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population. In 2004, 70 full-sib families 
were produced. Their DNA pedigrees – 
identified by Landcatch Natural Selection 
of Scotland – assigned 96% of a random 
sample of 4,350 individuals to a family, 
with family representation at 22 to 117 
individuals. 

Each following year, the program 
spawned 180 families. Pedigree assign-
ment has improved, with 99% of 9,341 
individuals in the 2007 year class allo-
cated to single families.

Disease Resistance
Major marine production costs for the 

Tasmanian industry not experienced to the 
same degree in other Atlantic salmon-pro-
ducing countries include treatment and 
lost productivity due to AGD. The disease 
occurs when microscopic amoebas attach 
to salmon gills. Infected salmon are safe to 
eat, but lose condition, experience slower 
growth and die without treatment. 

Management of AGD costs the 
industry in excess of $25 million a year in 
lost productivity and freshwater bathing, 
the only current effective treatment. A 
key research question was therefore 
whether there was genetic variation in 
resistance to this external gill parasite.

Results from five years of data showed 
that AGD resistance is a quantitative trait, 

with moderate genetic variation at all 
infections. Commercial fish can have six to 
12 infections and subsequent freshwater 
treatments during their marine growout. 

However, there is low genetic correlation 
between the first and subsequent infections, 
suggesting the first infection is a different 
genetic trait. Research results suggested there 
is potential to reduce the number of AGD 
treatments by 25% over approximately six 
years of selective breeding.

Commercial Production
The rate of transfer of genetic gains 

into commercial returns is influenced by 
an all-female production system. The 
Tasmanian commercial harvest is 95% 
based on all-female production. This is 
due to a high incidence of early matura-
tion and related poor condition prior to 
harvest, particularly in males in their first 
summer at sea. 

All-female production requires the 
making of sex-reversed females or neo-
males. Therefore, infusing genetic gains 
from the selective-breeding program into 
commercial production requires an addi-
tional step with a multiplier population to 
create the neo-males. The first commer-
cial production from selected multiplier 
broodstock will be in 2011 with harvest 
in 2014.

Trait Heritability

AGD resistance (gill score at first infection)
AGD resistance (gill score at second to fifth infections)
Marine weight 
Freshwater weight 
Early maturation incidence (marine)
Early maturation incidence (freshwater)
Flesh color (astaxanthin content)
Flesh fat content (total fat content)

0.17 ± 0.03
0.32 ± 0.04
0.39 ± 0.08
0.43 ± 0.09
0.21 ± 0.04
0.12 ± 0.04
0.40 ± 0.12
0.47 ± 0.06

Table 1. Genetic variation of commercial traits in the Tasmanian 
Atlantic salmon population as indicated by heritabilities 

in a combined analysis across year classes.

Approximately 
1,500 samples are 
assessed at harvest. 
Fillet flesh color 
and fat content are 
measured using a 
portable visible/
near-infrared spec-
trophotometer.
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Pacific white shrimp farming has 
become increasingly competitive. Tech-
nology such as biosecure farm design and 
operation are becoming essential for sus-
tainable production. Biofloc systems are 
seeing more use in both lined and earthen 
ponds as a method to stabilize the culture 
environment. 

The value of these technologies has 
been proven by the re-engineering of a 
large shrimp farm in Malaysia. The main 
objective of the effort was to set a bench-
mark for future shrimp culture projects in 
Malaysia.

Blue Archipelago’s Arca Biru Sdn. 
Bhd. shrimp farm is located in Kedah, 
northwest of Kuala Lumpur. Initially 
known as Samak Aquaculture, the farm 
was established in the early 1990s for the 
culture of black tiger shrimp. Blue Archi-
pelago took over the farm in early 2008. 
The farm is now integrated with a hatch-
ery and processing plant in the vicinity. 

Original Farm Design
The original farm layout was a pond 

culture system with excellent seawater 
intake from an extended 2.4-km canal. 
The farm had 226 earthen ponds, most of 
which were 0.8 ha in size, arranged in 
rows with supply and discharge drainage 
canals on opposite sides. 

Two large reservoirs supplied treated 

seawater, while sedimentation ponds 
treated waste water before discharging 
back to the sea. The main supply gates 
were based on irrigation canal gates with 
wooden planks to let water into second-
ary supply canals. The outlet or harvest 
gates of culture ponds used conventional 
wooden sluice planks for flow-through 
pond operation. There was no central 
drain or harvest pit in the system. 

Farm Redesign
In early 2010, the farm was rede-

signed from rows of single ponds to a 
biosecure modular system lined with 
high-density polyethylene (HDPE) with 
reservoirs for water treatment. Two mod-
ules were fully lined with HDPE, and the 
remaining modules were lined on pond 
dikes only. 

The farm still has 226 ponds, but 
each new module consists of 20, 0.8-ha 
ponds and two culture ponds of 0.4 to 0.6 
ha. Four 0.8-ha ponds beside the main 
supply canal were modified into reservoirs 
for each module. All inlet supply and dis-
charge gates were reconstructed to biose-
cure design to make sure there are no 
leakages. 

A central drain system was installed to 
get rid of sludge during culture operation 
and increase the carrying capacity of the 
ponds. The revised seawater supply system 

innovation

Nyan Taw, Ph.D.
Blue Archipelago Bhd.
T3-9 KPMG Tower
8 First Avenue, Persiaran
Bandar Utama, 47800 Petaling Jaya
Selangor, Malaysia
nyan.taw@bluearchipelago.com

Poh Yong Thong
Ling Teck Ming
Chatree Thanabatra
Kamel Zikry Salleh
Blue Archipelago Bhd.

Summary:
Blue Archipelago’s re-engineering 
of a large shrimp farm from a 
traditional pond-based operation 
to a modular, biosecure facility 
using pond linings and biofloc set 
a benchmark for future shrimp 
culture projects in Malaysia. Com-
pared to values recorded two to 
three years ago, shrimp growth has 
increased significantly at the farm, 
and no viral outbreaks were noted 
during initial production. The 
most significant factor achieved 
with the farm redesign was a 20-
day reduction in culture period. 

Malaysia Shrimp Farm Redesign Successfully 
Combines Biosecurity, Biofloc Technology

Blue Archipelago’s Arca Biru shrimp farm northwest of Kuala Lumpur has been converted from a traditional shrimp-farming operation 
to a modular, biosecure production facility.

passes water through the four treatment 
ponds before it reaches the culture ponds. 
This ensures that only treated water enters 
culture ponds within a module.

