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Letter From Your President
coast of the Mediterranean, this May 2 - 6,
2000 meeting should provide an
opportunity for you to meet engineers,
biologists and economists from the public
and private sectors in Europe, Africa and
the Middle East (Conference information
at: http://www.was.org/confer/nice/
aqua200.html).

And finally, closer to home for our
American members, the AES will again
participate in and create engineering
sessions for the 3rd International
Conference on Recirculating Aquaculture
to be held at the Hotel Roanoke in Roanoke
Virginia on July 20 - 23, 2000 (Conference
information at: http://www.conted.vt.edu/
recirc/aqua.htm). If you would like to help
in the development of these sessions, please

contact Dr. Mike Timmons at Cornell
University. Dr. Timmons will be service as
our program chairman for this conference.

So, as you can see, there will be many
of opportunities for you to meet with fellow
members of the AES and others interested
in aquaculture. As always, please feel free
to contact me if you have any suggestions
or comments (ph: 919 515 – 7587; email:
tlosordo@unity.ncsu.edu).

I hope to see you all in the near future
at one of the AES events!

With Best Regards,

Tom
Thomas M. Losordo, President
Aquacultural Engineering Society

Dear AES Members,
We are coming up on a busy time for

the Aquacultural Engineering Society. Here
is a review of the AES activities for the next
11 months. On November 4, 5 and 6, 1999,
I will have the pleasure of hosting a
“Members Only” Issues Forum at NC State
University. The program, developed by
Past-president Dave Brune, should
stimulate some lively discussions among
the participants (see program outline in this
news letter). Following the Issues Forum
on November 6th, an optional tour of two
recirculating aquaculture production
systems will be provided. The tours will
visit the Fish Barn at NC State University
and a commercial tilapia production facility
within 50 miles of campus. The Fish Barn
is a commercial scale recirculating
aquaculture demonstration facility that is
currently producing tilapia at a rate of
approximately 60 tonnes per year. The
Southern Farm Tilapia facility is of similar
design but larger in scale.

The AES membership will next
assemble at Aquaculture America 2000 on
February 2 - 5 at the New Orleans Marriott
for our official Annual Meeting
(Conference information at: http://
www.was.org /confer /neworleans/
neworleans.htm).  Dr. Ron Malone, who
will take over as President of the AES in
New Orleans, has developed a program that
will include an invited papers session, a
contributed papers session and a special
workshop on marine uses of recirculating
aquaculture technology.

For those of you with international
interests, AES will sponsor the engineering
sessions at Aqua 2000, the joint meeting of
the European Aquaculture Society and the
World Aquaculture Society. This meeting
will take place in Nice, France. Meeting at
the Acropolis Convention Center on the

AES Web Site
Currently those interested in becoming
members of the AES may apply online but
are billed separately. In the near future the
AES web site plans to accept secure online
credit card transactions for membership
applications and membership renewals.
Check the web site for updates on this. If
you have any suggestions or contributions
to the web site please contact Brian Vinci
at b.vinci@freshwaterinstitute.org.

Brian
Brian Vinci,
AES Webmaster

The Aquacultural Engineering Society
world wide web site has moved to a new
address:

www.aesweb.org.
Please update your bookmarks and

pass on the new address to others. The old
location will soon have a rollover feature
to send those who go to the old address to
the new address.

The AES web site has sections for
general AES information, new happenings
or business, conference information,
membership services, publications
information, and links to other sites. The
AES Newsletter is now available at the site,
with old issues archived for your reference.
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reduces operating costs of aquaponic
systems in arid climates and heated
greenhouses where water or heated water
represents a significant expense.  A
secondary plant crop, which receives most
of its required nutrients at no cost, can
improve the system’s profit potential.  The
carbon dioxide vented from fish culture
water can increase plant yields in enclosed
environments.  Daily application of fish
feed provides a steady supply of nutrients
to plants and thereby forestalls the need to
discharge and replace depleted nutrient
solutions or adjust nutrient solutions as in
hydroponics.  The plants purify the culture
water and eliminate the need for separate
and expensive biofilters.  Savings are also
realized by sharing operational and
infrastructural costs such as pumps,
reservoirs, heaters and alarm systems.

As with recirculating systems,
aquaponic systems do require a high capital
investment, moderate energy inputs and
skilled management. Niche markets and
direct sales may be required for
profitability.

The disadvantages of aquaponics
include the proportion of fish to plants, as
viewed by an aquaculturist, and some
management restrictions.  To maintain a
balanced system where nutrient levels stay
relatively constant, a large ratio of plant
growing area to fish rearing surface area is
needed.  This ratio varies from 2:1 to 10:1
or greater depending on the degree of solids
removal.  In essence, aquaponic systems
are weighted towards plants, which is an
advantage if viewed by a horticulturist.  The
majority of labor is devoted to seeding,
transplanting, maintaining, harvesting and
packing plants.  The horticultural
knowledge required for a successful
operation should not be downplayed, and
therefore a commercial operation would do
better with both an aquaculturist and
horticulturist on staff.  Another
disadvantage is that the horticulturist is
restricted in fighting pests and diseases and
must rely on biological control methods
rather than pesticides.  This restriction is
really an advantage from a food safety and
environmental standpoint, which the
national agricultural community now
realizes.  Despite intensive research activity

on biological control, the loss of a plant
crop or a reduced harvest is always a threat.

APPROACH TO RESEARCH
AND DEVELOPMENT

Twenty years ago research on
recirculating systems was in its infancy.
Isolated projects would appear at various
universities only to die out as graduate
students moved on to permanent positions
elsewhere.  Fortunately, some of these
students became professors and convinced
their administrators to fund programs for
long-term development.  Now there are
several centers of excellence on
recirculating systems in the U.S., and
research progress has been remarkable.
Aquaponics is at the same early
developmental stage as recirculating
systems were 20 years ago.  There have
been several research projects at a number
of universities, but only the University of
the Virgin Islands has sustained an
aquaponics research program for more than
20 years because local conditions justify
it: there is not enough fresh water for pond
culture and most fish and virtually all
vegetables are imported at high cost.

