large capital outlay and annual operating costs 
in excess of $100,000 in successful systems 
(Holliman et al., 2008). 

Commercial aquaponics is still relatively new, 
and the most successful business models tend to 
be larger operations. Greenfeld et al. (2018) note 
that in addition to scale considerations (where 
larger systems have an economic edge), profi t-
ability is signifi cantly determined by retail prices 
and improved business plans. Successful produc-
ers pay keen attention to fi nancial planning and 
risk management, understand the place of con-
sumer perception (and subsequent willingness to 
pay more for added value), and communicate the 
environmental benefi ts of aquaponic systems to 
their customers.

However, aquaponics can be a good fi t for begin-
ning farmers of small to medium scale who really 
think through their marketing plans and under-
stand what it takes to sell their product. Suc-
cessful aquaponics operations are complex busi-
nesses that require a high degree of planning, and 
the potential for failure is real. “Th ere is a theme 
among producers who fail in aquaponics,” says 
Kevin Heidemann, a former University of Ken-
tucky graduate student who conducted an exten-
sive economic study on aquaponics (see Heide-
mann, 2015). “Start-up costs can range from $1 

Fish Species: Several warm-water and cold-water 
fi sh species are adapted to recirculating aquacul-
ture systems, including tilapia, salmon, trout, 
perch, Arctic char, and bass. However, most com-
mercial aquaponic systems in North America are 
based on tilapia. Tilapia is a warm-water spe-
cies that grows well in a recirculating tank cul-
ture. Furthermore, tilapia is tolerant of fl uctuat-
ing water conditions such as pH, temperature, 
oxygen, and dissolved solids. Tilapia produces a 
white-fl eshed meat suitable to local and wholesale 
markets. Th e literature on tilapia contains exten-
sive technical documentation and cultural pro-
cedures. In Australia, Barramundi and Murray 
cod fi sh species are raised in recirculating aqua-
ponic systems.

Water-Quality Characteristics: Fish raised in 
recirculating-tank culture require good water-
quality conditions. Water-quality testing kits 
from aquacultural supply companies are funda-
mental. Critical water-quality parameters include 
dissolved oxygen, carbon dioxide, ammonia, 
nitrate, nitrite, pH, chlorine, and other charac-
teristics. Th e stocking density of fi sh, growth rate 
of fi sh, feeding rate and volume, and related envi-
ronmental fl uctuations can elicit rapid changes in 
water quality; constant and vigilant water-quality 
monitoring is essential.

Biofi ltration and Suspended Solids: Aquacul-
ture effl  uent contains nutrients, dissolved solids, 
and waste byproducts. Some aquaponic systems are 
designed with intermediate fi lters and cartridges 
to collect suspended solids in fi sh effl  uent, and to 
facilitate conversion of ammonia and other waste 
products to forms more available to plants, prior to 
delivery to hydroponic vegetable beds. Other sys-
tems deliver fi sh effl  uent directly to gravel-cultured 
hydroponic vegetable beds. Th e gravel functions 
as a “fl uidized bed bioreactor,” removing dissolved 
solids and providing habitat for nitrifying bacteria 
involved in nutrient conversions. Design manu-
als and technical documentation linked from the 
Further Resources section can help growers decide 
which system is most appropriate.

Component Ratio: Matching the volume of fi sh-
tank water to the volume of hydroponic media is 
known as component ratio. Early aquaponics sys-
tems were based on a ratio of 1:1, but 1:2 is now 
common and tank: bed ratios as high as 1:4 are 
employed. Th e variation in range depends on type 
of hydroponic system (gravel vs. raft), fi sh spe-
cies, fi sh density, feeding rate, plant species, etc. 

C
ommercial 
aquaponics 
is still 

relatively new, and 
the most successful 
business models 
tend to be larger 
operations.
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The University of the Virgin Islands Aquaponic System

James Rakocy, Ph.D., and associates at the University of the Virgin Islands (UVI) have worked on developing a commer-

cial-scale aquaponic system for more than 38 years. Rakocy, now an aquaponics consultant, sees integrated water-reuse 

systems as a viable solution to sustainable food production, especially in developing countries and arid regions – such 

as the Caribbean Islands – where fresh water is scarce.

In the Rakocy system, Nile and red tilapia are raised in fi sh-rearing tanks, and the aquacultural effl  uent is linked to fl oating 

raft hydroponics. Basil, lettuce, okra, and other crops have been raised successfully, with outstanding quality and yields.

The system components are as follows: four 

fi sh-rearing tanks at 2,060 gallons each, clari-

fi ers, fi lter and degassing tanks, air diff users, 

sump, base addition tank, pipes and pumps, 

and six hydroponic troughs totaling 2,303 

square feet (Aquaponic Doctors, no date). The 

pH is monitored daily and maintained at 7.0 

to 7.5 by alternately adding calcium hydroxide 

and potassium hydroxide to the base addition 

tank, which buff ers the aquatic system and 

supplements calcium and potassium ions at 

the same time. The only other supplemental 

nutrient required is iron, which is added in a 

chelated form once every three weeks.

Tilapia are stocked at a rate of 77 fi sh per 

cubic meter for Nile tilapia, or 154 fi sh per 

cubic meter for red tilapia, and cultured for 

24 weeks. The production schedule is staggered so that one tank is harvested every six weeks. After harvest, the fi sh tank 

is immediately restocked. The fi sh are fed three times daily with a complete, fl oating fi sh pellet at 32% protein. Projected 

annual fi sh production is 4.16 metric tons for Nile tilapia and 4.78 metric tons for red tilapia.

In one notable experiment, the UVI researchers compared the yields of a leafy herb (basil) and a fruiting vegetable (okra) 

grown in aquaponic vs. fi eld production systems. Basil and okra were raised in raft hydroponics. Yields of aquaponic 

basil were three times greater than fi eld-grown, while yields of aquaponic okra were 18 times greater than fi eld-grown. 

Based on a market price in the U.S. Virgin Islands of $22 per kilogram for fresh basil with stems, researchers calculated 

gross income potential. The aquaponic method would result in $515 per cubic meter per year, or $110,210 per system per 

year. This compares to fi eld-produced basil at $172 per cubic meter per year, or $36,808 per year, for the same produc-

tion area. When fi sh sales are included, the aquaponic system yields $134,245 (Rakocy et al., 2004).

The UVI research team off ers a short course on aquaponics each year at the UVI agricultural experiment station to pro-

vide in-depth technical support (https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/

aquaponics-workshop/default.aspx). The UVI short course is the premier educational training program available to 

farmers worldwide.

Aquaponics and Aquaculture Program

http://aquaponics.uvi.edu 

www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponic-systems/default.aspx 

Especially see:

Update on Tilapia and Vegetable Production in the UVI Aquaponic System. By James E. Rakocy, Donald S. Bailey, R. Charlie 

Shultz, and Eric S. Thoman. Pages 676-690. In: New Dimensions on Farmed Tilapia: Proceedings of the Sixth International 

Symposium on Tilapia in Aquaculture, held September 12-16, 2004 in Manila, Philippines. 

Proceedings paper: 15 pages (PDF/254 K), http://ag.arizona.edu/azaqua/ista/ista6/ista6web/pdf/676.pdf 

PDF Presentation: 49 pages (PDF/1.47 MB), http://ag.arizona.edu/azaqua/ista/ista6/ista6web/presentation/p676.pdf 

Aquaponic Production of Tilapia and Basil: Comparing a Batch and Staggered Cropping System. By James E. Rakocy, 

R. Charlie Shultz, Donald S. Bailey, and Eric S. Thoman. Agricultural Experiment Station, University of the Virgin Islands.

www.uvi.edu/fi les/documents/Research_and_Public_Service/AES/Aquaculture/Tilapia_and_Basil.pdf

UVI aquaponic system. Photo: University of the Virgin Islands

https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponic-systems/default.aspx
https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://cals.arizona.edu/azaqua/ista/ista6/ista6web/pdf/676.pdf
https://cals.arizona.edu/azaqua/ista/ista6/ista6web/presentation/p676.pdf
https://www.uvi.edu/files/documents/Research_and_Public_Service/AES/Aquaculture/Tilapia_and_Basil.pdf
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system, the vegetable portion, due to crop nutri-
ent requirements, may dictate the size of the fi sh 
component of the operation. For this reason, the 
cost ratio of fi sh to vegetables is of utmost con-
cern. Successful aquaponic farms typically main-
tain good fi sh-to-vegetable cost ratios and mar-
ket high-value fi sh and vegetables to higher-end 
markets to maintain profi table returns on both 
components. Th us, a solid marketing plan is cru-
cial, and it’s not surprising to fi nd that as the com-
monality among successful aquaponic producers.

Given the importance of marketing and selling, 
and the high start-up and operating costs an 
aquaponics operation will accrue, you’ll need to 
drill down and consider some practical questions 
that will help you determine if an aquaponics 
operation is feasible for you. One of the best ways 
to do this is to develop a comprehensive business 
and marketing plan. Some questions to ask are:

• What are the regulatory requirements you’ll 
need to consider? (see Licenses and Permits 
on page 9)

• Who are your potential customers and are 
they easily accessible?

• Are your products unique and/or of high 
quality? Is there a high demand?

• Do you have the option to sell high-qual-
ity fi sh to a reliable market for a justifi able 
price?

• Are fresh vegetables currently accessible to 
your market? If so, what kind of vegetables 
are grown in your area? At what volume and 
price and during what season? 

A recent global study found that the majority of 
257 surveyed aquaponics farms lost money (Bosma 
et al., 2017). Th us, the ability to market high-value 
products from aquaponic systems cannot be over-
emphasized. Th e most profi table aquaponics opera-
tions have tended to be in areas where fresh vegeta-
bles are expensive, and where consumers are used 
to paying higher prices (Engle, 2015). For many 
reasons, aquaponics is a risky endeavor. Develop-
ing a competitive and realistic marketing strategy, 
as well as establishing a workable fi sh-to-vegetable 
cost ratio, are key in determining profi tability in 
aquaponic production.

