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Dear AES Members,

We have several important AES ses-
sions and meetings coming up in 2003
and important details on these meetings
are contained inside this newsletter.

I hope to see many of you at the
AES sessions that will be held during the
Aquaculture America 2003 Conference
and Tradeshow, February 18-21, 2003, at
the Commonwealth Convention Center
in Louisville, Kentucky, USA.   Thanks
to Kelly Rusch, AES 2nd Vice President,
for organizing an AES workshop on
aquacultural engineering basics and two
AES special sessions, one on designs for
zebrafish systems and the other on com-
puter tools for aquaculture.  The AES
has also organizing a 1/2 day AES
Special Session to be held during World
Aquaculture 2003, May 19-23, 2003, in
Salvador, Brazil. 

John Colt has organized the third
AES Issues Forum, which will be held at
the Doubletree Hotel Seattle
(Washington, USA) Airport and
Conference Center, November 3-5,
2003.  The major topic areas covered
will include design of shellfish hatch-
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eries, marine biosecure facilities, flow-
through salmon and trout facilities,
marine netpens, large-scale laboratory
research systems, and cold water reuse
systems.  A call for papers and instruc-
tions for abstract submission are listed
on page 10 (inside).   Selected papers
from the 2003 AES Issues Forum will be
published in a special issue of Elsevier’s
journal Aquacultural Engineering.

In other news, the AES Board of
Directors has approved a motion to form
a ‘European Chapter’ within the AES.
Ep Eding (AES Director, University of
Wageningen, The Netherlands) has been
appointed the leader of our ‘European
Chapter.’ I think that creating a
‘European Chapter’ within the AES will
help to increase the involvement of our
European members and increase AES
exposure in Europe.  As a start, Ep Eding
will represent the AES as we cooperate
with the European Aquaculture Society
(EAS) to jointly organize a special ses-
sion to be held during the EAS Annual
Meeting, August 8-12, 2003, in
Trondheim, Norway.  Barnaby Watten,
the AES Liaison with other Societies, is
also working with his EAS counterpart

to develop a memorandum of under-
standing for cooperation between our
two societies.

My year of service as AES President
is ending in February and I want to thank
the AES Executive Committee and all of
the Committee Chairs for their contribu-
tions to the AES during my tenure.  I
especially want to thank AES
Secretary/Treasurer Brian Vinci, who
almost single handedly keeps the AES
operating.  

In 2003, the AES will be10 years old
and in the able hands of President
Michael Timmons, an AES founding
member and our 1st Secretary/Treasurer.
The AES has never been in better shape
and I expect the AES to achieve many
positive outcomes in the coming years.

Best Regards,

Steve

Steven Summerfelt, President
Aquacultural Engineering Society
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INTRODUCTION
Commonly, inland aquaculture pro-

duction systems can be grouped into four
categories based upon the manner in which
they handle water: (1) Flow-through, (2)
Open recirculating, (3) Closed recirculat-
ing, or (4) Pond systems.  Additionally, "in-
situ" production strategies, such as net pens
or ranching, can be used in large systems,
typically marine, where the body of water
is large enough to prevent use conflicts and
concerns about pollution.  For a variety of
socioeconomic reasons, the trend in the
United States is toward inland production
strategies as opposed to "in-situ" strategies
that have dominated notable aquaculture
production centers such as Norway and
Japan.  

Historically, U. S. aquaculture produc-
tion was based largely on intensive flow-
through technologies.  Flow-through sys-
tems are generally associated with an abun-
dant source of water, typically a stream or
groundwater.  In the classical format, water
is passed through a raceway and out of the
facility, flushing waste products to a
receiving body of surface water.  Fish in
the raceway are held at high densities,
often exceeding one pound of fish per gal-
lon of tank volume.  Many modern flow-
through systems are configured to permit
serial reuse of water, thus, increasing the
poundage of fish that can be supported by
the water source.  Tanks or raceways are
simply connected end to end until the TAN
(total ammonia nitrogen) concentrations
rise to an unacceptable level.  Flow-
through systems are generally well aerated
since oxygen is more rapidly depleted as
TAN levels rise.  In some areas, clarifica-
tion (solids removal) of effluent waters is
required.  Flow-through production still
dominates in the U.S. trout and salmon
industries.  However, the limited number of
suitable sites and growing environmental
pressures are severely impacting the suit-
ability of this approach.

Pond culture represents perhaps the
most common method for culturing fish.
Fish are stocked into an outdoor pond

where natural foods are supplemented by
artificial feeds.  Little, if any, water needs
to be flushed through the pond aside from
that generated by rainfall.  Although aera-
tion is sometimes used, stocking densities
are very low and natural purification cycles
are relied upon to recondition the water.
Water replacement is intermittent.
Commonly, ponds are only drained once
every or every other year.  The warmwater
catfish industry in Mississippi, the crawfish
industry of Louisiana, the new shrimp
industry of Texas, the tropical fish industry
of Florida, and the emerging striped bass
industry in Maryland and South Carolina
are all based on pond culture.  Although
confronted by a series of issues including
bad weather, disease, predation by migrat-
ing birds, and off-flavor, cost-effective
pond culture will likely be an integral com-
ponent of many near-future aquacultural
production strategies.

The term "recirculating" applies to
many high density aquaculture systems
which wholly or partially reuse water.  In
its simplest form, a recirculating system
consists of a culture unit, a recirculating
pump, and a series of treatment units.
Interest in  recirculating technologies
stems from a variety of fundamental con-
cerns ranging from water availability to the
introduction of exotic species that have
confronted the more traditional pond or
raceway formats (Table 1).  Reuse of water
implies reconditioning; so, recirculating
systems include a filtration package.  The
sophistication of the water treatment sys-
tem is determined by the length of time the
water is reused.  Open recirculating sys-
tems are essentially modified flow-through
systems equipped with solids capture
and/or biofilters to minimize water or heat-
ing demands for a given production level.
Closed recirculating systems reuse water
for extended periods and, thus, must extend
the treatment train.  Land locked marine
aquaria forced to reuse water for years
must even address more subtle aspects of
water reuse such as changes in ion bal-
ances.  

