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HATCHERY 
F E E D  &  M A N A G E M E N T  NEWS REVIEW

Highlights of recent news from Hatcheryfm.com

News as it happens in the Newsroom at Hatcheryfm.com - sign up for our free weekly newsletter for updates

Benchmark Genetics closes long-term contracts for ova supply
Benchmark Genetics signed several agreements to 
deliver Atlantic salmon eggs to new RAS projects.  
The company partnered with Singapore RAS for a  
land-based RAS facility in Singapore. The company  
also signed a five-year agreement with Ecofisk to  
supply 25 million Atlantic salmon eggs annually to 
its facility in Espevik in Tysvær municipality, Norway. 
Benchmark also partnered with the first Swedish  
land-based salmon farm, Premium Svensk Lax.

Proximar also signed a framework agreement  
with Benchmark as the supplier of salmon eggs 
to Proximar’s production in Japan. As part of the 
agreement, Benchmark will also provide relevant 
technical support by allocating Andrew Preston,  

global technical manager for RAS at Benchmark 
Genetics, to Proximar’s Technical Advisory  
Committee (TAC).

Zeigler unveils new brand identity
Zeigler Bros., Inc. unveiled its new “land and sea” global brand strategy with 
a redesigned logo and color identity. These changes signify the company’s 
commitment to developing safe and sustainable nutritional technologies that 
promote animal health at minimal impact on the environment. All Zeigler 
business units will now have one brand identity, to better focus and streamline 
its messaging, packaging, marketing materials, and digital platforms.

http://www.hatcheryfm.com/
http://hatcheryfm.com/
mailto:sparos@sparos.pt
https://www.sparos.pt/
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8F acquires Krüger Kaldnes 
The global investment firm, 8F, behind land-based 
salmon farming company Pure Salmon, acquired the 
aquaculture division of Krüger Kaldnes from Veolia.  
The new company, Pure Salmon Kaldnes RAS,  
will focus on land-based fish farming. 

DNA region linked to disease resistance in tilapia
A specific region in the genome of Nile tilapia has a 
major effect on mortality levels during an outbreak 
of Tilapia Lake Virus (TiLV), a study led by the Roslin 
Institute and WorldFish has found. Fish with specific 
genetic variants in this region were substantially  
less likely to die in an outbreak of the virus than  
fish without these variants. Survival rates improved  
by approximately one-third, scientists observed.  
By selecting parent fish for breeding based on these 
variants, tilapia strains with innate resistance can  
be developed. 

Cod-farming venture Norcod and cod fry producer 
Havlandet Marin Yngel partnered in a 50-50 joint 
venture, Havlandet Norcod AS, to build a new 
hatchery in Florø with a production capacity of 24 
million cod fry per year and is expected to be ready 
to receive its first fry in autumn 2022.

Havlandet has 20 years’ experience in land-based 
breeding and production of cod fry, but only a few 
years ago had no buyers for the product. With 
Norcod’s arrival, the wind has changed and access 
to sufficient cod fry for large-scale farming has 
become more of a challenge.

Norwegian joint venture 
breaks ground on new  
cod hatchery

1HFfrozenOceanSep.pdf   1   8/10/21   12:37 PM

https://www.megasupply.net/
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New partnership to develop cost-effective  
genotyping tools for the aquaculture sector

The Center for Aquaculture Technologies (CAT) and 
NEOGEN Corporation partnered together to deliver 
high-quality genotyping services customized to 
the unique needs of aquaculture producers. The 
partnership will apply modern sequencing and 
genotyping technologies to aquaculture species, 
leveraging the complementary expertise of CAT 
and NEOGEN to enable organizations of any size to 
realize the benefits of increased accuracy of selection 
and gains in performance by incorporating genetic 
markers into their selective breeding programs.

ViAqua Therapeutics  
raises $4.3 million for  
its oral, RNA-based  
shrimp health solution

ViAqua Therapeutics, a biotechnology company and 
developer of an orally administered RNA-particle 
platform to promote and improve animal health 
in aquaculture, completed a $4.3 million round to 
commercialize and expand its platform. Using RNA  
and an encapsulated delivery method, ViAqua will 
promote shrimp health in the face of viral challenges, 
including prevalent and devastating diseases which  
are widespread in shrimp.

Historically, the challenge with RNA-based 
technologies includes the costs of production and 
efficient delivery in an aquatic environment. ViAqua’s 
platform technology addresses these challenges 
through its proprietary production platform and novel 
encapsulation delivery method.

Haida Group breaks ground 
on new seedling park

Haida Group invested CNY800 million ($123 
million) to build a fish, shrimp, shellfish and algae 
aquatic seed industry park in Jieshi Town, Lufeng 
City, under the jurisdiction of Shanwei city, China. 
In the groundbreaking ceremony, the company 
announced that the project includes pomfret, 
shellfish, algae and sea urchin breeding and 
seedling. When all projects are completed and put 
into production, it is estimated that the annual 
output value will be CNY1.2 billion ($185 million).
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The Athens-
based software 
company, 
aquaManager, 
partnered 
with Spring 
Genetics, part 
of Benchmark 
Genetics, to 

implement aquaManager’s hatchery module to 
produce high-performing tilapia broodstock and 
sex-reversed fingerlings. The module has been 
specifically designed for companies producing fish 
fingerlings or eggs, for commercial use or their own 
grow-out operations.

aquaManager partners  
with Spring Genetics to  
supply hatchery software

India introduces mobile  
app for aquafarmer training

The Indian government unveiled a mobile app, 
Matsya Setu, developed by the ICAR-Central Institute 
of Freshwater Aquaculture (ICAR-CIFA), that aims 
to disseminate the latest freshwater aquaculture 
technologies to the aqua farmers of the country. 
Matsya Setu app has online course modules, where 
renowned aquaculture experts explain the basic 
concepts and practical demonstrations on breeding, 
seed production and grow-out culture of commercially 
important fishes like carp, catfish, scampi, murrel, 
ornamental fish, pearl farming, etc.

American Penaeid introduces 
new SPF vannamei broodstock 
for the Asian markets

American Penaeid (API) 
introduced the new  
API Dragon line, a 
specially developed line  
of P. vannamei SPF 
broodstock for the Asian 
markets bred on Pine 
Island, Florida, USA. 

This line of vannamei broodstock was exclusively 
developed by API with a $2 million investment and 
follows the success of its High Vigor broodstock. 
Increased fecundity in the hatchery and increased 
survival rate in ponds with harsher environments 
are some of the key features of the new line.

International project 
accelerates shrimp  
growth through genetics

An international project accelerated shrimp growth 
from 66-113% through genomic improvement. The 
project Ecuanaria, a partnership between the Spanish 
University of Las Palmas de Gran Canaria (ULPGC) and 
the Ecuadorian company Biogemar, a subsidiary of the 
Almar group, improved shrimp growth to 2.5-3.2 grams 
per week, rates higher than the average of 1.5 grams of 
this species in Ecuador, according to researchers.
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Tilapias are popular fish mainly consumed in the 
Americas, Asia and Africa. They represent the second-
largest farmed fish species globally, with Asia, Africa and 
Latin America dominating the production. Nile tilapia 
(0reochromis niloticus) accounted for 74% of the global 
farmed tilapia production in 2019 (FAO FIGIS, 2021). 
Today, it is assumed that approximately half of the 

farmed Nile tilapia directly or indirectly derive from the 
pioneering Genetically Improved Farmed Tilapia project 
(GIFT). This project was run by ICLARM (now WorldFish 
Center), the Norwegian Institute of Aquaculture 
Research (formerly AKVAFORSK, now NOFIMA), and 
several collaborating institutions in the Philippines in  
the period 1988-1997. 

Improving disease resistance: 
Bringing tilapia genetics to the  
next level
Carlos Lozano, Morten Rye, Benchmark Genetics
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Managing disease in tilapia
As for most farmed species, growth rate has been the 
most common targeted trait for genetic improvement in 
tilapias, but selection for fillet yield, cold tolerance and 
disease resistance has also been applied in government 
or privately-run breeding programs. However, only very 
few breeding programs have implemented systematic 
selection for improved resistance to diseases in 
tilapia. Spring Genetics introduced family selection for 
disease resistance based on controlled challenge test 
experiments as early as 2015 (LaFrentz et al., 2016). 

Despite their reputation as a robust and hardy 
species, tilapia production has been severely affected 
by bacterial pathogens such as Streptococcus iniae, 
Streptococcus agalactiae, Francisella orientalis, and 
viruses like Tilapia Lake Virus (TiLV), which have caused 
significant production losses. Specific vaccines have 
been developed to cope with some major pathogens 
but with limited use as they are biotype-specific. 
Bacterial pathogens or biotypes of the same pathogen 
often occur in the same pond. Therefore, farmers 
commonly rely on antibiotics to treat diseases. 