Your plan should be as realistic as possible and 
take all costs into account. Th e best way to write a 
comprehensive plan and budget is to look at what 
other successful operators have done and build 
from there. Heidemann (2015) wrote an extensive 

million to $1.5 million … to sell lettuce! [Let that 
sink in…]. Marketing is often an afterthought, 
but profi table producers have thought of that fi rst” 
(Heidemann, 2018). Although land and farm-
equipment costs are generally lower for aquapon-
ics operations (you won’t need much land or a 
tractor with an assortment of implements) you 
will need some specialized equipment, including 
tanks, recirculation piping and pumps, lighting, 
grow beds, and climate-control technology, in 
addition to a greenhouse if you do not live in a 
sub-tropical region. 

Operating costs can be high, as well, and your 
budget will have to consider fi sh fi ngerlings and 
vegetable starts, processing costs, utilities for heat-
ing, labor, and especially fi sh feed. In most opera-
tions, aquaponic producers realize profi tability 
for the vegetable component, but profi tability 
for both fi sh and vegetables is more diffi  cult to 
achieve. Expect the fi sh component of an aqua-
ponic operation to have the most operating costs 
(for feed and energy), but also the lowest income 
potential. Because the fi sh component of the sys-
tem usually has the highest costs in an aquaponic 

Small-Scale Aquaponics

A small-scale aquaponic system can augment 

a home garden and provide a healthy source 

of food. If a production-scale operation is not 

what you’re are looking for, but you envision a 

small project for your homestead, backyard, or 

small farm, see Principles of Small-Scale Aqua-

ponics from the Southern Regional Aquacul-

ture Center, at https://srac-aquaponics.tamu.

edu/viewFactSheets.

Aquaponic system. Photo: University of New Hampshire Experiment Station

https://srac-aquaponics.tamu.edu/viewFactSheets
https://srac-aquaponics.tamu.edu/viewFactSheets
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processing and marketing of products, and the 
permitting of buildings and structures. 

Evaluating an 
Aquaponic Enterprise
Aquaponics is an integrated food-production sys-
tem that is more complicated than hydroponics, 
requires more training, and exhibits greater mar-
keting challenges. Transitioning to a more eco-
logical and sustainable production system neces-
sitates a mind-change in the hydroponics business 
community. As this publication suggests, aqua-
ponics can be done effi  ciently because it moves to 
the next level, a level where waste becomes inte-
gral to the system and the where the microbial 
component is critical for providing plant fertility.

Currently there is a bifurcation in the aqua-
ponics industry. Th ere are the big players (e.g., 

study of three commercial aquaponics systems in 
Texas, Florida, and the U.S. Virgin Islands, which 
can be useful in developing a budget for a new 
operation. It contains detailed budgets, including 
construction and start-up costs, operating costs, 
and revenue fi gures. For more information see:

• Commercial Aquaponics Case Study #1: 
Economic Analysis of Lily Pad Farms. 2015. 
By Kevin Heidemann. www.uky.edu/Ag/
AgEcon/pubs/extaec2015-0330.pdf 

• Commercial Aquaponics Case Study #2: 
Economic Analysis of Traders Hill Farms. 
2015. By Kevin Heidemann. www.uky.edu/
Ag/AgEcon/pubs/extaec2015-0426.pdf 

• Commercial Aquaponics Case Study #3: 
Economic Analysis of the University of the 
Virgin Islands Commercial Aquaponics Sys-
tem. 2015. By Kevin Heidemann. www.uky.
edu/Ag/AgEcon/pubs/extaec2015-1821.pdf

Licenses and Permits
Prospective aquaponic operators should be aware 
of the types of permits or licenses that may be 
required in their states and municipalities. “State 
and local authorities generally regulate activities 
and issue permits for zoning, building, land, and 
water use. Th ey also oversee waste discharge and 
aquaculture production practices and species” 
(Rumley, 2010). Depending on the resource con-
cern, agencies establish permitting procedures to 
ensure that water resources, invasive species, and 
human-health concerns are addressed. 

Your county Cooperative Extension Educator 
or State Aquaculture Coordinators (see Further 
Resources) can very likely give you some good 
advice on where to start when thinking about 
permitting for aquaponics. Similar to land-based 
value-added agriculture, aquaponic production 
and sales will require systems to address food 
safety, natural resource conservation, on-farm 

“The few studies developed to date show 

good potential for aquaponically produced 

vegetables to be profi table, with the fi sh por-

tion possibly breaking even or incurring a net 

loss. Premium prices in high-end markets will 

be necessary for aquaponically produced veg-

etables and fi sh to be profi table. Additional 

costs and risks associated with these complex 

systems must be analyzed carefully before 

investing in aquaponics” (Engle, 2015).

Table : Permits.

https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-0330.pdf
https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-0330.pdf
https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-0426.pdf
https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-0426.pdf
https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-1821.pdf
https://www.uky.edu/Ag/AgEcon/pubs/extaec2015-1821.pdf
https://www.sare.org/Learning-Center/Books/Farmers-Guide-to-Business-Structures
https://agrilifecdn.tamu.edu/fisheries/files/2013/09/SRAC-Publication-No.-4900-The-HACCP-Seafood-Program-and-Aquaculture.pdf
http://attra.ncat.org/food_safety
https://www.epa.gov/npdes/npdes-aquaculture-permitting#permit
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you’re sure to make. When you’ve gained some 
hands-on experience, you can write a truly real-
istic business and marketing plan and be in a 
much better position to be profi table in aquapon-
ics (Filipowich, 2018). 

Jonathan Van Senten, a Research Scientist in 
Aquaculture Economics and Marketing at Vir-
ginia Tech Agricultural Research and Extension 
Center, gives sound advice for those wanting to 
begin an aquaponic operation (2018). First, be 
conservative in estimating costs and prices when 
developing your business plan. Take into consid-
eration the costs for initial investment, such as 
land, buildings and greenhouses, depreciation, 
and taxes. Production costs (fi sh stocks and seed-
lings, feed, disease control, labor, fuel) can vary, 
and then there are the costs associated with pro-
cessing and marketing. Th e case studies on page 
9 can be a huge help in estimating your start-up 
and operating costs.

Second, have a thorough understanding of what 
it is you’re selling. You may have an idea of what 
your business is about and the products you off er, 
but not everyone sees the same thing. You might 
be too close to your product and look at it from 
your own perspective. Take a holistic look at 
your operation with new eyes, and get a sense of 
what the public sees when you off er products for 
sale. You may be selling lettuce and tilapia, but 
what about the less tangible aspects of your off er-
ings that tell a story and can connect with your 
customer? Perhaps you can market the local and 
sustainable aspect of your operation.

Th ird, keep good and accurate fi nancial state-
ments. Aquaponics, as has been stated, is 
complex, and understanding your cash fl ow, 
operating expenses, and depreciation can help 
you make small changes to be more effi  cient 
and productive. 

Finally, think about what are you hoping to get 
out of your operation. What are your goals? Are 
you interested in full-time work to support a fam-
ily? Is addressing food insecurity and/or sustain-
ability while breaking even on the operation most 

Superior Fresh in Wisconsin, see www.superior
fresh.com), and small to mid-scale operations 
(e.g., Cabbage Hill Farm in New York, see 
http://cabbagehillfarm.org), and even smaller 
operations that rely on recycled IBC totes and 
barrels, including do-it-yourself technologies 
propagated on YouTube and elsewhere (see 
www.backyardaquaponics.com and the Further 
Resources section). Th ese scales of operation are 
very diff erent. Whether you are a beginning 
farmer investigating aquaponics as an enterprise 
or an established farmer seeking to scale up, there 
are some important factors to consider before 
incurring the expense of setting up a system.

First, it’s important to know that in aquapon-
ics, you are dealing with two diff erent life forms 
that need to be managed at peak health through 
a variety of constantly changing conditions (e.g., 
pH and temperature). You’ll need to consider the 
size of the operation you can feasibly handle, and 
you’ll have to fi gure out the permitting process. 
Th ere is a very steep and long learning curve in 
starting an aquaponic operation. Most beginners 
drastically underestimate how diffi  cult operat-
ing a multitrophic system can be, and managers 
must be consistently at top of their game. Impor-
tantly, do not go into aquaponics quickly. Instead, 
consider spending a year with a smaller system 
to learn, and take advantage of all the mistakes 

Photo: Nelson and Pade, Inc.

For general information and supplies and equipment associated with greenhouse vegetable produc-

tion, see the ATTRA publications High Tunnels in Urban Agriculture, High Tunnel Winter Growing Using 

Heat Recovery Ventilation, Solar Greenhouses, Sustainable Season Extension: Considerations for Design, 

Organic Greenhouse Vegetable Production, and Integrated Pest Management for Greenhouse Crops. ATTRA 

also has extensive information on fi sh culture; see Ecological Fish Farming and Aquatic Plant Farming 

at https://attra.ncat.org/aquaculture/seafood_farming.

http://www.superiorfresh.com
http://www.superiorfresh.com
http://cabbagehillfarm.org
http://www.backyardaquaponics.com
https://attra.ncat.org/aquaculture/seafood_farming
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4. Visit an aquaponic greenhouse for fi rsthand 
observations. Take lots of pictures to docu-
ment the system components and how they 
relate to one another. Keep in mind that aqua-
ponic growers are busy people with a consid-
erable investment in time and resources to 
establish their businesses. 

5. Attend a short course. One of the most nota-
ble is the course off ered by the University 
of the Virgin Islands (https://www.uvi.edu/
research/agricultural-experiment-station/
aquaculture-home/aquaponics-workshop/
default.aspx). Nelson and Pade, Inc. has a list 
of training courses and seminars at https://
aquaponics.com. In addition, aquaculture 
societies and associations usually off er confer-
ences and workshops that cover many aspects 
of aquaponic production. See Aquaculture 
and Aquaponic Organizations and Journals in 
the Further Resources below for more details.

6. Obtain one or two aquaponic training man-
uals to provide detailed technical specifi ca-
tions. Th e book Aquaponic Food Production: 
raising fi sh and plants for food and profi t; the 
Desktop Aquaponics Booklet; and an Aquapon-
ics Curriculum from Nelson and Pade, Inc. 
are good starting points. When you are ready 
to explore a commercial system, the Guide 
to Aquaponics from Joel Malcolm’s Backyard 
Aquaponics in Western Australia contains 
in-depth technical specifi cations and illus-
trations. For more information on access-
ing these training manuals, see the Further 
Resources section.