Contributions have also been made in
the private sector, where a few long-term
operations, developed through in-house
research, have stood the test of time. Let
me list three examples.  The largest and best
known operation is Bioshelters in Amherst,
Massachusetts, where John Reid has
produced tilapia and sweet basil for Boston
and other northeastern markets for 13 years.
He recently constructed a very large and
innovative greenhouse and expanded his
production to 800 cases of basil weekly and
600,000 lbs. of tilapia annually.  In
Connerville, Oklahoma, the Inslee Fish
Farm, operated by Theop Inslee and his
sons Donald and Glen, have been shipping
chives weekly for more than 10 years to
the Houston and Denver markets.  The
chives are raised in a small greenhouse
attached to an enclosed building where
tilapia and other fish are reared.  Tom and
Paula Speraneo, owners of S & S Aqua
Farm in West Plains, Missouri, have been
raising tilapia, tomatoes, cucumbers, leafy
green vegetables, herbs, flowers and
bedding plants in a solar greenhouse since

THE ALLURE OF
AQUAPONICS

Aquaponics is the combined culture of
fish and plants in recirculating systems.  As
research on recirculating systems has led
to dramatic technological advances and a
steady increase in the number of
commercial applications, two major areas
of concern, namely profitability and waste
management, have stimulated interest in
aquaponics as a possible means of
increasing profits while utilizing some of
the waste products.  There is also a great
deal of interest in aquaponics among people
who are environmentally oriented and
would not consider raising fish without
incorporating plants to recycle nutrients.  A
number of organizations have targeted the
latter audience.  Lively discussions are held
daily in an aquaponics news group
(aquaponics-request@townsqr.com - type
subscribe) on the Internet.  Since 1997, a
bimonthly aquaponics periodical has
published informative articles, conference
announcements and product
advertisements.   At least two large
suppliers of aquaculture and/or hydroponic
equipment have introduced aquaponic
systems to their catalogs.  Many schools
districts are beginning to include
aquaponics as a learning tool in their
science curricula through the efforts of the
National Council for Agricultural
Education.  And at least two short courses
on aquaponics have been introduced.  As a
result, many hobby-scale systems are
popping up throughout the country and the
number of commercial aquaponic
operations, though small, is increasing.

Aquaponic systems offer several
advantages over recirculating systems that
are used exclusively for fish culture.
Dissolved waste nutrients are recovered by
the plants, thereby reducing the daily water
exchange rate and discharge to the
environment.  Recirculating systems
exchange 5-10% of the system volume
daily to avoid the accumulation of waste
metabolites, especially nitrate, while many
aquaponic systems operate with 1.5%
makeup water or less, and this is water used
primarily to replace water lost through
evaporation, evapotranspiration and sludge
removal.  Minimizing water exchange

The Status of Aquaponics, Part 1
By James Rakocy, University of the Virgin Islands

Copyright by Aquaculture Magazine
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1992 and selling them locally.  These
commercial enterprises have developed
radically different aquaponic systems that
appear to be economically viable.
Information on these systems has appeared
in The Growing Edge, a hydroponics
magazine.

In the academic community, aquaponic
studies have addressed a number of topics
such as system configurations, component
ratios, hydroponic methods, flow patterns,
solids management, biofiltration, nutrient
dynamics, suitable species, fish stock
management, plant production systems,
pest and disease control and plant yields.
Just as there is no consensus yet among
recirculating system practitioners as to the
best biofilter or solids removal system,
there is certainly is no consensus in the
aquaponic community over many of the key
elements of aquaponic system design and
operation.

CURRENT STATE OF
KNOWLEDGE
System Design

The design of aquaponic systems
closely mirrors that of recirculating systems
in general with the addition of a hydroponic
component and the possible elimination of
a separate biofilter, the solids removal
component and devices (foam
fractionators) for fine and dissolved solids
removal (suspended solids and dissolved
organic matter generally do not reach levels
that require foam fractionation in aquaponic
systems).  The essential elements of an
aquaponic system consist of a fish rearing
tank, a suspended solids removal
component, a biofilter, a hydroponic
component and a sump.

The biofilter and hydroponic
components have often been combined by
using plant support media such as gravel
or sand that also function as biofilter media.
Raft hydroponics, which consists of
floating sheets of polystyrene and net pots
for plant support, can also provide sufficient
biofiltration.  Combining biofiltration with
hydroponics is a desirable goal, as
eliminating the expense of a separate
biofilter is one of the main advantages of
aquaponics.  An alternative design
combines solids removal, biofiltration and
hydroponics in one unit.  The hydroponic
support media (pea gravel or course sand)
captures solids and provides surface area
for fixed-film nitrification, although with
this design it is important not to overload
the unit with suspended solids.
Fish Production

Tilapia is the most common fish
cultured in aquaponic systems.  Although
some aquaponic systems have used channel
catfish, largemouth bass, crappies, rainbow
trout, pacu, common carp, koi carp and
goldfish, most commercial systems raise
tilapia.  Probably the majority of freshwater
species that can tolerate crowding will do
well in aquaponic systems.  One species
reported to perform poorly is hybrid
stripped bass, because they cannot tolerate
high levels of potassium, which is often
supplemented to promote plant growth.

To recoup the high capital and
operating expenses of aquaponic systems
and earn a profit, the fish rearing
component, as well as the hydroponic
vegetable component, must be operated
near maximum production capacity on a
continuous basis.  A system of four rearing
tanks has been used very successfully with

red tilapia in a commercial-scale
demonstration unit at the University of the
Virgin Islands (UVI).  Production is
staggered so one of the rearing tanks is
harvested every 6 weeks.  At harvest the
rearing tank is drained and all of the fish
are removed.  The rearing tank is then
refilled with the same water and
immediately restocked with fingerlings for
a 24-week production cycle.  As the fish
grow, aeration and flow rate are increased.
At a stocking rate of 0.74 fish/gallon,
production exceeds 900 lbs. in circular
rearing tanks with a water volume of 1,160
gallons.  Annual production for this entire
unit exceeds 7,500 lbs.

The final fish density in the UVI
system reaches a high of 0.80 lb./gallon
using heavy aeration and rapid water
exchange (48 minutes retention time).  In
general, it is recommended that the carrying
capacity in aquaponic systems should not
exceed 0.50 lbs./gallon.  This density will
promote fast growth and efficient feed
conversion and reduce crowding stress that
may lead to disease outbreaks.