Once considered an art, the design and
operation of  recirculating aquaculture sys-
tems are rapidly solidifying into a hard sci-
ence.  Recent scientific advances have led
to a series of commercial ventures that
have demonstrated the technological feasi-
bility and, sometimes, economic viability
of several reconditioning configurations.
Whereas the issue a little over a decade ago
was "if it could be done,” debates now cen-
ter on reducing costs of production and
enhancing markets.  Research efforts have
clearly defined water treatments required
for extended water reuse. Although this
document will focus on fish production
systems, the technologies described have
application to the culture of many aquatic
organisms.  Commercial production of
crustaceans (shrimp, crabs, lobsters), mol-
luscs (oysters, clams, conch, abalone), rep-
tiles (alligators, turtles) and amphibians
(frogs) occurs.  However, the wide variety
of marine and freshwater fish cultured
often dominates our thinking and writings.
Here, the word "fish" implies consideration
of a family of cultured organisms that falls
outside the normal morphological bounds
associated with the term.

SYSTEM DESIGN
The first step in developing a recircu-

lating design is selection of the system’s
capacity.  The system’s capacity defines the
maximum poundage of fish that the system
will hold, usually in pounds.  This capacity
defines the sizing of all the components in
the system.  The oxygen consumption rate
and the waste production rates are driven
by the poundage of fish.  These rates can
also be influenced by the rate of feed appli-
cation since a heavily fed fish excretes
more.  Feed rates in commercial system are
usually proportional to the poundage of
fish.  A dry feed application rate of one to
2 percent of the fish body weight is widely
assumed for food fish (catfish, tilapia,
striped bass, redfish) at harvest size.  Thus,
the system capacity can be alternatively
defined as pounds of feed applied per day.
The two means of expressing system



capacity are convertible through considera-
tion of the feed percentage.

Design of a recirculating system is
dependent on the integration of several
units  including the culture tanks, a recir-
culating pump, and a series of treatment
components that are capable of operating
together to recondition water in support of
the designated fish (or feed) load.  The fol-
lowing sections highlight critical aspects of
the sizing and design of these units.
Additionally, four system configurations
are described to illustrate the variety of
approaches that can be successfully used
provided due consideration is given to all
the critical processes.

Culture Tanks 
The most critical aspect of the culture

tank design is the tank volume.  The vol-
ume of water in combination with the
amount of fish determines the system’s sta-
bility.   The design term used to size tanks
is the density defined as the ratio of the
weight of fish held in the tank to the sys-
tem’s water volume.  The water volume
used should include water held in the treat-
ment components.   Density values used
for commercial applications range from
0.25 to 1.0 pounds of fish per gallon of
water (#/gal).   Systems designed for fish
densities at or below 0.5 #/gal are general-
ly considered stable.  That is the operator
has an hour or two to respond to a loss of
aeration and about a day to respond to a
biofilter failure before the fish are endan-
gered.   The response time for an aeration
failure is controlled by how much oxygen
is held in the systems’ water and the rate at
which the oxygen is being consumed by
the fish.   The latter is driven by the
poundage of fish and the former by water
volume in the system.   Similarly, the accu-
mulation of toxic compounds, such as
ammonia, is driven by the rate of TAN pro-
duction (pounds of fish) and the dilution
potential (the water volume).  Unstable
systems, those approaching one #/gal, have
response times for oxygen measured in
minutes.  These systems must be moni-
tored continuously and are normally
equipped with computerized control sys-
tems.   The assumed fish density is a criti-
cal factor, and its importance in the design
process should not be underestimated.

Discussions of the advantages of dif-
ferent tank shapes are endless.  It is widely
recognized that tanks should be designed

to assure good circulation avoiding slack
areas that will encourage in tank settling of
solids.  Round tanks can be used with a cir-
cular water movement to move solids to the
center of the tank where can be easily
removed.  Round tanks with a cone shaped
bottoms function even better in this mode.
However, round tanks make poor use of
floor space.  Some systems employ rectan-
gular shaped tanks, using strategically
placed airlift pumps or injection nozzles to
assure solids movement.  Others, have
advocated elongated raceways with round-
ed ends to assure good circulation.
Virtually, any shaped tank can be made to
work if the fundamental need for good cir-
culation is addressed.           

Recirculating Pumps
The first step in pump selection is the

determination of the system’s flow require-
ments. Recirculation rates are determined
by the need to remove TAN from the cul-
ture tank, or by the need to deliver oxygen
to the biofilter.  These flow requirements
are nearly the same, ranging theoretically
from 0.05 to 0.1 gpm/# (gallons per minute
per pound of fish).  In practice, commercial

operators are sometimes able to run at rates
as low as 0.025 gpm/#.  If the minimum
flowrate needs of the system are not met,
the system performance can be seriously
impaired.  For example, low flow rates can
cause chronically high TAN levels in the
culture tank while the biofilter is display-
ing complete TAN removal of the recircu-
lating stream.   High recirculation rates
generally improve system performance,
although the benefits diminish rapidly once
the minimum flowrate requirements are
met. 

Low head centrifugal pumps are most
often used in aquaculture applications.
These pumps are designed to deliver large
volumes of water at moderately low lifts.
The lift of a pump is a measure the back
pressure on the pump outlet during opera-
tion.  It is measured as the height of water
(feet) that would create an equivalent back
pressure or directly in units of pressure
(psi).  Ideally, recirculating systems
should be designed so that back pressure
on the pumps is low, minimizing energy
requirements. Centrifugal pumps capable
of delivering flows at  pressures of 20-30
feet of water (8 to 13 psi) are most fre-
quently selected for large scale recirculat-

Issue Comment

Water Availability Recirculating systems eliminate the need for
huge quantities of water

Regulatory Pressure (Environmental) Recirculating systems can avoid or reduce
permit requirements controlling solid, organ-
ic, and nutrient loads to sensitive receiving
streams, lakes, or estuaries.

Quality Control Recirculating systems facilitate quality con-
trol programs to address issues of off-flavor,
size, product appearance.

Climate Heating costs are minimized with recirculat-
ing systems, expanding regions of participa-
tion and extending growing seasons.

Land Recirculating systems dramatically reduce
space requirements, reducing competition
for land in sensitive wetland areas.

Disease Disease isolation and treatment is enhanced
with recirculating technologies.

Bird Predation Sever economic losses due to predation by
protected bird species can be avoided in a
recirculating system.

Exotic Species Recirculating systems provide an excellent
format for the containment of regulated exot-
ic species that can cause ecological damage
if they escape.