Biosecure Operation 
The farm is operated with minimum 

water exchange, semi-biofloc and biofloc 
technology. Biosecurity measures include 
250-µ screens to prevent crustacean carri-
ers from entering the modules, eradicat-
ing crab larvae with chlorine or approved 
crustacide, crab fencing, bird scare lines 
and water aging. Strict biosecurity proto-
cols are also applied on movements of 
farm personnel, equipment and guests 
entering farm facilities. 

The numbers and positions of paddle-
wheel aerators are standardized in line 
with stocking density and culture system. 
The strategy is to have dissolved oxygen at 
acceptable levels by operating aeration 24 
hours daily with adjustments according to 
culture days and by day and night. 

Initial Cycle
The first production cycle was started 

the last week of May and concluded on 
the third week of December 2010. Only 
seven of nine modules were operated due 
to delays in construction. Specific patho-

gen-free white shrimp, Litopenaeus van-
namei, were the only species stocked.

For fully lined ponds, a semi-biofloc 
system was used, with lower stocking 
density of 110 postlarvae/m2 and a feed-
ing program that included grain pellets. 
Two 0.4-ha ponds were tried using a full 
biofloc protocol and stocking density of 
130 shrimp/m2. The remaining lined 
ponds with earthen bottoms also used a 
biofloc system, but only as a means to 
control water quality. 

Temperature, salinity, dissolved oxy-
gen, pH, alkalinity and other pond water 
quality parameters were monitored and 
found within acceptable ranges during 
the culture operation. In addition, biofloc 
volume was controlled below 5 mL/L for 
semi-biofloc and below 10 mL/L for bio-
floc systems. 

Performance
As at other farms in the vicinity, Arca 

Biru was faced with serious outbreaks 
from white spot syndrome virus (WSSV) 
before the redesign. During its first new 
cycle, viral incidents were common in the 
vicinity. On one occasion, dead WSSV-
positive shrimp were found within the 
main supply canal. 

The production cycle was a success, 

however, without viral outbreaks. The 
farm averaged over 12.0 mt shrimp/ha for 
ponds lined on dikes only, whereas for 
fully-lined ponds, the average was over 
16.2 mt/ha (Table 1). Two ponds with 
biofloc systems averaged over 22.5 mt/ha 
with average shrimp sizes of approxi-
mately 18 g. 

However, the outstanding achievement 
in the cycle was in a biofloc system with 
stocking density of 130 postlarvae/m2, 
where shrimp reached over 18.8 g in just 
over 90 days of culture while still retaining 
the production of over 22.5 mt/ha (Figure 
1). Compared to growth rates recorded two 
to three years ago at the farm, the growth 
has increased significantly. 

From an economic perspective, the 
most significant factor achieved with the 
farm redesign was a reduction in culture 
period. The 110- to 120-day cycles that 
were the previous norm were reduced to 
90 to 100 days, which could potentially 
increase production from 2 cycles to 2.5 
cycles/year.

In 2010, culture utilizing biofloc in 
fully lined ponds yielded the highest 
production volumes.

Production 
Parameter

0.4-ha Pond
Lined, Biofloc

0.8-ha PondLined, 
Semi-Biofloc

0.8-ha Pond
Lined Dikes

Number of ponds
Aerator energy (hp)
Stocking density
Days
Survival
Mean body weight (g)
Feed-conversion ratio
Average daily growth (g)
Average harvest (kg)
Production (kg/ha)
Production/power input (kg/hp)

2
14
130
90

89.16
18.78
1.39
0.21
9,006
22,514

643

19
24
110
101

81.35
18.31
1.58
0.18

12,950
16,188

540

119
20
83
111

83.19
17.80
1.77
0.16
9,616
12,019

481

Table 1. Production performance of Arca Biru farm.
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Figure 1. Shrimp sizes at harvest for different stocking densities.
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Fishmeal is a popular ingredient for aquaculture feeds 
because it provides high-quality nutrition in the form of pro-
teins, highly unsaturated fatty acids and minerals, and is 
extremely palatable. However, fishmeal is mainly derived from 
wild stocks, which are overexploited in certain regions of the 
world. Fishmeal is also affected by economics: U.S. prices for 
fishmeal nearly quadrupled over the last decade.

For these reasons, researchers and the aquaculture industry 
are increasing their use of alternative feed ingredients. One suc-
cess story has been the use of soy protein in place of fishmeal in 
some aquaculture feeds. Other alternative ingredients are being 
investigated as well, including single-celled protein meals – also 
known as microbial flocs or simply bioflocs.

In recent years, several researchers and industry groups have 
begun exploring novel ways to produce these single-celled ingre-
dients, not only for use as a potential feed ingredient, but also to 
accomplish other goals. The authors’ research group at Virginia 
Tech, for example, has demonstrated that single-celled proteins 
produced in biological reactors can clean up effluent waters from 
aquaculture facilities. This biological process converts dissolved 
nutrients (nitrogen and phosphorus) into proteins contained 
within bioflocs. 	

Feeding Trials
The authors’ studies evaluated bioflocs produced in biological 

reactors as a replacement for both soy and fishmeal proteins in 
shrimp diets. Several feeding trials were conducted in partner-
ship with the Texas A & M University system to compare high-
quality shrimp diets with and without bioflocs. 

Shrimp grew 10 to 50% faster on diets that contained bio-
flocs compared to those without them. So an important question 
needs to be answered. What was contributing to the increased 
growth rates observed in shrimp that received the biofloc-con-
taining diets? 
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Summary:
Single-celled proteins in bioflocs can provide protein 
and other nutrients in shrimp feed, but what makes 
them enhance growth performance in shrimp? Trials by 
the authors indicated that fatty acid, sterol and amino 
acid content; and levels of essential vitamin and minerals 
in the bioflocs were not contributing factors. Although 
what component accelerates shrimp growth was not 
identified, knowledge of what did not contribute leads 
to better understanding of shrimp nutrition.

Feeding trials conducted by Virginia Tech in partnership with Texas A & M University compared high-quality shrimp diets 
with and without bioflocs.

What Makes Bioflocs Great For Shrimp?

What We Know
Although researchers have not fully quantified what is in bio-

flocs, they know that bioflocs produced in biological reactors are a 
consortium of microorganisms, micro- and macroinvertebrates, 
filamentous organisms, exocellular polymers and uneaten feed.  

In the biofloc feeding trials, feeds were formulated to be 
equivalent for crude protein, carbohydrate, crude fat, crude fiber 
and energy. Using standard laboratory methods and semi-purified 
diets, the authors validated that all diets with and without bio-
flocs contained identical levels of many nutrients. Thus, none of 
the nutrients contributed to the increased growth rates observed 
in the biofloc-fed shrimp.