In contrast, Bioshelters uses rearing
tanks that are nearly 200,000 gallons in
volume.  The tanks are internally
partitioned to facilitate continuous
harvesting.  Pure oxygen is used to maintain
tilapia at a final density of 0.58 lbs./gallon.
Suspended Solids

Suspended solids have special
significance in aquaponic systems.  If a
large amount of suspended solids enters the
hydroponic component, it may accumulate
on the plant roots and produce a deleterious
affect by creating anaerobic zones and
blocking the flow of water and nutrients to
the plant.  However, some accumulation of
solids may be beneficial.  As solids undergo
decomposition by microorganisms,
inorganic nutrients, essential to plant
growth, are released to the water by the
process of mineralization.  Mineralization
assists in producing adequate levels of
several essential nutrients.  Without
sufficient solids available for
mineralization, more nutrient
supplementation would be required,
thereby increasing the operating expense
and the management complexity of the
system.  Another benefit of solids is brought
about by the action of microorganisms that
decompose organic matter.  There is
evidence that microbes associated with
decomposing solids are antagonistic to
plant root pathogens and help maintain
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healthy root growth.  Therefore, it appears
that a delicate balance must be reached
between too much accumulation of
suspended solids and too little.

Sand and gravel hydroponic substrates
are sometimes used to remove solid waste
from the flow stream.  The solids remain
in the system to provide nutrients to the
vegetables through mineralization.  Fine
media such as sand and gravel always have
a potential of clogging and must not be
overloaded with organic matter.  The use
of sand is becoming less common, but one
popular aquaponic system, developed by S
& S Aqua Farm, uses small beds (8 ft. by 4
ft.) containing pea gravel ranging from 1/8
to 1/4 inch in diameter.  Solids are not
removed from the system. The hydroponic
beds are flooded several times daily with
aquacultural wastewater and then allowed
to drain completely, the effluent being
returned to the rearing tank.  During the
draining phase, air is brought into the
gravel.  The beds are tilled between
plantings and inoculated with red worms,
which improve bed aeration and assimilate
organic matter.

The UVI system uses a combination
of a cylindro-conical clarifier to remove
settleable solids twice daily and filter tanks,
containing orchard netting, to remove fine
solids.  The filter tanks are cleaned once or
twice weekly.  With this system some
mineralization of solids occurs, but only
minimal levels of suspended solids enter
the raft hydroponic tanks.

The relationship between techniques
for solids removal and the performance of
hydroponic plants has not been studied.
The most appropriate device for a particular
system may depend primarily on the
organic loading rate (daily feed input and
feces production) and secondarily on the
plant growing area.  For example, if large
amounts of fish (high organic loading) are
raised relative to a small plant growing area,
then a highly efficient solids removal
device such as a microscreen drum filter is
desirable.  Microscreen drum filters capture
very fine organic particles, which are
retained by the screen for only a few
minutes prior to backwashing and removal
from the system.  In this system, the
dissolved nutrients excreted directly by the
fish or produced by mineralization of very
fine particles and dissolved organic matter
are sufficient for the size of the plant
growing area.  At the other extreme, if small
amounts of fish (low organic loading) are

raised relative to a large plant growing area,
then solids removal may be unnecessary,
as more mineralization is needed to produce
sufficient nutrients for the large plant
growing area.  However, the solids cannot
be allowed to accumulate on the bottom of
a tank and form anaerobic zones.  A
reciprocating pea gravel filter, subject to
flood and drain cycles, may be the most
appropriate device in this situation because
solids are evenly distributed in the gravel
and exposed to high oxygen levels (21%
in air as compared to 0.0005-0.0007% in
fish culture water) on the drain cycle,
thereby enhancing microbial activity and
increasing the mineralization rate.

Solids that are discharged from
aquaponic systems must be disposed in an
environmentally- acceptable manner.  One
method is to store the solid waste in aerated
ponds and then apply the relatively dilute
sludge to land after the organic matter has
stabilized.   Another method is discharge
solid waste to artificial wetlands, where
organic matter will settle out and
accumulate for several years.  When the
wetland is eventually filled with solids, it
must be cleaned, and the muck must then
be disposed on land.  The solid fraction of
the sludge can be separated from the water
with sand drying beds and used with other
waste products from the system (vegetable
matter, fish carcasses) to form compost.
Urban facilities might have to discharge
solid waste into sewer lines for disposal at
the municipal sewage treatment plant.
Biofiltration

Ideally, aquaponic systems should be
designed so that the hydroponic subsystem
also serves as the biofilter, which eliminates
the capital cost and operational expense of
a separate biofilter.  Granular hydroponic
media such as gravel, sand and perlite
provide sufficient substrate for nitrifying
bacteria and generally serve as the sole
biofilter in some aquaponic systems,
although they have a tendency to clog, as
stated earlier.  If serious clogging occurs
due to organic matter overloading, gravel
and sand filters can actually produce
ammonia, as organic matter decays, rather
than remove it.

Raft hydroponics also provides
sufficient nitrification if solids are removed
from the flow stream prior to the
hydroponic component and the optimum
ratio of daily fish feed input to plant
growing is used.  The optimum ratio
maximizes plant production while

maintaining relatively stable levels of
dissolved nutrients.  In the UVI system, the
waste treatment capacity of raft
hydroponics is three times greater than the
optimum ratio for tilapia and bibb lettuce.
Therefore, raft hydroponics has excess
treatment capacity which ensures safe and
stable water quality.  After an initial
acclimation period of one month, it is not
necessary to monitor ammonia or nitrite
values in the UVI system.  A breakdown of
the treatment process by selected
parameters shows that each square meter
(10.8 ft2) of hydroponic growing area will
remove 0.56 g of ammonia-nitrogen, 0.62
g of nitrite-nitrogen, 0.83 g of total nitrogen,
0.17 g of total phosphorus and 4.78 g of
biochemical oxygen demand (BOD) per
day.  This data was determined for tilapia
and romaine lettuce and will vary
depending on the vegetable crop.

Aquaponic systems using nutrient film
technique (NFT) as the hydroponic
component may require a separate biofilter.
For example, Bioshelters uses NFT for basil
production and a fluidized bed reactor for
biofiltration.  NFT uses long narrow
channels that are 3 to 12 inches wide.  A
thin layer (film) of culture water continually
flows down the length of the channel,
delivering water, nutrients and oxygen to
the plant roots.  Compared to raft culture,
the surface area is considerably smaller as
there is no substantial side wall area or raft
underside surface area for colonization by
nitrifying bacteria.  The standard equations
used to size biofilters do not apply to
aquaponic systems as additional surface
area is provided by plant roots and some
ammonia removal is due to direct uptake
by plants.
pH is an important factor for nitrification
efficiency.  The optimum pH range for
nitrification is 6.0 to 9.0, although most
studies indicate that nitrification efficiency
is greater at the higher end of the range.
Most vegetables develop best at pH in the
range of 5.5 to 7.0.  pH affects nutrient
solubility.  Essential nutrients such as iron,
manganese, copper, zinc and boron are less
available to plants at pH above 7.5 while
the solubility of phosphorus, calcium and
magnesium sharply decreases at pH below
6.0.  A compromise is reached in aquaponic
systems by maintaining pH near 7.0.

