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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

After more than five years of R&D breeding work,  
GenoMar introduced a new streptococcosis-resistant  
Nile tilapia to address one of the most economically  
important diseases in this species. Repeated laboratory  
tests and a field trial demonstrated increased 
survivability of approximately 30% for the tilapia  
selected for streptococcosis resistance. For farmers, 
tilapia with genetic resistance will lead to more 
sustainable and profitable production.

GenoMar introduces new streptococcosis-resistant tilapia in Asia

Benchmark Genetics signs partnerships as egg supplier to RAS projects
Nordic Aqua Partners (NAP) will start 
the construction of its land-based 
facility in Ningbo, China in January 
2021 and selected Benchmark 
Genetics as their genetics provider 
signing a five-year agreement for  
9.5 million ova. 

Moreover, World Heritage Salmon 
(WHS), which will produce Atlantic 
salmon in the discontinued olivine 

mines in Sunnylvsfjorden, Norway, 
entered into a five-year contractual 
agreement with Benchmark 
Genetics for supplies of genetics 
adapted to land-based farming and 
mutual exchange of expertise. WHS 
plans an annual production of up 
to 100,000 tons of salmon, which 
equals a yearly demand of 20-25 
million ova throughout the year.

http://www.hatcheryfm.com/
http://hatcheryfm.com/
mailto:sparos@sparos.pt
https://www.sparos.pt/
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CPF’s shrimp broodstock returns to Chinese market
Charoen Pokphand Foods returns to the Chinese 
shrimp market with its new stock of CP Kong, 
an SPF WSSV tolerant, robust strain that the 
company has had in development for five 
years. The company’s main strain, CP Turbo, 
with superior growth and APHNS, TSV, IHHNV 
tolerance, will also be available in China. The 
company also hopes to introduce CP Kong into 
Latin America, if it proves successful in China. 

The company signed a NOK 150 million 
($17.5 million) contract with Artec 
Aqua as a turnkey contractor for the 
expansion of Profunda, a land-based 
facility for the production of salmon 
broodstock in Barstadvik, Norway. The 
facility has been producing salmon 
from smolt of  

100 g to broodstock of 12-15 kg.  
With the new expansion, Profunda will 
be a full-cycle facility for the production 
of land-based eggs, meaning that the 
fish will have their entire life cycle in the 
facility. The facility will have a capacity 
to deliver between 80 and 100 million 
eggs per year. 

AquaGen invests $17.5 million in land-based broodstock facility

Signify supplied The Kingfish 
Company with Philips 
Aquaculture photoperiodic LED 
lighting products to optimize 
fish growth and feed conversion 
at the world’s first sustainable 
land-grown aquaculture facility 
for yellowtail kingfish. The lights 
provide effective and energy-
efficient lighting for the large 

tanks and allow Kingfish to 
achieve as much as 30%  
higher production than  
designed for. The facility is 
equipped with proprietary 
recirculating aquaculture s 
ystems (RAS) and uses seawater 
and 100% renewable energy  
to deliver healthy, antibiotic- 
free yellowtail.

Signify partners with The Kingfish 
Company to accelerate yellowtail growth

PR Aqua 
introduces new 
oxygenation 
system

The company 
introduced a 
Pressurized 
Packed Column 
(PPC). PPC is a 
highly efficient 
on-demand 
oxygenation 
system for 

aquaculture applications 
that generates oxygen-
supersaturated water for 
injection into rearing tanks by 
contacting oxygen and a water 
side-stream in a media-packed 
pressure vessel.
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Skretting and Proteon Pharmaceuticals partnered 
together to provide functional solutions to tackle health 
challenges in the aquaculture industry. The companies 
will co-develop products using bacteriophage technology 
to support farmers as part of a holistic health strategy.

Meanwhile, Virbac signed an exclusive business 
development collaboration agreement with and 
TransAlgae, which aims to shape the future of vaccination 
in the field of aquaculture with its disruptive microalgae-
based oral delivery technology.

Novel in-feed health developments for farmers

SPF Shrimp Feeds to 
distribute live SPF 
polychaetes to India

The company has 
been working closely 
with Topsy Bait to 
perfect the packaging, 
transportation and 

in-country storage system that allows live SPF 
polychaetes to be shipped anywhere in the 
world and kept alive in-country for daily delivery 
to shrimp hatcheries. SPF Shrimp Feeds is now 
the exclusive distributor of Topsy Bait’s Live  
SPF Polychaetes in Vietnam and India. 