Table 1.  Generally recognized as more costly, there are several reasons why a recirculating
system may be used rather than a more traditional aquaculture production format.



ing applications.           
Another approach to water circulation

is the airlift pump.  These simple pumps
take advantage of the density difference
induced when air is injected into a sub-
merged vertical pipe to move water.
Practical only at low lift heights (0-5 feet),
airlift pumps are cost effective. Airlift
pumps can move large amounts of water
particularly at low lifts (0-2 ft).  Their prin-
cipal advantage stems from the fact that

they contribute to the aeration and degasi-
fication capacity of the system.
Additionally, airlift pumps are simple to
maintain, containing no metal or moving
parts, an important consideration in a wet
environment.  Because of their limited lift,
airlift pumps are normally employed as
part of an integrated design where all the
components are designed to minimize head
loss. 

Treatment Components

The major processes  required to
recondition waters in recirculating systems
have been identified (Table 2).  The five
major treatment processes: solids capture,
biofiltration, aeration, degasification, and
maintenance of critical ions must be
addressed for a recirculating design to be
successful.  Recirculating system perform-
ance can be enhanced, or the length of time
the water is reused extended, by addition of
one or more of the optional processes
(Table 3) which address specialized prob-
lems.  Larger systems are also normally
equipped with a backup generator or pure
oxygen delivery system to support the fish-
es' oxygen demands  during power failures.
A computer is often utilized to automate
and monitor some system operations.

The sophistication of the treatment
block is largely controlled by water reuse.
The term “turnover rate” is the most wide-
ly accepted measure of water reuse and is
defined as the length of time required for
the cumulative source water introductions
to match the system’s total water volume.
Water introductions used intentionally to
flush the system, to replace leaked waters,
correct for spillage, or, those dictated by
system operation (losses due to backwash-
ing or wash down ) are considered in this
calculation. Evaporative replacements are
not considered since the critical ions and
residual wastes are not removed by the
evaporative process, and thus, no net gain

Treatment Objective Dominant
Operations Technologies

Solids Capture To remove feces, uneaten food Settling Tanks

particles, and bacterial biomass Microscreens

Granular filters

Biofiltration To removed dissolved organics and Rotating Bio-Contactors

toxic nitrogen compounds Fluidized Beds

Granular Beds

Aeration To replenish dissolved oxygen con- Air stones

sumed by fish and bacteria Packed Columns

U-Tubes

Degasification To remove carbon dioxide produced Packed Columns

by the respiration activities of the Air Stones

fish and bacteria

Ion Balance To correct for changes in the chemical Flushing

composition of the water which have Chemical Addition

an adverse impact Denitrification

Table 2.  There are many technologies available that can be used to provide the critical treat-
ment operations that must be addressed in a recirculating aquaculture system.

Optional
Technology

Foam
fractionation

Ozonation

UV Lights

Denitrification

Table 3.  Although not always required, optional technologies can be used to enhance the water quality in a recirculating system.

Description

A tube containing air stones releases fine bubbles, which
attract materials to their air/water interface, capture them, and
float them to the surface where they form foam that can be
redily removed.

Ozone, O3, a powerful chemical oxidant is generated by an
electrical are which passes through an oxygen enriched atmos-
phere.  The unstable ozone molecules are introduced into the
water through an air stone or venturi where they rapidly react.

Water is passed by a specially designed light bulb which pro-
duces light enriched in the dangerous UV wavelengths.  This
light destroys proteins in cells, scambling RNA and DNA, thus,
killing bacteria, algae, protozoans, and some viruses.

A specialized class of bacteria operate under anaerobic condi-
tions to convert nitrate to inert nitrogen gas usually in a sub-
merged packed column or fluidized bed.

Function

Used to remove organic materials which are not easily attacked
by bacteria which are not easily attacked by bacteria which can
form surfactants which cause foam buildups.  Also contributes
to the control of ine solids (<10 microns) which are incidently
removed.

Primarily used for disinfection or color control.  An effective
oxidant, ozone will directly breakdown most organic material
in the water particularly the non-biodegradable organics that
contribute to yellowing of the water.  Also a very effective bac-
terialcide, but, can be toxic to humans and fish if not properly
used.

Used for disingection of recirculating waters to control disease
outbreaks and algae.

Used to remove nitrate accumulations also neutralizes the acid-
ification effects of the nitrification process replenishing deplet-
ed alkalinity.



in water quality occurs.
As the water reuse intensifies with a

declining water replacement rate, the com-
plexity of the treatment train increases.
The cost of treatment also rises, counter-
balancing the benefits.  Culture systems
found in the United States range in com-
plexity from simple flow-through raceways
where only aeration is provided, to virtual-
ly no discharge marine aquaria where even
subtle shifts in trace elements are moni-
tored.  The balance between cost and ben-
efits will most frequently dictate the
turnover rate associated with “closed”
recirculating systems.  Generally, these
systems  address major waste fluxes while
avoiding the long term issues by allowing a
slow water release at a rate of two to 10
percent daily (turnover rates of 50 to 10
days). 

Successful Configurations
Table 4 summarizes the configuration

of  four successful recirculating systems
employed in the United States in recent
years.  All these systems are technological-
ly successful.  That is to say, they have
been used to raise fish at high densities for
extended periods.  The cost effectiveness of
the systems depends on value of the fish
produced and the sophistication of the
associated marketing effort.  Examination

of these systems reveals that each has
addressed the need for solids capture,
biofiltration, aeration, and degasification
with an identifiable technology.  All have
employed water turnover to control the ion
balance problem, and in some cases, as a
means of reducing the cost of the water
reconditioning technologies.  Comments
on each configuration are presented in the
following paragraphs.   

The first system illustrated is a high
density trout production system developed
to reduce the water consumption rate and
pollution level associated with flow
through trout facilities.  These facilities
have traditionally diverted water from an
adjacent stream, passed the water through
the raceway filled with trout, and laden
with solids and ammonia, returned to the
stream.  The recirculating design reduces
the water use of the facility by a hundred-
fold.  Most wastes produced by the fish are
captured and processed within the recircu-
lating systems or captured in a concentrat-
ed sludge stream.  The core of the treat-
ment train is a micro screen and fluidized
bed combination.  These units are compli-
mented by a sophisticated pure oxygen
delivery system and a packed column
which assure stripping of the carbon diox-
ide produced.  No ion balance or foam pro-
duction problems occur because the water

is typically only held for 12 to 24 hours.
The high rate of water turnover contributes
to the robustness of this system, but limits
the scope of its application because it
requires a lot of water at the proper tem-
perature to operate successfully. 