Raising the genetic tolerance to diseases through 
selection is a powerful complementary strategy to 
mitigate disease challenges, and today constitutes  
an essential component of breeding strategies for  
other major farmed species like salmonids and marine 
shrimp. Improved disease resistance improves the 

health and welfare of farmed fish as fewer animals will 
endure infections, resulting in lower antibiotic usage 
and thus making the production more sustainable and 
cost-effective. 

Selection for increased disease resistance
Spring Genetics operates an advanced family-based 
breeding program for Nile tilapia, with breeding nucleus 
operations in Miami, Florida, USA. It is one of five 
state-of-the-art breeding programs run by Benchmark 
Genetics, a leading aquaculture biotechnology company 
that also operates three programs for Atlantic salmon 
(Norway, Iceland, Chile) and one for marine shrimp 
Penaeus vannamei (Colombia/USA). 

Spring Genetics’ base population was derived from 
the GIFT population and had undergone 12 cycles of 
selection for harvest weight before its introduction 
to Miami. After establishing the Spring Genetics base 
population, selection has been carried out for key 
traits, including fast growth, survivability and increased 
resistance to S. iniae, S. agalactiae and Francisella. 

Disease resistance selection is based on controlled 
challenge testing of nucleus families. This work 
has been aided by a strategic collaboration with 
USDA-ARS Aquatic Animal Health Research Unit in 
Auburn, Alabama, US. Figure 1 presents a summary 
of cumulative mortality obtained from these trials. 
For effective multitrait selection, a high number 

Figure 1. Cumulative mortalities in different challenge tests carried out for different diseases.
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of individual families are produced at the breeding 
nucleus, and extensively performance tested to assess 
their genetic merit. 

Families are produced in separate rearing units from 
which a representative sample of breeding candidates 
and test fish are individually tagged and tested. 
Full-sib families are produced by natural single-pair 
mating of selected male and female breeders placed 
in separate tanks. A nested mating design where one 
male is mated to two females allows the production 
of paternal half-sib groups. The individual families are 
kept in separate units (incubators, nurseries, growth to 
tagging tanks) until individual fish are physically tagged 
at approximately 20 grams with Passive Integrated 
Transponder (PIT-tags) to keep track of the pedigree. 
After tagging, representative samples of fish from all 
full-sib families are communally tested for the target 
traits. A total of 1,481 families, distributed across ten 
generations, have been produced and tested by  
Spring Genetics to date (Table 1). 

Spring Genetics’ pioneering work on disease resistance 
in Nile tilapia has documented substantial additive 
genetic variation and selection response in resistance to 
S. iniae (LaFrentz et al., 2016), resistance to S. agalactiae 
(Shoemaker et al., 2017), and Francisella orientalis 
(unpublished), demonstrating the large potential for 
significant and sustained genetic improvement for 
these traits. The work has also shown that growth and 
resistance to these pathogens are largely independent 
traits, i.e. that neither favorable nor unfavorable genetic 

correlations between growth and disease resistance 
traits have been found. Hence, balanced multi-trait 
selection is critical to ensure sustained improvement 
for these traits (LaFrentz et al., 2020). Families produced 
by positive assortative mating between parents with 
the highest and lowest EBV for disease resistance 
have shown excellent realized responses to selection 
(Shoemaker et al., 2017, LaFrentz et al., 2020).

Genomics for better tilapia performance
Over the last decade, animal breeding has moved from 
conventional pedigree breeding to genomics, which 
allows individual performance to be predicted using 
analysis of the DNA sequence. New technologies such 
as Marker-Assisted Selection (MAS) and Genomic 
selection (GS) may increase genetic gain through 
improved prediction accuracy, especially when breeding 
candidates have not been recorded for the traits under 
selection (Houston, 2017). 

   Generation Families Egg Collection Fish Traits 
  produced period tagged evaluated

 G1-base population* 142 18 Apr. - 25 May 2012 13737  Growth      Pond survival

 G2 144 10 Jun. - 3 Jul. 2013 11095 Growth      Pond survival

 G3 162 02 Jun. - 18 Jun. 2014 18761 Growth      Pond survival S. iniae

 G4 144 11 Jun. - 26 Jun. 2015 15664 Growth      Pond survival S. iniae S. aga.

 G5 144 6 Jun. - 29 Jun. 2016 17238 Growth      Pond survival S. aga.

 G6 142 16 Oct. - 20 Nov. 2017 17185 Growth      Pond survival S. iniae S. aga.

 G7 144 6 Aug. - 27 Aug. 2018 18993 Growth      Pond survival S. aga. Francisella

 G8 144 15 Jul.- 6 Aug. 2019 17568 Growth      Pond survival S. aga. Francisella

 G9 155 13 Jul.- Jul. 23 2020 16042 Growth      Pond survival S. aga. Francisella

 G10 160 07 Jul.- Jul. 30 2021 NA NA  
* Base population selected for growth for 12 generations

Table 1. Total number of families produced in Spring Genetics.
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Based on the company’s extensive experience from 
early uptake of genomics in its breeding programs for 
Atlantic salmon, Benchmark developed an exclusive 
high-density Single Nucleotide Polymorphism (SNP) chip 
for Nile tilapia. This tool has been used to performed 
extensive genomic analysis to understand better the 
genetic basis for resistance to S. iniae, S. agalactiae 
and Francisella. The results have demonstrated 
that resistance to S. agalactiae and Francisella were 
controlled by many genes, each with a small effect, and 
thus not indicating the presence of a Quantitative Trait 
Locus (QTL) for either of these traits. In the case of  
S. iniae, a major QTL was identified (Vela-Avitúa, 2021). 

Based on these results, Spring Genetics has 
implemented routine genomic selection based on the 
high-density SNP chip has S. agalactiae and Francisella, 
and MAS based on the QTL marker for S. iniae. In 
parallel, Benchmark has developed a smaller SNP array 
based on the extensive genotyping of reference Nile 
tilapia materials from the U.S. and Asia for parental 
assignment and MAS. 

Spring Genetics distributes genetically improved,  
high-performing materials to integrated companies  
and affiliated multiplication hatcheries in the Americas, 
Asia and Africa. The company also has extensive 
ongoing R&D programs for improved resistance to 
additional disease resistance and other key traits, 
reflecting Benchmark’s strong commitment to 
continuing its leading work on tilapia genetics  
through Spring Genetics. 
 
References available on request

More information:

Carlos Lozano
Senior Scientific Advisor
Benchmark Genetics
E: carlos.lozano@bmkgenetics.com

Morten Rye
Director of Genetics
Benchmark Genetics
E: morten.rye@bmkgenetics.com

https://artemia.inveaquaculture.com/
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Domestication, mating and selection,  
the basis of our life.
Selective breeding is an activity that mankind has 
carried out instinctively since the first plant crops that 
sustained ancient civilizations. However, domestication 
of animals and adaptation to captivity has taken 
longer, except for the species that were employed 
for commercial uses such as horses, cattle, pigs, 
chickens, or our dear pets; dogs, and cats. Mating 
these domesticated populations with a systematic 
and scientific approach began in the 17th and 18th 
centuries, but in the case of aquaculture, the first 
modern breeding program in salmon wasn’t established 
until the 1970s. More and more, improved cultivation  
of plants and animals is recognized as essential to  
meet the requirements of growing human consumption, 
with aquaculture representing an important source  
of healthy protein and micronutrients.

When managing crops or culture systems of any kind, 
a founding population is established as a starting point 
followed by further selection of animals with desired 
traits relevant for the efficiency of the process or 
consumer acceptance. The design of the crosses and 
the general strategies to reach the breeding goals varies 
considering the geographical area and its economic 
conditions, the species, the knowledge/expertise of  
the producers and the needs of the market.

Many farmers are up to date with new technologies 
for stocking at higher densities, animal nutritional 
requirements, and general management of commercial 
species. However, relatively few have taken the step of 
tracking and improving the genetic characteristics of 
their breeders and offspring as an essential part of their 
operations. The use of molecular markers is  
by far, one of the main scientific tools used to help 
manage breeding programs today.

The genetic overview reveals  
how the captive population  
was, is and should be managed
Adriana Artiles, Melissa Allen, Richard Towner, John Buchanan,  
The Center for Aquaculture Technologies
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The objective of this article is to help producers 
understand how they can have a snapshot of the 
genetic characteristics of their populations in captivity 
and why this is important to sustain or improve  
levels of production.