This naturally led to other questions – could there be an indi-
vidual fatty acid parameter in bioflocs that contributed to 
enhanced shrimp growth? Or a sterol such as cholesterol? How 
about an individual amino acid, the building blocks of proteins?  

The answers to the fatty acid and sterol questions were both 
“no.” The fatty acid and cholesterol levels in the bioflocs were 
negligible. In some cases, none was detected. Furthermore, highly 
unsaturated fatty acid (HUFA), polyunsaturated fatty acid 
(PUFA) and sterol levels in all diets were constant.  Therefore, it 

was impossible that a sterol, HUFA or PUFA contributed to the 
enhanced shrimp growth. 

In regards to amino acids, the answer was also no. When 
individual amino acid profiles were measured in the formulated 
feeds with and without bioflocs, no difference was found among 
the experimental feeds.

How about a vitamin or mineral? Could one of these have 
contributed to increased shrimp growth? No. All essential vita-
mins and minerals – such as calcium, phosphorus, potassium, 
sodium, manganese, zinc and copper – in the feeds with and 
without bioflocs were formulated to be either constant or in 
excess, so these would not be a factor in the feed trials. 

Like all animals, shrimp have an optimum daily requirement 
for each specific vitamin or mineral. When this optimum concen-
tration is exceeded, the presence of additional amounts no longer 
contributes to further enhancement of growth. Since all feeds 
were formulated to contain vitamins and minerals constant or in 
excess of what was needed, the presence of any particular vitamin 
or mineral within bioflocs did not contribute to the accelerated 
growth.

What We Don’t Know
At the current time, we don’t know what in bioflocs is contrib-

uting to accelerated growth. Is it an unknown growth factor? An 
unknown chemoattractant? An unknown stress-resistance factor? 
Perhaps a nutritional component that is not well understood or 
measured for shrimp nutrition – a bioamine, dipeptide, oligopep-
tide, oligosaccharide, nucleotide, prebiotic, chemoattractant or 
growth promoter? 

Perspectives 
Even though we have not yet identified what component of 

bioflocs accelerates shrimp growth, knowledge of what does not 
contribute can help us better understand shrimp nutrition and 
lead to innovative findings in the future. 

From an industry standpoint, this is not as important as the 
demonstrated benefits that biofloc can offer. Bioflocs are advanta-
geous because they are produced in a manner that is not only sus-
tainable, but may also offer valuable water treatment options, 
resulting in an alternative ingredient to fishmeal in shrimp diets.

Bioflocs can 
be sustainably 
produced as 
feed ingredi-
ents in ways 
that also offer 
valuable water 
treatment.

Shrimp grew 10 to 50% faster on diets 
that contained bioflocs compared 
to those without them.



78    March/April 2011    global aquaculture advocate global aquaculture advocate     March/April 2011      79

A lethal viral disease resulting in mass 
mortality of farmed common carp and 
koi occurred in Europe and Israel in the 
late 1990s, and later outbreaks were 
reported in many countries around the 
world. The causative agent of this disease 
was cyprinid herpesvirus-3 (CyHV-3), 
also known as koi herpesvirus (KHV). 
CyHV-3 is specific to common carp and 
koi (both are Cyprinus carpio), but does 
not cause disease in other species. 

Fish infected with the virus die within 

one to three weeks, leading to 60 to 100% 
mortality. Since its initial outbreak, this 
disease has resulted in substantial financial 
losses to the common carp industry and is 
currently considered a major risk in com-
mon carp and koi aquaculture and trade. 

Collaborative Research
Working toward sustainable aquacul-

ture production of common carp, the 
authors’ collaborative research group in 
Israel and the United States is currently 
investigating the genetic basis of 
CyHV-3 resistance in common carp 
through immunology, genomics, breed-
ing and disease challenge studies. 

The research is supported by the U.S.-
Israel Binational Agricultural Research 
and Development Fund. Its ultimate goal 
is to develop molecular tools for marker-
assisted breeding of CyHV-3-resistant 
broodstock that will allow sustainable and 
profitable production.

Genetics, Susceptibility
Although CyHV-3 infection is highly 

contagious, resistance to the infection 
differed among commercial strains and a 
wild strain of common carp. This finding 
suggested that genetic components influ-
ence susceptibility to the disease, and 
therefore disease resistance can be 

improved by selective breeding. 
One objective in the research is to 

identify genetic variations due to a single-
base mutation (single nucleotide polymor-
phism, SNP) in candidate antiviral genes 
and use these variations as genetic markers 
for marker-assisted breeding. Studies in 
mammals showed that SNPs in immune 
response genes were associated with sus-
ceptibility to infectious diseases. Although 
such studies in fish are limited, genome 
sequences of model fish species such as 
zebrafish and pufferfish showed that fish 
immune systems have many components 
that are similar to components of mam-
malian immune systems. 

Results
Results from cloning three candidate 

genes for antiviral immune response 
revealed that the structural characteristics 
of these genes in common carp resemble 
those of other vertebrates. Therefore, vari-
ations in common carp antiviral immune 
response genes may be responsible for 
CyHV-3 susceptibility and can be used as 
genetic markers to differentiate between 
susceptible and resistant individuals. 

Polymorphisms in genes putatively 
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Summary:
Common carp and koi producers 
around the world have suffered 
substantial financial losses due to  
a contagious disease caused by  
cyprinid herpesvirus-3. Results from 
cloning three candidate genes 
for antiviral immune response 
revealed that the structural char-
acteristics of these genes in com-
mon carp resemble those of other 
vertebrates. Variations in immune 
response genes may be responsible 
for CyHV-3 susceptibility and can 
be used as genetic markers to dif-
ferentiate between susceptible and 
resistant individuals. 

Carp infected with cyprinid herpesvirus-3 have pale patches on the skin and increased 
mucus secretion. Efforts to identify genetic resistance to the virus and develop disease-
resistant fish are ongoing. Photo courtesy of Nir Froyman, Department of Fisheries, 
Israeli Ministry of Agriculture and Rural Development.

associated with antiviral immune 
responses in common carp were identi-
fied. Immune response genes encoding 
toll-like receptors (TLRs) and TLR-

associated molecules were cloned and 
sequenced. TLRs are cellular receptors of 
the innate immune system that bind to 
conserved pathogenic antigens and subse-
quently initiate host immune responses. 

