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Photo: Par  cipants of the Biofloc Technology and Shrimp Disease Workshop in Ho Chi Minh City, Vietnam (Courtesy Yoram Avnimelech)
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AES Members,
 It has been a great honor to serve 

as the President of the Aquacultural 
Engineering Society these past 12 months.  
This past year the AES was active and our 
approximately 200 members were involved 
in conferences around the world.  Our 
members organized conference sessions 
and entire workshops on topics important 
to the aquaculture industry in 2013.  Our 
Biofloc Working Group, led by AES member 
Yoram Avnimelech, recently organized 
and held a very successful workshop in 
Vietnam on biofloc technology and shrimp 
diseases immediately before the Asian-

Pacific Aquaculture 2013 conference.  
Over 200 people attended the workshop!  
I encourage you to read Yoram’s report 
on the workshop in this edition of the AES 
News.  The interest in biofloc technology 
continues to grow as does our Biofloc 
Working Group.  If you are interested in 
learning more about biofloc technology and 
our Biofloc Working Group please visit the 
Biofloc Technology webpages on the AES 
website: http://www.aesweb.org/biofloc.
php.  The Biofloc Technology webpages 
are dense with good information on biofloc 
technology thanks to the assistance of AES 
member Drew Ray, the Biofloc Technology 
webpages manager.
   I look forward to seeing colleagues at 
the upcoming Aquaculture America 2014 
conference in Seattle, WA.  Current AES 
1st Vice President Ying Liu has organized 
the AES sessions at the conference.  
Please take a minute to review our session 
schedules for the conference in this 
edition of the AES News and see who will 
be presenting on what topics – there are 
some interesting presentations scheduled.  
Thanks to Ying for his efforts on these 
sessions.  If you miss the Aquaculture 
America 2014 conference there will be 

plenty of opportunities in 2014 for you 
meet up with AES colleagues.  The AES 
is sponsoring sessions at Aquaculture 
Canada 2014 (June 1-4 in St. Andrews, 
New Brunswick), at the 2014 ASABE 
Annual International Meeting (July 13-16 
in Montreal), and the 10th International 
Conference on Recirculating Aquaculture 
(August 22-24 in Roanoke, Virginia).
    In closing I would like to thank the AES 
Board of Directors for their service this 
past year, especially German Merino, Anne 
Johanne Tang Dalsgaard, Raul Piedrahita, 
and Dave Brune who are completing two 
years of service as directors and rotating 
off of the board.  I would also like to thank 
AES Secretary/Treasurer and current AES 
Past President Ed Aneshansley for all of his 
efforts behind the scenes.  Finally I would 
like to thank Terry Rakestraw, Assistant to 
the AES Secretary/Treasurer for all of her 
work to keep the society running smoothly 
and helping to our serve our members.

Best Regards,

A novel recirculating 
aquaculture 
respirometer system 
(RARS) for online 
detection of metabolites 
and gassing trials under 
culture-like conditions

AES Board of Directors Meeting: 
Monday, February 10, 5:00 PM, Room 304

AES Annual General Meeting: 
Tuesday, February 11, 4:30 PM, Room 618

AQUACULTURE AMERICA 2014, SEATTLE, WASHINGTON STATE CONVENTION CENTER
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Figure 1: Simplified feed conversion of fish and main water variables in a respirometer tank (CAD picture by 
Kunststoff Spranger).  Figure 2: Drawing of a fish tank (respirometer) with connections and stand (CAD picture 
by Kunststoff Spranger).

Figure 1. Figure 2.

biofiltration units. Catabolism of lipids, 
carbohydrates and proteins result in 
different ratios of CO2 and N (NH3 and 
urea) excretion. By measuring these 
metabolites (expressed as ammonia 
(AQ) and/or respiratory quotients 
(RQ)) in the water it is possible to 
infer how metabolic fuel use changes 
with factors such as diet, temperature 
and age. Manipulation of metabolic 
fuel use is of particular importance 
to the feed manufacturing industry, 
as it seeks to reduce the proportion 
of high-quality protein for energy 
metabolism of the animals, and replace 
it with cheaper fats or carbohydrates. 
Another concern is the reduction of 

unnecessarily high concentrations 
of nitrogen waste products from the 
catabolism of protein.

DESCRIPTION OF THE SYSTEM
    The RARS (Fig. 3) consists of five 
basic elements: Water recirculation 
system (blue); 10 respirometry fish 
tanks (gray); Filtration unit (green); 
Temperature regulation (yellow); 
Measurement/Control section (red).
   The ten circular tanks and stands 
were purpose built (Fig. 2). Each 
atmospherically closed PVC tank has 
a volume of 250 L. Each tank receives 
filtered water from the circular supply 

SUMMARY
    We developed a novel recirculating 
aquaculture respirometer system 
(RARS) designed to maximize 
measurement precision while at the 
same time being large enough for fish 
groups to be fed and maintained over 
several weeks in order to illustrate 
the potential for aquaculture research 
under culture like conditions. Particular 
attention was paid to the installation 
of very precise automated water 
quality measurement equipment.