Let’s start with the first question. The best way  
to get this snapshot is by doing a Genetic Overview  
(GO) analysis.

What is a GO analysis?
The Genetic Overview (GO) is a compelling analysis that 
is used to characterize populations in captivity that are 
often being managed for commercial purposes. Using 
state-of-the-art analytical techniques, the GO analysis 
report describes the levels of diversity, inbreeding, and 
kinship/relatedness, as well as the genetic structure of 
the sampled population. 

The data required to complete a GO analysis is 
genetic marker information (genotypes or genetic 
fingerprints) taken from a subsample of individuals 
within a population. While there are several genetic 
marker types available that can be used for this analysis, 
the single nucleotide polymorphism (SNP) is the most 
desirable type because SNPs are much more abundant 
in the animals’ genome than other types of markers. 
SNPs are also easily assayed and scored in a high-
throughput and cost-effective manner. The larger the 
number of SNPs that are used, the more detailed the 
genetic fingerprint that is generated and the greater the 
amount of information that can be learned about the 
genetic structure of a population. A Genetic  
Overview can be conducted with as few as 150 SNPs 

per animal and up to as many as 50,000 SNPs per 
animal or more. The choice of how many SNPs to use 
will be dependent on the objectives of the analysis 
and the complexity of the breeding populations being 
investigated. It can be customized for any program,  
any species, and any budget.

Why completing a GO analysis is important  
to sustain or improve levels of production?
The short answer is because the GO analysis can reveal 
a management strategy that you cannot see just by 
using your naked eyes and selecting the best animals 
only using their appearance, but let’s expand on that.

Have you ever heard the phrase “the DNA does not 
lie”? We use it frequently because sometimes not 
even the current owner of the farm knows about the 
previous history of the breeding line(s) they have. 
Whether the animals were taken from the natural 
environment and adapted to captivity, bought from 
another farm, or donated from an experimental  
unit in a scientific institution, there will be a genetic 
fingerprint that can describe the ancestral origin and 
current composition of this population. However, 

www.freshflo.com    barb@freshflo.com
Wisconsin, USA    800-493-3040
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although useful, there is even more information that 
the GO analysis can reveal. The key information is the 
genetic variability and the levels of consanguinity, 
briefly defined as inbreeding and relatedness/kinship  
in the population. 

Concerning genetic diversity, one of the foundations 
of a strong and productive breeding program is good 
genetic diversity in the breeding population. This allows 
producers to make good progress when selecting 
a variety of commercial traits and it is also a buffer 
against inbreeding building up in the population. 
Understanding genetic diversity can lead to strategic 
discussions, such as whether to merge various lines in a 
breeding program or, whether outside genetics should 
be added to increase diversity. Assessing diversity can 
also serve as a benchmark to manage against loss of 
diversity (increase of homozygosity) over time. 

Most of the deleterious traits in living organisms are 
produced by homozygous variants, including several 
“per-se” genetic diseases or susceptibility to acquired 
infections from the environment. When mating 
among related individuals is carried out, or during self-
fertilization (for example in plants or in the case  
of the aquatic environment, some types of mollusks) 
the number of homozygous variants is enhanced, that 
is, consanguinity is raised. This leads to lines of less 
vigor, lower reproductive success and, in the worst- 
case scenario, these homozygous variants can be  
lethal leading to the potential loss of pure lines. 

Documentation of pedigree linked to the  
performance of the offspring is a very common  
practice in breeding management. It has been shown, 
though, that these types of records captured using 
traditional methods can accumulate between 2 and 

10% error. Additionally, for aquatic species that can 
produce thousands of descendants and systems 
that can accommodate several breeders, the use of 
molecular markers such as SNPs to track the pedigree,  
is justified and highly recommended.

Finally, when selecting animals with better 
performance/efficiency for desirable traits, it is possible 
to inadvertently breed animals with similar genetic 
composition and/or higher relatedness. When this 
process is repeated for several generations, the number 
of genetic variants can decrease, and homozygosity 
can accumulate if the spawning plans and the selection 
process is not well managed. This loss in variability can 
lead to a genetic bottleneck of the population together 
with an increase in inbreeding/relatedness, and the 
legitimate threat of population collapse.

In summary, for a genetically healthy population, 
high diversity and low consanguinity are most suitable. 
Owing to the advances in DNA technology that have 
enabled the development of cost-effective tools for 
identifying SNP genotypes, the ability to measure and 
trace diversity and consanguinity in captive populations 
is available to anyone wishing to better manage the 
genetic health of their population now and in the future.

General remarks
A Genetic Overview (GO) provides a snapshot of the 
genetic characteristics of a population. It is advisable 
to complete a Genetic Overview analysis prior to 
implementing a breeding program to understand the 
level of diversity and relatedness and, the history that 
the DNA reveals about previous management and origin 
of the lines. Thereafter, adopting GO into a hatchery 
management strategy will enable the evaluation of 
the impact of selection on the genetic quality of the 
breeding lines over time, guide the mating decisions  
to maximize diversity, and decrease the rate of 
inbreeding/relatedness to maintain the genetic  
health of a population. 

More information:

Adriana Artiles
Breeding Scientist
The Center for  
Aquaculture Technologies
E: aartiles@aquatechcenter.com
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Developments in  
marine fish hatcheries
Gidon Minkoff
Gidon Minkoff operates consulting services for the hatchery sector  
at Fish Hatchery Consulting. E: gminkoff@gmail.com

Probiotics and marine fish larvae 

The survival of marine fish larvae during the first few 
weeks of their life as free-living embryos is low. In 
nature, it is extremely low and is estimated at decimals 
of percentages. In the hatchery, we overcome the 
major obstacles that larvae face in the wild such as 
predators and food availability and obtain survivals 
of a few percentages and for some species, over 30% 
or even 40%. We do this by manipulating live feeds, 
their availability and quality, as well as manipulating 
the rearing environment through water treatment and 
exchange, light, temperature and gasses. 

Despite the considerable advances made in providing 
the conditions for larval survival, we still face, on 
occasion, sudden significant losss of larvae in their  
early life stages.

When I first started working for a commercial 
hatchery, we were in a race to develop turbot 
production methods. Those who have worked with 
turbot (Scophthalmus maximus) will have surely 
experienced the sudden collapse and loss of entire 
production tanks around the time that the larvae 
metamorphose to a flatfish from a bi-symmetrical 
larva. If the symptoms leading up to the collapse were 
observed early enough, it could be prevented with 
antibiotics. The implication being that the mortality  
was being caused by bacteria. 

Working with researchers in academic institutes 
in Spain and Belgium, we found that the bacteria 
associated with the moribund fish often (and certainly 
in our hatchery) were dominated by certain Vibrio. 
(Note: over the years the classification of bacteria has 
undergone serious revision, such that today what was 
once a Vibrio could be a Listonella). What was also 
fundamental to our research was that these pathogenic 

bacteria were not actually pathogenic, they were 
opportunists that had entered the gastrointestinal  
tract (GI), of the larvae and at particular moments  
of the life cycle, they went into a type of hyperactivity 
and destroyed their host.

Larval mortalities from bacterial infections often 
follow a similar pattern. First, the lumen of the gut 
fills with active “swarming” bacteria, a phenomenon 
that can be observed under a microscope at X100 
magnification or higher. At this point, larvae go off their 
feed. The bacteria then break through the protective 
structure (the mucosa) of the GI tract and penetrate the 
surrounding cavity. The disintegration of the GI results 
in what we term as “water belly” which is basically an 
infiltration of water into the cavity. The endpoint is the 
observed mortality.

The pathway of bacteria into the digestive system of 
the larvae is through water and live food. The makeup 
of the bacterial population (the biome) in the digestive 

Figure 1. “Water belly” in cod larvae.
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tract is not stable, it is extremely diverse, and constantly changing. 
The biome associated with rotifers is also in a constant state of flux 
and changes with the state and age of the cultures, while Artemia 
brings in a significant amount of Vibrio-like bacteria that flourish on 
the organic material released during hatching. 

Probiotics in fish hatcheries
Understanding the cause of these mortalities, and the instability 
of the production system prompted the search for probiotics as a 
way to eliminate antibiotics and establish, within the GI tract of the 
larvae, resident populations of bacteria that will colonize this space  
and outcompete the opportunistic pathogens. By definition 
(Gatesoupe, 1999), a probiotic is “a live microbial adjunct, which 
has a beneficial effect on the host by modifying the associated or 
ambient microbial community and so enhances the host response 
towards disease”. The microbe should not only be alive, but it  
should be kept alive.