7. Hire an agricultural consultant for expert 
advice and consultation, and to shorten the 
time and risk involved in getting started. A 
few consultants with expertise in aquaponics 
are listed in the Further Resources section. 

8. Lastly, avoid the “inventor’s urge” to reinvent 
the wheel. Successful aquaponic greenhouse 
operators have already fi gured out the sys-
tem components and methods of production, 
based on years of research and experience. 
Pick one of the existing models and duplicate 
it insofar as possible. Th e old saying, “Get the 
engine running fi rst, then adjust the carbure-
tor,” can be aptly applied to aquaponic start-
up greenhouses.

important to you? Whatever your goal, start small 
and don’t put too much at risk until you under-
stand the system and the numbers. Give your-
self a year or two with a smaller system to make 
mistakes and learn, and then you’ll be in a much 
better position to scale up.

Building and equipping a commercial-sized aqua-
ponic greenhouse can cost in excess of $30,000, 
depending on the system design and choice of 
components. Due to the highly technical nature 
of aquaponics and the expense associated with 
greenhouse production, prospective growers are 
advised to thoroughly investigate production 
methods and market potential. Sequential con-
siderations and learning opportunities geared to 
evaluating an aquaponic greenhouse enterprise 
are listed below.

1. Aquaponic greenhouses yield two food prod-
ucts. To evaluate greenhouse profi tability, 
obtain typical yields and market prices for 
hydroponic vegetables and fi sh, and investi-
gate local and regional markets and related 
points of sale. Retail sales directly out of 
your greenhouse or roadside stand might 
be an ideal situation, but this will depend 
on your location. 

2. Aquaponics is one method of hydroponics, 
and hydroponics is one method of green-
house production. Consider lower-cost and 
simpler alternatives. Bag culture of green-
house vegetables — raising plants in polyeth-
ylene grow bags fi lled with compost-based 
potting mixes — is a simple and produc-
tive way to get started in greenhouse veg-
etable production. You may quickly fi nd that 
your biggest challenge is weekly marketing 
of fresh produce, rather than successful pro-
duction of vegetables. Th is includes labor 
to harvest vegetables, grading and packing 
with brand-name labels, post-harvest han-
dling methods to maintain superior quality, 
and quick delivery of perishable produce to 
established markets.

3. Read technical and popular literature on 
recirculating aquaculture and aquaponics to 
become familiar with production methods, 
yields, and market prices for fresh fi sh and 
hydroponic vegetables. Th e Further Resources 
section provides quick access to reading mate-
rial, diagrams and images, and related details.

Due to 

the highly 

technical 

nature of aquaponics 

and the expense 

associated with green-

house production, 

prospective growers 

are advised to 

thoroughly investigate 

production methods 

and market potential.

https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://www.uvi.edu/research/agricultural-experiment-station/aquaculture-home/aquaponics-workshop/default.aspx
https://aquaponics.com
https://aquaponics.com
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Rumley, Elizabeth R. 2010. Aquaculture and the Lacey Act. 
National Ag Law Center, University of Arkansas. 
http://nationalaglawcenter.org/center-publications

Savidov, Nick. 2016. Agro-Ecology in Aquaponics. 
Presentation for NOA Fisheries Course, Lethbridge College, 
Ontario.

Savidov, Nick. Lethbridge College Aquaponics Researcher. 
Personal communication, 2018.

Van Senten, Jonathan. Research Scientist in Aquaculture Eco-
nomics and Marketing at Virginia Tech Agricultural Research 
and Extension Center. Personal communication, 2018.

Further Resources
Agricultural Consultants for Integrated 
Hydroponics and Aquaculture

Brian Filipowich, Anacostia Aquaponics
Washington, DC
brian@anacostiaaquaponics.org 
http://anacostiaaquaponics.org

Burdette Industries
505 Aldino Stepney Rd.
Aberdeen, MD 21001
443-243-8840
www.growfi sh.com 

Dr. James Rakocy and Dr. Wilson Lennard
Th e Aquaponics Doctors
http://theaquaponicsdoctors.com/index.php

Fisheries Technology Associates, Inc.
506 Wabash Street
Fort Collins, CO 80522-3245
970-225-0150
www.ftai.com 

Nelson and Pade, Inc.
P.O. Box 761
Montello, WI 53949 
608-297-8708
www.aquaponics.com 

Pentair Aquatic Eco-Systems, Inc.
400 Regency Forest Drive, Suite 300
Cary, NC 27518
407-543-1204
https://pentairaes.com

Th e Aquaponic Source
5151 Ward Rd, Unit 3
Wheat Ridge, CO 80033
303-720-6604
www.theaquaponicsource.com

Aquaponic Doctors. No date. James Rakocy bio.
http://theaquaponicsdoctors.com/our-story.php 

Bosma, Roel H., Ysette Lacambra, Ynze Landstra, Chiara 
Perini, Joline Poulie, Marie J.Schwaner, and Yi Yin. 2017. 
Th e fi nancial feasibility of producing fi sh and vegetables 
through aquaponics. Aquacultural Engineering. Volume 78, 
Part B. p. 146-154. www.sciencedirect.com/science/article/
pii/S0144860917300821

Burden, Dan, and D. Allen Pattillo. 2018. Aquaponics. 
Agricultural Marketing Resource Center. Iowa State Uni-
versity. www.agmrc.org/commodities-products/aquaculture/
aquaponics

Engle, Carole R. 2015. Economics of Aquaponics. Southern 
Regional Aquaculture Center. https://srac-aquaponics.tamu.
edu/viewCategory/4

Filipowich, Brian. Aquaponics Association. Personal 
communication, 2018.

Greenfeld, Asael, Nir Becker, Jennifer McIlwain, 
Ravi Fotedar, and Janet F. Bornman. 2018. Economically 
viable aquaponics? Identifying the gap between potential 
and current uncertainties. Reviews in Aquaculture. 1–15.

Heidemann, Kevin. 2015. Economic Analysis of Commercial 
Aquaponic Production Systems. SARE Project Final Report 
GS13-125. https://projects.sare.org/project-reports/gs13-125

Heidemann, Kevin. University of Kentucky SARE Project 
Director. Personal communication, 2018.

Holliman, J.B., J. Adrian, and J.A. Chappell. 2008. 
Integration of Hydroponic Tomato and Indoor Recirculating 
Aquaculture Production Systems: An Economic Analysis. 
Special Report No. 6. Alabama Agriculture Experiment 
Station. Auburn University. https://aurora.auburn.
edu/xmlui/bitstream/handle/11200/3948/SPEC0006.
pdf?sequence=1

Khiari, Zied, Soba Kaluthota, and Nick Savidov. 2019. 
Aerobic bioconversion of aquaculture solid waste into 
liquid fertilizer: Eff ects of bioprocess parameters on kinetics 
of nitrogen mineralization. Aquaculture. Vol. 500. 
p. 492–499.

NHPR. 2018. Th e Future of Food? Aquaculture & Aqua-
ponics. New Hampshire Public Radio, November 20. www.
nhpr.org/post/future-food-aquaculture-aquaponics#stream/0

Rakocy, James E., Michael P. Masser, and Th omas M. 
Losordo. 2006. Recirculating Aquaculture Tank Production 
Systems: Aquaponics – Integrating Fish and Plant Culture. 
Southern Regional Aquaculture Center. 
https://srac-aquaponics.tamu.edu/viewFactSheets 

References

http://theaquaponicsdoctors.com/our-story.php
https://www.sciencedirect.com/science/article/pii/S0144860917300821
https://www.sciencedirect.com/science/article/pii/S0144860917300821
https://www.agmrc.org/commodities-products/aquaculture/aquaponics
https://www.agmrc.org/commodities-products/aquaculture/aquaponics
https://srac-aquaponics.tamu.edu/viewCategory/4
https://srac-aquaponics.tamu.edu/viewCategory/4
https://projects.sare.org/project-reports/gs13-125
https://aurora.auburn.edu/xmlui/bitstream/handle/11200/3948/SPEC0006.pdf?sequence=1
https://aurora.auburn.edu/xmlui/bitstream/handle/11200/3948/SPEC0006.pdf?sequence=1
http://www.nhpr.org/post/future-food-aquaculture-aquaponics#stream/0
http://www.nhpr.org/post/future-food-aquaculture-aquaponics#stream/0
https://srac-aquaponics.tamu.edu/viewFactSheets
http://nationalaglawcenter.org/center-publications
http://anacostiaaquaponics.org/
www.growfish.com
http://theaquaponicsdoctors.com/index.php
www.ftai.com
www.aquaponics.com
https://pentairaes.com/
https://www.theaquaponicsource.com


Page  13www.attra.ncat.org

and to update the estimates of compound feed dependent fi sh 
and crustacean species.

Green Feed In Th e Marine Fish Farming: How to commu-
nicate water benchmarks to stakeholders. 2009. By Th erese 
A. M. Jansson. Swedish University of Agricultural Sci-
ences, Department of Economics, Degree Th esis in Busi-
ness Administration. https://stud.epsilon.slu.se/1020/1/
jansson_t_100414.pdf 
    [From the abstract:] Th e use of unsustainable (limited) and 

expensive fi shmeal and fi sh oil should be curtailed. Th e chal-
lenge is to identify more environmentally friendly and cheap 
substitutes for the unsustainably fi shmeal and fi sh oil. Several 
trials have been made to reduce the quota of unsustainable 
fi shmeal in farming the deep blue, and where e.g. feed has 
been substituted to one extend by soybean meal. Nonetheless, 
it is crucial that the substitute for fi shmeal and fi sh oil main-
tain both the quality and quantity of production that the 
original products achieve.