BACKGROUND
    Respirometry is used in aquaculture 
for a number of purposes (Fig. 1). 
Firstly, the amount of oxygen an 
organism needs can be quantified to 
explore the optimal rearing conditions. 
Oxygen consumption rates have been 
used to determine when the animal 
is encountering stress, the effect of 
exercise and temperature on energy 
expenditure, group-dependent social 
behavior and feed efficiency. A second 
useful application of respirometry is 
the quantification of CO2 and NH3 excretion, which is important in 
recirculation systems where CO2 needs to be mechanically off-gassed 
and NH3 needs to be biofiltered to 
maintain water quality. Knowledge 
on the CO2 and NH3 excretion rate 
can assist sizing of degassing and 

Photo: Recirculating aquaculture respirometer system
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Figure 4: NH3-N autoanalyzer, Filtration unit and CO2 Headspace unit.

in oceanographic studies (Fig. 4). 
Furthermore, under our measuring 
conditions the CO2 measurements can 
be performed much faster than a 
submersible CO2 analyzer commonly 
used in aquaculture, which is very 
important for a single system that 
needs to measure 10 tanks repeatedly. 
A purpose built dissolved CO2 (pCO2) analyzer was installed in cooperation 
with SubCtech GmbH (Osdorf, 
Germany). The design for the unit was 
based on that used for continuous 
underway measurement of oceanic 
CO2 during research cruises. The 
system water is equilibrated with the 
headspace and continuously pumped 
to a Li-Cor (Nebraska, United States) 
840 CO2/H2O analyzer with water 
vapour, pressure and temperature 
compensation. The resolution of 
this unit is 0.1 ppm CO2 (better than 
0.005 mg L-1), resulting in an over-all 
analyzer precision higher than 1 % 
of set final value pCO2. The response 
time (t99) is in the range of 5-7 min.
NH3 measurement
To monitor ammonia concentration 
we installed a loop flow auto-analyzer 
employs the orthophtalaldehyde 
(OPA) method of fluorimetric analysis 

pipeline (Fig. 3, No. 3) connected 
to the inflow of the tanks (Fig. 3, 
No. 5) with a modifiable pressure 
of 1-2 bar (Fig. 3, No. 2). The flow 
rate (adjustable between 150 - 300 L 
h-1) in all ten tanks is controlled by a 
PID (proportional-integral-derivative) 
controller, a proportional valve with 
valve control unit and a flow meter. 
A three-phase pump draws from the 
biofiltration sump to pressurize the 
delivery circuit (Fig. 3, No. 3). Effluent 
water from each tank is directed to 
a central sedimentation barrel (Fig. 
3, No. 8), whereafter it flows under 
gravity to the filtration unit (Fig. 3, 
No. 9, 10, 11). During a measurement 
cycle for a given tank a computer 
controlled solenoid valve opens and 
directs a portion of the effluent water 
through the measurement section 
under gravity (Fig. 3, No. 14). After 
exiting the measurement section the 
water is directed to the sump of the 
biofilter (Fig. 3, No. 9, 10, 11) via 
concurrent suction with water from 
the supply ring overflow by water jet 
pumps (Fig. 3, No. 22).
O2 measurement
Oxygen concentration is measured 
using an amperometric sensor for 
long-term online 
m e a s u r e m e n t s . 
The probe is 
temperature, salinity 
and pressure 
compensated in the 
integrated control 
system. At the 
moment we install 
an optical probe for 
longer drift stability.
CO2 measurement
Carbon dioxide 
c o n c e n t r a t i o n 
is measured 
using the same 
equipment used 

to give total ammonia nitrogen (TAN) 
content (Fig. 4). This analyzer was 
also used in oceanographic studies 
and adopted to a wide measuring 
range for aquacultural purposes. 
The OPA method is less toxic than 
the often used indophenol blue 
method and is thus better suited to 
a live animal facility. A filtration unit 
reduces the amount of particulates 
entering the auto-analyzer. The 
measurement cycle takes ≥ 12 min 
and an example accuracy of < 0.01 mg 
L-1 with measuring 0.4 mg L-1 range. 
The degree of automation allows us 
to measure the rate of change in 
respirometric metabolites at regular 
intervals (10-20 times per day) over 
long periods of time.
pH probe
Accurate pH measurement in seawater 
is difficult due to the high concentration 
of ions. Standard pH probes quickly 
start to drift if left continuously in 
seawater, and positive ions such as 
Na+ can be falsely recorded as H+ ions 
to a glass potentiometric electrode 
(so called ‘sodium error’). We use an 
intermediate junction probe that acts 
as an electrolyte bridge between the 
reference electrolyte and measuring 
solution. Clogging effects of the porous 
ceramic or plastic frit of pH probes can 
be minimized and the probe is readily 
self-serviceable. Even in heavily 
contaminating samples the electrode 
has a long lifetime of accurate 
measurements. The electrolyte bridge 
in such probes is normally a KCl gel 
that needs to be exchanged weekly, 
and the probe recalibrated. We use 
standard NBS pH calibration buffers, 
but recognize that these low ionic 
concentration buffers are not entirely 
appropriate for pH measurement in 
seawater. However, the use of NBS 
buffers is the norm for virtually all 
aquaculture and physiology studies, 
and specific calibration buffers are 

Figure 3: Plan view of respirometry system (a) photo (b) schematic: (1) recirculation pump; (2) 
manometer; (3) water distribution circuit; (4) overflow valve; (5) tank inflow; (6) respirometry tank;  
(7) overflow line; (8) sedimentation barrel; (9) sedimentation tank; (10) sump; (11) trickling filter; (12) 
metabolite sampling circuit from tank; (13) directional valve; (14) sensors; (15) online control unit; (16) 
main power switch; (17) online control unit; (18) data transfer; (19)  temperature circuit pump; (20) heat 
exchanger; (21) temperature sensors; and (22) water jet pumps.
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  A two-day workshop to explore 
the link between biofl oc technology 
aquaculture produc  on systems and 
shrimp disease was held in Ho Chi 
Minh City, Vietnam. The ini  a  ve, by 
the Biofl oc Technology Working Group 
of AES, to organize this workshop, was 
mo  vated by the large economic losses 
infl icted on the commercial shrimp 
aquaculture sector by the occurrence 
of acute hepatopancrea  c necrosis 
disease (AHPND), formerly known as 
early mortality syndrome (EMS). Vietnam 
alone, lost about US $1 billion per year 
over the last 3 years. The workshop 
specifi cally focused on characteris  cs of 
biofl oc technology systems that reduce 
the risk of the incidence and severity 
of this disease. There were over 200 
par  cipants, and 21 presenta  ons 
were made. Most of the workshop 
presenta  ons are available from the web 
page of the Biofl oc Technology Working 
Group of the Aquacultural Engineering 
Society (www.aesweb.org).