Probiotics for fish hatcheries have never been a mainstream field 
of research. Nevertheless, over the last 30-40 years, thousands 
of candidate probiotic bacteria have been isolated from larvae 
and rearing water and tested for their agonistic behavior towards 
potential pathogens to species belonging to the Vibrio, Aeromonas 
and Pseudomonas groups. Of these probiotic isolates, when 
subjected to in vitro trials (such as on Petri dishes), only a small 
percentage have demonstrated an ability to inhibit the growth of 
the potential pathogens. While the few in vivo trials (trials with fish 
larvae) have shown that almost none of these isolates is an effective 
probiotic. Having said this, it should be noted that there are favorite  
bacterial candidates such as specific lactic acid bacteria 
(Lactobacillus) as well as other Bacillus species (e.g. B. licheniformis 
and B. amyloliquefaciens) some of which have shown a positive 
effect on augmenting survival and resilience of the larvae through 
their early development. 

Up to now, and despite the years of effort, the addition of probiotic 
bacteria to the commercial production process of marine fish 
juveniles has not become a standard process. There are two main 
reasons for this.

First, throughout the development of larvae, there is no such thing 
as a stable intestinal microflora. As already noted, the intestinal 
microflora changes on a daily basis. Probiotic bacteria that have 
been introduced into the larvae through their diet (such as via the 
rotifers) are rapidly replaced by other bacteria. 

Second, if we want a resident probiotic bacterial population in the 
GI tract we need to provide a regular input of these bacteria much 
in the same way that we provide a regular input of nutrients into 
the live feed and into the larval tanks. This requires hatcheries to 
have a variety of bacterial seed stocks and fermenters for growing 

https://reedmariculture.com/collections/instant-zooplankton/products/arpods-500
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the bacterial populations. A requirement for skill, 
equipment and time which we strategically do not want 
to add to the daily hectic activities within the hatchery.

Microbial mature water
As the application of probiotics in fish larval culture 
is fraught with obstacles an alternative avenue is 
available, which is more on the side of “Blue Thumbs” 
or “holistic”. This is the concept of Microbial Mature 
Water (MMW). The theory behind this practice is that 
eliminating bacteria in the incoming water through 
filtration and sterilization opens the way to a rapid 
re-colonization by opportunistic bacteria. Many of 
which could potentially be lethal to the larvae. If 
on the other hand, we re-colonize the water with a 
diverse community of beneficial bacteria then through 
competition for the available niche the opportunistic 
pathogens will be excluded. Research conducted 
in Norway (Vadstein et al., 2018) has shown that 
colonization by beneficial bacteria can be achieved by 
passing the treated seawater through an active biofilter. 

The concept of MMW has been tested on a number 
of fish larvae including turbot and Atlantic cod and 
has shown, that relative to flow-through systems with 
filtered and UV water, the biofilter maturation process 
does increase survival and increase the stability of 

the production system. Furthermore, as the MMW 
constantly introduces an array of bacteria into the 
seawater from the biofilter, it also solves the issue 
related to the constant flux of the bacteria resident in 
the GI tract of the larvae.

The microbial world is far more diverse than we know 
and our understanding of it is only as good as the tools 
which we have for observing it. As we develop our 
understanding and knowledge of the microbial world 
we will be able to improve our management of the 
bacterial population associated with fish production. 
Currently, however, it would be wiser to adopt a holistic 
approach in which we manipulate the environment of 
the hatchery and thus the associated bacteria, rather 
than add a few probiotics that will most likely disappear 
within the millions of other bacteria floating around 
within our systems.
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It is well established that marine finfish larviculture 
strongly depends on live prey, traditionally rotifers  
and Artemia. But what if one could use copepods  
that have superior nutritional profiles when compared 
to rotifers and Artemia, and, at the same time, are  
as easy to culture as rotifers? This can be possible  
with a new copepod concept developed at Roskilde 
University, Denmark. 

The research team had previously identified a 
particularly hardy type of copepod which, unlike other 
species, can be produced and scaled up using cheap, 
readily available artificial feed. This is crucial news 
because artificial feeding means that it will be possible 
to produce copepods without simultaneously having to 
cultivate their natural food source, microalgae, which 
are fragile and time-consuming to produce industrially. 
Removing the live algae production link in copepod 
production opens up a turnkey concept where 
local marine finfish hatcheries produce copepods 

themselves, just as they produce rotifers as a live feed. 
Actually, hatcheries do not need a total replacement  
of rotifers, they just need copepods as a supplement, 
since studies have shown that replacing 20-30% of 
rotifers with copepods gives all the nutritional benefits 
from the copepods.

Ready to test the live feed concept in spring 2022
The research team has already tested and proven 
the hardy copepod both for high-density cultures, 
reproductivity and biochemical profiling, and is 
currently validating interesting new food types and 
the biochemical and potential prophylactic carryover 
effects they have on the hardy copepod. 
Currently, the team is completing a turnkey system 
design, based on recirculation technology, in close 
collaboration with industrial partners. In early 2022, 
they expect to be ready to test the design at marine 
larvae hatcheries. The overall aim is to supply millions 

A new live feed copepod  
concept designed to directly  
benefit hatcheries
Per Meyer Jepsen, Benni Winding Hansen, Roskilde University

A research team at Roskilde University is investigating a new copepod concept to produce 
scaled-up copepod nauplii using only cheap artificial feed. This will enable the production 
of copepods without having to cultivate microalgae. Removing the need for live algae opens 
up a turnkey concept where hatcheries can easily produce copepods themselves.
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of copepod nauplii per day, that are ready to be feed 
for first feeding marine fish larvae while still keeping 
the culture system and copepods cultivation easy and 
simple for the marine hatchery manager. 

The advantages of copepods
Copepods are crustaceans with sizes from 60-1,000 
µm, depending on which developmental stage the 
copepod is in. Copepods are considered superior to 
the traditional live feed items (rotifers and Artemia) 
since they have better nutritional profiles exhibited in 
both fatty and amino acid profiles. Hence, copepods do 
not need enrichment before they are used for marine 
fish larviculture. Further, copepods show a different 
movement behavior than rotifers, which are crucial to 
trigger a feeding response from most marine fish larvae. 

Try out the new concept at your hatchery
To test and validate the design and system, the team 
already has contact with marine hatcheries but would 
like to interact with even more professional hatcheries. 
They are looking for stakeholders but also collaborative 
partners that would be interested in testing and 
delivering proof of concept in later phases. 
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Shrimp farmers are facing several challenges, from 
diseases such as AHPND, EHP and WSSV, to farm- 
gate price volatility. There has been a renewed interest 
in the nursery to optimize resources and cope with 
disease challenges. When properly designed and 
managed, nurseries are high-biosecurity facilities, 
excluding diseases and limiting exposure of early-stage 
shrimp to less controlled grow-out production, to  
grow shrimp from PL10 to sizes as large as 3 grams. 
These larger shrimp will have a developed immune 
system and are expected to perform better when 
transferred to the grow-out pond. Furthermore,  
their health status can be easily checked during the 
culture and before transfer to the grow-out pond.  

This benefit has been critical in the fight against  
AHND and EHP.

In the nursery, shrimp are reared in higher  
stocking density and reduced water volume,  
permitting a higher degree of control on water  
and feed management and a better evaluation of 
shrimp growth and survival rates. Yta et al. (2007)  
found that the nursery phase contributed to  
increasing the survival and yield of shrimp in the  
grow-out phase. Finally, the use of a nursery phase 
shortens the duration of the production time in  
grow-out ponds, reducing the risk of disease  
outbreaks and increasing rotation and the number  
of crops per season.

Effect of performing  
diet in shrimp nursery 
Kim NT Tran, Grobest Vietnam, Luan T Nguyen, National Breeding Center for  
Southern Marine Aquaculture, Anant Bharadwaj, Olivier Decamp, Grobest Holding

Figure 1. Farm with multi-phase set-up in Vietnam. 
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Feed is a major investment, representing between 
50% and 70% of production costs. Its management, as 
measured by the FCR, has a direct impact on the farm’s 
profitability. Feed quality is a key factor in determining 
the growth rate and the health status of shrimp. Lower 
quality feed (poor stability or palatability) will affect 
water quality and shrimp performance. The correct 
nutritional balance at the right cost-benefit will lead to 
the best outcome at the nursery and the next culture 
phase. Good quality shrimp juveniles result from the 
feeding of good quality nursery feeds which in turn will 
result in better average daily growth, survival rate and 
feed conversion during the grow-out phase of shrimp 
farming (Thong, 2014).

In Vietnam, we have seen the development of three-
phase and even four-phase farming with each phase  
of production characterized by its own set-up and 
rearing protocols (Fig. 1). 