The Virginia Striped bass system was
developed originally to support the produc-
tion of striped bass.  A favored food and
sports fish, striped bass were once abun-
dant in along the East Coast. Fishing pres-
sure plus habitat deterioration, reduced the
fisheries level to the point that it could not
keep up with the market demand.  An
industry based primarily on pond culture of
the fish sprung up and remains economi-
cally viable at this time.  The illustrated
recirculating system was used successfully
to raise large numbers of striped bass but
did not prove economically viable for that
species.  Similar configurations have been
used  successfully for the commercial pro-
duction of  channel catfish and tilapia,
although the economic viability of the for-
mer has not been proven. This system illus-
trates the use of two classic technologies, a
tube settler, a variation of a settling tank,
for solids capture and the rotating biologi-
cal contactor which is widely recognized
as an effective biofilter.  The research pro-
totype, and a notable million pound com-
mercial version, were driven by airlift

Table 4.  Recirculating technologies can be successfully integrated many ways if all the critical processes are addressed.

Solids Capture

Biofiltration

Aeration

Degasification

Ion Balance

W. Virginia
Trout System

Microscreen

Fine sand
fluidized bed

Pure oxygen in
a low head
oxygenator

Packed column
and with air

blown through
air stones

Turnover once
a day

Virginia Striped
Bass System

Tube settling
basin

Rotating
biological
contactors

Pure oxygen
with U-tubes

Blown air in
airlift pumps

and cascading in
the rotating
biological
contactor

Turnover once a
week

California Tropical
Fish System

Floating bead filter

Fine sand fluidized
bed

Pure oxygen in
packed columns

Packed column

Turnover once a
month

Calcium chloride
Sodium chloride

Louisiana Tilapia
System

Floating bead filter

Blown air through air
stones

Turnover once a 
month

Sodium bicarbonate
Calcium chloride

Technology Employed
Critical 
Process



pumps rather than water pumps.  Even the
large rotating biological contactors were
turned by air rather than motors providing
an elegant demonstration of this technolo-
gy.  This system employed pure oxygen
injected through an “U-tube” system
buried deep in the ground for aeration.
Carbon dioxide stripping occurred in the
cascading rotating biological contactor and
the airlift pumps.

The third system evolved on the West
Coast in the highly urbanized environment
of Los Angeles, California.  Here space,
water costs, and environmental regulations
prohibit most aquaculture undertakings.
But the high price associated with orna-
mental fish allowed the development of a
cost effective, computer controlled, sys-
tems capable of supporting millions of
small fish.  The core of the system is a
large oversized fine sand fluidized bed. It is
operated to encourage the development of
rich ecology of organisms encompassing
not only bacteria but also protozoans,
worms, and sometimes even, snails.
Solids capture is accomplished by a float-
ing bead filter which is favored because its
fine solids capture, and, stingy water loss
during backwashing.  A computer controls
the injection of pure oxygen through an
enclosed packed column as feedback from
probes placed both in the tanks and the
biofilters indicate the need. A second
packed column provides for stripping of
carbon dioxide.  The system represents an
excellent example of effective use of
process control. This configuration is also
unique among the systems presented
because it is operated at a very low pH,
frequently below 6.0.  Low pH is required
for breeding of tropical fish from the
Amazon of South America.  The system is
also being adopted for use in the breeding
of shrimp and marine species of fish where
its  ability to consistently  maintain  of
excellent water quality is highly valued.

The final system illustrated was devel-
oped in Louisiana to support the establish-
ment  of a Tilapia industry.  The tilapia is
an exotic species from Northern Africa and
state regulations prohibited its placement
in ponds where its escape to the wild could
cause severe ecological damage to native
species.   The fish can only be raised
indoors and all water leaving the facility
must be captured and treated to assure no
eggs or fry escape into the wild.  Central to
the system is the floating bead filter which

is used to provide both solids capture and
biofiltration.  Air is blown through air
stones to provide for the simultaneous
transfer of oxygen and stripping of oxygen.
A foam fractionator is used in heavily
loaded situations to control foam buildups
that can become a nuisance.  Heavy load-
ings and extended water use that occur in
these tilapia systems dictate periodic sodi-
um bicarbonate additions.  These additions
neutralize the acid production from the
nitrifying bacteria.  This system configura-
tion has also been used in the production of
ornamental fish and some brackish water
species such as redfish and striped bass.

SUMMARY
Recognition of the need to address the

five fundamental reconditioning topics is
the first step in the generation of a reliable
recirculating design.  Each of the treatment
components in the water treatment series
must be properly designed to carry the
maximum load the system will experience.
If one component is undersized, it will
induce failure of the system as a whole
when its capacity is reached.  

Integration of components into a treat-
ment train provides opportunities for cost
reduction through recognition of the sec-
ondary contributions that can be made by
some technologies.  For example, success
of early rotating biological filter systems,
may be attributed, in part, to the ability of
cascading systems to promote gas
exchange.  Their ability to strip carbon
dioxide created a favorable pH regime for
nitrification well before this need was
widely recognized by the industry.  More
modern designs should take advantage of
these  secondary contributions to reduce
overall system costs. 

Additionally, it must be recognized
that the success of a recirculating system is
determined ultimately by economics.
Selection of reliable, but, efficient treat-
ment processes are dictated for commercial
operations.  The systems must maintain
suitable water quality and a disease free
environment consistently, through most
growout cycles, for economic benefits to
be realized.  As the systems presented here
illustrate, there are many integrated config-
urations that can meet the technical
requirements for reconditioning of recircu-
lated waters.  Designs should focus on the
issues of cost effectiveness once reliability
demands are assured.

AES WEB
SITE 

The Aquacultural Engineering
Society world wide web site address
is:

www.aesweb.org
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.
Currently those interested in becom-
ing members of the AES may apply
online.  The AES web site accepts
secure online credit card transactions
for membership applications and
membership renewals.  If you have
any suggestions or contributions to
the web site please contact Brian
Vinci at b.vinci@freshwaterinsti-
tute.org.