Microalgae in aquafeeds for a sustainable aquaculture 
industry. 2017. By Mahfuzur Rahman Shah, et al. Jour-
nal of Applied Phycology. www.researchgate.net/publica-
tion/319112698_Microalgae_in_aqua_feeds_for_a_sustain-
able_aquaculture_industry
    [From the abstract:] Th is comprehensive review summarizes 

the most important and recent developments of microalgae 
use as supplement or feed additive to replace fi shmeal and fi sh 
oil for use in aquaculture.

n-3 Oil sources for use in aquaculture - alternatives to 
the unsustainable harvest of wild fi sh. 2008. By Matthew 
R. Miller, Peter D. Nichols, and Chris G. Carter. Nutrition 
Research Reviews. Vol. 21, No. 2. p. 85–96.
www.ncbi.nlm.nih.gov/pubmed/19087364 
    [From the abstract:] Th e benefi ts and challenges involved in 

changing dietary oil in aquaculture are highlighted and four 
major potential sources other than fi sh oil, are compared. 
Th ese sources of oil contain precursors to key essential fatty 
acids, and include (1) other marine sources of oil; (2) veg-
etable oils that contain biosynthetic precursors, such as steari-
donic acid, (3) single-cell oil sources, (4) vegetable oils derived 
from oil-seed crops that have undergone genetic modifi cation 
to contain n-3 LC-PUFA.

Utilization of waste from a marine recirculating fi sh 
culture system as a feed source for the polychaete worm, 
Nereis virens. 2011. By Nicholas Brown, Stephen Eddy, 
and Stefanie Plaud. Aquaculture. Volumes 322–323, 
No. 21. p. 177-183. www.sciencedirect.com/science/article/
abs/pii/S0044848611007253 
    [From the abstract:] Th e polychaete worm was fed with 

wastes from a fi sh culture system and grew well on these 
wastes and valuable protein and lipids were recovered. Th e 
results demonstrate that production of N. virens using fi sh 
wastes is highly effi  cient. Th is species is an excellent candidate 
for integrated aquaculture and waste recycling and may off er 
economic and environmental benefi ts.

Alternative Aquaculture Feeds
Aquaculture feeds: addressing the long term sustainabil-
ity of the sector. 2012. By A.G.J Tacon, M.R. Hasan, G. 
Allan, A,-F. El-Sayed, A. Jackson, S.J. Kaushik, W.-K. Ng, 
V. Suresh, and M.T. Viana. 2012. In: R.P. Subasinghe, J.R. 
Arthur, D.M. Bartley, S.S. De Silva, M. Halwart, N. Hisha-
munda, C.V. Mohan and P. Sorgeloos, (eds.). Farming the 
Waters for People and Food. Proceedings of the Global 
Conference on Aquaculture 2010, Phuket, Th ailand. FAO, 
Rome and NACA, Bangkok. www.researchgate.net/publi-
cation/285765590_Aquaculture_Feeds_Addressing_the_
Long-Term_Sustainability_of_the_Sector 
    [From the abstract:] Th e current discussion about the use of 

marine products as aquafeed ingredients focuses on fi shmeal 
and fi sh oil resources, the sustainability of the aquaculture 
sector is more likely to be linked with the sustained supply of 
terrestrial animal and plant proteins, oils and carbohydrate 
sources for aquafeeds, particularly so because a signifi cant 
proportion of aquaculture production is of non-carnivorous 
species. Th erefore, aquaculture-producing countries should 
place more emphasis on maximizing the use of locally avail-
able feed-grade ingredient sources and move away from the 
use of potential food-grade feed resources.

Alternative Protein Sources for Aquaculture Feeds. 2012. By 
Ferouz Y. Ayadi, Kurt A. Rosentrater, and Kasiviswanathan 
Muthukumarappan. Journal of Aquaculture Feed Science 
and Nutrition. Vol. 4, No.1. p. 1-16. www.researchgate.net/
publication/250309078_Alternative_Protein_Sources_for_
Aquaculture_Feeds
    [From the abstract:] Reviews alternative protein sources and 

looks at problems and advantages of animal byproducts, fi sh-
ery byproducts, bacterial proteins, and plant proteins, and 
discusses nutrient values and rates of feeding.

Feeding aquaculture in an era of fi nite resources. 2009. 
By Rosamond L. Naylor, Ronald W. Hardy, Dominique 
P. Bureau, Alice Chiu, Matthew Elliott, Anthony P. Far-
rell, Ian Forster, Delbert M. Gatlin, Rebecca J. Goldburg, 
Katheline Hua, and Peter D. Nicholsi. Proceedings of the 
National Academy of Sciences. Vol. 106, No.36. p. 15103–
15110. www.ncbi.nlm.nih.gov/pmc/articles/PMC2741212
    [From the abstract:]Th is article reviews trends in fi shmeal 

and fi sh oil use in industrial aquafeeds, showing reduced 
inclusion rates but greater total use associated with increased 
aquaculture production and demand for fi sh high in long-
chain omega-3 oils. With appropriate economic and regula-
tory incentives, the transition toward alternative feedstuff s 
could accelerate, paving the way for a consensus that aquacul-
ture is aiding the ocean, not depleting it.

Feed Matters: Satisfying the Feed Demand of Aquaculture. 
2015. By Albert G.J. Tacon and Marc Metian. Reviews in 
Fisheries Science & Aquaculture. Vol. 23. p. 1–10. 
http://cursos.ufrrj.br/posgraduacao/ppgz/fi les/2018/04/
1-Aquicultura.pdf
    [From the abstract:] Th is paper attempts to make a global anal-

ysis of aquaculture growth, its role in global food production, 
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Aquaculture and Aquaponic Farms
Aquaponic Farm List, Anything Aquaponics
http://anythingaquaponics.com/learn
    Probably one of the most comprehensive lists of farms and 

organizations dedicated to providing food to communities 
through aquaponics. Includes links to educational videos, 
community partners, and design/consultation services.

Superior Fresh
www.superiorfresh.com
    Superior Fresh produces 160,000 pounds of Atlantic salmon 

and 1.8 million pounds of leafy greens annually under 
40,000 square feet of fi sh house space and 123,000 square 
feet of greenhouse, with zero discharge of production wate

Sweet Water Organics
http://sweetwater-organic.com
    Sweet Water transformed an abandoned industrial building 

into an urban agriculture space in 2008. Th e aquaponic sys-
tem was inspired by Will Allen’s bio-intensive recirculating 
system, growing lettuce, basil, watercress, tomatoes, peppers, 
chard, spinach, tilapia, and perch. 

Aquaculture and Aquaponic 
Organizations and Journals
Anacostia Aquaponics
http://anacostiaaquaponics.org
    Studies the best practices for neighborhood-scale aquaponics in 

urban areas to improve health, environment, and economy.

Aquaponics Association
https://aquaponicsassociation.org 
    Promotes the benefi ts of aquaponics through membership, 

education, and outreach.

Aquaponics Journal
Nelson and Pade, Inc.
P.O. Box 761
Montello, WI 53949
www.aquaponicsjournal.com 
    Aquaponics Journal is a quarterly publication from Nelson 

and Pade, Inc. It has become a prominent source for articles, 
reports, news, and supplies for the aquaponics industry. Back 
issues are a valuable resource, available in print or as e-fi les.

Aquaculture Magazine
https://aquaculturemag.com
    Includes an Annual Products Issue and Buyeŕ s Guide & 

Industry Directory (sources of stock and supplies/equipment) 
with subscription.

Aquanews Archives
http://pdacrsp.oregonstate.edu/aquanews/archive.html 
    Archived website of Pond Dynamics / Aquaculture Collabor-

ative Research Support Program at Oregon State University, 
with links to Aquanews Newsletters.

Aquaponics and Aquaculture Videos
Aquaponics 101. 2014. Emily Jodka, presenter. NOFA Mass 
Winter Conference.www.nofamass.org/audio/aquaponics-101
    Helps the beginner learn about the diff erent types of systems 

and types of fi sh and plants that work best during specifi c 
times of the year.

Aquaponics Videos. By Ben Boothe. www.youtube.com/wat
ch?v=zje9x7pPiOA&list=PLpxT42BrW28C4BtHdbF580zQ
UOg1wpup3
    Includes more than 80 videos on all aspects of aquaponics 

and vegetable and fi sh culture.

Aquaponics YouTube Playlist. Iowa State University. 
www.youtube.com/watch?v=xAudq28n8l0&list=PLyDHx-
rmZpCljgr4za05H2eHKwmMhJYI1
    Instructional videos on nutrients, biofi ltration, aeration, 

UV light sterilization, vegetable production, fi sh culture, 
pond management, and how to get started.

U.S. Aquaculture Society Webinar Series
https://usaquaculture.org/webinars
    Developed by the National Aquaculture Association and 

the North Central Regional Aquaculture Center, with sup-
port from the United Soybean Board, these webinars provide 
information on everything from starting an aquaponics oper-
ation to health and biosecurity to business planning.

Aquaculture and Aquaponics Libraries 
and Resource Lists
Aquaponics. Alternative Farming Systems Information 
Center, USDA National Agricultural Library www.nal.usda.
gov/afsic/aquaponics
    National Agricultural Library is one of four national librar-

ies of the United States and houses one of the world’s largest 
collections devoted to agriculture. Th e section on aquaponics 
has extensive links to aquaponic start-up and management 
resources.

Aquaculture Library. National Oceanic and Atmospheric 
Administration Aquaculture Program
http://aquaculture.noaa.gov 
    Online library for aquaculture-related material including 

policies, newsletters, and fact sheets.

National Sea Grant Aquaculture Library
https://seagrant.noaa.gov/News/PID/468/evl/0/
CategoryID/82/CategoryName/Aquaculture 
    Th e National Sea Grant Library (NSGL) contains a com-

plete collection of Sea Grant-funded work. Th e NSGL main-
tains a bibliographical database containing more than 36,000 
records that can be searched by author or keyword, or browsed 
by topic. Selected items include proceedings from recirculating 
aquaculture conferences and related documents. Th e Environ-
mentally Friendly Aquaculture Digital Library is a topic-
oriented portal to NSGL, organized by subject category.

https://www.nofamass.org/audio/aquaponics-101
https://www.youtube.com/watch?v=zje9x7pPiOA&list=PLpxT42BrW28C4BtHdbF580zQUOg1wpup3
https://www.youtube.com/watch?v=zje9x7pPiOA&list=PLpxT42BrW28C4BtHdbF580zQUOg1wpup3
https://www.youtube.com/watch?v=xAudq28n8l0&list=PLyDHx-rmZpCljgr4za05H2eHKwmMhJYI1
https://usaquaculture.org/webinars
https://www.nal.usda.gov/afsic/aquaponics
https://www.nal.usda.gov/afsic/aquaponics
http://aquaculture.noaa.gov
http://nsgl.gso.uri.edu/libraries/aquaculture.html
http://anythingaquaponics.com/learn
http://www.superiorfresh.com
http://sweetwater-organic.com
http://anacostiaaquaponics.org
https://aquaponicsassociation.org
www.aquaponicsjournal.com
https://aquaculturemag.com
http://pdacrsp.oregonstate.edu/aquanews/archive.html
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species, market conditions, certifi cation, regulatory issues, 
and added value opportunities. 