There is a focus on improved nutrition to obtain the 
best PLs before transfer to the grow-out pond. Based  
on its expertise in functional feed such as Immune 
Enhance and Growth Enhance, Grobest developed a 
new nursery diet, Gold Shield.

Materials and methods
Experimental animals and systems
The experiment was conducted in an indoor lab at 
the National Breeding Center for Southern Marine 
Aquaculture, Research Institute for Aquaculture  
No. 2 (RIA2), Ba Ria-Vung Tau, Vietnam. Specific 
pathogen-free (SPF) shrimp larvae (L. vannamei) 
produced from Shrimp Improvement Systems 
broodstock (SIS Hawaii, USA) were obtained for  
the trial. Larvae were sourced and reared to achieve  
the experimental size (PL10). At the start of the 
experiment, shrimp were distributed to the 

experimental system at the stocking density of  
2,000 PL10/m3. The density remained unchanged 
throughout the experiment. The experiment was 
performed in an overflow water system, consisting 
of 12 x 5m3 tanks, filled with 4m3 of water at 20 ppt 
salinity. The water was exchanged at 50% daily.  
Water quality parameters such as temperature, 
pH, ammonia, nitrite, hardness, and alkalinity were 
recorded during experiments. Shrimp health and 
mortalities were observed and recorded  
five times per day. Dead shrimp were removed  
from tanks immediately upon being observed. 

Feeding regime
Shrimp in each experimental unit (tank) were fed 
manually, with the corresponding feed, in excess. 
Shrimp were fed for 20 days 5 times per day  
(6;00, 10:00, 14:00, 18:00 & 22:00). The experimental 
feeds included Gold Shield (Grobest) and three 
competitors’ feeds (COM1, COM2, and COM3, 
respectively as shown in Table 1.) Gold Shield  
(Grobest), COM1 and COM2 were pelleted feeds, 
whereas COM3 was a micro-extruded feed.  
For the first day of trial, shrimp were fed at an 
estimated rate of 1.2 kg/1,000,000 PL. Following  
that, feed inputs were increased 10%/day which 
adjusted based on the shrimp feeding behavior  
of the tanks. Feed consumption during the trial  
was recorded daily. Any uneaten feed pellets  
were collected after each feeding time to calculate  
daily feed intake. 

Response parameters 
Performance in terms of weight gain (WG), daily  
weight gain (DWG), specific growth rate (SGR), FCR  
and survival rate (SR) were determined at day 21. 

   Treatment Moisture % Protein % Fat % Fiber % Ash % Pepsin Digetibility % TVN (mgN/100g)1 

    Gold Shield 8.89 45.93 6.86 1.59 15.84 91.27 50

 COM1 8.18 45.24 7.44 2.01 15.42 90.14 137

 COM2 7.41 46.03 5.56 2.46 15.42 89.88 70

 COM3* 5.46 62.8 14.51 0.16 9.09 93.81 144

* Micro-extruded Feed    1 Total Volatile Nitrogen

Table 1. Analyzed chemical properties of the experimental feeds on dry matter basis.
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Statistical analysis
Response data were subjected to one-way ANOVA 
(SPSS 26.0), following by Dunnett’s for significant 
difference between treatments (p<0.05). 

Results and discussion
During the study period (20 days), average temperature 
(°C) was 28.9 ± 0.1, pH was 7.9 ± 0.1, and DO (mg/L)  
was 6.7 ± 0.1. Total ammonia nitrogen (TAN) was  
lower than 0.1 mg/L and NO2 was lower than  
1.0 mg/L. In general, water quality was maintained  
at optimal conditions for the normal growth 
performance of shrimp. 

There was a significant difference in growth,  
feed utilization of shrimp feed on commercial diets 
(p<0.05). The best growth performance was observed  
in the micro-extruded diet and Gold Shield (Fig. 2).  
Final body weight, weight gain, daily weight gain and 
specific growth rate were all recorded highest in the 
shrimps fed Gold Shield and COM3. 

In terms of feed utilization, the lower FCR, the  
higher the feeding efficiency. The lowest FCR was in 
shrimp fed Gold Shield (Fig. 2). It is noticed that  
although the micro-extruded feed had a better  
growth performance, the Grobest diet showed  
the best feed utilization. Due to the lowest FCR,  
shrimp fed Gold Shield will have the lowest feed  
cost and will bring more profit for the farmers. 

All treatment groups did not show statistical 
differences in survival rate (p>0.05). It should be 
considered that the experiment was performed  
in optimal conditions. 

Suggestion and conclusions 
Nursery feeds are vital for the development of  
post-larvae and the future success of juveniles 
especially in helping complete the development of  
their immune systems prior to stocking into grow- 
out ponds. Post-larvae and juveniles in the nursery 
stage grow very rapidly and it is essential that  

Figure 2. Weight gain and FCR in whiteleg shrimp L. vannamei fed different nursery feeds.



Hatchery Feed & Management Vol 9 Issue 3 2021

25

nursery feeds are 
nutritionally complete. 
Grow-out feeds that are 
typically fed to post-larvae 
and juveniles are nutritionally 
inadequate and do not 
meet the requirements of 
rapidly growing animals. It is 
essential that nursery feeds 
are formulated to meet the 
nutritional requirements of 
young animals to support 
growth and the development 
of the immune system. The 
addition of functional feed 
additives play an important 
role in supporting rapid 
growth, survival, health, 
immune function and helps 
post-larvae and juveniles get 
ready for the transition to 
the grow-out phase. The trial 
confirmed the performance 
of Gold Shield, as seen by the 
ADG and FCR.

The benefits of this 
high-quality nursery feed 
were confirmed under 
commercial conditions 
in many operations 
throughout Vietnam. This 
indicates one of the future 
ways of improving shrimp 
production, combining the 
design of a farm (multi-
phase), biosecurity measures 
(use of SPF animals and 
appropriate management), water 
management, efficient  
transfer of PLs between the different phases,  
and the use of performance diets. Using high- 
quality diets has a positive impact on the water  
quality (thus reducing the need for water exchange) 
whilst improving the shrimp’s growth rates and  
their health status.

References available on request

Olivier Decamp
Technical Director
Grobest Group
E: olivier_decamp@grobest.com

Figure 3. Sampling of PL for evaluation of quality.
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Current situation of hatcheries in West Africa

Aquaculture for food production was introduced  
50 years ago in Africa. As the population grows in the 
region, fish consumption has been decreasing as supply 
decreases: from 9 kg per capita in 1990 to the current 
6 kg per person. With the West African population 
estimated to increase to 430 million by 2025, where 
the majority of the population depends on fish-based 
resources for their daily sustenance, more attention 
needs to be given to seed propagation through hatchery 
practices. This review analyzes the current situation 
of hatcheries in West Africa, focusing on Nigeria and 
Ghana’s experiences and elaborates valuable lessons 
learned that can guide future hatchery development  
in the region.

Ghana
Ghana is imbued with enormous potential for both 
fresh and brackish water aquaculture industries.  
The country abounds in water bodies, favorable climate, 
a favorable geographic relief and human capital, all of 
which allow fish farming throughout the country. 

Aquaculture is practiced in all regions, especially in  
the southern and central belts. The main species of 
farmed fish are Nile tilapia (Oreochromis niloticus)  
and African catfish (Clarias gariepinus). Aquaculture  
is thriving and has been embraced as a major 
sustainable economic activity by the government, 
corporate bodies and individuals in Ghana.

Hatcheries in Ghana have come under immense 
pressure since the outbreak of ISKNV. Between  
2008 and 2013, when access to quality fish seed was 
limited, the high demand led to the establishment 
of several public and private-owned hatcheries with 
production capacities from 200,000 to 1.5 million 
fingerlings per month. 

It is also common that medium and large-sized farms 
build their own hatcheries as part of their vertically 

integrated business to ensure fry supply and biosecurity. 
However, there are still a large number of grow-out 
farmers without vertically integrated businesses but 
require a good supply of fingerlings. 

At the peak of production between 2014-2016, there 
were about 12 hatcheries along the Volta River system. 
All were privately owned except one, the government 
research facility that produces Akosombo strain 
broodstock and fingerlings. The government has tilapia 
hatcheries in Ashaiman G/A and Kumasi to meet the  
fish seed demands of farmers in their respective 
regions. These have however struggled to operate 
effectively  due to funding constraints. Private farms 
in these regions are increasingly looking to catfish 
fingerling production and backyard grow out. In the 
Central regions, there were two hatchery facilities, not 
functional anymore, and at least three new  
catfish hatcheries. 
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Of all the 12 hatcheries along the Volta which is the 
hub of aquaculture, only four are currently operating. 
Many have closed or were acquired by grow-out farms 
to stay afloat. Their main issues were getting swim-ups 
and fry to a 50% survival, with some of them recording 
a 7% survival rate. Farmers often expect fingerling 
replacements which hatcheries couldn’t sustain 
financially. While some hatcheries are beginning to see 
increased production numbers (up to 40% of their peak 
production outputs), they belong to big farms. Only a 
couple of independent hatcheries remain in production 
with the resources to expand broodstocks and access  
to technical expertise.