Biofl oc and Shrimp Immunity
   Evidence is accumula  ng that exposure 
to biofl ocs s  mulates the non-specifi c 
immune system in shrimp.  In-Kwon Jang 
and Su-Kyoung Kim measured mRNA 
expression of six genes that are involved 
in the innate immune response of shrimp. 
Gene expression measured in mysid, post-
larvae and adult LItopenaeus vannamei 
is enhanced in the presence of biofl oc. 
Gene expression is greater in L. vannamei 
than in other shrimp species (F. chinensis, 
Metapenaeus japonicus), possibly related 
to diff erences in morphology of the third 
maxilliped, which aff ects the ability of 
shrimp to capture and use biofl ocs as 
food and as a constant induc  on of the 
immune system.

Workshop on Biofloc Technology and Shrimp Diseases
Ho Chi Minh City, Vietnam — December 9-10, 2013         Contributed by Yoram Avnimelech

   Julie Ekasari and co-workers reported 
that phenoloxidase ac  vity increases in 
response to organic carbon loading from 
diff erent sources (molasses, tapioca, 
tapioca by-product and rice bran). Biofl oc 
systems contribute to the enhancement 
of immune response and survival of 
L. vannamei a  er IMNV challenge 
regardless of carbon source.

   Biofl ocs can be viewed as a mechanism 
that provides shrimp with pa  ern 
recogni  on that lead to s  mula  on 
of the non-specifi c immune system. 
These molecules are provided 
to shrimp constantly. There is an 
energe  c cost associated with constant 
immunos  mula  on although it seems 
that it is low.

   Avnimelech presented results indica  ng 
signifi cantly lower infec  on of  lapia 
by Streptococcus iniae released to the 
water from challenged fi sh in biofl oc 
systems as compared to clear water. This 
may be related to antagonism between 
the pathogen and other bacteria that 
limits the pathogen. It is possible that 
a similar antagonism occurs between 
dense heterotrophic bacteria and Vibrio 
parahaemoly  cus, the causa  ve agent of 
AHPND.

The Eff ect of the Microbial Ecology 
of Biofl oc Technology Systems on 
Shrimp Disease
  Water in biofl oc technology systems 
contains a large number of bacterial 
species. Jang found as many as 2,000 
species. 

 Vibrio is an opportunis  c “early 
successional” species that is controlled 
in “mature” or aged water with a more 
diverse assemblage of bacteria.     

 One suppor  ng piece of evidence 
was provided by Victoria Alday-Sanz, 
who reported that AHPND outbreaks 
have occurred a few days a  er water 
exchange in shrimp ponds in Mexico. 
Characteris  cs of “mature” and stable 
water that confer control of Vibrio 
parahaemoly  cus is not known with 
certainty. Be  er characteriza  on of the 
microbial composi  on of fl ocs, especially 
the bacteria that have protec  ve eff ects, 
is needed.

  Addi  onal evidence on the capacity 
of biofl oc systems to control Vibrio was 
provided by Oliver Decamp, ci  ng the 
Ph.D. disserta  on of R. Crab (2010). 
Shrimp were fed either ar  fi cial diet 
or ar  fi cial diet par  ally replaced with 
biofl oc. The density of Vibrio was less 
than the feed-only control.  Within either 
type of organic carbon source, adding 
Bacillus reduced Vibrio cell density.

   Numerous ques  ons about microbial 
community management were raised:
• What is the op  mal biofl oc 

concentra  on?
• How to manage/control biofl oc 

community composi  on for op  mal 
shrimp health?

• How to measure func  onality of 
system in terms of disease control?

• Biofl oc systems are quite unstable 
at the species level; what is the 
op  mum balance of species?

• What is the best way to “feed” the 
biofl oc?

        -manipulate C:N ra  o?
        -con  nuous or intermi  ent inputs?
• How to establish biofl oc quickly?

      Regarding this last ques  on, informa  on 
was presented regarding normal 
prac  ce and methods to accelerate 
aging or maturity of water with respect 
to microbial community composi  on.  

*Photos courtesy of Yoram Avnimelech
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AHPND occurs early in the culture period. 
In newly started systems, 30-40 days are 
normally required before fl ocs develop. 
Thus, there is a pressing need to develop 
fl ocs quickly before AHPND occurs. 
Development of biofl ocs that are target 
oriented, considering feed composi  on, 
immune eff ects, shrimp growth rates 
and other proper  es is presently taking 
place in academic ins  tu  ons as well 
as by commercial companies. We hope 
that these eff orts will improve biofl ocs 
advantages.
  