Newsletter
The AES News is printed quarterly
by the Aquacultural Engineering
Society.  You can receive the AES
News by joining the Aquacultural
Engineering Society.  If you would
like to discuss the contents of the
AES News, or, if you would like to
contribute information to the AES
News, please contact either of the
two Co-Editors:

Steve Summerfelt
Freshwater  Institute
P.O. Box 1889
Shepherdstown, WV 25443
304-876-2815 ph
304-870-2208 fax
s.summerfelt@freshwaterinstitute.org

Mike Timmons
Biol. & Env. Engineering
Cornell University 
Ithaca, NY 14853-5701
607-255-1630 ph 
607-255-4080 fax 
mbt3@cornell.edu



The CICESE that stands in Spanish for
Centro de Investigación Científica y de
Educación Superior de Ensenada is located
in the city of Ensenada, State of Baja
California, Mexico, in the Pacific coast,
100 km south from the Mexico - USA
Border with California.  The CICESE´s
Aquaculture Department was created 10
years ago to meet the demands of a grow-
ing aquaculture industry in the state by
doing basic and applied research on local
and foreign species and in the main time by
training honors and graduate students from
Mexico and other countries.

The origins of the Department was in
a building downtown Ensenada, where a
small scale recirculating system (~10 m3,
352 ft3) was built. But in 1997, the
Aquaculture Department moved into new
facilities with a flow through system.
These facilities are located at 850 m (2788
ft) from the cost line and 65 m (213 ft)
above sea level and consist of a wet labora-
tory (with controlled temperature) and
three outside platforms with a total surface
of 2000 m2 (21 530 ft2). To meet the every-
day seawater demands, between 60-120 m3

(2 156- 4 312 ft3) of seawater have to be
pumped through a three-step procedure:
suction of the seawater, filtration, pumping
from sea level to the facility.  For the first
procedure, three 7.5-hp stainless steel self
priming pumps are used to place the sea-
water into a sedimentation tank, then
pumped through a 2 m3 (70 ft3) sand filter
and placed into a 100 m3 (3 520 ft3) tank.
Finally, the seawater is carried out by a 40-
hp stainless steel pump, which moves the
water into two 100-m3 (3 520 ft3) distribu-
tion tanks.  All the network piping is made
of PVC and the maximum working pres-
sure in the system from the pumping sta-
tion to the distribution tanks is of 105 psi.
This system now has been working for 5
years.

The seawater can be used in experi-
mental tanks as a flow through system,
which implies seawater can only be used
once with the added high-energy costs and
wearing of the pumping system. In

SCIENTIFIC RESEARCH AND HIGHER EDUCATION
CENTER OF ENSENADA (CICESE), AQUACULTURE

AREA RETURNS TO RECIRCULATION TECHNOLOGY
J.G. Espinoza, M.A. Segovia-Quinterodel, and M.A.del Rio-Portilla, Ensendad, Baja California.  México (email: midelrio@cicese.mx)
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response to a better energy efficient system
to preserve natural resources, a main recir-
culating system and several species-specif-
ic subsystems have begun to be used at the
facility.  The main recirculating system was
built to increase the overall carrying capac-
ity and as a backup when oceanic condi-
tions such as red tides or contamination, or
when electrical power interruptions or any
equipment failure do not allow to pump
seawater.  The total volume that can be
handled by the recirculating system is of
160 m3 (5650 ft3) day-1. It consists of a
8m3 (282 ft3) sedimentation tank divided
in six settling chambers, two 1.2 m3 (64
ft3) commercial wet-dry biofilters each
one, three pH controller systems, a foam
fractionator, two sand filters, one diatoma-
ceous filter and a UV unit of 20” 40 W
lamps. Although most of the researchers
use the flow through configuration, they
are being encouraged to use the water pro-
vided by the recirculating system to reduce
the cost of pumping the seawater from the
ocean and at the same time provide them
with a more consistent water quality. As
new culture techniques are been developed
for different species with high economical
value for the state (i.e. lobster and
abalone), specific water quality require-
ments are needed for everyday activities.
To solve this problem, several closed recir-
culating subsystems have been designed
and built at CICESE. 

One of those subsystems has been
built to culture the larval stages (phylloso-
ma) of the red spiny lobster, Panulirus
interruptus, which, ecologically and eco-
nomically, is one of the most important
resources from Baja California. To our
knowledge, no attempts have been done to
culture any of its stages in recirculating
systems. A two cubic feet bubble wash
bead filter with a 40 watt UV light is being
used to meet the requirements for low
ammonia concentration and low counts of
bacteria (mainly Pseudomonas and Vibrio)
to culture phyllosomas.  Efforts are being
conducted to develop a new pattern of cir-
culation within the tanks to keep the larvae

in “suspension” and new feeding tech-
niques that are consistent with the system
are also being developed.  Up to today, the
phyllosoma larvae are 35 days-old and
have reached the second stage (Ph2).  More
work with these stages (phyllosoma,
puerulus and juveniles) is being envisioned
in the future using a closed system config-
uration.

Other two recirculating subsystems
have been built for abalone culture. These
subsystems, under study, were developed
to meet specific demands of the abalone
growers of the state.  The commercial cul-
ture of abalone in Baja California is char-
acterized by the high volumes of water
pumped everyday to meet the water quali-
ty requirements at different culture stages.
Electric power cost is about $90,000 a year,
and then it is the mayor problem the indus-
try faces because abalones have to be kept
in culture for up to four years before reach-
ing market size. Thus, the abalone industry
has foreseen the recirculating systems as a
possibility to reduce power cost mostly at
the grow-out stage. To assist the abalone
industry, at CICESE, research is being con-
ducted at a small scale to test the ability of
using submerged rock biofiltration systems
(a similar system used by the abalone farm-
ers) for the red abalone, Haliotis rufescens,
maintenance and growth. This system con-
sists of 200-L plastic containers with
dolomite rock and pumped by airlift.
Abalones have been maintained in these
conditions for over two months with low
ammonia levels with only enough water to
compensate for water evaporation and
salinity changes.  Furthermore, another
recirculating system (bubble wash bead fil-
ter) with controlled temperature is been
used to induce reproductive condition of
brood stock, which is under evaluation. 

One of the main goals of the
Aquaculture Department is to develop new
techniques for culture of economically
species using recirculating technology and
promote the transfer of this technology to
other parts of Mexico and Latin America.



MONITORING AND MODELING OF WATER QUALITY
IN A FINFISH RECIRCULATION SYSTEM: 

PRELIMINARY WORK
Dr. Wayne Peters, P.Eng.