Nigeria
Aquaculture in Nigeria is evolving by leaps and bounds 
as it is expected to be the next oil well in the country 
due to its many prospects. The climatic, human, 
biological and water resources of the country are 
favorable except for the economic ones.

In the past few years, there have been tremendous 
successes in the mass production of catfish seed 
and tilapia mono sex production at large commercial 
hatcheries for grow-out producers and neighboring 
African nations. 

The generations of employment, directly and 
indirectly, stands out for all classes and genders, 
especially for the younger generation with professionals 
and entrepreneurs as the major players.

Challenges 
The region faces a series of challenges:
•  Genetic problems due to inbreeding caused  

by recycling parent stocks of the same pool.
•  High costs of improved broodstocks with power 

problems from the national grid. 
• Research studies are not shared with farmers.
• Poor production records and data management. 
• Access to funds for expansion is most times herculean. 
• No standardization of sizes and prices.
• Lots of hatchery operators without certification. 
• Water quality management challenges. 
•  Non-fish pathologists and limnologists specialized  

in water management.

Opportunities and prospects 
The prospects and favorable climatic conditions  
amid the abundant natural resources and indigenous 
species available in Nigeria, if properly harnessed,  
can put the country as one of the leading countries  
on the African continent in aquaculture production.

With successes recorded as the number one producer 
of African catfish and growing tilapia production in 
Africa, we are currently developing few other species 
that can make our aquaculturesector more robust 
than it is. Pangasius hypophthalmus, Heterotis niloticus, 
Cyprinus carpio and Colossoma macropomum, with  
the right technological and financial supports, will  
be more available for large commercial production 
in the next two years. Other indigenous species will 
increase their production too.

With the proper enablement and development of 
research in the aquaculture industry, growth will be 
fostered and aquaculture will become more robust  
in Africa, including the important role of hatcheries 
 in the aquaculture value chain.

1
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As our planet’s population grows and severe climate 
concerns increase, a new GREEN mindset must also be 
a BLUE mindset involving a circular economy to reduce 
environmental exploitation and regain valuable limited 
natural resources. 

In aquaculture, we already have some of the tools 
needed for this evolution, enabling us to control the 
input and output of resources and, at the same time, 
ensuring the necessary optimization of production. 

Digital monitoring, control and management is an 
important tool for the future of aquaculture. When 
introducing the principles of recycling and circular 
economy in fish production, numerous challenges arise. 
As a key parameter for growth (and, therefore, yield), 
water quality must be the main focus. Modern digital 
technology for securing the proper water quality to 
support fish welfare is not expensive – constituting  
only 3.5% of the investment in modern facilities. 

Easy gains (within reach) when 
upgrading to digital monitoring  
and production management?
Mette Cristine Schou Frandsen, OxyGuard International
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By connecting the digital data from water sensors  
to a production management system, new possibilities 
have arisen allowing these parameters to be under 
automatic control. Artificial intelligence (AI) has been 
applied to process data, analyze trends and even 
predict future scenarios. Many other actions can be 
automated in such systems (e.g. feeding, adjusting pH, 
temperature, alkalinity, valves, water flow, etc).  
In addition to these options, data can be forwarded to 
external companies (e.g. to alert them when the system 
has received data from motors/pumps indicating the 
need for maintenance or requesting feed companies to 
fill up the silos). Even the veterinarian can be invited to 
remotely follow the production or simply have an alert 
if mortality raises or similar events occurs. 

We may have far more data than we humans can 
comprehend or even process using old tools or manual 
observations. By using modern algorithms based on  
AI and machine learning, a new level of farm 
management can be introduced. Imagine the cascade 
effects of a malfunction in a valve, a drop in drop of 
dissolved oxygen, elevated values of CO2, a sudden 
increase in turbidity, a malfunction in a filter, and alike. 
The combined digital platform and the management 
system can adjust these changes in real-time (open a 
valve, intensify degassing, close the flow from a filter  
or start a cleaning process). 

By implementing artificial intelligence and machine 
learning technology, we can conduct analyses of the 
intercorrelated and complex data that affect the 
production, hereby improving it beyond what we  
can even imagine today. A few examples will be 
presented here.

Marking up equipment, pipes, tanks, etc. with 
QR-codes or R-Fid allows dedicating tasks to be 
performed at the tank/equipment, etc. The staff will 
begin their work by scanning the specific QR codes  
with their mobile phones and all tasks will be accessed 
and with a simple click on the phone, the work 
performed can be acknowledged. Important tasks  
not performed (in case of sick leave among the staff  
or similar) will give rise to an alarm for the manager.  
The hatchery manager will be able to allocate  
different employees to different tasks and will be  
able to follow the task being performed during the 
day – also re-delegating tasks if a staff member is 
unavailable. In this way, standard operating procedures 

(SOP’s) can easily be implemented and updated, 
facilitating staff acquaintance. 

Another key issue that can be addressed using  
these technologies is energy consumption. An example. 
In most facilities, the degassing is full speed ahead 
24/7 even though the need for degassing varies during 
the day due to feeding and fish digestion. The energy 
consumption could be reduced by 10-20% based on 
water temperature, pH, CO2 content in water, feeding, 
etc. if it is controlled by the digital management system 
as described above. 

Furthermore, by extending this system to include 
feeding behavior, an algorithm could be put in place  
to prevent overfeeding. In combination with digestive 
data for the specific feed, water temperature, fish size, 
etc., the system could give data-driven advice on the 
optimal feeding time and feeding intervals and improve 
growth and FCR. 

Digital tools can even be used to optimize the  
value chain. Very few, if any, farmers have the full 
knowledge of their production until the fish have been 
harvested and processed. Data from the processing 
plant can be fed back to the farm and assist the farmer 
in deciding to improve grading to deliver a more 
uniform batch in the future, to identify where wounds 
and bruises may originate and change SOP’s, etc. 

Further down the value chain, consumers will 
benefit from the full traceability built into the digital 
production management system which can be added 
information from the processor and retailer – data 
“from eggs to desk”.

Mette Cristine Schou Frandsen
Communication Adviser 
OxyGuard International
E: oxyguard@oxyguard.dk
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Seafood consumers’ growing awareness of traceability, 
safety and ocean impact is likely to create new 
opportunities for direct engagement through value-
added sustainable and traceable brands. The traditional 
“wild-caught” marketing terminology used for prawns, 
shrimp and fish captured by shipping trawlers, as well 
as public concern that seafood from our ever-more 
polluted oceans is safe for consumption, will clearly 
have to be replaced in light of increasingly progressive 
consumer attitudes. “Responsibly farmed” will have 

to be promoted to seafood consumers as the only 
real sustainable alternative to fisheries. To justify a 
truly alternative position, greater segments of the 
aquaculture industry must adopt and develop more 
accountable and sustainable practices for ensuring food 
and environmental safety. These practices can include 
the expansion of freshwater aquaculture, disconnected 
from marine ecosystems and coastlines, and gradual 
transition to environmentally isolated indoor production 
units that rely on highly efficient recirculated closed 

A biotech shrimp company 
is challenging the design and 
environmental impact of  
shrimp hatcheries  
Assaf Shechter, Amir Sagi, Enzootic
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water systems. Such efforts may also encourage the 
use of alternative cost-effective nutritional resources, 
disconnecting current dependencies on fish oil and 
meal, as well as AI and machine learning technologies 
for precise farming practices. Traceability technologies 
are also gradually being applied in the seafood 
industry to provide consumers with information on 
the traceability and safety of their seafood, and its true 
environmental footprint. 

Hatcheries sustainability
A major sustainability weak point of the vast farmed 
shrimp and prawn industry today is related to 
hatcheries. Since over 90% of presently farmed  
shrimp and prawns belong to only two marine species 
(L. vannamei and P. monodon), their hatcheries are 
almost exclusively coastal operations, traditionally 
heavily dependent on ocean water and resources. 
Freshwater M. rosenbergii shrimp, despite being 
a desired delicacy across Asia, as well as the most 
environmentally friendly commercially farmed species, 
still lags behind current marine sources in terms 

of production volumes. Yet, several fundamental 
biological differences distinguish this freshwater shrimp 
from its marine counterparts. The exploitation of 
these differences can dramatically impact the design 
and environmental footprint of freshwater shrimp 
hatcheries and farms. 