DNA sequences of common carp 
genes from different strains of carp were 
compared, and SNPs were identified. 
Genetic markers for immune response 
genes were developed based on SNPs for 
use in identifying individual genotypes. 
Among the genes sequenced, TLR3, 
TLR7, MyD88 and TRAF6 genes were 
found to be duplicated. A high number of 
duplicate genes are observed in common 
carp, which are known to be tetraploid fish 
due to a genome duplication event that 
was estimated to have occurred between 
11 million and 21 million years ago. 

For the duplicate loci, SNP markers 
were developed to be specific for each 
copy. Approximately 80 SNPs from 14 
genes were genotyped in a panel consist-
ing of different common carp and koi 
strains. Sixty were polymorphic. 

Polymorphic SNP markers were geno-
typed in 50 progeny of a full-sib family pro-
duced by crossing a koi female to a hybrid 
male from a cross between a domesticated 
commercial strain and a wild common carp 

strain. Twenty-three markers from 12 
genes were informative in this family. The 
authors are working to relate this genetic 
variation to CyHV-3 resistance. 

Perspectives
Data obtained from SNP markers of 

these immune response genes is being 
analyzed with a data set of approximately 
300 random DNA markers to generate a 
genetic linkage map. A genetic linkage 
map is an essential tool that will enable 
localization of the genes controlling 
important traits such as growth rate, meat 
quality and disease resistance. 

SNP markers for antiviral candidate 
genes linked to CyHV-3 resistance will 
be used for selecting resistant individuals 
as parents of the next generation. Inte-
grating marker-assisted selection with 
classical selective breeding will increase 
the rate of genetic gain for resistance to 
CyHV-3 in common carp. 

The 1998 CyHV-3 disease outbreak 
resulted in massive mortality of koi 
at Israeli fish farms. Soon afterward, 
cases were reported worldwide. Photo 
courtesy of Dr. Ofer Ashulin, Health 
and Veterinary Laboratory, Ma’agan-
Michael Fish farm, Israel).
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Although many consider fish oil a 
standard for aquafeed formulation, 
acceptable growth performance can be 
achieved with a wide range of alternative 
lipids, so long as essential fatty acid 
requirements are met. However, plant 
and terrestrial animal-derived fats and 
oils contain, at most, trace levels of bene-
ficial long-chain polyunsaturated fatty 
acids (LC-PUFAs). 

Over time, feeding alternative lipid-
based growout feeds typically results in 
the loss of these bioactive nutrients, 
including eicosapentaenoic (20:5n-3) and 
docosahexaenoic (22:6n-3) acids. 
Although switching back to a fish oil-
based finishing feed will restore tissue 
levels of LC-PUFAs, the extent of fillet 
profile restoration varies. 

Previous research by the authors 
showed that growout feeds containing 
higher levels of saturated fatty acids 
(SFAs) with no double bonds yielded fil-
lets with greater LC-PUFA content or 
greater amenability to LC-PUFA resto-
ration during finishing.

Alternative Lipids
Selective breeding, transgenic modifi-

cations and processing strategies devel-
oped in the agribusiness sector have 
yielded a range of crops and products 
with altered fatty acid composition. A 
number of modified lipids have become 
commercially available, but few have been 
evaluated in the context of aquaculture 
nutrition. 

Accordingly, the authors evaluated 
practical rainbow trout feeds (Table 1) 
containing fish oil (FISH) or 50:50 

blends of fish oil and palm (PALM), 
coconut (COCONUT), standard soy-
bean (STD-SBO), hydrogenated soybean 
(HYD-SBO), low 18:3n-3 soybean (LO-
ALA-SBO) or low 18:3n-3 canola (LO-
ALA-CAN) oils. Feeds with SFA-
enriched lipid streams derived from 
cottonseed (SFA-COT) or soybean 
(SFA-SBO) processing were also studied.

Fish Oil Sparing
After seven weeks, rainbow trout 

growth performance was not impaired by 
partial replacement of dietary fish oil with 
any of the alternative lipids evaluated 
(Table 2). Although significant differences 
in feed-conversion ratios were observed, 
only the LOW-ALA-CAN treatment 
group differed from the FISH control 
group, and this group actually exhibited 
improved efficiency relative to the control. 

Survival, weight gain, specific growth 
rate, feed intake and hepatosomatic index 
did not vary among treatments. Although 
fillet lipid content was equivalent among 
treatments, fatty acids that were abun-
dant in the different feeds tended to 
become enriched in the fillets of fish fed 
those feeds. For example, 18:1n-9 levels 
were highest among fish fed the PALM 
and LOW-ALA-CAN diets, and 
18:2n-6 levels were significantly elevated 
in fish fed the STD-SBO and LOW-
ALA-SBO diets. 

Despite very high dietary levels of 
SFAs in the COCONUT, SFA-SBO 
and SFA-COT feeds, the SFAs were not 
proportionately reflected within the fil-
lets. The varying response of fillet tissues 
to dietary intake of certain fatty acids and 
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Summary:
Alternative lipids have achieved 
varied success in ensuring ade-
quate growth and fatty acid com-
position in fillets. The authors 
evaluated rainbow trout raised on 
diets containing fish oil or a 50:50 
blend of fish and standard (coco-
nut, palm, soybean) or modified 
(soybean, canola/rapeseed, cotton-
seed) lipids varying in fatty acid 
composition. Feeds containing 
fish oil and saturated fatty acid-
rich modified lipids yielded equiv-
alent growth performance and 
fillet LC-PUFA content, despite a 
50% reduction in fish oil use. 

After seven weeks, 
rainbow trout growth 
performance was not 
impaired by partial 
replacement of dietary 
fish oil with any of 
the alternative lipids 
evaluated.

fatty acid groupings resulted in fillet sig-
natures that deviated to varied extents 
from the profile observed in the FISH 
control group. 

In terms of overall profile similarity, 
fillets from the SFA-SBO and SFA-
COT groups were most similar to those 
from the FISH group. Signatures were 
increasingly distorted in the COCONUT, 
PALM, HYD-SBO, STD-SBO, LOW-
ALA-SBO and LOW-ALA-CAN 
groups, respectively, reflecting a relative 
loss of LC-PUFAs, an accumulation of 
monounsaturated fatty acids (MUFAs), 
medium-chain polyunsaturated fatty 
acids (MC-PUFAs), or both. 