Dissolved oxygen (DO) is another
important factor for nitrification efficiency.
Nitrification is most efficient when water
is saturated with DO.  The UVI
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formation and support to the aquaculture
industry.  Working with other aquacultural
groups and societies, the AES brings
people together to discuss new ideas and
technologies of benefit to the aquacultural
community as a whole.
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tories, and the AES News.
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commercial-scale system maintains DO
levels near 80% saturation (6 to 7 mg/L)
by aerating the hydroponic tanks with
numerous air stones distributed along the
central axis of the tanks.  Reciprocating
(flood and drain) gravel systems expose
nitrifying bacteria to high atmospheric
oxygen levels during the dewatering phase.
The thin film of water that flows through
NFT channels absorbs oxygen by diffusion,
but dense plant roots and associated organic
matter can block water flow and create
anaerobic zones which precludes the
development of nitrifying bacteria and
further necessitates the installation of a
separate biofilter.

Membership
Dues

The AES will be collecting 2000
membership dues this fall and win-
ter.  Join AES for 2000 and receive
eight  issues (two 1999 volumes) of
the journal Aquacultural Engineer-
ing, the AES News, and the AES
Member Directory.
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The Status of Aquaponics, Part 2
By James Rakocy, University of the Virgin Islands
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Shallow perlite trays provide minimal area
for root grow and are better for smaller
plants such as lettuce and herbs.

Nutrient film technique (NFT) has
been successfully incorporated into a
number of aquaponic systems.  NFT
consists of many narrow plastic troughs in
which plant roots are exposed to a thin film
of flowing nutrient solution (culture water).
The troughs are lightweight, inexpensive
and versatile.  Troughs can be mounted over
rearing tanks to efficiently utilize vertical
greenhouse space.  However, this practice
is discouraged if it interferes with fish and
plant operations such as harvesting.  High
plant density can be maintained by
adjusting the distance between troughs to
provide optimum plant spacing during the
growing cycle.  Aquaponic systems
utilizing NFT also require effective solids
removal to prevent excess solids
accumulation on roots.  With NFT, a
disruption in the water flow can quickly
cause wilting and death.

maintain lower than ambient water
temperatures, a benefit in the tropics.  A
disruption in pumping does not affect the
plant’s water supply as in gravel, sand,
perlite and NFT systems.  The sheets are
easily moved along the channel to a
harvesting point where they can be lifted
out of the water and placed on supports at
an elevation that is comfortable for the
workers.

A disadvantage of rafts in an aquaponic
system is that roots are exposed to harmful
organisms associated with aquaculture
systems.  If tilapia fry gain access to the
raft tanks, they consume plant roots and
severely stunt growth, although it is
relatively easy to prevent the entry of tilapia
by using a fine mesh screen.  Similarly,
blooms of zooplankton, especially
ostracods, will consume root hairs and fine
roots, retarding plant growth.  Other pests
are tadpoles and snails, which consume
roots and nitrifying bacteria.  These
problems can be surmounted by stocking
some carnivorous fish in the hydroponic
tanks that prey on these pests.
Component Ratios

Aquaponic systems are generally
designed to meet the size requirements for
suspended solids removal and biofiltration
relative to the amount of fish being raised.
However, if a separate biofilter is used, the
hydroponic component is the safety factor
as a significant amount of ammonia uptake
and nitrification will occur regardless of
hydroponic technique.  Another key design
criterion is the ratio between the fish rearing
and hydroponic components.  If the ratio
of fish to plants is too high, nutrients will
accumulate rapidly and may reach
phytotoxic levels.  Higher water exchange
rates will be required to prevent excessive
nutrient buildup.  If the ratio of fish to plants
is too low, the plants will develop nutrient
deficiencies and more nutrient
supplementation will be required.
Fortunately, hydroponic plants do grow
well over a range of concentrations.

Information on optimum fish to plant
ratios is available for gravel, NFT and raft
hydroponics.  A volume ratio of 1 ft3 of
fish rearing tank to 2 ft3 of pea gravel
hydroponic media is recommended for the
reciprocating (flood and drain) gravel
aquaponic systems developed by S & S

HYDROPONIC METHOD
Several hydroponic methods are used

in aquaponics.  Gravel hydroponics has
been the most common method on an
experimental basis.  To ensure adequate
aeration of plant roots, gravel beds usually
operate in a reciprocating mode, in which
the beds are alternately flooded and
drained.  Depending on its composition,
gravel can provide some nutrients for plant
growth (e.g., calcium is slowly released as
the gravel reacts with acid produced during
nitrification).

Gravel has a number of negative traits.
The weight of gravel requires strong
support structures.  It is subject to clogging
with suspended solids as stated earlier.
Having high porosity, gravel retains very
little water if drained.  Disruption in flow
will lead to the rapid onset of water stress
(wilting).  The sturdy infrastructure
required to support gravel and the potential
of clogging impose a size limitation on
gravel beds, which tend to be small.

Sand has been used as hydroponic
media in aquaponic systems.  Sand is an
excellent substrate for plant growth.  One
commercial facility (now closed) raised 28
types of vegetables in trays of sand that
were stacked three tiers high in a
greenhouse.  In an experimental system
developed by Mark McMurtry, sand beds
were constructed on slightly-sloped ground
that was covered by polyethylene sheets
adjacent to in-ground rearing tanks with the
tank floors sloping to one side.  A pump in
the deep end of the rearing tank was
activated for 30 minutes five times daily to
furrow irrigate the adjacent sand bed.  The
culture water percolated through the sand
and returned to the rearing tank.

Perlite is another media that is starting
to be used in aquaponic systems.  Perlite is
placed in shallow trays (3 inches deep).  A
small trickle of water enters at the top of
the tray, flows trough the perlite keeping it
moist, and discharges into a trough at the
lower end.  Solid matter must be removed
from the waste stream before it enters the
perlite tray and organic loading of the
system should be light.  High levels of
dissolved organic matter will promote
microbial growth, which will clog the
perlite, form channels, create anaerobic
zones and lead to nonuniform plant growth.