Vertically integrated M. rosenbergii biotechnology
Enzootic is a vertically integrated shrimp biotechnology 
company that has developed Parental Cell 
Transplantation, a pioneering high-density, mono-sex, 
all-female technology for selectively bred freshwater 
M. rosenbergii shrimp. This technology harnesses the 
natural sexual plasticity of prawns and shrimp, without 
using hormones, chemicals or GMOs (Levy et al., 2016). 
By eliminating aggressive territorial males from the 
grow-out population, Enzootic’s socially tranquil Queen 
PrawnTM females can be stocked in grow-out ponds at 
densities four-fold greater than possible with traditional 
mixed-sex populations, yielded animals showing 
remarkable uniformity and survival when harvested  
at the average of 35 grams after 120 days. 
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First vertical RAS M. rosenbergii hatchery
As part of its vertical integration business vision, 
Enzootic has also designed and constructed the first-
ever vertical RAS M. rosenbergii hatchery in Thailand, 
designed to produce 450 million Queen PrawnTM 

postlarvae annually. This radically innovative design is 
based on the company’s breeding pod tower system, 
which redefines the layout and operation of this 
reproduction unit. The engineering concept has been 
perfected over the last few years at the company’s 
R&D hub in the Negev desert in Israel. Such efforts 
have resulted in an ultra-efficient water and space 
breeding unit, precisely designed to meet the unique 
biological and reproduction needs of M. rosenbergii 
broodstock maximizing the reproduction capacity of 
each breeding stock cohort. By keeping water volumes 
and pod weight to a minimum, Enzootic has succeeded 
in designing custom-made units that can be stacked 
as breeding towers, without the need for additional 
constructional support. These vertical breeding towers 
rely on freshwater RAS, incorporating state-of-the-art 
biofiltration solutions that maintain the water quality 
required for broodstock reproduction. In a commercial 
vertical hatchery setting, such a breeding system 
comprises hundreds of individual pods. This encouraged 
the Enzootic engineering team to develop additional 
supporting technologies, such as AI-based counting 
solutions in its automated larvae collectors, automated 
feeding solutions and broodstock management 
software that monitors key performance indicators and 
optimizes broodstock efficacy. 

In designing the hatchery’s larvae culture system, 
biological and engineering insight gained by the 
company’s genetics breeding unit contributed to the 
development of solutions and conditions precisely 
optimized to the unique requirements of M. rosenbergii 
larvae and young postlarvae. The design uses a dual-
system brackish and freshwater RAS with alternating 
pre-filters systems, together with exclusive diet of 
Artemia during culturing. The use of RAS minimizes daily 
discharged brackish water to small volumes that can be 
mechanically evaporated, leaving behind just a minimal 
volume of salty sludge that can be safely removed to 
commercial waste treatment sites. 

The innovative approach selected by Enzootic in 
designing this novel hatchery and its incorporation 
of RAS at the broodstock and larvae/postlarvae 

stages initiated a re-evaluation of traditional hatchery 
concepts, leading to the development of additional 
unique technological solutions. The vertical RAS 
hatchery is the first commercial-scale breeding unit 
in the world, exclusively producing selectively bred 
pathogen-free Queen PrawnTM postlarvae, uniquely 
designed for high-density M. rosenbergii farming. 
Enzootic will continue challenging accepted practices 
in other areas of the industry, with the objective of 
bringing this amazingly delicious and truly sustainable 
farmed shrimp alternative to greater segments of  
global seafood markets.    

More information:

Assaf Shechter, PhD
Co-founder and  
Executive Chairman
Enzootic
E: assaf@enzootic.com

Prof. Amir Sagi, PhD
Co-founder and Director
Enzootic
Ben Gurion University  
of The Negev
E: sagia@bgu.ac.il
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Groupers form the basis of a billion-dollar Live Reef 
Food Fish trade. This trade relies on supply of a diversity 
of species and remains dependent on grouper and 
other species sourced from reef systems across SE Asia, 
the Pacific and Indian Oceans and Australia. Grouper 
aquaculture has a long-established presence in SE Asia 
where it is now the major source for several key grouper 
species. However, species diversity is a major obstacle 
to aquaculture becoming the dominant source for all 

groupers and to relieving pressure on reef systems. 
Grouper broodstock management and larval rearing 

is challenging. While grouper species share major 
challenges such as susceptibility to nodavirus and 
iridovirus, each species has its own peculiarities in 
breeding that increases the difficulty to successful fry 
production. A number of these challenges have been 
alleviated through the production of hybrid grouper and 
particularly Epinephelus lanceolatus x E. fuscoguttatus 

Grouper fingerling  
production in Australia:  
Challenges and achievements
Richard Knuckey, The Company One

Figure 1. Giant grouper broodstock health check.
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that now dominate grouper aquaculture production. 
However, these fertile hybrids pose a threat to wild, 
pure-bred populations as escapees are commonplace. 
As environmental pressures mount on traditional 
aquaculture regions, more biosecure and intensive  
RAS production of grouper is developing. These systems 
require high-quality SPF fry from a range of grouper 
species which have not been readily available under  
the current fry production methods.

Breeding 
Groupers are protogynous hermaphrodites, a 
fundamental consideration in broodstock population 
management. Social cues and population structure 
need to be considered and controlled to maintain a 
breeding population. 

Depending on the species, broodstock acquisition  
and maturation can be major barriers to new entrants. 
This is especially true for large species such as  
E. lanceolatus (Fig. 1), a protected species in Australia. 
In 2010, giant groupers were collected from the wild 
as small females of 10 to 15 kg and targeted hormone 
administered for female maturation and production of 
males. While small egg volumes were released over the 
first two years there was no fertilization despite female 
activity toward the targeted males (Fig. 2). Milt was 
produced in the early males, but it was not until two 
years that male behavior and fertilization was observed. 
Through photothermal control, social manipulation 

and selective introduction of new stock, high fecundity 
spawning was achieved without the use of hormones to 
enable continuous monthly fry production for the last 
11 years. This is a key requirement for supply of high-
quality fry to RAS facilities that are not seasonal but 
require consistent production for system stability.

First feeding 
Control of spawning and production of high-quality 
eggs was the first hurdle to overcome. The next was 
the sourcing of suitable live feeds. Grouper larvae 
have a small mouth gape at first feeding and require 
specialized live feeds. While neonates of ss-strain 
rotifers (Brachionus rotundiformis) form the basis of 
the first feed, inclusion of copepod nauplii is vital if 

Figure 2. Spawning initiation and maintenance of giant grouper broodstock.

Figure 3. Adult calanoid copepod, Parvocalanus crassirostris.
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good survival and low malformation rates are to be 
achieved. The impact of inclusion of copepod nauplii 
at first feeding is beneficial for all groupers but varies 
depending on the species and is crucial for successful 
larval rearing of giant grouper. All groupers produce 
small eggs (around 2,000 eggs/mL) with limited 
endogenous energy reserves and if first feed is not 
achieved on day 3 (dph) then a major drop out of  
larvae from starvation will occur on day 6. 

Calanoid copepods are planktonic, and part of the 
zooplankton mix that grouper larvae would naturally 
target. Since 2000, we have undertaken research on 
calanoid copepod culture with an initial focus on  
Acartia sinjiensis. While a nutritious copepod, their 
requirement for a complex microalgal diet (Knuckey  
et al., 2005) and cannibalism of eggs necessitated a 
search for a more suitable copepod. 

Initial efforts were directed at a calanoid species of 
Bestiolina and later Parvocalanus crassirostis (Fig. 3). 
The small size of P. crassirostris (~400 µm), its ability  
to be cultured at relatively high density of over 5 adults/
mL and a very high DHA:EPA ratio of 8 when cultured 
solely on T-Isochrysis lutea made it an ideal candidate 
for mass culture. 

In SE Asia, wild-harvested copepods are often used 
later in the larval cycle to offset Artemia use but their 
real benefit is at first feeding. This requires biosecure 
copepod production to avoid the introduction of 
disease. We currently culture P. crassirostris in replicate 
10,000 L tanks fed with T. lutea. These copepod cultures 
are inoculated so that their peak spawning capacity 
(nauplii production) coincides with first feed (day 3)  
of a grouper larval run.

Other challenges 
During the hatchery phase, as well as suitable prey 
selection, there are a range of factors to control to 
achieve successful fry production. For all grouper, 
nodavirus is a constant threat and vertical transmission 

Figure 4. Clear and stained grouper fry for assessment of skeletal 
development.