Aquaponics Research Publications and Presentations. 
Nick Savidov, PhD, Lethbridge College Centre for Applied 
Research and Innovation. https://lethbridgecollege.ca/
departments/centre-for-applied-research-and-innovation/
meet-our-researchers/nick-savidov 

• Biochar Substrate for Hydroponic Vegetable Production 
(2015)

• Th e Evolution of Aquaponics (2015)
• Evaluation of Aquaponics Technology in Alberta, Canada 

(2005)
• Evaluation and Development of Aquaponics Production 

and Product Market Capabilities in Alberta (2004)

Canadian Aquaponics Resources
www.canadianaquaponics.com/p/resources.html
    Excellent listing of links to publications by James Rakocy, 

Nick Savidov, and Wilson Lennard, and links to books, 
university programs, and further resources.

Commercial Aquaponics Production and Profi tability: Find-
ings from an international survey. 2014. By David C. Lovea, 
Jillian P. Fry, Ximin Li, Elizabeth S. Hill, Laura Genello, 
Ken Semmens, and Richard E. Th ompson. Journal of Aqua-
culture. Volume 435, January 1. p. 67–74. www.science
direct.com/science/article/pii/S0044848614004724 
    Th is is the fi rst peer-reviewed, published survey of commercial 

aquaponics operations, a niche fi eld of aquaculture. It reports 
factors that were signifi cantly associated with profi tability in 
the previous 12 months. Many respondents are new to aqua-
ponics, and they are selling food and non-food products with 
varying levels of success. Th e survey fi ndings provide a bet-
ter understanding of the business of aquaponics, which may 
enhance future commercial operations.

A Commercial-Scale Aquaponic System Developed at the 
University of the Virgin Islands. No date. By James E. 
Rakocy, Donald S Bailey, R. Charlie Shultz, and Jason J. 
Danaher. Agricultural Experiment Station, University of the 
Virgin Islands. https://cals.arizona.edu/azaqua/ista/ISTA9/
PDF’s/RakocyAquaponicSystem.pdf
    Presentation on the UVI system, including system details 

and photos.

Th e Freshwater Institute 
www.conservationfund.org/our-work/freshwater-institute
    Th e Freshwater Institute in Shepherdstown, West Virginia – 

a program of Th e Conservation Fund, an environmental 
non-profi t organization – specializes in aquaculture research 
and education. For years, the institute has specialized in cold-
water recirculating aquaculture systems raising trout and 
arctic char. Th e institute helps Appalachian farmers set up 
two types of aquaculture systems: (a) an indoor, high-tech, 
recirculating tank method; and (b) an outdoor, 
low-tech recirculating tank method. 

National Aquaculture Association
http://thenaa.net
    Extensive resources, publications, and videos relevant to fi sh 

farmers to assist them in communicating about seafood to the 
public. Addresses issues with food safety and the benefi ts of 
aquaculture.

Recirculating Farms Coalition
www.recirculatingfarms.org
    Organization of farmers, educators, and non-profi t organi-

zations that uses research, education, and advocacy to sup-
port the development of eco-effi  cient recirculating aquaponic 
and aquaculture farms to create stable green jobs and supply 
sustainably grown food in diverse communities. Publication: 
From Out of the Blue, Green Farming, www.recirculating-
farms.org/wp-content/uploads/2013/06/RFCreport_FINAL-
FINAL.pdf

U.S. Aquaculture Society 
https://usaquaculture.org 
    Membership organization with an annual conference and 

workshops, extensive resources, and links to webinars.

World Aquaculture Society 
www.was.org
    Membership organization with publications, a worldwide 

annual conference, and online access to conference proceedings 
and abstracts. 

Aquaponics Publications, Research, 
and Design Manuals
Aquaponic Food Production: Raising fi sh and plants for food 
and profi t. 2008. By Rebecca L. Nelson and John S. Pade, 
Nelson and Pade, Inc. https://aquaponics.com/store2/
aquaponic-food-production
    A comprehensive text on aquaponics written by well-known 

industry veteran, Rebecca L. Nelson, with contributions 
from International Aquaponics Consultant John S. Pade. 
Th is book is a culmination of more than 20 years’ experience, 
research, and hands-on growing.

Aquaponic System Design and Management (presentation). 
2014. By D. Allen Pattillo, Iowa State University. www.
extension.iastate.edu/forestry/tri_state/tristate_2014/talks/
PDFs/Aquaponic_System_Design_and_Management.pdf
    A presentation (PDF) with useful guidelines for system opera-

tion and feeding management. Good overview to help the reader 
understand the key factors in aquaponic system operation.

Aquaponics Guidelines, Technical Report. 2015. Edited 
by Ragnheidur Th orarinsdottir. Haskolaprent, Reykjavik, 
Iceland. www.researchgate.net/publication/282732809_
Aquaponics_Guidelines
    Th is publication highlights the history and current status of 

aquaponics development in Europe. It describes the main 
types of aquaponics system design with guidelines for environ-
mental and production control, choices of plants and fi sh 

http://thenaa.net
http://www.recirculatingfarms.org
http://www.recirculatingfarms.org/wp-content/uploads/2013/06/RFCreport_FINAL-FINAL.pdf
http://www.recirculatingfarms.org/wp-content/uploads/2013/06/RFCreport_FINAL-FINAL.pdf
https://usaquaculture.org
https://www.was.org
https://aquaponics.com/store2/aquaponic-food-production
https://aquaponics.com/store2/aquaponic-food-production
https://www.extension.iastate.edu/forestry/tri_state/tristate_2014/talks/PDFs/Aquaponic_System_Design_and_Management.pdf
https://www.extension.iastate.edu/forestry/tri_state/tristate_2014/talks/PDFs/Aquaponic_System_Design_and_Management.pdf
https://www.researchgate.net/publication/282732809_Aquaponics_Guidelines
https://www.researchgate.net/publication/282732809_Aquaponics_Guidelines
https://lethbridgecollege.ca/departments/centre-for-applied-research-and-innovation/meet-our-researchers/nick-savidov
https://lethbridgecollege.ca/departments/centre-for-applied-research-and-innovation/meet-our-researchers/nick-savidov
http://www.canadianaquaponics.com/p/resources.html
http://www.sciencedirect.com/science/article/pii/S0044848614004724
http://www.sciencedirect.com/science/article/pii/S0044848614004724
https://cals.arizona.edu/azaqua/ista/ISTA9/PDF's/RakocyAquaponicSystem.pdf
https://www.conservationfund.org/our-work/freshwater-institute
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General Aquaculture Resources
ALabama Education in aquatic sciences, Aquaculture, 
Recreational fi sheries and Natural resource conservation 
(ALEARN)
www.aces.edu/dept/fi sheries 
    A cooperative eff ort by the Auburn University School of 

Fisheries, Aquaculture, and Aquatic Sciences, and the 
Alabama Cooperative Extension System that provides 
educational publications on various aquaculture topics.

Ecological Aquaculture: A Sustainable Solution. 2006. 
By Laurence Hutchinson. Permanent Publications, 
Hampshire, England.
    Off ers a perspective for ecological aquaculture, environmental 

management, and aquatic ecosystem enhancement and repair. 

Feeding Practices for Recirculating Aquaculture. 
By D. Allen Pattillo, Iowa State University.
https://store.extension.iastate.edu/product/14267 
    Selecting the proper feeds and feeding methods is an important 

aspect of fi sh growth. Feed considerations are a fundamental part 
of indoor recirculating aquaculture. Th is publication provides an 
overview of feed options and feeding practices for best results.

Fish Health Considerations for Recirculating Aquaculture. 
By D. Allen Pattillo, Iowa State University.
https://store.extension.iastate.edu/product/14263 
    Fish health is critical to aquaculture production. Th is 

publication discusses how stress, disease, and other issues 
can impact the production of fi sh in a predictable manner, 
market a high-quality product, and ultimately generate the 
greatest possible revenue.

Th e Fish Site Technical Information
www.thefi shsite.com/knowledge
    Technical information including the Shrimp Book, Fish 

Farming Guides, Fish Disease Guide, Health and Nutrition, 
Growing and Hatchery Management, Biosecurity, Breeding 
and Genetics, and Food Safety and Handling.

Florida Division of Aquaculture
www.fl oridaaquaculture.com 
    Extensive resources in Aquaculture Best Management Prac-

tices, Aquaculture Business Resources, Aquaculture Educator 
Resources, and Aquaculture Publications.

Greenhouse Tilapia Production in Louisiana. By 
Louisiana State University. www.lsuagcenter.com/en/
communications/publications/Publications+Catalog/
Environment/Aquaculture++Fisheries/Greenhouse+Tilapia+
Production+in+Louisiana.htm 
    Information on recirculating production systems, fi ngerling 

sources, stocking and harvest management, regulatory consider-
ations, economics, and markets is included in this publication.

National Ag Law Center — Aquaculture
http://nationalaglawcenter.org/readingrooms/aquaculture 
    A comprehensive index of reported and unreported federal 

and state court decisions involving aquaculture.

Integrated Agriculture-Aquaculture: A primer. 2001. 
FAO/ IIRR/WorldFish Center.
www.fao.org/docrep/005/y1187e/y1187e00.htm 
    Th is primer aims to give decision makers in governmental 

and non-governmental organizations concerned with agri-
culture and rural development an overview and a basis for 
understanding the principles of integrated agriculture-aqua-
culture (IAA), and to help them decide whether to embark on 
IAA activities and include these in their program portfolio.

An Integrated Fish Culture Hydroponic Vegetable Produc-
tion System. 1986. By Ronald D. Zweig. Aquaculture 
Magazine. May-June.
https://newalchemists.net/portfolio/aquaculture/ 
    Th e New Alchemy Institute in East Falmouth, Massachusetts, 

conducted research on integrated aquaculture systems during 
the 1970s and 1980s. Although the institute closed in 1991, 
New Alchemy publications on greenhouse production and 
aquaponics provide historical insight to the emerging bioshelter 
(ecosystem greenhouses) concept and are still a valuable resource 
for technical information. Th e Green Center, formed by a 
group of former New Alchemists, is again making these pub-
lications available for sale. Th e website has a section featuring 
articles on aquaculture, solar ponds, and bioshelters (integrated 
systems). A selection of past articles is available online.