Replacement Practical
From a practical perspective, the 

authors concluded that feeding rainbow 
trout feeds containing a blend of fish oil 
and modified soy- or cottonseed-derived 
lipids yielded equivalent growth perfor-
mance and fillet LC-PUFA content. 
Although feeding standard soybean, 
coconut, palm or modified canola oils did 
not impair growth or efficiency values, 
use of these lipids significantly altered fil-
let fatty acid profiles. Depending on the 
desired fillet composition, one or more of 
these lipids could be used to manipulate 
fillet LC-PUFA content, MUFA content 
or levels of other fatty acids.

Rainbow trout were found to be 
somewhat different from other fish in 

terms of their response to varying dietary 
fatty acid composition. However, a pat-
tern of greater LC-PUFA retention/
deposition among fish fed SFA-rich 
feeds compared to MC-PUFA-rich feeds 
appeared to be largely consistent among 
those fish assessed. 

The authors recommend that SFA-
rich feed formulations be tested further in 
rainbow trout culture, preferably in the 
context of longer-term studies including 
finishing trials to validate the promising 
results achieved in the present work. 

Editor’s Note: This article was based on a 
paper by the authors recently accepted for 
publication in the North American Journal 
of Aquaculture.

Alternative Lipids Spare Fish Oil 
In Rainbow Trout Feeds

Ingredient FISH COCONUT PALM
STD-
SBO

HYD-
SBO

LOW-ALA- 
SBO

LOW-ALA-
CAN

SFA-
SBO

SFA-
COT

Fishmeal
Soybean meal (47% protein)
Blood meal
Wheat bran
Corn gluten meal
Fish oil
Alternative lipid source
Sodium phosphate 
Dicalcium phosphate
Vitamin premix*
Mineral premix**
Choline chloride
Carboxymethylcellulose

200.0
200.0
50.0
150.8
250.0
91.0

0
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

200.0
200.0
50.0
150.8
250.0
45.5
45.5
15.0
15.0
1.2
1.0
6.0
20.0

Proximate Composition
    Dry matter
    Protein
    Lipid
    Ash

882 ± 2
477 ± 3
145 ± 6
125 ± 5

869 ± 2
483 ± 3
139 ± 6
  84 ± 4

865 ± 2
476 ± 3
135 ± 6
115 ± 4

877 ± 2
473 ± 3
139 ± 6
114 ± 6

881 ± 2
478 ± 3
144 ± 6
101 ± 4

853 ± 2
477 ± 3
161 ± 6
101 ± 4

887 ± 2
484 ± 3
126 ± 6
110 ± 4

869 ± 2
482 ± 3
145 ± 6
105 ± 4

865 ± 2
484 ± 3
146 ± 6
119 ± 4

Table 1. Experimental feed formulation and proximate composition (g/kg, dry-matter basis).

  *  �Formulated to contain 25.00% L-ascorbyl-2-polyphosphate, 13.16% vitamin K, 12.50% inositol, 12.50% nicotinic acid, 7.50% riboflavin,  
6.25% calcium pantothenate, 2.50% pyridoxine hydrochloride, 1.25% thiamine mononitrate, 1.00% vitamin A palmitate, 0.50% cyanocobalamin, 
0.45% folic acid, 0.12% biotin and 0.01% cholecalciferol in a cellulose base.

**  �Formulated to contain 24.90% zinc oxide, 14.93% ferrous sulfate, 3.47% manganese oxide, 0.97% cupric carbonate, 0.26% potassium iodide,  
0.06% sodium selenate and 0.03% cobalt carbonate in a cellulose base.

Parameter FISH
COCO-
NUT PALM

STD-
SBO

HYD-
SBO

LOW-
ALA- 
SBO

LOW-
ALA-
CAN

SFA-
SBO

SFA-
COT

Survival (%)
Initial weight (g)
Final weight (g)
Weight gain (%)
Growth rate (%/day)
Total consumption  
  (g/fish, dry matter)
Feed intake  
  (% body weight/day)
Feed-conversion ratio
Hepatosomatic index 

90.0 ± 4.3
18.8 ± 1.1
53.2 ± 4.6
182 ± 16
2.0 ± 0.1
39.2 ± 3.6

2.4 ± 0.1

1.1 ± 0xy

2.2 ± 0.2

92.5 ± 4.3
18.8 ± 1.1
62.5 ± 4.6
234 ± 16
2.3 ± 0.1
41.7 ± 3.6

2.3 ± 0.1

1.0 ± 0xyz

2.4 ± 0.2

97.5 ± 4.3
18.5 ± 1.1
58.9 ± 4.6
218 ± 16
2.2 ± 0.1
40.6 ± 3.6

2.4 ± 0.1

1.0 ± 0xyz

2.4 ± 0.2

92.5 ± 4.3
18.3 ± 1.1
57.4 ± 4.6
214 ± 16
2.2 ± 0.1
36.5 ± 3.6

2.2 ± 0.1

0.9 ± 0yz

2.3 ± 0.2

87.5 ± 4.3
20.4 ± 1.1
59.0 ± 4.6
188 ± 16
2.0 ± 0.1
35.7 ± 3.6

2.0 ± 0.1

0.9 ± 0yz

1.8 ± 0.2

92.5 ± 4.3
20.6 ± 1.1
65.8 ± 4.6
218 ± 16
2.2 ± 0.1
41.2 ± 3.6

2.1 ± 0.1

0.9 ± 0yz

1.9 ± 0.2

87.5 ± 4.3
21.6 ± 1.1
69.2 ± 4.6
221 ± 16
2.2 ± 0.1
41.0 ± 3.6

2.0 ± 0.1

0.9 ± 0z

2.1 ± 0.2

87.5 ± 4.3
20.2 ± 1.1
58.0 ± 4.6
187 ± 16
2.0 ± 0.1
38.7 ± 3.6

2.2 ± 0.1

1.0 ± 0xyz

2.0 ± 0.2

92.5 ± 4.3
21.0 ± 1.1
58.5 ± 4.6
178 ± 16
1.9 ± 0.1
44.0 ± 3.6

2.4 ± 0.1

1.2 ± 0x

2.4 ± 0.2

Table 2.  Survival and growth performance by dietary treatment.
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advocacy

The Best Aquaculture Practices (BAP) program is highly 
valued as a means of independently verifying that seafood prod-
ucts have been responsibly farmed and processed. In the United 
Kingdom, retailers have recently been reminded of this fact in a 
report by ClientEarth, an organization of environmental activist 
lawyers. 