Figure 5. Fry production of common coral trout (left), giant grouper, 
tomato hind and speckled blue grouper (right, top to bottom).
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needs to be broken at 
commencement of larval  
rearing through ozone 
disinfection of the eggs. Larval 
nutrition is met through 
prey selection, quality live 
microalgae and enrichment 
diets and is crucial to minimize 
developmental malformation 
which is monitored through 
clear and staining of larvae (Fig. 
4). While control of disease 
and nutrition is similar for the 
different groupers, physical 
factors such as lighting intensity 
and duration, aeration pattern 
and flow, swim bladder inflation 
window and weaning protocols 
vary between the species.

While grouper aquaculture is 
referred to in a general term, 
the operation of a multispecies 
grouper hatchery of multiple 
genera is particularly challenging. 
Our current production is 
focused on pure-bred giant 
grouper which is the most 
challenging species for larval 
rearing. Recently, both common 
coral trout (Plectropomus 
leopardus) and speckled blue 
grouper (E. cyanopodus) have 
entered commercial production 
while tomato hind (Cephalopholis 
sonnerati) is a research species 
under development (Fig. 5). Most 
of our fingerling production is exported to SE Asia with 
a smaller supply to farms in Australia where the giant 
grouper has proven to be an excellent aquaculture 
species in both RAS and pond culture.

References
Knuckey, RM, Semmens, GL, Mayer, RJ, Rimmer, MA. 
2005. Development of an optimal microalgal diet 
for the calanoid copepod Acartia sinjiensis: Effect 
of algal species and feed concentration on copepod 
development. Aquaculture 249, 339 – 351.

Richard Knuckey
Managing Director
The Company One, Australia
E: rknuckey@thecompanyone.com
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Developments in  
aquaculture from BLUEGent

In our endeavor to evolve towards a more sustainable 
society that is independent of non-renewable 
resources, the Blue Bioeconomy is expected to play 
a key role in the near and far future. Our marine 
environment, including coastal areas, open seas and 
deep-sea environments, is the biggest ecosystem 
on the planet and harbors a vast, and until now, 
mostly untapped potential of biomass, organisms 
and molecules. This importance has recently been 
confirmed again by the European Commission as 
being essential to achieving the objectives set out in 
the European Green Deal. And although aquaculture 
until now has mainly been focusing on food (and feed) 
production, it is also expected to play a pivotal role in 
the rollout of the Blue Bioeconomy, as the latter relies 
on a constant and qualitative supply of sustainably 
sourced and produced biomass.

Especially macroalgae, or seaweed, are gaining much 
interest from a bioeconomic approach. First of all, 
their high biomass production rate combined with the 
cultivation in open sea can heavily reduce the pressure 
on land-based biomass from agriculture and forestry. 
Further, the chemical composition of macroalgae and 
the versatility in application potential is what really 
makes seaweed high-potential biomass. 

Novel compounds are continuously being discovered 
or produced with high-value applications in the food, 
feed, medical, cosmetic, nutraceutical and agricultural 
sectors. Currently, more than 95% of all European 
seaweed production originates from wild harvesting, 
and also most of the seaweed aquaculture projects 
still rely on seeding material obtained from wild 
populations. If Europe wants to build out a sustainable 
and reliable seaweed-based Bioeconomy, this approach 
will need to change drastically, and this is where 
hatcheries are bound to play a key role. We need to 

move away from relying on wild seed material, by 
selecting, optimizing and domesticating high-potential 
seaweed species and strains and controlling their life 
cycle to become independent of seasonality. 

A first important step is already being taken by 
scientists from BLUEGent (Ghent University) in the 
BlueMarine³.Com project together with DEME, Colruyt 
Group, Sioen Industries, Aquacultuur Oostende, 
IMAQUA and Proviron. In this project, funded by the 
Flemish government through Flanders Innovation and 
Entrepreneurship (VLAIO) and facilitated by the Blue 
Cluster program, the life cycle control of five seaweed 
species (Saccharina latissima, Undaria pinnatifida, 
Porphyra/Pyropia, Palmaria palmata and Ulva 
rigida) is optimized with regard to performance and 
characterization of genomic diversity. Emphasis  
is also placed on developing bio-based and 
biodegradable seaweed cultivation substrates and 
optimizing seeding procedures for successful cultivation 
at open sea. I am confident this is only a first step in  
an emerging subsector of the hatchery industry in 
Europe (and beyond), with strain selection activities  
also focusing on improving the yield and composition  
of macroalgal biomass. 

But hatcheries are not only expected to contribute 
to the success of the Blue Bioeconomy, ideally, they 
will also benefit from new developments. In this 
context, bioprospection for novel (micro)organisms, 
biochemical compounds and bio-actives offers a huge 
opportunity to improve the efficiency of many hatchery 
management processes. A lot of bio-active compounds 
sourced from ocean-based organisms have antiviral, 
antibacterial or other disease-suppressant properties, 
and when added to the feed or process water could 
radically contribute to a better survival rate of juvenile 
aquaculture species, be it fish, crustaceans, mollusks 

Filip Velghe  
Platform Manager BIOMARES, Ghent University 

Hatching tomorrow’s Blue Bioeconomy
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or even seaweed. In an effort to move away from live 
feed as microalgae, which is often costly and labor-
intensive, single-cell proteins containing microbial-
based health-promoting bio-actives could provide 
a feasible alternative with added benefits. Finally, 
a better understanding of the interaction between 
microbiomes and the aquaculture host species through 
a metagenomics and machine learning approach will 
both benefit the hatchery and aquaculture efficiency 
and provide new insights with potential for use in 
emerging biorefinery applications.

With the launch of the new IRF (Industrial Research 
Fund) platform BIOMARES (short for ‘Biorefining of 
Marine Resources and Marine Bioactives’), five Business 
Development Centers of the Ghent University have 
joined forces to leverage on their existing expertise 
and accelerate the development of a sustainable Blue 
Bioeconomy. BLUEGent is at the heart of the BIOMARES 
platform and brings expertise on aquaculture 
(including hatcheries), blue biotechnology, microbiome 
management, bioprospecting and marine ecology.  
To fully exploit the marine potential for the Bioeconomy, 

this expertise is complemented by End-of-Waste 
(resource recovery and novel fermentation approaches), 
CropFit (biostimulants, biofertilizers and biopesticides), 
BioMolecules (microbiology and microbiome 
management, chemical modification, water purification 
and desalination) and ChemTech-LS (biomaterials, 
chemical modification and antifouling polymers). The 
aim of BIOMARES is to interconnect Ghent University’s 
expertise in the field of marine biorefining and set up 
multidisciplinary research initiatives together with key 
industrial players to facilitate and accelerate the rollout 
of a sustainable Blue Bioeconomy. In this context, an 
industrial board and network will be set up to optimally 
link with industrial partners active in aquaculture and 
fisheries, bio-economy, agrochemicals, food (additives), 
cosmetics, pharmaceuticals and polymers. Several 
networking events will be organized to assess new 
opportunities and share market insights. Interested 
companies and organizations are warmly invited to 
contact filip.velghe@ugent.be to discuss joint initiatives 
on research and valorization opportunities within the 
marine biorefinery value chain.

mailto:http://bluegent.ugent.be/
https://www.ugent.be/eow/en
https://www.ugent.be/cropfit/en
https://research.ugent.be/web/result/organisation/fafb4dab-920f-11eb-a093-3f52ced955cf/details/en?nieuweHttpSessie=true
https://research.ugent.be/web/result/organisation/0caeb3d6-9210-11eb-a093-3f52ced955cf/members/en
mailto:filip.velghe@ugent.be
https://www.aquafeed.com/
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MAY
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JUNE
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26 - 30: 19th International Congress on Animal Reproduction, Italy www.icar2020.org  

AUGUST
3 - 5: ILDEX Vietnam  www.ildex-vietnam.com
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International Association of Aquaculture Economics & Management
WorldFish

World Aquaculture
Singapore 2022 
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WA2020 Partner
@WASingapore

WASAPC

@WASAPC

The Annual International Conference & Exposition of
World Aquaculture Society

Asian Pacifi c Aquaculture 2020
– Annual Meeting of Asian Pacifi c Chapter, WAS

Hosted by Singapore Food Agency

WAS Premier Sponsors

Singapore EXPO Convention & Exhibition Centre
and MAX Atria

For More Information Contact:
Conference Manager  |  P.O. Box 2302  |  Valley Center, CA 92082  USA

Tel: +1.760.751.5005  |  Fax: +1.760.751.5003  |  Email: worldaqua@aol.com  |  www.was.org
Trade Show Contact: mario@marevent.com

http://www.was.org
mailto:worldaqua@aol.com