The Eff ect of Co-culture of Fish and 
Shrimp
   Data on the eff ect of co-culturing 
shrimp and  lapia and the eff ect on 
decreasing the incidence of shrimp 
diseases was presented, based on 
experiences in the Philippines and 
Thailand. Including  lapia or other fi sh 
in a shrimp produc  on system appears 
to confer some protec  on to AHPND in 
shrimp, although the mechanism is not 
clearly understood.  The possibili  es for 
the mechanism include:

A  ributes of Biofl oc Technology 
System Management that Reduce 
Disease Risk
   1) Biofl oc technology systems are 
characteris  cally operated with very low 
rates of water exchange. Inherently this 
improves biosecurity because exclusion 
of pathogens is enhanced by limi  ng 
contact with water from external aqua  c 
ecosystems adjacent to farms.  Low 
rates of water exchange is only one 
aspect of farm biosecurity, which also 
includes using post-larvae that have been 
evaluated and cer  fi ed as disease-free, 
fi ltering incoming water (250 microns), 
erec  ng barriers to crustacean carriers 
(crab fences), and maintaining a clean 
pond bo  om.

   2) Biofl oc technology systems are 
typically operated with high levels of 
aera  on and mixing.  This characteris  c 
creates a stable water quality 
environment with respect to dissolved 
oxygen concentra  on and pH, condi  ons 
that are favorable for good shrimp growth 
and elevated immunocompetence.

   3) Removal of accumulated sludge 
is seen as essen  al to reduce the risk 
of AHPND outbreaks. Pond areas with 
accumulated sludge deposits are areas 
of impaired water quality.  These areas 
are the loca  on of ac  ve produc  on 
of sulfi de, a potent toxicant of shrimp, 
and other growth-inhibi  ng chemicals.       

Furthermore, bacterial popula  on 
densi  es in the fl uid sediment layer near 
the pond bo  om are very high. Grazing 
by shrimp in this area increases exposure 
to high bacterial density.  It appears that 
the lethal dose of V. parahaemoly  cus 
is quite high (108 CFU/mL), a density 
that could be encountered in the fl uid 
sediment layer.  Thus, regular removal 
of waste solids is viewed as essen  al.  
Tung and co-workers recommend solids 
removal 2 hours a  er every feeding.

   To summarize this discussion, the main 
a  ributes of biofl oc systems that reduce 
the risk of shrimp disease are:
• Low rates of water exchange 

improves pathogen exclusion 
(biosecurity).

• Con  nuous aera  on provides stable 
water quality (DO and pH).

• Diverse and stable microbial 
community s  mulates the non-
specifi c immune system and limits 
development of opportunis  c 
species (e.g. Vibrio).

• Regular removal of accumulated 
sludge crops solids and controls 
biofl oc concentra  on to moderate 
levels.

Prac  cal Recommenda  ons
 Biofl oc systems can restrain the 
development of shrimp or fi sh diseases. 
This conclusion is based on the results 
of controlled research and a signifi cant 
number of fi eld observa  ons. Due to the 
severity of the shrimp disease problem, 
the use of biofl oc technology can be 
recommended.

• Eff orts should be taken to grow 
shrimp in “mature” water with a 
diverse and ac  ve micro-biota in 
the pond. As a prac  cal ma  er, this 
calls for the development of mature 
water prior to shrimp stocking, 
through inocula  on protocols, and 
minimizing water exchange during 
the produc  on cycle. 

• Probio  cs and feed addi  ves 
can increase shrimp resistance 
to diseases. Only addi  ves that 
have been properly tested with 
demonstrated effi  cacy should be 
used.

• Prevent bo  om sludge accumula  on 
to reduce shrimp stress and possibly 
disease. Plan ponds in a way to 
enable drainage and washout of 
sludge when it accumulates.

• Biosecurity, selec  on of healthy 
stock and other best management 
prac  ces and technologies deployed 
on modern commercial shrimp farms 
should be implemented.

Priority Research Areas
   The economic losses caused by shrimp 
diseases are huge and the probability 
that implementa  on of biofl oc 
technology improves the situa  on is 
quite high. Research costs are rela  vely 
low compared to economic losses. 
Research oriented to develop, op  mize 
and ascertain means to minimize disease 
outbreaks and severity is essen  al. Thus, 
investment in research oriented toward  
further development of the biofl oc 
technology approach is recommended.

Short-term research topics:
• Objec  ve and controlled evalua  on 

of the eff ects of biofl oc systems 
and co-culture with  lapia on the 
infec  on of shrimp by viral and 
microbial diseases.

• Objec  ve and controlled evalua  on 
of the eff ects probio  c products 
and feed addi  ves on the infec  on 
of shrimp by viral and microbial 
diseases. 

• Eff ects of dense heterotrophic 
popula  on on Vibrio 
parahaemoly  cus survival in water 
and infec  ng shrimp.

• Eff ects of anaerobic bo  om sludge 
on AHPND infec  ons. Means to treat 
the bo  om sediment to prevent 
nega  ve eff ects.

• Eff ects of inhibi  ng quorum sensing 
on the infec  on of shrimp by Vibrio 

• Establishing the essen  al parameters 
to defi ne biofl oc systems.

Longer-term research topics:
• Methods to establish a diverse and 

stable microbial community.
• Defi ning the op  mal microbial 

community composi  on in biofl oc 
systems.

 –for compe   ve exclusion of    
          pathogens
 –for target crop growth
 –for water quality management
• Methods for manipula  on of the 

microbial community to maintain an 
op  mal composi  on.