A floating or raft hydroponic system
is ideal for the cultivation of leafy green
vegetables.  Long channels with expanded
polystyrene sheets support vegetables at the
water surface with roots suspended in the
culture water.  The system provides
maximum exposure of roots to the culture
water and avoids clogging.  The sheets
shield the water from direct sunlight and
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Aqua Farm. In that system tilapia are raised
to a final density of 0.5 lb./gallon.  With
this system no nutrient supplementation is
required and no solids are removed from
the system.

As a general guide for raft aquaponics,
a ratio in the vicinity of 1 lb. of fish feed/
day/42 ft2 (0.024 lb./day/ft2) of plant
growing area is recommended, although
this ratio is subject to variation depending
on type of plant, the degree of solids
removal and environmental conditions.  In
the UVI system, the ratio of plant growing
to fish surface area is 11.5:1. These ratios
are based on the production of tilapia and
lettuce and require that all solids are
removed, with a residence time of <1 day
for settleable solids (>100 microns),
removed by a clarifier, and 7 days for non-
settleable solids, removed by a filter.
Supplementation is required for potassium,
calcium and iron.

Using an NFT hydroponic method at
Bioshelters, a ratio of plant growing surface
area to fish rearing surface area is 2:1.  In
this system, solids are efficiently and
quickly removed with a microscreen drum
filter.  Only calcium is supplemented
through base addition.

The critical determinants in sizing the
hydroponic component are the daily feed
input to the system, which is directly
proportional to the mass loading of
dissolved nutrients, and total water volume.
In raft hydroponics, about 75 % of the
system water volume is in the hydroponic
component whereas gravel, sand and perlite
beds or NFT troughs contain minor
amounts of system water. Theoretically in
systems producing the same quantity of fish
and plants, total nutrient concentrations
would be nearly four times higher in gravel,
sand, perlite and NFT systems (e.g., 2,000
mg/L) as compared to raft systems (e.g.,
500 mg/L), but total nutrient mass would
be equal among systems.  This example
assumes that nutrient levels can be
maintained at a steady state, but in reality
nutrient levels fluctuate.  Total nutrient
concentrations can affect plant growth, and
therefore the optimum design ratio will vary
with the hydroponic method.  Other factors
involved in accurately sizing the
hydroponic growing area are the water
exchange rate, the nutrient levels in the
source water, the degree of suspended
solids removal and the type plant being
raised.  Lower rates of water exchange,
higher source-water nutrient levels,
incomplete solids removal resulting in the

release of more dissolved nutrients through
mineralization, and slower growing plants
would require larger hydroponic areas or
lower feeding rates.
Nutrient Dynamics

A concern with aquaponic systems is
nutrient accumulation. High feeding rates
and insufficient plant growing areas can

and magnesium (Mg) are sufficient for
maximum plant growth, while levels of
potassium (K) and calcium (Ca) are
generally insufficient, based on UVI’s raft
culture system, which uses rain water.
Potassium is added to the system in the
form of potassium hydroxide (KOH) while
Ca is added as calcium hydroxide
[Ca(OH)2].  These compounds are added
alternately in equal amounts to maintain pH
at 7.0.  Adding basic compounds of K and
Ca serves the dual purpose of
supplementing essential nutrients and
neutralizing acid.  The addition of too much
Ca can lead to the precipitation of PO4 from
the culture water in the form of calcium
phosphate [Ca3(PO4)2].  In some systems
Mg may be limiting. Magnesium can be
supplemented by using dolomite
[CaMg(CO3)2] as the base to adjust pH.

Sodium bicarbonate (NaHCO3)
should never be added to an aquaponic
system for pH control.

The accumulation of Na is a concern
because high Na levels in the presence of
chloride are toxic to plants.  The maximum
Na concentration in hydroponic nutrient
solutions should not exceed 50 mg/L.
Higher Na levels will interfere with the
uptake of K and Ca.  Soluble salt (NaCl)
levels in fish feed, associated particularly
with the fish meal fraction, are relatively
high.  If Na exceeds 50 mg/L, a partial water
exchange (dilution) may be necessary.

Nitrate is the predominant nutrient in
aquaponic systems and can accumulate to
very high levels.  In addition to the health
threat posed by nitrates in discharge water,
high NO3 concentrations can affect yields
by promoting vegetative growth over fruit
development.  The UVI system has a
method to regulate NO3 levels through
denitrification in the filter tanks, where
anaerobic pockets develop in the organic
matter that accumulates on the orchard
netting between cleanings.  The entire water
column must move through the
accumulated sludge where good contact
between NO3 ions and denitrifying bacteria
occurs.  Nitrate levels are reduced by
decreasing the cleaning frequency.
Similarly, substantial denitrification occurs
in aquaponic systems that use fine
hydroponic media to remove solid waste.
Of the minor nutrients required by plants,
zinc (Zn), manganese (Mn), copper (Cu),
boron (B) and molybdenum (Mo) are
sufficient for good growth.  The iron (Fe)
derived from fish feed is generally
insufficient for hydroponic plant production

lead to the rapid buildup of nutrients,
measured as total dissolved solids (TDS),
to potentially phytotoxic levels (>2,000 mg/
L as TDS or 3125 micromhos/cm).  Since
aquaponic systems have variable
environmental conditions, daily feed input,
solids retention, mineralization, water
exchange, nutrient input from source water
or supplementation, and nutrient uptake by
different plant species, it is difficult to
predict the exact level of total dissolved
solids and how it is changing.  Therefore,
it is necessary to periodically measure total
dissolved solids in the range of 0-2000 mg/
L.  If TDS is steadily increasing and
approaching 2000 mg/L, increasing the
water exchange rate or lowering the fish
stocking rate and feed input will quickly
and easily reduce nutrient accumulation.
Since these methods either increase
operational costs (i.e., more water
consumed) or lower revenue (i.e., less fish
produced), they are not good long-term
solutions.  Better solutions involve
increased solids removal (i.e., upgrade the
solids removal component) or enlarged plant
growing areas, which increase capital costs.