For the report, titled “Environmental Claims on Supermar-
ket Seafood: Improving Product Labeling and Consumer Pro-

tection,” ClientEarth sampled 100 sea-
food products from nine top U.K. 
supermarkets, looked at the claims made 
on the labels regarding sustainable and 
responsible sourcing, and then checked to 
see if sourcing policies actually supported 
the claims. Many of the products were 
the supermarkets’ own brands, but the 
products of 11 additional seafood brands 
were also included in the purchases. 

The labeling claims were categorized 
as follows:

• sustainably sourced
• dolphin-friendly 
• �responsibly farmed/from  

well-managed farms
• from environmentally friendly farms
• from well-managed fisheries
• responsibly sourced
• protects the marine environment.
For wild-caught products, the pres-

ence of the Marine Stewardship Council 
logo on packaging was taken as evidence 
of independent verification. For farmed 

products, researchers looked for evidence of sourcing from rec-
ognized programs such as GAA’s Best Aquaculture Practices 
(BAP) certification. 

Substantiating Claims
ClientEarth concluded that whereas some claims could not 

be adequately substantiated, other claims such as “responsibly 
farmed” stood up if they were backed up by third-party certifica-
tion. Obviously, U.K. supermarkets that rely on in-house stan-
dards may very well have excellent sourcing policies, but as the 
report points out, it is difficult for consumers to have full confi-
dence in supermarkets’ own claims. 

The report recommended that when vague or misleading 
environmental claims are made or retailers cannot provide con-
vincing evidence to verify the claims made on their products, the 
retailers should voluntarily remove the claims. If the claims are 
not withdrawn, consumers or civil society groups should make 
complaints to the Office of Fair Trading, Trading Standards 
Services or the consumer association to seek enforcement of con-
sumer protection laws.

The report went on to say: “Governmental action is neces-
sary, preferably at the European Union level, to harmonize the 
use of claims relating to the environmental impact or sustainabil-
ity of fish products. … The U.K.’s Advertising Standards 
Authority and other ‘self-regulatory’ bodies across the E.U. 
should extend their work to cover claims made on product pack-
aging or labels.”

Further extracts from the report highlighted the dangers of 
unsubstantiated claims, stating: “Consumers are becoming more 
environmentally concerned in their approach to buying food 

Third-party verification is an important element of Best Aquaculture Practices 
and other certification systems represented by retail marks.

Value Of Independent Verification
In Seafood Lacking

Summary:
Environmental organization ClientEarth recently 
sampled seafood products from top United Kingdom 
supermarkets and checked if sourcing policies actually 
supported the sustainability claims made on the prod-
uct labels. ClientEarth found some claims could not be 
independently substantiated, but other claims backed 
by third-party certifications such as Best Aquaculture 
Practices stood up to scrutiny. The group recommended 
government action to harmonize the use of claims re-
lated to environmental impacts or sustainability. 

Daniel Lee
Best Aquaculture Practices Standards Coordinator
2 Tyn y Caeau, Pentraeth Road
Menai Bridge, LL59 5LA United Kingdom
dangaelle@aol.com

products, and retailers are capitalizing on this trend. This is posi-
tive if the environmental status of the product matches up to the 
claims made about it, but if it does not, it is a problem.

“Misleading and unverifiable claims also harm competitors 
who are making accurate environmental claims, and they under-
mine the overall credibility of sustainability claims.”

Certification
Inadvertently drawing atten-

tion to the lack of precision in sea-
food watch cards, the report was 
clear that for aquaculture prod-
ucts, individual farms need 
inspecting.

“Where a retailer claims that 
fish products are from ‘responsibly 
managed’ or ‘well managed’ farms,” 
the report said, “this implies that 
there is a standard of farming 
which can be distinguished from 
other fish farms by high environ-
mental standards. 

“In fish farming, it is necessary 
to look at each farm individually. 
Therefore, the only way to ascer-
tain whether or not farms are 
responsibly managed or use sustainable practices is if they are 
independently certified against an environmental benchmark.”

Good Practices
The research did find examples of good practices in labeling, 

such as where environmental claims on king prawn products at 
two top market chains were backed by independent third-party 
certification. In contrast, prawns at two other major markets car-
ried claims of being farmed on an “environmentally friendly 
farm” or being “responsibly sourced.” Yet these label claims were 
not independently assessed.

The use of third-party logos was also considered to be good 
practice. Many of the markets carried products with the Marine 
Stewardship Council logo, which meant the fish were indepen-
dently certified as coming from sustainable fisheries. Many mar-
kets also sourced products from fish farms accredited by the 
Global Good Agricultural Practices (GlobalGAP) or BAP certi-
fication programs.

However, ClientEarth failed to make the important distinc-
tion that BAP offers a consumer-facing mark, while GlobalGAP 
program does not and concentrates on business-to-business 
assurance.

Importantly, ClientEarth made use of recommendations 
from the Marine Conservation Society, a small but influential 
U.K. charity that correctly distinguishes between shrimp from 
certified sources and wild-caught or non-certified prawns when 
directing consumers toward more responsible choices.

Perspectives
The BAP program already has a lot of support from retailers 

in the United Kingdom and United States, some of whom chose 
not to deploy the BAP logo on packaging. However, the Client 
Earth report showed how the BAP mark can be used to substan-
tiate the labeling of responsibly sourced products. 

The BAP retail mark already identifies BAP as “the respon-
sible seafood choice.” Perhaps this should be reinforced with an 
emphatic “Independently verified!”

We reclaim and buy all kind 
of spent Nylon 6 Fishnets. 

• Gillnets
• Purse Nets

• Fish Farm Nets
• Trawel Nets and more

If interested, please contact us:
Mail: ladislao.labriola@aquafil.com 

Phone: +39 348 3115102 
Fax: +39 0464 581129

 

Think about the environment!
Don’t sink the nets in the ocean.

AQUAFIL S.P.A.
Via Linfano 9 • 38062 Arco (TN) - Italia

Claims on packaging must 
be verifiable to the level 
of individual facilities.
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component in freshwater prawns and all crustacean species 
tested, from crabs to langoustines and shrimp.

When present at higher than the permitted level of 1 ppb, 
semicarbazide (SEM) is considered a metabolic marker for the 
illegal veterinary drug nitrofurazone.

Dr. Christof van Poucke of Ghent University and Dr. Glenn 
Kennedy of the Agri-Food and Biosciences Institute in Belfast, 
United Kingdom, presented their findings on laboratory-grown 
prawns and wild-caught freshwater prawns from Bangladesh. 
The semicarbazide was primarily found in the shells of the ani-
mals. Although the metabolic route for its production in the ani-
mals has not been confirmed, a possible fundamental role in pro-
tein synthesis is thought to be one of the possibilities.