 -fer  liza  on 
 -fi ltra  on
 -steriliza  on    

-inocula  on, probio  cs  
-habitat     
-environment

• Iden  fi ca  on of the best tools 
for measuring and describing the 
complex microbial fl oc community.
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BIOFLOC TECHNOLOGY
8:30-12:30 • Room 611
Chairs: Andrew Ray, Dariano Krummenauer

SUMMARY OF THE RECENT WORKSHOP ON BIOFLOC TECHNOLOGY AND SHRIMP DISEASES IN HO CHI MINH CITY, 
VIETNAM
John Hargreaves, Yoram Avnimelech, Hoang Tung, Craig Browdy
SOLIDS MANAGEMENT IN A CHANNEL CATFISH BIOFLOC TECHNOLOGY PRODUCTION SYSTEM
Bart Green
EVALUATION OF OPTIMAL BIOFLOC CONCENTRATION 
Yoram Avnimelech and Malka Kochba 
BIOPROCESSING OF MICROBIAL BIOMASS ENABLING SUSTAINABLE MARINE SHRIMP PRODUCTION
David E. Brune 
DEVELOPMENT OF A MULTI-TROPHIC, BIOFLOC-BASED, POLYCULTURE SYSTEM FOR PRODUCTION OF MARINE SHRIMP, 
RED DRUM, AND OYSTERS
John Leffler, Jeff Brunson, Luis Poersch, Stacey Moller, Kevin Pitts
SHRIMP CULTURE IN A BIOFLOC TECHNOLOGY (BFT) SYSTEM INTEGRATED WITH OYSTERS, TILAPIA, AND RED DRUM
Luis Poersch, John Leffler, Al Stokes, Jeff Brunson, Jacob Richardson, Kevin Pitts, Carlos Gaona

BREAK 
INFLUENCE OF AMMONIA ADDITION ON THE DEVELOPMENT OF MICROBIAL FLOCS ON Litopenaeus vannamei BFT 
NURSERY PHASE
Dariano Krummenauer, André Freitas, Carlos Gaona, Luis H. Poersch, Wilson Wasielesky Jr.
EVALUATION OF INORGANIC NITROGEN CONTROL BY COMPARING TWO ORGANIC CARBON APPLICATION 
RATES IN MINIMAL WATER EXCHANGE, BIOFLOC, SHALLOW WATER, SHRIMP NURSERY SYSTEMS USING SC 
FRUCTOOLIGOSACCHARIDE AS A CARBON SOURCE
Jack Crockett, Jessica Morgan, Ivy McClellan, Addison Lawrence
COMPARISON OF GROWTH IN MINIMAL WATER EXCHANGE, BIOFLOC, SHALLOW WATER, SHRIMP NURSERY SYSTEMS 
BY USING TWO FEEDING PROTOCOLS
Jack Crockett, Jessica Morgan, Ivy McClellan, Addison Lawrence 
COMPARISON OF TWO COMMERCIAL FEEDS FOR THE PRODUCTION OF MARKETABLE Litopenaeus vannamei IN SUPER-
INTENSIVE BIOFLOC-DOMINATED ZERO EXCHANGE RACEWAYS
Tzachi Samocha, Leandro Castro, Wujie Xu, Terry Hanson, Tim Markey, Tzachi Samocha 
ECONOMIC ANALYSIS OF A COMMERCIAL AND EXPERIMENTAL FEED USED IN BIOFLOC-DOMINATED, SUPER-INTENSIVE, 
Litopenaeus vannamei GROW-OUT RACEWAY SYSTEM – THE 2013 TRIAL
Terry Hanson, Leandro Castro, Tom R. Zeigler, Tim Markey, Tzachi M. Samocha
INFLUENCE OF HYDROGEN PEROXIDE ON Litopenaeus vannamei REARED IN BIOFLOC TECHNOLOGY SYSTEMS
Wilson Wasielesky, Plinio Furtado, Gabriel Alves, Dariano Krummenauer, Luis Poersch

8:30

8:45

9:00

9:15

9:30

9:45

10:00

10:30

10:45

11:00

11:15

11:30

11:45 

ENGINEERING
8:30-12:00 • Room 618
Chairs: Ying Liu, Brian J. Vinci

CARBON DIOXIDE STRIPPING IN AQUACULTURE 
John Colt, Barnaby Watten, Tim Pfeiffer
THE STATUS AND FUTURE OF RECIRCULATING AQUACULTURE SYSTEMS IN CHINA
Ying Liu
AN EXPERIMENTAL STUDY OF NITRIFICATION USING A SERIES ROTATING ELECTROBIOLOGICAL CONTACTOR
Peifeng Liu, Jiazheng Shen, Songming Zhu
NUMERICAL SIMULATION OF SHIELDING EFFECT IN NETS UNDER STEADY CURRENT
Cristian Cifuentes, M. H. Kim

8:30

8:45

9:00

9:15

AQUACULTURE AMERICA 2014
AES Sponsored Sessions

Tuesday, February 11, 2014
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DESIGN OF A LAND-BASED TANK AQUACULTURE SYSTEM OPTIMIZED FOR YEAR-ROUND TEMPERATURE STABILITY TO 
MAXIMIZE GROWTH OF Gracilaria pacifica
Andrew Davison, Raul Piedrahita
EQUILIBRIUM AND SORPTION KINETICS OF AMMONIA BY NATURAL ZEOLITE IN SIMULATED AQUACULTURE 
WASTEWATER
Tomas Mosquera, Raul H. Piedrahita

BREAK

COMPARATIVE ECONOMIC AND ENVIRONMENTAL ANALYSIS OF LAND-BASED VERSUS NET PEN SALMON PRODUCTION
Brian J. Vinci, Trond W. Rosten, Kristian Henriksen, Erik Skontorp Hognes, Steven T. Summerfelt

ASSIMILATION, BIOLOGICAL AMMONIA-NITROGEN REMOVAL IN ORNAMENTAL FISH HATCHERIES
Fatemehsadat Fahandezhsadi, Ronald Malone

9:30

9:45

10:00

10:30

10:45

RECIRCULATING AQUACULTURE SYSTEMS
1:30-4:30 • Room 618
Chairs: Songming Zhu

ENGINEERING (continued...)
8:30-12:00 • Room 618
Chairs: Ying Liu

AES Board of Directors Meeting: 
Monday, February 10, 5:00 PM, Conference Center Room 304