Of the major nutrients that contribute
to conductivity, concentrations of nitrate
(NO3), phosphate (PO4), sulphate (SO4)
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and may need supplementation.
Nutrient supplementation may not be

necessary in systems that do not remove
solids, remove solids but compensate with
high fish loading rates, use gravel substrates
(a source of nutrients) or nutrient-rich
makeup water (well water).  Damon
Seawright developed a “designer diet” for
aquaponic systems that would generate
nutrients in proportion to their requirements
for hydroponic plant nutrition, thereby
creating stable and balanced nutrient
concentrations over prolonged periods.
More work is needed in this area, especially
to limit Na accumulation by substituting
plant protein for fish meal, but standard fish
diets work surprisingly well.
Suitable Plants

Many plants have been grown
successfully in aquaponic systems.  High
value cash crops such as tomatoes, lettuce
and cucumbers have been cultured most
frequently on an experimental scale.
Lettuce is one of the best crops for
aquaponic systems because production
cycles are short (3 to 5 weeks in the system),
pest pressure is low and income per unit
area is high.  Basil and chives are already
grown commercially and there is
commercial potential for other culinary and
medicinal herbs.  Potential also exists for
cut flowers.
Crop Production Systems

There are three strategies for producing
crops in the hydroponic component.  They
are staggered cropping, batch cropping and
intercropping.  A staggered crop production
system is one in which groups of plants in
different stages of growth are cultivated
simultaneously in the hydroponic
subsystem.  This production system allows
regular harvest of produce and relatively
constant uptake of nutrients from the
culture water.  This system is most
effectively implemented where crops can
be grown continuously in the tropics or in
environmentally-controlled greenhouses.
Leafy green vegetables, herbs and other
crops with short production cycles are well-
suited for continuous, staggered production
systems.

A batch cropping system is more
appropriate for crops that are grown
seasonally or have extended growing
periods (>3 months) such as tomatoes and
cucumbers.  Various intercropping systems
can be used in conjunction with batch
cropping.  For example, if lettuce is
intercropped with tomatoes and cucumbers,
one crop of lettuce can be harvested before

canopy development limits light penetration.
Pest and Disease Control

Aquaponic plants are subject to many
of the same pests and diseases that affect
field crops, although they appear to be less
susceptible to attack from soil-borne pests
and diseases.

Pesticides cannot be used for control.
Even pesticides that are registered would
pose a threat to the fish and would not be
permitted in a fish culture system.
Similarly, most therapeutants for treating
fish parasites and diseases cannot be used
either.  Plants may absorb and concentrate
them.  Even the common practice of adding
salt to treat fish diseases or reduce nitrite
toxicity would be deadly to plants.  Instead,
non-chemical methods are used such as
biological control (resistant cultivars,
predators, antagonistic organisms), barriers,
traps, manipulation of the environment and
other specialized cultural practices.  For
example, caterpillars are effectively
controlled by spraying with Bt (Bacillus
thuringiensis), a bacterial pathogen that is
specific to caterpillars, and fungal root
pathogens can often be controlled by
lowering water temperature.

Prohibition on the use of pesticides is
a disadvantage to crop production in
aquaponic systems.  However, this
restriction assures that crops from
aquaponic systems will be raised in an
environmentally-sound manner and will be
free from pesticide residues. It also appears
that aquaponic systems may be more
resistant to diseases that affect standard
hydroponics.  This resistance may be due
to the presence of some organic matter in
the culture water which creates a stable,
ecologically-balanced, growing
environment with a wide diversity of
microorganisms, some of which are
antagonistic to plant root pathogens.
Vegetable Yields

Vegetable yields from experimental
systems have been quite variable, ranging
from 0 to 41.6 lbs. per plant for tomatoes,
0 to 1.9 lb. per plant for leaf lettuce and 1.5
to 9.0 lbs. per plant for cucumbers. This
variability reflects vegetable production
under a wide range of environments in
many experimental systems.  As in all
pioneering efforts, some of these initial
system designs produced unfavorable
environments and disappointing results.
Nevertheless, several investigators
determined that the yields from aquaponic
systems were greater than plants grown in
soil under similar conditions.  For example,

by using transplants and batch culture,
UVI’s system can produce 13 lettuce crops
per year as opposed to four or five field
crops in areas that allow year-round growth.
Moreover, the planting density (1.48 plants/
ft2) is four times greater than the density
(0.37 plants/ft2) typically used in field
production. Research has also shown that
aquaponic yields are comparable to or
greater than hydroponic yields with
inorganic nutrient formulations.  There is a
great need for more data on the yields of
aquaponic plants grown under different
environmental conditions (e.g., tropical
outdoor systems vs. temperate greenhouse
systems) with different hydroponic
methods.  This information is vital for the
development of business plans.
THE FUTURE OF
AQUAPONICS

The immediate potential for aquaponic
systems appears to be niche markets where
consumers are willing to pay a higher price
for fresh fish and specialty crops that are
available on a regular basis throughout the
year.  Through environmental control (e.g.,
heated greenhouses), aquaponic systems
will be able to locate adjacent to urban
markets, substantially reducing
transportation costs.

Aquaponic systems also have potential
in arid and semiarid areas due to their water
reuse efficiency and conservation
characteristics.  Aquaponic systems
perform well with desalinated water.  In
desert areas, the effluent from aquaponic
systems is a valuable resource for field crop
production.

There is considerable potential for
aquaponic systems in tropical island
communities.  Overfishing and the
constraint of unreliable water supplies and
rugged, nonarable terrain for crop
production make many islands dependent
on fish and produce imports, but the long
transportation links and time in transit
substantially increase the price of imported
food and contribute to poor quality.
Aquaponic systems are ideal for resource-
limited areas such as islands and would
afford a degree of food self-sufficiency.

The increased use of aquaponics in
school curricula to demonstrate a multitude
of scientific principles is an excellent
development that will win recruits to this
new field.  What is really needed now are
more programs for long-term research and
development to tap the full potential of
aquaponics while lowering the commercial
risks.
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UPCOMING MEETINGS
Aquaculture America 2000

The AES sessions at Aquaculture 2000 in New Orleans (February 2-5, 2000) will focus on recirculating technologies.  See the World
Aquaculture Society Homepage for registration information (http://www.was.org/).  The first AES session, moderated by Fred Wheaton, is a
training session that addresses recirculating fundamentals.  A baseline sixty-minute water quality lecture by Kelly Rusch, will be followed by
five 30 minute talks on the design and management of recirculating systems. Intended to be basic training for the novice, this session includes
presentations of  by the likes of  Mike Timmons, Paul  Hundley and Philip Lee and will make significant contributions to the knowledge
envelop for most of our membership.

Our premier session will be moderated by our AES President, Tom Losordo, and will focus on the topic of Marine Recirculating Systems.
Jim McVey of the National Sea Grant Office and Ed Rhodes of National Marine Fisheries Service are preparing a talk addressing their
perspectives on the future of marine aquaculture.   This introduction is supported by six additional speakers who will be addressing technical
issues that have arisen from applications on clams, shrimp, squid, sharks and finfish  throughout the country.  In an attempt to encourage
interdisciplinary thinking, a special effort has been made to include a number of experienced recirculating marine system users to provide the
engineers with a “users group” perspective.