A Numerical Comparison of Two Approaches to Commer-
cial Scale Aquaponics. 2013. By Bevan Suits. AquaPlanet.
https://thefi shsite.com/articles/a-numerical-comparison-of-
two-approaches-to-commercialscale-aquaponics
https://5mpublishing.sirv.com/fi sh/legacy/fi les/articles/old/
AquaponicsComparison.pdf 
    A comparison of the fl oating raft system by Dr. Rakocy at 

the Virgin Islands and Dr. McMurtry’s IAVS, which closely 
mimics a tidal wetland, with plants growing in sand, gravel, 
or other non-soil media.

An Overview of Aquaponic Systems: Aquaculture Compo-
nents. 2017. By D. Allen Pattillo. North Central Regional 
Aquaculture Center.
https://store.extension.iastate.edu/product/An-Overview-of-
Aquaponic-Systems-Aquaculture-Components
    A discussion of system components including fi sh tanks, aera-

tion, waste management components, biological fi ltration, gas 
exchange, temperature control, water analysis, and monitoring.

A Prototype Recirculating Aquaculture-Hydroponic System.
By Donald Johnson and George Wardlow. University of 
Arkansas, Department of Agricultural and Extension Edu-
cation AgriScience Project.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.56
2.6378&rep=rep1&type=pdf 
    A 10-page reprint article, originally published in Journal of 

Agricultural Mechanization (1997). It describes a low cost 
(less than $600) recirculating aquaculture-hydroponic system 
suitable for use in laboratory settings, including a materials 
list with approximate cost of materials to set up a 350-gallon 
aquaponic unit.

www.fao.org/docrep/005/y1187e/y1187e00.htm
https://newalchemists.net/portfolio/aquaculture
https://5mpublishing.sirv.com/fish/legacy/files/articles/old/AquaponicsComparison.pdf
https://store.extension.iastate.edu/product/An-Overview-of-Aquaponic-Systems-Aquaculture-Components
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.562.6378&rep=rep1&type=pdf
http://www.aces.edu/dept/fisheries
https://store.extension.iastate.edu/product/14267
https://store.extension.iastate.edu/product/14263
http://www.thefishsite.com/knowledge
www.floridaaquaculture.com
www.lsuagcenter.com/en/communications/publications/Publications+Catalog/Environment/Aquaculture++Fisheries/Greenhouse+Tilapia+Production+in+Louisiana.htm
www.lsuagcenter.com/en/communications/publications/Publications+Catalog/Environment/Aquaculture++Fisheries/Greenhouse+Tilapia+Production+in+Louisiana.htm
http://nationalaglawcenter.org/readingrooms/aquaculture
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Economic Analysis of Commercial Aquaponic Production 
Systems. 2015. Southern SARE Project GS13-125, Uni-
versity of Kentucky. www.southernsare.org/Educational-
Resources/SARE-Project-Products/Case-Studies/Economic-
Analysis-of-Commercial-Aquaponic-Production-Systems
    An economic analysis of three commercial aquaponics 

production systems determined that each system was economi-
cally feasible, and that the revenue generated from the sales 
of food and agricultural products raised is substantial enough 
to sustain operations. Includes three case studies with detailed 
fi nancial data and budgets.

Economic Feasibility of Aquaponics in Arkansas
http://scholarworks.uark.edu/cgi/viewcontent.
cgi?article=2321&context=etd
    Financial analyses of break-even prices, a cash-fl ow analysis 

of three farm scenarios and the determination of investment 
payback period. Th e paper concludes that aquaponic food 
production using the UVI CA2 system could be economically 
feasible in temperate climates, assuming a proper selection 
of crops, in conjunction with the existence of viable markets. 
Th e results also show, however, that greater focus on hydro-
ponic production may potentially yield higher profi ts than 
those attainable through a fully integrated aquaponic produc-
tion system.

Economics of Aquaponics. 2015. By Carole Engle. 
Southern Region Aquaculture Center. 
https://srac-aquaponics.tamu.edu/serveFactSheet/8
    [From the publication:] “Th e few studies developed to date show 

good potential for aquaponically produced vegetables to be prof-
itable, with the fi sh portion possibly breaking even or incurring 
a net loss. Premium prices in high-end markets will be necessary 
for aquaponically produced vegetables and fi sh to be profi table. 
Additional costs and risks associated with these complex systems 
must be analyzed carefully before investing in aquaponics.”

Food Safety
Food Safety, University of Minnesota Aquaponics Resources
http://aquaponics.umn.edu/aquaponics-resources
    Includes a food safety checklist to help assess food safety risks at 

the aquaponics facility.

Keeping Aquaponics Products Safe. 2015. By James Lee, 
Nicholas Phelps, Suzanne Driessen, Michele Schermann, 
and Katherine Waters. College of Veterinary Medicine, Uni-
versity of Minnesota.http://aquaponics.umn.edu/sites/g/fi les/
pua2181/f/keeping-aquaponics-products-safe.pdf
    Discusses risks associated with aquaponic food production, 

including hazards from water quality, disease, chemical 
hazards, and harvesting and processing.

Responsible Aquaculture Foundation
www.responsibleaqua.org
    Provides research and training and shares critical knowledge 

to build a global community of aquaculture practitioners.

Water Quality Management for Recirculating Aquaculture. 
2014. By D. Allen Pattillo, Iowa State University.
https://store.extension.iastate.edu/product/14271 
    Water quality is a term that refl ects the overall ability of 

culture water to provide optimal growth conditions for the 
species of interest. Aquaculture producers can use this publica-
tion to learn how water quality supports fi sh health.

General Aquaponic Resources
Aquaculture: Southern Region Resources in Aquaponics, 
Alternative Fish Farming, and Aquatic Products.
SARE. www.southernsare.org/Educational-Resources/
Topic-Rooms/Aquaculture-and-Aquaponics
     A collection of articles and videos developed from SARE-

funded aquaculture research, for those interested in fi sh 
farming or incorporating fi sh into a crop-production system.

Aquaponics Resource. 2017. By Grace Communications 
Foundation. www.gracelinks.org/blog/8248/want-to-learn-
more-about-aquaponics-here-are-some-resources
    Extensive resource lists for school educational projects; educa-

tional experiences and workshops for prospective aquaponics 
operators; books, manuals, online resources, and news.

National Association of State Aquaculture Coordinators
www.nasac.net/about.html
    People serving as state aquaculture coordinators are respon-

sible for coordinating, promoting, encouraging, and assisting 
the development of aquaculture programs at the State or 
territorial level.

Using Aquaponics with Renewable Energy Resources to 
Create Sustainable Food Systems while Reducing Nutrient, 
Energy, and Water Costs SARE Grant Project
https://projects.sare.org/project-reports/ow10-301/
    Report of a SARE grant project in Hawaii where produce 

was successfully grown in recirculation systems, reducing the 
need for transporting produce from the mainland. 

Economics and Business of Aquaponics
Aquaponics Business Plan User Guide. 2016. By the Offi  ce 
of Brownfi elds and Land Revitalization and Offi  ce of Land 
and Emergency Management, EPA. www.epa.gov/sites/
production/fi les/2016-09/documents/1_aquaponics_
business_plan_guide_508_081116.pdf
    Provides guidance for developing an operating strategy and 

business plan specifi c to an aquaponic farm. 

www.responsibleaqua.org
https://store.extension.iastate.edu/product/14271
https://www.southernsare.org/Educational-Resources/Topic-Rooms/Aquaculture-and-Aquaponics
https://www.southernsare.org/Educational-Resources/Topic-Rooms/Aquaculture-and-Aquaponics
http://www.gracelinks.org/blog/8248/want-to-learn-more-about-aquaponics-here-are-some-resources
http://www.gracelinks.org/blog/8248/want-to-learn-more-about-aquaponics-here-are-some-resources
http://www.nasac.net/about.html
https://projects.sare.org/project-reports/ow10-301
https://www.epa.gov/sites/production/files/2016-09/documents/1_aquaponics_business_plan_guide_508_081116.pdf
https://www.epa.gov/sites/production/files/2016-09/documents/1_aquaponics_business_plan_guide_508_081116.pdf
https://www.southernsare.org/Educational-Resources/SARE-Project-Products/Case-Studies/Economic-Analysis-of-Commercial-Aquaponic-Production-Systems
https://www.southernsare.org/Educational-Resources/SARE-Project-Products/Case-Studies/Economic-Analysis-of-Commercial-Aquaponic-Production-Systems
https://scholarworks.uark.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=2321&context=etd
https://srac-aquaponics.tamu.edu/serveFactSheet/8
http://aquaponics.umn.edu/aquaponics-resources
http://aquaponics.umn.edu/sites/g/files/pua2181/f/keeping-aquaponics-products-safe.pdf
http://aquaponics.umn.edu/sites/g/files/pua2181/f/keeping-aquaponics-products-safe.pdf
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NSAC’s Grassroots Guide to Federal Farm and 
Food Programs
http://sustainableagriculture.net/publications/grassrootsguide
    Both of these publications off er information on federal grants 

and programs. Th ese two guides can help you fi nd programs 
that may fi t your project. Th e FSA Microloan Program 
(https://www.fsa.usda.gov/programs-and-services/farm-loan-
programs/microloans/index) is a newer program that is typi-
cally easier to qualify for and access than some of the other 
grant and loan programs.

USDA Small Farm Funding Resources
www.nal.usda.gov/ric/small-farm-funding-resources
    Th is guide contains information about funding sources for 

beginning farmers, training, technical assistance contacts, 
organizations with resources and programs for beginning and 
experienced farmers, and more.

USDA’s Alternative Farming Systems Information Center 
 www.nal.usda.gov/afsic/grants-and-loans-farmers
    A list of useful resources and contacts for funding an 

agricultural operation.