Department of Engineering, University of Prince Edward Island, Charlottetown, Prince Edward Island, C1A 4P3, Canada
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Dr. Wayne Peters, P.Eng., is working
to develop a water quality monitoring and
modelling system for a finfish recirculation
system.  The objectives of the work are
two-fold. The first being to gain an under-
standing of the behaviour of the system
water quality through the monitoring of
relevant parameters over a 24-hour period.
The second being to develop a dynamic
computer process simulation of a finfish
recirculation system that can be used as a
design and operations management tool.
Water recirculation systems are commonly
used in the aquaculture finfish production
industry to provide a land-based method
for growing fish.  Typically, in these sys-
tems, fish are grown in tanks that are
housed in enclosed buildings. Water is
drawn off the tanks and cleaned in a
mechanically sophisticated and biological-
ly complex treatment system before being
returned to the tanks.  During this process,
water quality parameters are typically
monitored and controlled, solid wastes are
filtered out, carbon dioxide gas is removed,
oxygen is added and toxic ammonia is con-
verted to other non-toxic forms.  An impor-
tant advantage of this technology is the
ability the approach provides to maintain
complete control over all aspects of water
quality, allowing greater stocking densities
to be grown and production schedules to be
managed.  Other production advantages are
realized due to minimized energy costs,
possibility for production of greater
species diversity and enhanced biosecurity.
In terms of interaction with the environ-
ment, significant advantages can be real-
ized as well since the technology promotes
water conservation due to minimal
amounts of new water needed for opera-
tion. What goes in must come out so that
the volume of the effluent water stream is
also greatly reduced, allowing the waste

effluent stream to be more effectively man-
aged.  Recirculation technology, therefore,
has the potential to be managed as an
extremely environmentally friendly finfish
production method in terms of water
requirements and effluent discharge.  This
benefit may prove to be the most important
advantage of this technology as stricter
environmental regulation and pressure to
adhere to standards of best practices for the
environment encourage the use of these
systems as an alternative to the traditional
pond, cage and flow-through technologies.
To facilitate the work, a pilot-scale fresh-
water finfish recirculation system has been
developed at the Cardigan Fish Hatchery,
owned and operated by the University. The
system is being run under various operat-
ing conditions to obtain data on the behav-
iour of the system water quality in response
to changes in operational parameters such
as stocking density, feeding rates/schedules
and tank exchange rates. Two 14,000 litre
circular culture tanks are used to grow arc-
tic char but other species will be consid-
ered. Each tank is operated on about a 45
minute turn over time. The system is cur-
rently operated at about a 95% recircula-
tion rate based on flow. The make-up water
comes from a well-water source at approx-
imately 8-9 °C.  A primary water treatment
loop draws water off each tank through a
double drain system. Approximately 10%
of the water drawn off each tank is drawn
at the solids collection drain to concentrate
the solids that settle in the tank which are
then pre-treated for removal using a swirl
separator. The remaining water off each
tank by-passes the swirl separator and re-
combines with the clean water flow from
the swirl separator before passing through
a 60 micron, rotating screen drum filter.
From here, the water flows back to the sys-
tem reservoir from where it is pumped

through an oxygen injection cone. Oxygen
is provided using an oxygen generator. The
primary water treatment loop is then com-
pleted as the now oxygenated water is
returned to the tanks. 

Each tank has its own secondary water
treatment loop from which ammonia is
removed using a biofilter and from which
carbon dioxide is removed using a
degassing column. The biofilter for each
tank is a downflow, submerged floating
plastic media type. The de-gassing column
for each tank consists of a tower of trays
through which the water falls enabling car-
bon dioxide to be stripped.  Additionally, a
small oxygen gain is realized through these
towers by aeration.

The system is instrumented for on-line
monitoring and data acquisition for param-
eters such as pH, temperature, dissolved
oxygen content and water flows.
Additional water sampling provides quan-
tification of carbon dioxide, ammonia and
solids levels in the system. Data and water
samples can be drawn at a number of
points throughout the system representing
the inlets and outlets of each of the system
components. A commercially available,
dynamic simulation software package is
being used to develop the simulation
model. The simulation represents a deter-
ministic solution of a series of mass and
energy balance equations applied across
each unit process in the system. Data col-
lected through the experimental program
will be used to validate the model.  A web
site promoting water recirculation technol-
ogy and the research of Dr. Peters will be
on-line early in 2003. Anyone wanting
more information on the project will be
able to access the web site at
www.recirc.ca or can contact Dr. Peters by
email at wpeters@upei.ca.



UPCOMING MEETINGS

Aquaculture America 2003
The World Aquaculture Society will be hosting Aquaculture America 2003, which will be the next meeting of the US Chapter of the
World Aquaculture Society.  The Aquaculture America 2003 Conference and Tradeshow will be held February 18-21, 2003, at the
Commonwealth Convention Center, Louisville, Kentucky, USA.  For more information on the overall program and tradeshow at
Aquaculture America 2003, please contact John Cooksey, WAS Director of Conferences (phone: +760-432-4270; e-mail: worl-
daqua@aol.com), or visit the World Aquaculture Society’s website at: http://www.was.org.  Kelly Rusch, AES 2nd Vice President, has
organized an AES workshop on aquacultural engineering basics and two AES special sessions, one on designs for zebrafish systems
and the other on computer tools for aquaculture.  The AES programs are shown below.

AES SESSIONS AT AQUACULTURE AMERICA 2003
February 20, 2003
Session 1: Aquacultural Engineering Basics – Revisited
(Moderator – Kelly Rusch)
8:30 Water Quality Basics Jaap van Rijn
9:00 Practical Physical Unit Operations for Aquaculture Shulin Chen
9:30 Practical Biofiltration for Recirculating Aquaculture Systems Ron Malone
10:00 BREAK
10:30 Calculating Air and Water Pressure Loss in Piping Systems for Cost Effective 

Blower and Pump Selection Paul Hundley
11:00 Design of Aeration Systems for Aquaculture John Colt
11:30 Carbon Dioxide Control Brian Vinci

Session 2: Design of Zebrafish Systems
1:00 Water Quality Goals and Biofilter Design for Zebrafish Breeding and Rearing Mark Francis
1:20 Advancements in Zebra Danio Spawning, Embryo Development and 

Larval Rearing Technology Dallas Weaver
1:40 Engineering Requirements for Academic Zebrafish (Danio rerio) genetics

Research Facilities Bill Trevarrow
2:00 Coordinated Design of Zebrafish and Other Large Aquatic Life Support Systems Paul Hundley
2:30 BREAK