The two organized sessions are supported by a set of fourteen excellent contributed papers that deal with a variety of aquaculture topics
including nitrogen management, aquaponics, tilapia production, and fish health management.  Moderated by Philip Lee, this session is
expected to form a foundation for extended discussions in the fine restaurants and other “establishments” that can be found in the downtown
New Orleans area.   Our Louisiana members are determined that a good time be had by all.

AES Contributed Sessions at Aquaculture America ‘2000

Moderator: Dr. Philip Lee, Biomedical Research Institute, Texas

Ratio of Plants to Fish in Aquaponic Systems.  James E. Rakocy, University of the Virginia Islands

Nitrogen Partitioning in a Zero Water Exchange Shrimp Culture System for Litopenaeus vannamei. Lytha Conquest,
Douglas E. Conklin, David Ziemann, and Albert Tacon, Oceanic Institute

Nitrification and Characterization of Biochemical Oxygen Demands in a High Density, Zero Water Exchange Outdoor
Shrimp Tank System (Litopenaeus vannamei) Using a Bacterial Supplement Treatment With Varied Protein Diets.
C. K. Hart, T. M. Samocha, A. L. Lawrence, D. A. McKee, and J. B. Mott, Texas A&M University-Corpus Christi

A Nitrogen Budget for a Closed Recirculating Mariculture System.  Eric S. Thoman, D. Allen Davis, Ellery D. Ingall, and
Connie R. Arnold, University of Texas at Austin

Diurnal Nitrogen and Organic Carbon Fluctuation in Recirculating Aquaculture Systems.  Valdis Krumins and James Ebeling,
Biological Resources Engineering

Evaluation of Alternative Media for Enhanced Nitrification Rates in Propeller-Washed Microbead Filters.  T. J. Peiffer, L. E.
Beecher, and R. F. Malone, Louisiana State University

Kinetic Reaction Rate Analysis of Nitrifying Bead Filters in Aquaculture- Part One: Laboratory Scale Bioreactor.  James M.
Ebeling, Fred W. Wheaton, Biological Resources Engineering Department

Kinetic Reaction Rate Analysis of Nitrifying Bead Filters in Aquaculure- Part Two: Commercial Bubble-Washed Bead Filter.
James M. Ebeling, Fred W. Wheaton, Biological Resources Engineering Department

Impact and Recovery of Nitrifying Biofilters From Operating Disturbances.  Catherine Lyssenko, Fred Wheaton, Department
of Biological Resources Enigneering

A Survey of U. S. Tilapia Producers Who Utilize Recirculating Technology.  Kerry W. Tudor, Ono Juarno, Patrick D. O’Rourke,
and Patrick Foley, Department of Agriculture

Field Evaluation of Four Species/Strains of Tilapia in Louisiana Greenhouse-Based Recirculating Systems.  C. Greg Lutz,
Louisiana State University Agricultural Center

Daily Ozone Cycling.  Valdis Krumins, James Ebeling,  and Fred Wheaton, Biological Resources Engineering

Fish Health Management of Recirculating System.  David Crosby, Virginia State University
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The 3rd International Conference on Recirculating Aquaculture
The 3rd International Conference on Recirculating Aquaculture will be held July 20-23, 2000, at the Hotel Roanoke & Conference

Center in Roanoke, Virginia.
This conference and trade show provides the world’s premier forum for sharing ideas, opportunities, and technologies in commercial

scale recirculating aquaculture. Entrepreneurs, researchers, facility operators, aquaculture managers, fishery biologists, veterinarians, engineers,
food technologists, food safety specialists, government regulators, business managers, financial institution representatives, and extension and
advisory personnel will all benefit from participating. A series of symposia will feature presentations and discussions on such topics as: design
of recirculating systems, operations and management, business plans, economic analysis, marketing, fish health and disease, legal issues,
food safety and HACCP standards, quality control, systems engineering and resource recovery. And an expanded trade show is a highlight of
the conference.

For more information, contact Dr. George Libey at Virginia Tech (tel: 540-231-6805; e-mail: aqua2000@vt.edu) or log on to http://
www.conted.vt.edu/recirc/aqua.htm

Call for Papers & Instructions for Abstract Submission

The Aquacultural Engineering Society (AES) and Virginia Polytechnic Institute and State University (VPI) are calling for technical
papers for the Third International Conference on Recirculating Aquaculture.  Authors must submit a short abstract (see Abstract
Guidelines below) by February 1, 2000, to either Michael B. Timmons (AES) or George S. Libey (VPI).  Authors of accepted
abstracts will be notified by February 15 and will receive detailed instructions for submission of full papers. Final manuscripts must
be submitted to George S. Libey and received by April 1, 2000 in “camera ready” format. These papers will be published in a
proceedings that will be available at the conference.

All papers in the general area of aquacultural engineering are invited. However, specific topics of interest include:
• Waste management
• Harvesting and handling
• Feeding management strategies
• Water chemistry control and Biofiltration
• Automation

Sessions will be organized based upon paper submission.

Submit the abstracts by mail or e-mail to:
Dr. Michael B. Timmons
302 Riley Robb Hall
Department of Agricultural and Biological Engineering
Cornell Univesity, Ithaca, NY 14853
Email:  MBT3@cornell.edu

Abstract Guidelines.
1. Abstracts should be concise and limited to one typewritten page.
2. Use single spacing, 12 pt font, and allow 2.5 cm for left and right margins.
3. Titles should also be concise but clearly relate the subject of the article.
4. Include the name(s) of the author(s) and their affiliation(s) and address(es).
5. Submit your abstract to Dr. Timmons at the address listed above by February 1, 2000.
6. Submit the abstract either by email as an attachment, or on a 3.5” disk.  If sending a disk, please label it with your name and

include a hardcopy of the abstract.  Please ensure that your file is virus-free.

If your abstract is accepted, you may submit a revised abstract with your complete paper (by April 1) for publication in the conference
proceedings.