Finally, ATTRA posts funding opportunities weekly on its 
website: https://attra.ncat.org/funding

Regional Aquaculture Centers sponsored 
by the U.S. Department of Agriculture 
National Institute of Food and Agriculture
Th e Regional Aquaculture Centers (RACs) provide research 
and extension education programs in aquaculture hav-
ing regional or national application. Th ey produce research 
reports, factsheets, and other publications in aquaculture 
and aquaponics.

Center for Tropical and Subtropical Aquaculture (CTSA)
www.ctsa.org 
    Selected publications from Center for Tropical and 

Subtropical Aquaculture (CTSA):
•  How to Build and Operate a Simple Small-to-Large Scale 

Aquaponics System, CTSA Number 161. www.ctsa.org/
fi les/publications/CTSA_aquaponicsHowTo.pdf

•  Testing your Aquaponic System Water: A Comparison 
of Commercial Water Chemistry Methods, CTSA 
Number 154. www.ctsa.org/fi les/publications/
TestingAquaponicWater.pdf

North Central Regional Aquaculture Center (NCRAC)
www.ncrac.org 
    Selected publications from North Central Regional 

Aquaculture Center (NCRAC):
•  An Overview of Aquaponic Systems: Aquaculture 

Components, Number 124 (2017), www.ncrac.org
overview-aquaponic-systems-aquaculture-components

Seafood Safety Courses, Global Aquaculture Academy
https://academy.aquaculturealliance.org 
    A series of online courses that identify potential food safety 

problems and how to control them, including food safety 

programs, regulations, regular process monitoring, 

and employee training.

Funding Resources for Aquaculture 
and Aquaponics
Building Sustainable Farms, Ranches and Communities
https://attra.ncat.org/attra-pub/summaries/summary.
php?pub=279
    Th is guide is written for anyone seeking help from federal 

programs to foster innovative enterprises in agriculture and 

forestry in the United States. Specifi cally, the guide addresses 

program resources in community development; sustainable 

land management; and value-added and diversifi ed agricul-

ture and forestry.

Federal Conservation Resources for Sustainable 
Farming and Ranching
https://attra.ncat.org/attra-pub/summaries/summary.
php?pub=280
    Th is publication off ers an overview of the major federal conser-

vation programs that provide resources for farmers and ranch-

ers to enhance and maintain sustainable farming and ranching 

practices. Th e level of available conservation resources for this 

area has dramatically increased since 2002. Th is guide helps 

farmers and ranchers make their way through the often-com-

plex and diffi  cult application processes. Access to these resources 

can open new opportunities to preserve agricultural lands, 

develop sustainable practices, and open new markets.

Financing Your Farm: Guidance for Beginning Farmers
https://attra.ncat.org/attra-pub/summaries/summary.
php?pub=381
    Th is publication lays out several fi nancing options available to 

beginning farmers starting a farm, and illuminates the step-by-

step process of applying for a loan. Small- and medium-scale 

sustainable farmers and those new to the world of fi nance are 

the target audience for this publication. Th e intention is to help 

these readers consider a range of options for raising capital and 

reducing expenses involved in starting a farm, with a bank or 

government loan as just one tool, albeit an important one, in a 

whole toolkit of creative possibilities.

Th e Guide to Federal Aquaculture Programs and 
Services Update, North Central Regional Aquaculture 
Center (NCRAC) 
www.ncrac.org/content/guide-federal-aquaculture-pro-
grams-and-services-update
    Describes all federal programs and activities that directly or 

indirectly encourage, support, or assist U.S. aquaculture.

https://academy.aquaculturealliance.org
https://attra.ncat.org/attra-pub-summaries/?pub=279
https://attra.ncat.org/attra-pub-summaries/?pub=280
https://attra.ncat.org/attra-pub-summaries/?pub=381
https://www.ncrac.org/content/guide-federal-aquaculture-programs-and-services-update
http://sustainableagriculture.net/publications/grassrootsguide
https://www.nal.usda.gov/ric/small-farm-funding-resources
https://www.nal.usda.gov/afsic/grants-and-loans-farmers
https://attra.ncat.org/funding
http://www.ctsa.org
http://www.ctsa.org/files/publications/CTSA_aquaponicsHowTo.pdf
http://www.ctsa.org/files/publications/CTSA_aquaponicsHowTo.pdf
http://www.ctsa.org/files/publications/TestingAquaponicWater.pdf
http://www.ctsa.org/files/publications/TestingAquaponicWater.pdf
https://www.ncrac.org
https://www.ncrac.org/overview-aquaponic-systems-aquaculture-components
https://www.ncrac.org/overview-aquaponic-systems-aquaculture-components
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Backyard Aquaponics Magazine (www.backyardmagazines.
com), they off er an online manual covering types of systems 
and system operation, methods of cycling, growing media, fi sh 
and fi sh stocking, plants, pests, and safety.

Barrel-ponics (a.k.a. Aquaponics in a Barrel)
www.aces.edu/dept/fi sheries/education/documents/
barrel-ponics.pdf
    An introduction to a simple-to-build home aquaponics system 

capable of growing various vegetables and herbs that would 
be a wonderful addition to the home kitchen as a source of 
fresh herbs and occasionally (depending on the species used) a 
fi sh or two.

Building and Caring for a Miniature Aquaponics System. 
By D. Allen Pattillo, Iowa State University.
https://store.extension.iastate.edu/Product/15306 
    Aquaponics is a method of sustainable agriculture that uses 

the symbiotic relationship between food, benefi cial bacteria 
and plants to grow food. Th is publication provides step-by-
step instructions for building a miniature aquaponics system 
that produces food while still being cost-eff ective.

How to Build and Operate a Simple Small-to-Large Scale 
Aquaponics System. No date. By Harry Ako. Center for 
Tropical and Subtropical Aquaculture, College of Tropical 
Agriculture and Human Resources, University of Hawaii at 
Manoa, Honolulu, Hawaii. www.ctsa.org/fi les/publications/
CTSA_aquaponicsHowTo.pdf 
    A manual designed to help the reader understand how to plan, 

implement, and operate a Rakocy-design aquaponic system.

Small-scale aquaponic food production. Integrated fi sh and 
plant farming. 2014 By C. Somerville, M. Cohen, E. Pan-
tanella, A. Stankus, and A. Lovatelli. FAO Fisheries and 
Aquaculture Technical Paper No. 589.
www.fao.org/3/a-i4021e.pdf
    Th is technical paper discusses the three groups of living organ-

isms (bacteria, plants, and fi sh) that make up the aquaponic 
ecosystem. It presents nutrient cycling, water quality, system 
design, management strategies, and troubleshooting practices, 
as well as plant selection, pests and diseases, and monitoring, 
specifi cally highlighting the advantages and disadvantages of 
this method of food production. 

Smart Aquaponics System for Urban Farming
https://doi.org/10.1016/j.egypro.2017.12.694 
    Paper covers the design and development of a smart aquaponics 

using various sensors, actuators, a microcontroller, and micro-
processor to monitor and control water quality, light intensity, 
and fi sh feed.

Th e Urban Aquaculture Manual by Jonathan Woods.
www.webofcreation.org/BuildingGrounds/aqua/TOC.html 
    Provides basic knowledge on building a simple recirculating 

system and an aquaponic system and how to maintain these 
systems and what to do if something goes wrong. 

•  An Overview of Aquaponic Systems: Hydroponic 
Components, Number 123 (2017), www.ncrac.org/
overview-aquaponic-systems-hydroponic-components 

Northeastern Regional Aquaculture Center (NRAC)
https://agresearch.umd.edu/nrac
    Selected publication from Northeastern Regional 

Aquaculture Center (NRAC):
•   Northeastern U.S. Aquaculture Management Guide

http://agresearch.umd.edu/sites/agresearch.umd.
edu/fi les/_docs/NE_Aquaculture_Management_
Guide_2014.pdf

Southern Regional Aquaculture Center (SRAC)
https://srac.msstate.edu 
   Selected publications from Southern Regional Aquaculture 
Center (SRAC):
•  Recirculating Aquaculture Tank Production Systems: 

Integrating Fish and Plant Culture, SRAC 
Publication No. 454
Th is publication is available at: https://srac-aquaponics.
tamu.edu/viewFactSheets 

•  Recirculating Aquaculture Tank Production Systems: 
An Overview of Critical Considerations, SRAC 
Publication No. 451 

•  Recirculating Aquaculture Tank Production Systems: 
Management of Recirculating Systems, SRAC 
Publication No. 452 

•  Recirculating Aquaculture Tank Production Systems: 
Component Options, SRAC Publication No. 453 

Th e above three publications are available at: 
https://srac.tamu.edu/viewCategory/24

Western Regional Aquaculture Center (WRAC)
http://depts.washington.edu/wracuw
    Website includes research reports, publications, news, and 

funding opportunities.

Small-scale and Backyard 
Aquaponic Systems
Aquaponics Manual: Th e IBC of Aquaponics. 2011. 
By Backyard Aquaponics.
http://ibcofaquaponics.com/fi les/IBCofAquaponics.pdf
    Manual from Backyard Aquaponics that discusses details 

of constructing and operating an aquaponic system using 
intermediate bulk containers (used to store and transport 
liquids). Click on “Guide to Aquaponics” in the header for 
detailed information.

Backyard Aquaponics Design Manual, Backyard 
Aquaponics Pty Ltd.
www.backyardaquaponics.com 
    Backyard Aquaponics Pty Ltd. is an aquaponics company 

based in Western Australia. In addition to publishing 

https://www.ncrac.org/overview-aquaponic-systems-hydroponic-components
https://www.ncrac.org/overview-aquaponic-systems-hydroponic-components
https://agresearch.umd.edu/nrac
http://agresearch.umd.edu/sites/agresearch.umd.edu/files/_docs/NE_Aquaculture_Management_Guide_2014.pdf
https://srac.msstate.edu
https://srac-aquaponics.tamu.edu/viewFactSheets
https://srac-aquaponics.tamu.edu/viewFactSheets
https://srac.tamu.edu/viewCategory/24
http://depts.washington.edu/wracuw
http://ibcofaquaponics.com/files/IBCofAquaponics.pdf
http://www.backyardaquaponics.com
http://www.backyardmagazines.com
http://www.backyardmagazines.com
https://www.academia.edu/14258259/Barrel-ponics_a.k.a._Aquaponics_in_a_Barrel
https://store.extension.iastate.edu/Product/15306
http://www.ctsa.org/files/publications/CTSA_aquaponicsHowTo.pdf
http://www.ctsa.org/files/publications/CTSA_aquaponicsHowTo.pdf
http://www.fao.org/3/a-i4021e.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1876610217364585
http://www.webofcreation.org/BuildingGrounds/aqua/TOC.html
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Springs and Wells. 1984. In: National Engineering Hand-
book - Part 650, Engineering Field Handbook, Chapter 12. 
USDA. http://directives.sc.egov.usda.gov/OpenNonWeb-
Content.aspx?content=17550.wba 
    Discusses the fundamentals of planning and developing 

groundwater recovery systems, including the nature of 
ground water, methods of obtaining it from springs or wells, 
and the development and maintenance of groundwater 
recovery systems.