Session 3: Computer Tools For Aquaculture
3:00 AQUAFARM – Software for Aquaculture Planning and Design Doug Ernst
3:30 Process Control and Monitoring Options Jim Ebeling
4:00 FISHY: A Comprehensive Catfish Production Management Computer Program Wallace Killcreas
4:30 FISH-VET: A Comprehensive Disease Diagnostic Tool for Aquaculture Shawn Prescott

February 21, 2003
AES Contributed Session
8:30 Advanced technology Program Richard Palmer
9:00 Improvements of Aquaculture Raceway Design Based on Computational Fluid Dania L. Huggins,

Dynamics (CFD) Modeling of Sediment Transport Piedrahita, Rumsey
9:15 Settling Velocity of Solids from California Halibut (Paralichthys californicus) Raceways German E. Merino
9:30 Morphometrics of California Halibut (Paralichthys californicus) Determined by Image German E. Merino,

Analysis Conklin, Piedrahita
9:45 Understanding the Impacts of Light Source on Continuous Microalgal Production Systems Kelly A. Rusch
10:00 BREAK
11:00 Monitoring Dissolved Gas Concentrations Based on Head-Space Partial Pressures Barnaby Watten
11:15 Heat and Mass Balance Studies on Geothermally Heated Aquaculture Ponds Jonathan Lamoureux,
11:30 A Portable and Relatively Low Cost Airlift Fish Pump and Fish Sorting Box for Steven Summerfelt,

Harvesting Large Circular Tanks Davidson, Waldrop,
11:45 Mobile Semi-Autonomous Robotic Vehicles Improve Aquacultural Ventures by Steven G. Hall,

Reducing Bird Predation and Improving Water Quality Monitoring Price
12:00 A Process Engineering Assessment of a West Virginia Aquaculture Operation to James Cunningham,

Determine Potential for Increased Production Viadero.
12:15 Design and Evaluation of Recirculating Aquaculture Systems for Marine Finfish Timothy J. Pfeiffer,

Production at Harbor Branch Oceanographic Institute Riche, Davis, Freeman



UPCOMING MEETINGS

2003 AES Issues Forum 
The next AES Issues Forum will be held November 3-5, 2003, in Seattle, Washington, USA, at the Doubletree Hotel Seattle Airport
and Conference Center. John Colt and incoming AES President Michael Timmons are hosting this "Members Only" Issues Forum. The
AES Issues Forum is intended for members of the AES to gather and reflect upon the advances that have been made in the field of
aquacultural engineering and discuss the important issues we now face.  Presenters will discuss seven special topic sessions arranged
over 2.5 days. The major topic areas covered will include design of: shellfish hatcheries, marine biosecure facilities, flow-through
salmon and trout facilities, marine netpens, large-scale laboratory research systems, and cold water reuse systems. As in the first AES
Issues Forum, this Forum has been organized to allow 10 minutes of audience discussion following each presentation. In addition,
attendees will tour the National Marine Fisheries Service’s Manchester Field Station on November 3, followed by a barbecue dinner.
On November 4, a reception and dinner will be held at the Seattle Aquarium. Optional tours of a large shellfish nursery and process-
ing plant, North West Fisheries Science Center or Seattle Aquarium life support facilities will be provided on November 5th, after the
conclusion of the AES Issues Forum. Selected papers from the Issues Forum will be published in a special issue of Aquacultural
Engineering. A call for papers and instructions for abstract submission are provided on the following page.  Abstracts must be sent to
John Colt by May 15, 2003.  Registration for the AES Issues Forum will be $235 for AES Members ($323 for non-members that will
receive AES membership with their paid registration). Registration also includes the special issues from the Issues Forum, two lunch-
es and two dinners (November 3-4), the tour of the Manchester Field Station, and break refreshments during the seven sessions.
Register early! Also, accommodations at the DoubleTree (800-222-TREE) must be reserved by October 12, 2003, in order to receive
the special AES Issues Forum $109/night room rate. Please contact John Colt (phone: 206-860-3243; email: john.colt@noaa.gov) if
you have questions or if you want more information on the AES Issues Forum.

CALL FOR PAPERS AND INSTRUCTIONS FOR ABSTRACT SUBMISSION

2003 AES ISSUES FORUM
DOUBLETREE HOTEL SEATTLE AIRPORT  •  NOVEMBER 3-5, 2003

The Aquaculture Engineering Society (AES) is calling for technical papers for the 2003 AES Issues Forum, which will be held at
the Doubletree Hotel Seattle Airport, November 3-5, 2003.  Engineering and design oriented papers are requested in the following ses-
sion areas:
• Shellfish Hatchery and Nursery Systems; • Biosecure Facilities; • Macroalgae Culture Systems; • Net Pen Systems; • Large-Scale
Laboratory Aquatic Research Systems; • Recirculating Systems for Cold Water Aquaculture; • Flow-Through Salmon and Trout
Culture Systems

To be considered, authors must submit a short abstract to Dr. John Colt (see contact information below).  Conference sessions will
be organized based upon the abstract submissions accepted, plus key papers invited by the session chairs.

ABSTRACT GUIDELINES
1. Abstracts should be concise and limited to one typewritten page.
2. Use single spacing and 12 pt font.
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. Note the corresponding author with a * and provide their email, phone number, and fax number in addition to the address.
6. Submit your abstract to Dr. John Colt at the address listed below by May 15, 2003.
7. Submit the abstract either by e-mail (preferred), or by mail on a 3.5” disk. If using e-mail for your submission, paste the abstract

into the body of the e-mail message; do not send as an attachment.  If mailing a 3.5” disk, please label it with your name and the
title of your submission and include a hard copy of the abstract. Please ensure that your file is virus-free.

Abstracts must be received by May 15, 2003.  Authors will be notified if their papers were selected for either oral or poster pres-
entation by June 15, 2003, at which time they will receive detailed instructions for submission of full papers.  If accepted, 60-100
copies of the final manuscripts must be brought to the 2003 AES Issues Forum in “camera ready” format for distribution to conference
attendees.  After the meeting, Dr. John Colt will select those manuscripts most suitable for publication in a special issue of the journal
Aquacultural Engineering and these manuscripts will be sent out for peer-review. 