The research was performed in response to over 50 alerts issued 
by the Rapid Alert System for Food and Feed in 2009 for consign-
ments of shrimp from Bangladesh due to the detection of SEM.

On behalf of the Global Harmonization Initiative (GHI), 
Dr. Jaap Hanekamp identified the cause of the problem as the 
arrival of technology that enables measurement of chemicals at 
levels below the naturally occurring ecological chemical thresh-
olds. According to GHI, legislation on human exposure to low 
levels of chemicals should be toxicology-driven, not technology-
driven and prone to the precautionary principle.

Dryden Wireless Oxygen Monitor
The Dryden AquaMon is a solar-powered, six-channel mon-

itor that can take two oxygen probes, two temperature inputs 
and two digital inputs, such as a float or pressure switch. 

It functions as a stand-alone unit or can be part of a wireless 
network in monitoring aquaculture tanks and cages, well boats 
and road transport vehicles.

Simple to install, use and maintain, the equipment has two 
relay outputs for alarm or control applications. Set points are 
programmed from a key pad on the unit or by software. 

If you need a multichannel system or want to data log infor-
mation, add a base station transceiver connected to a P.C. The 
base station will automatically configure and connect with up to 
50 AquaMons via a wireless communications network to display 
and log the results, or provide a common alarm system. The 
wireless range is 350 m around the base station but can be 
increased to several kilometers. 

For more information, visit www.drydenaqua.com.

USDOC, NOAA Release Draft 
National Aquaculture Policies, 
Invite Public Comment

The United States Department of Commerce and National 
Oceanic and Atmospheric Administration (NOAA) have 
released draft national aquaculture policies that support sustain-
able marine aquaculture to increase the U.S. supply of healthy 
seafood, create jobs in coastal and other communities, spur inno-
vation in technology and help restore depleted species and 
marine habitats. 

The public is invited to comment on both draft policies 
through April 11. Directions for submitting comments online are 
at http://aquaculture.noaa.gov. Comments also may be submitted 
by mail or fax to +1-301-713-9108 (Attn.: Susan Bunsick).

The draft NOAA policy provides guidance for NOAA’s 
actions regarding the development of all marine aquaculture, 
from shellfish farming and habitat restoration to the culture of 
marine fish and algae on land and offshore. The policy is part of 
NOAA’s national approach to sustainable seafood, which 
encompasses both aquaculture and capture fisheries.

The draft Commerce Department policy supports the devel-
opment of sustainable aquaculture within the context of the key 
Commerce goals of encouraging economic growth and employ-
ment opportunities in the United States. 

“If done wisely, aquaculture can complement wild fisheries 
while contributing to healthy oceans and coastal economies,” 
said Jane Lubchenco, Ph.D., under secretary of commerce for 
oceans and atmosphere and NOAA administrator.“As we 
rebuild wild fish populations, we recognize the world’s demand 
for safe, healthy seafood will continue to grow. Sustainable aqua-
culture increases our country’s food security.” 

Mazzetta Company Donates  
1 Million Seafood Meals

SeaShare has recognized integrated seafood importer 
Mazzetta Company for its dedicated effort to help feed more 
seafood to hungry Americans. Over 1 million servings of high-
protein seafood were donated in 2010, making Mazzetta Sea-
Share’s top donor.

Jim Harmon, executive director of SeaShare, said: “The 
economy, coupled with a strong seafood market, made 2010 a 
difficult year for donations.  We reached out to all of our sup-
porters and were surprised by the generosity of many seafood 
companies. None has made a bigger impact than Mazzetta 
Company.”

“Mazzetta Company and our Seamazz-branded product are 
proud supporters of Seashare’s work on hunger relief,” Mazzetta 
founder and CEO Tom Mazzetta said. “There is surely no more 
positive way to promote seafood consumption.” 

SeaShare, a non-profit organization, works within the sea-
food industry to combine donations of fish, services and funds to 
generate large volumes for hunger relief. The variety and breadth 
of the United States’ seafood industry has enabled SeaShare to 
donate over 150 million seafood meals since 1994. Find more 
information at www.seashare.org.

New Collaboration Advancing 
Fishmeal, Fish Oil  
Replacement In Aquafeed	

Since 2008, a new area of collaboration within the Interna-
tional Initiative for Sustainable and Biosecure Aquafarming 
(IISBA) has been evolving through interactions between Virginia 
Tech and the Southern Illinois University at Carbondale in the 
United States and the Federal University of Rio Grande in Brazil. 

In addition to development of alternative aquafeeds, a multidis-
ciplinary approach within the collaboration is evaluating physiologi-
cal stress indices, as well as species-specific environmental optimiza-
tion for intensive and extensive aquaculture environments. 

The collaboration is expanding rapidly, now partnering with 
other U.S. and international stakeholders toward projects in Asia 
and the Americas, Caribbean and sub-Indian continent. Compo-
nents in all of these projects include basic and applied research, 
outreach, extension and education, and hands-on training. 

IISBA was formed in the spring of 2005 to accelerate the 
development and transfer of industrially applied research and 
resultant technologies and production protocols to academia, the 
aquaculture industry and the public at large. 

For more information, contact Dr. Michael Schwarz, +1-757-
727-4861, mschwarz@vt.edu.

Oyster Researchers Receive 
NOAA Sea Grant Award

Two University of Southern California (USC) biology pro-
fessors and a California Sea Grant marine advisor have been 
awarded U.S. $394,000 in an aquaculture research competition 
sponsored by National Oceanic and Atmospheric Administra-
tion Sea Grant.

The two-year award will fund genetic studies and field tests 
of a newly developed double-hybrid Pacific oyster that the biolo-
gists believe can transform the U.S. West Coast’s $72-million-a-
year oyster-growing industry.

The new oyster, 15 years in the making, is produced through 

a two-stage cross-breeding process that confers superior growth, 
size and health to its tasty offspring, said the project’s leader, 
USC biology professor Dennis Hedgecock. In small-scale exper-
iments funded by the U.S. Department of Agriculture, the first-
generation hybrid oyster grew twice as fast as the industry stan-
dard. 

“We want to demonstrate to oyster growers that science 
translates to the bottom line,” Hedgecock said. “We want to 
show them that a better seed is a better business.” 
For more information, contact Christina S. Johnson – +1-858-
822-5334, csjohnson@ucsd.edu.  
 