AES Annual General Meeting: 
Tuesday, February 11, 4:30 PM, Conference Center Room 618

AN EVALUATION AND COMPARISON OF THE BIOFILTRATION PERFORMANCE CHARACTERISTICS OF THE ROTATING 
BIOLOGICAL CONTACTOR (RBC) AND THE MOVING BED BIOREACTOR IN RECIRCULATING AQUACULTURE SYSTEMS
Steven Van Gorder, Jura Jug-Dujakovic
EFFECT OF OXIDATION-REDUCTION POTENTIAL ON PERFORMANCE OF EUROPEAN SEABASS IN RECIRCULATING 
AQUACULTURE SYSTEMS
Xian Li, Jean Paul Blancheton, Ying Liu
CONSTRUCTION TECHNOLOGY ON RAS FOR RAINBOW TROUT SEEDLING CULTURE
Kuoqiu Yan, Kun Xiang
TASTE OF BC AQUAFARMS MODEL TROUT FARM RAS SYSTEM INTEGRATES NEW TECHNOLOGIES AND LOW HEAD 
SYSTEMS FOR COST EFFECTIVE AND DUPLICATABLE COMMERCIAL PRODUCTION
KC Hosler 
TESTS OF THREE PILOTS SCALE DEVICES TO CONTROL THE FLAVOR TAINTING COMPOUNDS 2-METHYLISOBORNEOL AND 
GEOSMIN IN RECIRCULATING AQUACULTURE SYSTEMS
Paul Wills, Christopher Robinson, Christopher Wilson
EFFICIENCY OF LOW-LIFT PUMPING AND AERATION PROCESSES USED TO GAS BALANCE WATER AT THE SIDE OF 
CIRCULAR TANKS
Steven Summerfelt, Timothy Pfeiffer, Lauren Jescovitch, Ethan Metzger, Dane Schiro 
EVALUATING DEPURATION PROCEDURES TO MITIGATE OFF-FLAVOR FROM HARVEST SIZE ATLANTIC SALMON Salmo 
salar CULTURED IN A LAND-BASED RECIRCULATING AQUACULTURE SYSTEM
John Davidson, Kevin Schrader, Bruce Swift, Eric Ruan, Jennifer Aalhus, Manual Juarez, Christopher Good, William 
Wolters, Gary Burr, Steven Summerfelt
EFFECTS OF WATER EXCHANGE RATE AND TREATMENT PROCESSES ON WATER-BORNE HORMONES IN RECIRCULATION 
AQUACULTURE SYSTEMS CONTAINING SEXUALLY MATURING ATLANTIC SALMON Salmo salar
Christopher Good, John Davidson, Ryan Earley, Elizabeth Lee, Gregory Weber, Steven Summerfelt 
WATER DELIVERY CAPACITY AND MASS TRANSFER EFFICIENCY OF A VACCUUM AIRLIFT - APPLICATION TO WATER 
RECYCLING IN AQUACULTURE SYSTEM
Bertrand Barrutt, Jean-Paul Blancheton, Jean-Yves Champagne, Alain Grasmick

1:30

1:45

2:00

2:15

2:30

2:45

3:00

3:15

3:30
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UPCOMING EVENTS

Invitation to present at Aquaculture CanadaOM 2014
June 1-4, 2014 • St. Andrews, New Brunswick, Canada

The AES and the Aquaculture Associa  on of Canada are sponsoring a session on Aquaculture System Design at Aqua-
culture Canada 2014.  Advances in the design of land-based and marine aquaculture systems will be profi led in this 
session.  

Papers in the following areas are invited for submission:  
Recircula  ng Aquaculture Systems, Open-Ocean Aquaculture and Aquaculture Engineering

Abstract Submission Deadline is February 28th, 2014
For details, go to:  h  ps://www.aquacultureassocia  on.ca

Please email Dr. Michel Couturier (cout@unb.ca) your abstract and proposed session area in addi  on to submi   ng 
the abstract online.  For more informa  on about the AES session at AC2014, please contact Dr. Michel Couturier 
(cout@unb.ca).  Please put “AC2014” in the subject line.  Conference registra  on is now available online at 
h  ps://www.aquacultureassocia  on.ca.  Early Bird rate ends February 28th, 2014.

2014 ASABE and CSBE | SCGAB Annual International Meeting
AES Sponsored Sessions

Join us at the ASABE and CSBE-SCGAB Annual Interna  onal Mee  ng at the Palais des congres de Montreal in 
Montreal, Quebec, Canada from Sunday, July 13 through Wednesday, July 16, 2014. Highlights include over 1,000 
technical presenta  ons, professional development opportuni  es, and networking events.  Early registra  on opens 
online March 3, 2014 and the early bird registra  on discount ends May 31, 2014. More informa  on can be found 
at h  p://www.asabemee  ngs.org/. The Aquacultural Engineering Society is pleased to announce their hos  ng of 
two sessions at the mee  ng that aren’t to be missed! More detailed schedule informa  on will be forthcoming in 
early summer 2014. See you there!