Mailing and e-mail address for abstracts:
Dr. John Colt, National Marine Fisheries Service

2725 Montlake Blvd East, Seattle, Washington 98112   USA
Phone: + 1-206-860-3243          Fax: + 1-206-860-3467          Email: john.colt@noaa.gov



AGRICULTURAL ENGINEER
USDA ARS, Aquaculture Systems Research Unit, Pine Bluff,
Arkansas, USA

Qualifications:
The incumbent must have a Professional Engineering degree from
a school accredited by the Accreditation Board for Engineering and
Technology (ABET); OR current registration as a professional
engineer; OR evidence of having successfully passed the Engineer-
in-Training examination or written test required for registration;
OR combination of at least 60 semester hours of courses in the
physical, mathematical and engineering sciences OR a combination
of education and experience directly related to this position.  The
incumbent must be a U.S. citizen.

Description:
The U.S. Department of Agriculture, Agricultural Research Service
(http://www.ars.usda.gov), Aquaculture Systems Research Unit,
Pine Bluff, AR, invites applications for the position of Agricultural
Engineer (GS 11/12/13). The incumbent has full responsibility for
planning and conducting a research program with the general
objectives of developing information and equipment/technologies
to improve the efficiency of production, handling, grading, harvest-
ing, transporting, and/or post-harvest handling and processing of
cultivated finfish from intensive, warm-water systems. The incum-
bent must be well versed in a number of disciplines, including
aquaculture, biology, hydrology, hydraulics, fluid mechanics,
mechanical design, chemistry, agricultural equipment design, ther-
modynamics, statistics, probability and/or computer systems.

Contact:
Contact Dr. Bart Green at 870-543-8128.  Full details of the vacan-
cy announcement and application instructions are available
atwww.afm.ars.usda.gov/divisions/hrd/vacancy/ resjobs/X3S-
3078.HTM.  The closing date for applications is February 28, 2003.
USDA is an equal opportunity provider and employer. 

AQUACULTURE SPECIALIST
Woods Hole Oceanographic Institution, Woods Hole, MA USA

Qualifications:
Qualifications include a minimum of a Master’s degree with 5
years experience or a Ph.D in an appropriate discipline or an equiv-
alent combination of education and experience. The successful
applicant will write for and undertake competitive research grants,
manage budgets and personnel, coordinate multiple programs, and
work under sometimes adverse field conditions. An ability to han-
dle small boats and motors is necessary. The capacity to translate
technical research information to the general public, both written
and verbal, is also important. This position entails working with the
scientific research community in southeastern Massachusetts to
provide directed research to meet identified needs of the public and
private aquaculture industries.

Description:
The Aquaculture Specialist will provide outreach services to the
public and private sectors of the local aquaculture community as
well as participate in other coastal marine resource related pro-
grams. The position is a joint appointment between Cape Cod
Cooperative Extension, UMass Extension and the Sea Grant
Program at Woods Hole Oceanographic Institution. As such, the
successful candidate will be expected to interact and participate in
on-going and new activities at each of the partner institutions. In
addition, the position entails providing technical coordination for
the state-sponsored SouthEastern Massachusetts Aquaculture
Center – (SEMAC) administered by Barnstable County and locat-
ed at the Massachusetts Maritime Academy.   Primary responsibil-
ities are to provide technology transfer services to the public and
private aquaculture sectors and the general public through applied
research, demonstrations, written documents, public workshops
and seminars, and one-on-one interactions. The predominant aqua-
culture sector represented in southeastern Massachusetts is shell-
fish farming, primarily bivalve mollusks, and therefore the suc-
cessful applicant is expected to have a well-rounded background in
bivalve biology and aquaculture.

Contact:
Applicants should submit a letter of interest, resume, letters of ref-
erence from three individuals familiar with your ability to perform
in this position, and official transcripts from academic institution(s)
before 17 February 2003 to:

Aquaculture Specialist Position 
Cape Cod Cooperative Extension 

P.O. Box 367 , Barnstable, MA 02630. 

World Aquaculture 2003
The World Aquaculture Society will be hosting World Aquaculture 2003, which will be held in Salvador, Brazil, May 19-23, 2003.  Dr.
Gustavo Parada and Dr. Martin Hevia have organized an AES Special Session titled, “Biofiltration Technologies and Economic Aspects
in Recirculating Aquaculture Systems.” For more information on the overall program and tradeshow at World Aquaculture 2003,
please contact John Cooksey, WAS Director of Conferences (phone: +760-432-4270; e-mail: worldaqua@aol.com), or visit the World
Aquaculture Society’s website at: http://www.was.org.

JOB LISTINGS

To list a job opening, please 

send the announcement to the 

editors of the AES Newsletter.



AES Sponsors
The AES is looking for sponsors within the aquaculture industry to support the cost of producing the AES News.  The sponsors
listed below have donated generously to support the AES in 2002.  For this donation, the AES will be inserting a one-page prod-
uct 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.

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: 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: info@BeadFilters.com
web site: www.BeadFilters.com

Aquaneering, Inc.
8280 Clairemont Mesa Blvd., Suite 117, San Diego,
CA  92111-1708 USA
ph: (858) 541-2028
fax: (858) 541-2048
e-mail: info@aquaneering.com
web site: www.aquaneering.com

PRAqua Technologies Ltd.
1635 Harold Road 
Nanaimo, British Columbia  V9X IT4
ph: (250) 714-0141
fax: (250) 714-0171
e-mail: info@praqua.com
web site: www.praqua.com 

Water Management Technologies, Inc.
P.O. Box 66125
Baton Rouge, LA  70896, U.S.A.
ph: (225) 755-0026
fax: (225) 755-0995
e-mail: info@w-m-t.com
web site: www.w-m-t.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

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

To join the AES, please fill out the following information and send with payment to: Brian Vinci, c/o Freshwater Institute, P. O. Box
1889, 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  ________________________________________

❐ 2003 Annual Membership (Student of Regular Member). Includes a 1-yr. subscription to the AES News & Directory. $25

❐ Individual Membership with One year subscription to Elsevier’s journal Aquacultural Engineering $88

❐ Individual Membership with Express Delivery (4-5 days) of journal Aqualtural Engineering (not required if surface mail is satisfactory) $113

Choose one of the three options above and indicate Total Charges (U.S. Dollars)   _____________________

❐  MasterCard       ❐  Visa        ❐  American Express       ❐  Discover     Credit Card No. ____________________________

Exp. Date  ___________           Exact spelling of name on credit card: ______________________________________________________