CBC Trade Finance Adds Veteran 
Trade Executive

CBC Trade Finance, a division 
of Capital Business Credit (CBC) 
that provides trade finance solutions 
to United States-based importers 
and their Asia-based exporters/man-
ufacturers, has hired Robert Denhert 
as senior vice president.

Based in Los Angeles, Denhert 
will be responsible for CBC Trade 
Finance operations and business 
development on the U.S. West 
Coast. He will target small and mid-
size U.S.-based importers and Asian 
trade partners who need credit to 

finance growth and mitigate the credit risks associated with inter-
national trade.

In addition to more than 20 years of experience in commercial 
finance, marketing and credit management, Denhert has extensive 
experience with non-exchange traded commodities such as fisher-
ies and aquaculture, forest products and chemical fertilizers, which 
will enable the company to target new markets.

For more than 20 years, CBC has provided companies with 
access to credit and management solutions to help them manage 
supply chain-related cash management issues. For more informa-
tion, see www.cbc-tradefinance.com.

Nitrofurazone Marker Occurs 
Naturally In Crustaceans

In a November 24 symposium in Belgium, the Seafood 
Importers and Processors Alliance (SIPA) and Bangladesh 
Shrimp and Fish Foundation (BSFF) presented scientific 
research that concluded semicarbazide was present as a natural 

industry news

People, Products, Programs
Please send short news items and photos for consideration to:
Darryl E. Jory
5661 Telegraph Road, Suite 3A
St. Louis, Missouri 63129 USA
E-mail: editorgaadvocate@aol.com
Fax: +1-419-844-1638

Students from Brazil and Canada conduct aquaculture research.

Robert Denhert

Dryden AquaMon



86    March/April 2011    global aquaculture advocate global aquaculture advocate     March/April 2011      87

M A R C H

Aquatic Asia 2011
March 9-11, 2011
Bangkok, Thailand
Phone: +31-(0)30-295-2302
Web: www.aquatic-asia.net

Aquasense
March 12-13, 2011
Exeter, England
Phone: 07807-314793
Web: www.diobas.com/AQUASENSE.htm

International Boston Seafood Show
March 20-22, 2011
Boston, Massachusetts, USA
Phone: +1-972-943-4726
Web: www.bostonseafood.com

Aquatech Aquaculture Expo  
& Convention
March 23-25, 2011
Clarkfield, Pampanga, Philippines
Phone: +632-748-0847, +632-703-7938
Web: www.equipinc.webs.com

Aquacultural Risk Management 
Conference
March 31-April 1, 2011
Kinsale, County Cork, Ireland
Phone: +353-(021)-4706000
Web: http://aquaculture-conference- 
2011.aquacultureinsurance.com

A P R I L

Egypt International Seafood  
& Fisheries Expo
April 12-14, 2011
Cairo, Egypt
Phone: +2-02-22600986,  
+2-02-22600987
Web: www.egyseafood.com

Asian Fisheries and  
Aquaculture Forum
April 21-25, 2011
Shanghai, China
Phone: +86-21-6190-0062,  
+86-21-6190-0280
Web: www.9afaf.org/page/

M A Y

Aquafeed Horizons International 
Conference
May 3, 2011
Cologne, Germany 
Web: www.feedconferences.com/id7.html

European Seafood Exposition
May 3-5, 2011
Brussels, Belgium 
Phone: +1-207-842-5504
Web: www.euroseafood.com

Aquaculture Canada
May 8, 2011
Quebec City, Quebec, Canada
Phone: 506-529-4766
Web: www.aquacultureassociation.ca/
meeting/aquaculture-canada-2011

Panama Camaron 2011
May 11-13, 2011
Panama City, Panama 
Web: www.camaron.grupoenlaze.com/
index_archivos/Page378.htm

J U N E

World Aquaculture 2011
June 6-10, 2011
Natal, Brazil
Phone: +1-760-751-5005
Web: www.was.org/WasMeetings/ 
meetings/Default.aspx?code=WA2011

calendar

Seafood and  
Aquaculture Events
Send event listings in English to:
Event Calendar
5661 Telegraph Road, Suite 3A
St. Louis, Missouri 63129 USA
homeoffice@gaalliance.org 
fax: +1-314-293-5525

Zeigler Bros., Inc.
Gardners, PA 17324 USA

717-677-6181
www.zeiglerfeed.com

Zeigler Bros., Inc.
Gardners PA 17324 USA

�    Up to 100% artemia replacement in shrimp trials

�    No hatching or processing

�    Shortens larval culture cycle up to 3 days

�    Contains VpakTM and probiotics for stronger PL’s

�    Completely Bio-secure

new
formula

&
smaller
size

Is artemia throwing you for a loop?

for Shrimp from Z1 to PL

Product of U.S.A.

Two Sizes!50-200 Microns
300-500 Microns
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MY

CY
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global aquaculture

f o u n d i n g  m e m b e r

Keep yourself updated with the latest information on farming practices...

Relevant Practices in Salmon Production in Seawater
Invited Speaker: Franco Parisi, Ph.D., IEDE President and Director of the Post-Doctorate School, Andres Bello University

Sponsors:

PanLogica and its 
Software Neptune; 
Bank Security 

GOAL 2011 Conference
“Double In A Decade – 
Responsibly”

November 6-9 – Santiago, Chile

SGS-Chile / Adolfo Alvial Consultancies Workshop Series
Workshop 1: March 17, 2011
Enjoy Hotel / Puerto Varas, Chile

Foto: Luis Yañez Saavedra

For further information: paola.valderas@sgs.com
56-65-321842, Fax 56-65-321855
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Since 1935, we've been helping customers solve problems
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Seventy-five years ago, a key answer was a molasses mixer.
Today, the solutions tend to be more technologically 

complex – but our founding pledge remains unchanged.

At Wenger, we innovate to solve customer challenges. 

And then we do it again.

SABETHA, KANSAS    USA    785-284-2133    INFO@WENGER.COM

USA           BELGIUM           TAIWAN           BRASIL           CHINA           TURKEY

Inventing the new original since 1935.

innovation is our enduring legacy. 
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Memorable Meals 
Made in Minutes

Camanchaca Inc. • 7200 N.W. 19th Street • Suite 410 • Miami, FL USA 33126

Call 800.335.7553 •  www.camanchacainc.com
Pesquera Camanchaca S.A. • El Golf 99-Piso 11 • Las Condes, Santiago, Chile • www.camanchaca.cl 

Breaded Mussels • Mussel Meat • Mussels in the Shell • Gourmet Salmon Portions • Langostino Lobster Tails

Mussel Meat in Butter Garlic Sauce
Serving Suggestion