AQUACULTURAL ENGINEERING - Session I
THE EFFECTS OF ACCUMULATING NITRATE NITROGEN ON THE PERFORMANCE, HEALTH, AND WELFARE OF JUVENILE 
RAINBOW TROUT (Oncorhynchus mykiss) CULTURED IN RECIRCULATING AQUACULTURE SYSTEMS
John Davidson • The Conserva  on Fund

BIOLOGICAL NITRATE REMOVAL FOR MARINE RECIRCULATING AQUACULTURE SYSTEM
Keiko Saito • University of Maryland Bal  more County

SINGLE-SLUDGE DENITRIFICATION IN RECIRCULATING AQUACULTURE SYSTEMS (RAS): EFFECTS OF PRE-FERMENTATION
Karin Suhr • Technical University of Denmark

MEMBRANE BIOLOGICAL REACTORS FOR NITROGEN REMOVAL IN AQUACULTURAL APPLICATIONS
Steven Summerfelt • The Conserva  on Fund

WOODCHIP DENITRIFICATION BIOREACTOR DESIGN CHALLENGES FOR TREATMENT OF AQUACULTURAL EFFLUENT
Laura Christianson • The Conserva  on Fund

ASSESSMENT OF WATER EXCHANGE AND POLLUTANT DISTRIBUTION OF THE TRADITIONAL MARINE AQUACULTURE CAGES 
FARMING IN CHINA: USING A 3D CFD SIMULATION MODEL
Dong He • School of Biosystem Engineering and Food Science, Zhejiang University

PERFORMANCE EVALUATION OF DIFFERENT AERATION SYSTEMS FOR AQUACULTURE
Bimal Mal • Chha   sgarh Swami Vivekananda Technical University

AQUACULTURAL ENGINEERING - Session II
DEVELOPMENT AND PERFORMANCE EVALUATION OF AN AUTOMATIC FISH FEEDER
Ayodele Ogunlela • University fo Ilorin

A FIELD EVALUATION OF THE THERMAL PERFORMANCE OF AQUACULTURE GREENHOUSE WITH A FAN-PAD COOLING SYSTEM
Lei Pei • Zhejiang University

COMPARISON OF GROWTH FUNCTIONS FOR GILTHEAD SEA BREAM (Sparus aurata)
Ido Seginer • Technion - Israel Ins  tute of Technology

DESIGN, DEVELOPMENT AND TESTING OF AN ENGINEERED ALLIGATOR CULTURE FACILITY
Steven Hall • Louisiana State University

STUDY OF SURFACE BUOY AT AN AQUACULTURE CAGE CONTAINING A COPPER ALLOY NET AGAINST SEVERAL WAVES
Bong Jin Cha • Na  onal Fisheries Research & Development Ins  tute

TOXICITY OF SILVER, ZINC OXIDE AND TITANIUM DIOXIDE NANOPARTICLES TO RED RIVER CRAYFISH (Procambarus clarkii) IN 
MESOCOSM STUDIES
Steven Hall • Louisiana State University
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ADELAIDE CONVENTION CENTRE
Adelaide, South Australia 

For more information:
www.was.org

Conference Sponsors

Major Sponsor & Host

WAS Premier Sponsors

Organisers
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data and metabolites with minimal 
labor, and the use of the state-of-
the-art technology in water chemistry 
analysis will allow new insights into 
the effect of varying factors such as 
temperature, stocking density, diet 
and water quality on metabolism. The 
atmospherically closed tanks are well 
suited particularly for online control 
of gas exposure experiments, e.g. for 
CO2 gassing trials. It would also be 
possible to place media (biocarriers) 
in the tanks to investigate biofiltration 
dynamics. For further details, please 
refer to Stiller et al. (2013).

not traceable to the IUPAC definition 
of pH.

APPLICATION AND LIMITATION
 Trials with turbot and rainbow trout 
showed that the diurnal variation 
in metabolic rates associated with 
feeding and digestion could be well 
resolved (Fig. 4, 5).  
 Although the system we have 
constructed can precisely measure a 
number of water chemistry variables, 
there are some limitations imposed 
on what data can be collected with 
the use of a single measurement 
system, and equipment which has 
different measurement intervals. The 
experimental plan for a particular trial 
will need to incorporate factors such 
as the timing of feeding, the daily 
measurement frequency for a single 
tank, the number of replicated tanks 
and the equipment sampling protocol.
 One of the main methods we would 
like to use the respirometer system 
for is the calculation of metabolic 
fuel use from the flux of O2, CO2 and NH3. This will help in assessing 
the physiological impact of different 
dietary formulations. The respirometry 
system in its current configuration can 
help resolve protein utilization versus 
the sum of carbohydrate and fat by 
comparing NH3 to O2 flux. Although 
fish excrete a portion of nitrogen as 
urea (approximately 15 % of excreted 
N depending on the species), one can 
fairly accurately estimate the urea 
excretion rate from the ammonia 
excretion rate. With knowledge of the 
CO2 excretion rate, one can complete 
the metabolic fuel use calculations 
to infer the rate at which lipids and 
carbohydrates are being catabolized. 
The installed CO2 analyzer is extremely 
accurate and precise, however, one 
cannot simply infer CO2 excretion 
rates based solely on dissolved 
CO2 concentration. Most dissolved 
inorganic carbon exists as carbonates, 
which are not detected by our CO2 analyzer. Automated inorganic carbon 
analyzers are available, however, 
they are expensive. We are currently 
utilizing the high accuracy CO2 analyzer 
to study the effects of chronically 
elevated CO2 on aquatic animals, and 
plan to use a manual inorganic carbon 
analyzer to help with metabolic fuel 
use measurement.
 The novel respirometer system 
is a powerful research tool for 
measuring aquatic animal physiology 
under culture-like conditions in both 
fresh and saltwater. The degree of 
automation allows researchers to 
collect large amounts of water quality 

Figure 5: Diurnal variation (24 h, starting: 8:00) in metabolic rates of turbot (144.0 ± 22.3 g) fed to satiation 
once per day. Metabolic rates given for O2 consumption (blue solid line); relative CO2 production (red dashed 
line) and NH3-N excretion (x 10, orange solid line). Feeding time and consumed feed in % body weight (BW) is 
defined by symbol ‘x’. Each data point is a mean ± SD of 3 replicate tanks. pH 7.37 ± 0.03, salinity 20.2 ± 0.8 ‰, 
temperature 17.8 ± 0.1 °C.