Water Engineering
Spring Development. 2002. Alberta Agriculture, Agdex 
716 (A15). Technical Services Division. www1.agric.gov.
ab.ca/$Department/deptdocs.nsf/all/agdex4595 
    Discusses proper spring development that protects the spring 

and its water quality from environmental damage and 

contamination, and improves access to the water for all its 

intended uses.

Appendix I: Organic Aquaculture/Aquaponics

called for their prohibition. In 2010, the NOSB sent a 
recommendation to the NOP that stated “growing media 
shall contain suffi  cient organic matter capable of supporting 
natural and diverse soil ecology. For this reason, hydroponic 
and aeroponic systems are [should be] prohibited.” In 2015, 
noticing some ambiguous points in the report, the NOP 

authorized a task force to explore how hydroponic and 
aquaponic production practices aligned with the 

USDA organic regulations (USDA, 2016). Th e 
NOSB made fi nal recommendations to the 

NOP after a controversy-fi lled 2017 meeting 
where inclusion of hydroponic, aquaponic, 
and aeroponic systems in organic certifi -
cation was brought to a vote. Th e motion 
to prohibit hydroponic and aquaponic 

production was defeated, but the motion 
to prohibit aeroponic production in organic 

certifi cation passed and went on to the NOP 
for action (USDA, 2018).

As of this writing, there are still no clear guidelines for cer-
tifi cation of aquaculture operations in the NOP regula-
tions. However, certifi cation is being conducted for aqua-
ponic operations under the general rules that govern organic 
operations. As the NOSB, growers, industry representatives, 
and now the NOP discuss and debate the merits and con-
cerns of organic aquaculture, hydroponics, and aquaponics, 
the number or certifi ed aquaponic operations has continued 
to increase. A 2010 USDA Survey to Certifi ers noted that 
in the United States, eight certifi ers certifi ed hydroponics, 
with 39 certifying hydroponic operations. When the survey 
was again conducted in 2016, there were 17 certifi ers that 

Organic production of crops and livestock in the 
United States is regulated by the U.S. Department of 
Agriculture’s National Organic Program (NOP). Th e 

NOP is an organic certifi cation and marketing program that 
ensures foods and food products labeled as “organic” meet 
universal standards and guidelines for organic production. 
Inputs used in organic production — such as feed and 
fertilizers — must be of natural origin and free of 
synthetic materials. A farm plan, documenta-
tion of inputs and production methods, and 
farm inspection are required to obtain certi-
fi ed organic status. Th is process allows farm 
products to be labeled and sold as organic.

Organic trout, tilapia, salmon, and other fi sh 
species are raised in Europe, Australia, and 
Israel using production standards developed 
by international organic certifi cation agencies 
(for more information see Th e IFOAM Norms for 
Organic Production and Processing, Version 2014 https://
www.ifoam.bio/sites/default/fi les/ifoam_norms_july_2014_t.
pdf). However, organic aquaculture was not clearly defi ned in 
the NOP regulations and the lack of organic aquaculture guide-
lines has hampered the growth of a domestic organic aquacul-
ture industry in the United States.

To address the issue of organic aquaculture, the National 
Organic Standards Board (NOSB) established an Aquatic Ani-
mals Task Force in June 2000. In 2003, a second group, the 
National Organic Aquaculture Working Group (NOAWG), 
formed to provide further guidance and clarifi cation to the 
NOSB. Th e report published by NOAWG provided proposed 
recommendations on organic aquaculture standards to NOSB 
(see Lockwood et al., 2005).

Hydroponics, aquaponics, and aeroponics have, however, 
been eligible for certifi cation under the National Organic 
Program. Th ere has been some controversy over these soil-
less production systems, and some organic advocates have 
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Much like hydroponics, aeroponics is a soilless growing 

system that delivers water and nutrients directly to plant 

roots. Aeroponic systems diff er in that they use an atom-

ized spray to mist plant roots, instead of circulating water 

through the growing bed or channel.

www1.agric.gov.ab.ca/$Department/deptdocs.nsf/all/agdex4595
www1.agric.gov.ab.ca/$Department/deptdocs.nsf/all/agdex4595
https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17550.wba
https://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17550.wba
https://www.ifoam.bio/sites/default/files/ifoam_norms_july_2014_t.pdf
https://www.ifoam.bio/sites/default/files/ifoam_norms_july_2014_t.pdf
https://www.ifoam.bio/sites/default/files/ifoam_norms_july_2014_t.pdf
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McEvoy, Miles V. 2016. Presentation to the National 
Organic Standards Board Meeting, April 25. USDA Agri-
cultural Marketing Service, National Organic Program.
www.ams.usda.gov/sites/default/fi les/media/McEvoy%20
NOSB%20April%202016.pdf

USDA. 2016. Hydroponic and Aquaponic Task Force 
Report, Memorandum to the NOSB. USDA AMS NOP.
www.ams.usda.gov/sites/default/fi les/media/2016%20
Hydroponic%20Task%20Force%20Report.PDF 

USDA. 2018. Status of Organic Hydroponics, Aquaponics, 
Aeroponics; National Organic Standards Board Fall 2017 
Updates. USDA Agricultural Marketing Service, National 
Organic Program.
https://content.govdelivery.com/accounts/USDAAMS/
bulletins/1cde3b0

certifi ed hydroponic and aquaponic operations, while 30 
certifi ed hydroponic operations, 22 certifi ed aquaponic opera-
tions, and a total of 69 certifi ed container-based operations 
(McEvoy, 2016).

Producers interested in certifi ed organic aquaponics can fi nd 
out how to apply for certifi cation by reading the ATTRA pub-
lication Organic Certifi cation Process.

Appendix I References
Lockwood, George, Richard Nelson, and Gary Jen-
sen (eds.). 2005. National Organic Aquaculture Working 
Group White Paper, Proposed National Organic Standards 
for Farmed-Aquatic Animals and Plants (Aquaculture). 
National Organic Aquaculture Working Group.
www.ams.usda.gov/sites/default/fi les/media/National%20
Organic%20Aquaculture%20WG%20White%20Paper.pdf

Appendix II: Aquafeeds and Their Alternatives
Producing fi sh from plant-based proteins seems, at face value, 
to be a solution, especially for omnivorous species like carp 
and tilapia. Carnivorous fi sh like salmon can utilize some plant 
and algal-based feedstuff s but need long chain fatty acids that 
come from marine and terrestrial animal-based proteins. Th e 
constraints of plant-based sources include low digestibility, 
low omega 3 and 6 fatty acids, and anti-nutritional factors in 
plant-based proteins (see Naylor et al., 2000). For this reason, 
fi sh meal and oil will still play a small role in the manufacture 

Aquaponics has the ability to produce large quantities of 
sustainably grown, locally sourced food. With the right 
technology and monitoring it can be a zero-waste sys-

tem that recycles nutrients in a closed loop, reducing the need 
to use resource-extractive soluble nutrients to fertilize crops. 
Much work needs to be done to close the loop, and if aquaponics 
producers can adopt technologies such as anaerobic bioreactors 
for recycling solid fi sh wastes (Khiari et al., 2019), and utilize 
sustainably sourced feedstuff s (NOAA, 2012), the industry will 
truly approach the zero-waste system to which it aspires. 

Whereas fertilizer inputs to the plant component of the aqua-
ponic system are eliminated and replaced by nutrients from 
the fi sh, the fi sh component still relies on fed feed, which is a 
signifi cant input, both economically and with respect to sus-
tainability. Sourcing appropriate fi sh feeds has been a problem 
for the aquaculture industry for decades. Historically, fi sh meal 
and oil has been the principal protein source for farmed fi sh, 
given its amino acid profi le (omega 3 and 6 fatty acids). Th e 
cost of fi sh meal and oil has increased mainly due to compe-
tition with the livestock feed industry, resulting in less fi sh 
meal and oil being used in the aquaculture sector (El-Sayed, 
1999). Th e reduction of fi sh stocks (i.e., small forage fi sh like 
menhaden, anchovies, and sardines) for the manufacture of 
fi sh meal and fi sh oil is also a serious concern (Naylor et al., 
2000; Rubicon Resources, 2018; and Allsopp et al., 2008), and 
researchers and practitioners are looking into alternative feeds 
including soybeans, barley, rice, peas, and other crops, along 
with canola, lupine, wheat gluten, corn gluten, various plant 
proteins, algae, and seafood processing co-products (NOAA, 
2012). Th ese products hold promise, especially when used in 
a mixed diet, to supply the nutritional needs of aquaculturally 
and aquaponically produced fi sh. 

Gross nutrient value, fi sh meal vs unprocessed ingredients. Source: 

Allan, 2015
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of fi sh feeds (especially for salmon), but when coupled with 
alternative feedstuff s like poultry meal (Yones and Metwalli, 
2016), algae (Hemaiswarya et al., 2011), and insect proteins 
(Newton et al., 2013), less pressure can be placed on wild cap-
ture fi sheries, especially if fi sh wastes and bycatch can be used 
to supply some of the protein needs of aquaculturally produced 
fi sh (see Hardy et al., 1983 and de Arruda et al., 2007).

Choosing alternative aquaculture feeds can be a daunting 
process for aquaponics producers who aspire to the adoption 
of sustainable practices. Reducing fi sh meal and fi sh oil is 
important for the health and well-being of the world’s fi sher-
ies, and there are many alternatives, but research is needed to 
ensure adequate nutrition is provided to farm-raised species 
(Krogdahl, 2016). 
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