Aquaculture Europe & World  Aquaculture ‘2000
Europe has long been a major center for aquaculture, with a current production level more than twice as high as North America. Interest

in aquaculture expansion continues to grow in Europe, as well as in the whole Mediterranean region. The year 2000 provides an opportunity
to organize a landmark event to celebrate the beginning of a new millennium, and to examine the current status of global aquaculture and the
way ahead. For this reason, the European Aquaculture Society has combined its Aquaculture Europe 2000 meeting with the annual meeting of
the World Aquaculture Society, World Aquaculture 2000.  This meeting has been named AQUA 2000 and will take place May 2 - 6 (2000) in
Nice, France, at the Acropolis Convention Center on the coast of the Mediterranean.  For more information visit the AQUA 2000 website at:
http://www.was.org/confer/nice/aqua200.html

The AES will be organizing two aquacultural engineering sessions at AQUA 2000.  Raul Piedrahita is coordinating the AES involvement.
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AES Issues Forum
The AES Issues Forum will be held November 4, 5 and 6 (1999) in Raleigh, North Carolina, at the Jane S. McKimmon Conference Center for
Extension and Continuing Education (1101 Gorman Street).  AES President Thomas Losordo will be the host for this “Members Only” Issues
Forum. This Forum is intended for members of the AES to gather and reflect upon the advances that have been made in the arts and sciences
of aquacultural engineering and the important issues we face.   The presentation format is intended to stimulate lively discussions. Following
the Issues Forum on November 6th, an optional tour of two recirculating aquaculture production systems will be provided. Contact Steven
Summerfelt (fax: 304-870-2208; email: s.summerfelt@freshwaterinstitute.org) for information on registering for the Forum.

AES Issues Forum Preliminary Program
Thursday, November 4

8:30 - 11:30 AM Water Mixing, Distribution, Hydrodynamics
Moderator:  Barnaby Watten
a. “Mixed Flow Patterns In Plug Flow Reactors,” Watten
b. “High Volume, Low Head, Velocity Fields,” Collier
c. “Secondary Flow Effects,” Wang
d. “Hydrodynamics in the ‘Cornell-type’ Dual-drain Tank,” Summerfelt
e. “Similitude in Hydrodynamics,” Odeh

11:30 - 1:00 PM LUNCH
  1:00 - 3:45 PM Bacterial System for Aquaculture Water Treatment

Moderator:  David Brune
a. “Activated Suspension Ponds,” Avnimelech
b. “Large Volume Nitrification Reactors,” Massingill
c. “Bead Filters for Nitrification,” Malone
d. “Integrated Tank Culture,” Rakocy

  3:45 - 4:00 PM BREAK
  4:00 - 5:30 PM Particulates and Sludge Management

Moderator:  Paul Hundley
a.  “Particulate and Sludge Management,” Hundley
b. “Aquaculture Solids Removal,” Chen
c. “Tilapia for Particulates Removal,” Massingill

Friday, November 5

8:30 - 11:30 AM Photosynthetic Systems for Aquaculture Water Treatment
Moderator: Jaw Kai Wang
a. “Conventional Fish Ponds,” Hargreaves
b. “Integrated Marine Systems,” Wang
c. “Partitioned Aquaculture Systems,” Brune
d. “Aquaponic Systems,” Rakocy
e. “Water Velocity Effects,” Mathieu

11:30 - 1:00 PM LUNCH
  1:00 - 3:15 PM Systems and Component Design

Moderator: Kelly Rusch
a. “Integrating Aquaculture Recirculating Functions,” Malone
b. “System Design Criteria,” Weaver
c.  “Manual Vs. Automatic Controls,” Lee

  3:15 - 3:30 PM BREAK
  3:30 - 5:00 PM DISCUSSION

Saturday, November 6

The tours will visit the Fish Barn at NC State University and a commercial tilapia production facility within 50 miles of campus. The
Fish Barn is a commercial scale recirculating aquaculture demonstration facility that is currently producing tilapia at a rate of
approximately 60 tonnes per year. The Southern Farm Tilapia facility is of similar design but larger in scale.
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To join the AES, please fill out the following information and send with payment to:  Steve Summerfelt, c/o Freshwater Institute, P. O. Box
1746, Shepherdstown, WV, 25443, USA (fax: 304-870-2208).  Make cheques payable to the Aquacultural Engineering Society.  You do not
have to provide education information to become a member.

Name____________________________________________________  Position _____________________________________________

Company_______________________________________________________________________________________________________

Address ________________________________________________________________________________________________________

City ______________________________ State _________________  Postal Code __________________Country __________________

Telephone __________________________ Fax _____________________  E-mail ____________________________________________

Highest Degree ____________________ Major __________________  Institution ____________________ Year __________________

_______ $75 (US) Individual Member; ______ $75 (US) Student Member ; ______ $25 (US) Student Member

Master Card ______ Visa ________ Credit Card No. ______________________________  Exp. Date ___________________________

Exact spelling of name on credit card: ________________________________________________________________________________

For more information on the AES, visit the AES web page at:
http://www.aesweb.org

PRAqua Technologies Ltd.
67b Skinner St., Nanaimo, British
Columbia  V9R  5G9 CANADA
ph:  (250) 714-0141
fax:  (250) 714-0171
e-mail:  info@praqua.com
web site:  www.praqua.com

Aquaculture Systems & Equipment
108 Industrial Ave., New Orleans,
LA  70121
ph:  (877) 837-5580
fax:  (504) 837-5585
web site:  www.aquasales.com

Marine Biotech, Inc.
54 West Dane Street, Unit A, Beverly,
Massachusetts  01915,U.S.A.
ph:  (978) 927-8720
fax:  (978) 921-0231
e-mail:  sales@marinebiotech.com
web site:  www.marinebiotech.com

Aquatic Eco-Systems, Inc.
1767 Benbow Court, Apopka, FL  32703
ph: (407) 886-3939
fax:  (407) 886-6787
e-mail: aes@aquaticeco.com
web site:  http://www.aquaticeco.com

Aquaculture Systems Technologies, LLC.
P.O. Box 15827, New Orleans, LA  70175
ph:  (800) 939-3659
fax: (504) 837-5585
e-mail: AQUASYS@BeadFilters.com
web site: www.BeadFilters.com

Aquaneering, Inc.
8280 Clairemont Mesa Blvd., Suite 117, San Diego,
CA  92111-1708 USA
ph:  (619) 541-2028
fax:  (619) 541-2048
e-mail:  markf@aquaneer.com
web site:  WWW.AQUANEER.COM

AES Sponsors
The AES is looking for sponsors within the aquaculture industry to support the increased cost of producing the AES

News.  The sponsors listed below have donated generously to support the AES.  For this donation, the AES will be inserting
a one-page product literature sheet in one of the newsletter mailings, and list the vendor as an AES supporter in four
consecutive newsletters.  Please contact one of the AES News Co-Editors if you would like to be a sponsor.