Figure 6: Diurnal variations (24 h, starting: 8:00) in oxygen consumption of rainbow trout (mean weight 153.8 
± 35.9 g) fed differing ration sizes (0.7, 1.4, and 2.8% initial body weight (BW) per day). Feed was given twice 
a day at 08:00 and 18:00. The last 8 days were without feeding. Data points are mean ± SD. Solid line is hourly 
average (n=9); dashed line is daily average (n=216). Water temperature was 13.0 ± 0.7°C.  

Article (continued)
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Aquacultural Aquacultural 
Engineering Society Engineering Society 
Issues ForumIssues Forum
AUGUST 21, 2014
8:30am to 5:00pm
There will be two sessions for the Issues Forum:
• Feeds and Feeding of Bio  oc Systems
• Innova  ve Research and Technologies for RAS
Plan to a  end this full day Issues Forum, held immediately before the 10th Interna  onal 
Conference on Recircula  ng Aquaculture in Roanoke, VA (August 22-24, 2014).  
For more informa  on on the Issues Forum, ICRA conference and for online registra  on, 
visit www.recircaqua.com, or contact us  by email at aquaconf@gmail.com, or by phone 
at 540-553-1455.

10TH INTERNATIONAL CONFERENCE ON 
RECIRCULATING AQUACULTURE

August 22-24, 2014
The Hotel Roanoke & Conference Center, Roanoke, Virginia, USA

• Aquatic health and diseases
• Advances in nutrition
• Aquaponics
• Post-harvest handling and quality

Questions?  Contact Us!
E-mail:  aquaconf@gmail.com

Phone:  (540) 553-1455

Find more information 
and register at:

www.recircaqua.com

Tentative topics include:
• Biotechnology
• Shrimp
• Best aquaculture practices
• Finfish



AES Member Registration
Name ___________________________________________________________________________  Company __________________________________________________________________

Street Address _______________________________________________________________________________________________________________________________________________________

City _______________________________________________________________  State ______________  Postal Code __________________ Country _________________________________

Phone __________________________________________________________________________________  Fax __________________________________________________________________________

Email ___________________________________________________________________________________

   2014 Annual Membership.  Includes: $30    
  One year subscription to the AES quarterly newsletter AES News (Volume 17)
  Access to online Member Directory 

   2014 Student Membership.  Includes the same as above    Free    
   2014 Sponsor (membership, printed journal subscription, advertising in newsletter/website     $650

Options (additional cost to the $30 annual membership dues):
  Print subscription to Elsevier’s journal Aquacultural Engineering (Volumes 58 - 63). $84        

  Standard one year subscription of the print journal 
  Online subscription to Elsevier’s journal Aquacultural Engineering (Volumes 58 - 63). $66

  Web-based access through ScienceDirect (www.sciencedirect.com)

                           Total ________ 

PAYMENT
  Check enclosed (Made payable to Aquacultural Engineering Society in US Funds)
  Charge: o Visa o MasterCard o American Express o Discover

Credit Card #_____________________________  Expiration Date:__________________  Security # (3-4digits):_________________

Name on Card: _______________________________________________________________________  Signature: _________________________________________________________________

Please send this form and payment to: Aquacultural Engineering Society, Terry Rakestraw, 
8969 Mountain View Drive, Copper Hill, VA 24079  USA         

AES News
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 contrib-
ute information to the AES News, please 
contact the editor:

Steven Summerfelt, Ph.D., P.E.
The Conservation Fund 
Freshwater Institute
1098 Turner Road
Shepherdstown, WV 25443-4228 USA
Ph. 304-870-2211
Fax: 304-870-2208
s.summerfelt@freshwaterinstitute.org

L.S. Enterprises
P.O. Box 51033
Fort Myers, Florida 33994
Ph: (239) 543-1258
Fax: (239) 543-7308
Email:  info@biofilters.com
Web:  www.biofilters.com

Aqua Logic
8268 Clairemont Mesa Blvd. Suite #302
San Diego, CA 92111
Ph:  (858) 292-4773
Fax:   (858) 279-0537
Email:  info@AquaLogicinc.com
Web: www.aqualogicinc.com

Aquaculture Systems Technologies, LLC
P.O. Box 15827
New Orleans, LA 70175
Ph: (800) 939-3659
Fax: (504) 837-5585
Email:  info@BeadFilters.com
Web:  www.BeadFilters.com 

Pentair Aquatic Eco-Systems, Inc.
2395 Apopka Blvd.
Apopka, FL 32703
Ph: (407) 886-3939
Fax: (407) 886-0800
Email:  AES@AquaticEco.com
Web:  www.AquaticEco.com

AquaCulture Enterprises, Inc.
P.O. Box 366
Ashely, IN 46705
Ph: (260) 587-9409
Fax: (260) 587-9417
Email:  info@aquacultureenterprises.com
Web:  www.AquaCultureEnterprises.com 

RK2 Systems, Inc.
421A South Andreasen Drive
Escondidon, CA 92029
Ph: (760) 746-7400 x3
Fax: (760) 746-7460
Email:  sales@RK2.com
Web:  www.RK2.com 

The AES is looking for sponsors within the aquaculture industry to support the 
cost of producing the AES News in 2014.The sponsors listed above have donated          

generously to support the AES in 2013.

AES Newsletter Sponsors