SalMar to build the world’s largest smolt hatchery in Norway
SalMar partnered with Krüger Kaldnes and 
constructing partner Consto to build the 
world’s largest smolt hatchery in Tjuin, Norway. 
Construction is scheduled for May 2021, in  
Malm, Steinkjer with a total area of 17,000  
square meters.

And more RAS projects are on track. Nutreco 
invested in Norwegian land-based fish farming 
company, Proximar. Strategically located near 
the iconic Mount Fuji, Proximar’s Atlantic salmon 
farming facility will be a large-scale land-based 
fish farm helping to meet the large demand for 
salmon in Japan.

FirstWave Group, Xelect Genetics 
partnership to develop a breeding 
program for local tilapia

FirstWave Group, Africa’s 
largest tilapia fish producer, 
signed a partnership 
agreement with Xelect 
to develop local high-
performance tilapia breeds. 

Specifically, the breeding program will cover Nile tilapia for 
FirstWave’s operating companies, Yalelo Zambia and Yalelo 
Uganda, as the group continues to deliver on improved 
product affordability, availability and quality. An improved 
data-driven breeding program will lay the foundation for 
precision aquaculture farming at FirstWave as the group 
continues to address the large fish deficit in the region. 
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Everyone agrees that correct nutrition during  
childhood is of key importance and can have profound 
effects on well-being later in life. Not surprisingly, 
the same also applies to fish, as the natural prey for 
marine fish larvae, copepods, have therefore been high 
up on the wish list of hatchery managers for a long 
time. CFEED AS, the worlds’ first industrial supplier 
of biosecure, farmed copepods, is finally changing 
this wish into a reality. From their facility in Vanvikan, 
Norway, their copepod eggs are currently being  
shipped to hatcheries worldwide. The eggs are kept  
in a dormant stage during the transport, a solution  
that has made live copepods commercially available  
to hatcheries for the first time. 

The dormant eggs can be stored cold at the  
hatchery up until the copepods are needed as feed.  
The eggs are then placed in seawater and after  
24 hours, farmers have a tank filled with vital copepod 
nauplii ready to be fed to fish larvae. For an increasing 
number of hatcheries, this solution has eliminated  

the need for keeping continuous rotifer cultures 
altogether. As rotifer cultures can be both time 
consuming and their production unstable, this new 
option is considered a great benefit. But there is  
more to gain from using copepods. 

New copepod solution eliminates 
the need for rotifers in hatcheries
Jan Giebichenstein, Maren Gagnat, CFEED

Figure 1. Copepod Nauplii of Acartia tonsa hatched within 24 hours 
(Photo credit: Tora Bardal/NTNU).

Figure 2. Picture of 9 day-old tiger grouper larvae E. fuscoguttatus from a hatchery in Thailand. The left larva was fed copepods of  
Acartia tonsa in addition to rotifers, while only rotifers were fed to the larva on the right.
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Copepod benefits on different fish species
Copepods are small, planktonic organisms that, in 
nature, make up the base of the food chain for marine 
fish larvae. These small crustaceans are naturally rich 
in the essential fatty acids DHA and EPA, and also 
contain high amounts of taurine, astaxanthin, iron and 
selenium. Combined with a high protein content of 
close to 70%, this feeding solution does wonders for 
sustaining rapid growth, high survival and improved 
quality for larvae. This has been demonstrated in 
multiple scientific studies for a variety of different 
species, for example, Atlantic cod (Gadus morhua), 
ballan wrasse (Labrus bergylta), leopard coral grouper 
(Plectropomus leopardus) and seabass (Dicentrarchus 
labrax) (Rocha et al., 2017; Øie et al., 2017; Burgess  
et al., 2020, Melianawati, Astuti & Suwirya, 2013; 
Rajkumar & Kumaraguru vasagam, 2006).

Copepods tolerate a large temperature range and 
have commercially been used as feed in 10°C water 
for cod, all the way to 30°C water for grouper and 
tuna larvae. Several grouper hatcheries have now 
incorporated copepods into their production line.  
One of these, Eco Aquaculture Asia in Thailand, 
reported that including copepods in their larval feeding 

led to stronger and faster-growing fry, ultimately 
increasing their production of sustainable grouper 
(Douglas, 2020). The newly hatched copepod nauplii 
are just below 100 µm in length, making them an ideal 
size for young grouper larvae. One benefit from feeding 
the copepods to grouper comes from the copepods’ 
capacity to stimulate enzyme activity in the larval gut. 
For tiger grouper, a significant increase in enzymatic 
(protease) response was demonstrated when copepod 
nauplii were added to the diet, raising the enzyme 
activity by 25.8% compared to traditional live prey such 
as rotifers and Artemia (Rimmer et al., 2011). Even a 
small addition of copepods was sufficient to stimulate 
this increase. 

Lately, CFEEDs copepods have also been boosting the 
Norwegian ballan wrasse larval production, making 
huge improvements to survival. Reaching a survival 
of 80% for weaned fish in commercial productions, 
compared to the beforehand standard of 15-20% when 
feeding rotifers, has completely raised the bar. In the 
production of wrasse, copepods have been used as a 
complete first feeding solution, eliminating the need  
for hatcheries to establish rotifer cultures. Another  
way of using copepods has been as a “vitamin pill”  

Table 1. Length and weight data of a copepod feeding trial with Seriola quinqueradiata performed by Kindai University.

     6dph   16dph

  Total length (mm) Total length (mm) Body weight (mg) Survival rate (%) 

   Copepods  5.2 ± 0.1  8.5 ± 0.3  7.0 ± 0.4  40.3 ± 6.6

   Rotifers  4.6 ± 0.2  5.5 ± 0.2  2.2 ± 0.1  7.6 ± 4.2

Live feed

Figure 3. 100 day-old ballan wrasse larvae raised with copepods (Photo credit: Bernd Ueberschär).
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in addition to other live feed. This smaller inclusion  
of copepods has been promising for yellowtail kingfish 
(Seriola lalandi), where a reduction in size variation 
was observed. This could potentially help decrease 
cannibalism and reduce the need for sorting and 
handling of the fish.

Recently, the interest in importing copepods to 
hatcheries in Asia, Europe and America has been 
growing, partly due to the Seriola industry catching  
on. A production trial conducted in collaboration  
with researchers at Kindai (Japan) yielded a five-fold 
increase in survival for Seriola quinqeradiata feeding  
on copepods and a three-fold increase in growth  
(Table 1). This led to a significant increase in larval 
production and demonstrated that there is a huge 
potential for improvement of today’s output. 

Conclusion
As a company, CFEED AS strives to provide the  
best possible nutrition for marine fish larvae.  
All feeding regimes are tailored to the species in 
question, with appropriate optimizations for the 
production system in use at farm facilities.  
The saying “you are what you eat” is not only  
true for humans, and for CFEED as a company,  
this means to improve today’s production and  
help develop a more diverse and sustainable 
aquaculture industry by supplying copepods  
to the world.

References available on request

Maren Gagnat
Biologist
CFEED, Norway

More information:

Jan Giebichenstein
Biologist
CFEED, Norway
E: jan@cfeed.no
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In early 2021, French startup inalve inaugurated 
its 300 m2 pilot plant in Nice, the world’s  
first biofilm production facility of microalgae. 
The company developed a disruptive 
algaculture technology that enables the cost-
efficient production of marine microalgae 
in a biofilm system that provides high added 
value products for aquaculture farmers and 
feed manufacturers. 

The global challenge is how to feed the future 
global population of 10 billion. The biggest 
driver of food demand is population growth 
and the second is increased demand for animal 
proteins which in turn multiplies the demand 
for grains and fishmeal needed to feed them.  
The main production and supply channels mostly  
result in overfishing and deforestation and do  
not offer a sustainable response to this issue. 

inalve’s technology maximizes the ability of microalgae 
to grow rapidly ensuring high-yield production –  
20 times more biomass and 40 times higher in protein 
productivity compared to terrestrial plants. Biofilm 
algaculture uses minimal amounts of minerals and 
water without the need for arable land and benefits 
from the unlimited resources of sunlight and CO2. 
The process helps to capture atmospheric CO2 (2 kg 
absorbed per 1 kg of protein produces) and is more 
sustainable than fishmeal and soy. Moreover,  
it is more effective than microalgae production in  
water since it is 100 times more concentrated and  
saves 60% more water and 50% more energy.

This new technology provides a new way to  
produce microalgae with a 3-in-1 system (inoculation, 
cultivation and harvest) that delivers a paste of 

microalgae 100 times more concentrated than other 
microalgae production systems without the need  
for intermediate physical or chemical processes. 

As a result, a new range of microalgae-based 
products, FEed ALternatives (FEAL), will be delivered. 
This includes FEAL® Fresh, 100% live, fresh microalgae 
for hatchery farmers with high viability (65% viability 
versus <20% for competing solutions after 7 days) 
since the production process involves no previous 
physical or chemical concentration. The company also 
plans to commercialize functional ingredients, protein, 
immunomodulator and polyunsaturated fatty acids 
concentrates with strong antibacterial properties for 
the aquafeed industry. 

inalve, co-founded in 2016 by Christophe Vasseur  
and Hubert Bonnefond, plans to scale up to a 
commercial farm by 2024 and to deliver several 
thousand tons of microalgae per year and develop  
a network of industrial sites strategically located  
around the world.

New microalgae biofilm  
production facility for a  
sustainable aquaculture industry

SPOTLIGHT

E: krystyna.ledochowska@inalve.com 
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The European lobster, Homarus gammarus (Linneaus, 
1758), is a large decapod crustacean of high ecological 
and economic importance. The stocks of this species 
have been overfished in the last few decades, leading 
to various interventions aiming at species conservation, 
with a concomitant interest in expanding this species 
production in aquaculture. Several breakthroughs 
have been achieved in lobster aquaculture, such as the 
development of hatchery techniques to ensure that 
stocks of this valuable species remain sustainable for 
future generations (FAO, 2017). Changes in European 
lobster management have been particularly important 
in the last decades, in order to restock the depleted 
populations. Research efforts have focused on 
improving water quality conditions and  
the development of novel rearing systems while 
improving farming cost-effectiveness. 

Farming of European lobster in the early stages has 
proven to be challenging due to its cannibalistic nature 
and lack of knowledge of its nutritional requirements. 
During the early life-stages, lobster rearing is highly 
laborious, with larvae relying on live-prey, such as 
Artemia nauplii, for good survival and growth. During 
the first month of development, larvae are pelagic, 
floating on tank surface layers. Once they reach 
post-larvae stage IV, they evolve into the benthonic 
environment, needing to be individually housed in single 
compartments to avoid the occurrence of cannibalism. 

Improvements in lobster farming practices are still 
dependent on the development of specific diets, 
particularly for the early developmental stages (Carere et 
al., 2015; Powell et al., 2017). Live-prey replacement has 
received very little research focus and no commercial 
diet is yet available for homarid lobsters. Replacing live 
feeds with dry formulated diets in the early stages can 
lead to a simpler, less costly and more reliable hatchery 

production of the European lobster. Adopting these 
changes can provide consistent nutritional quality while 
potentially increasing survival and growth performance. 
However, to be able to produce a dry diet that meets the 
nutritional requirements of this species, further research 
is still required. Joining efforts with Riasearch (Murtosa, 
Portugal) and Estação Litoral da Aguda (V. N. Gaia, 
Portugal), SPAROS Lda (Olhão, Portugal) assessed  
the biological efficacy of tailored diets for European 
lobster in terms of growth, molting, survival and 
coloration changes.

Customizing diets for the early  
life stages of European lobster
SPAROS (Olhão, Portugal) developed three tailored  
diets based on the following concepts: PROT –  
rich in protein; PROTCA – rich in protein and calcium;  
and STASH – rich in carbohydrates and calcium. These 
diets were formulated following the known and 

Improving diet formulations for  
the early stages of European lobster
Andreia Silva, Wilson Pinto, Luís Conceição, Sparos, Mike Weber, Estação Litoral da Aguda,  
Bruna Silva, Renata Serradeiro, Riasearch Unipessoal Lda

Figure 1. European lobster (Homarus gammarus) juvenile.
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anticipated dietary requirements of the European 
lobster at its early life stages. Following production, 
these experimental diets were tested in an experimental 
trial conducted at Estação litoral da Aguda. In this trial, 
23 one-year-old juvenile European lobsters (Fig. 1) 
originated from a spawn that occurred in August 2018 
were used. These juveniles were individually reared for 
90 days in 12L tanks in a closed recirculation system 
where the temperature was maintained at 20.8 ± 1.1 
°C. Each lobster was randomly attributed one of the 
experimental diets, (PROT with n=7, PROTCA and STASH 
with n=8) and they were fed twice daily, for the whole 
duration of the trial. Each tank included sand and small 
PVC tubes to stimulate their natural burrowing behavior 
providing shelter and replicating their natural habitat 
as much as possible. Juveniles were sampled before, in 
the middle and at the end of the experimental period 
to assess growth performance, survival and coloration 
changes between molts.

Assessing the biological efficacy of tailored  
diets for the early life-states of European lobster
No mortalities occurred throughout the experiment, 
with all treatments registering 100% survival.  
These results demonstrate good overall quality of  
all experimental diets tested and rearing conditions, 
as these survival percentages are higher than previous 
studies conducted on this species (Powell et al., 2017). 
Juveniles fed on diet PROTCA had significantly higher 
body weight in the middle and end of the trial than 
juveniles fed on the remaining diets (Fig. 2, left). 

Juveniles from the same treatment also displayed 
a higher cephalothorax length than lobsters from 
the remaining diets, but only in the middle of the 
experiment (45-day sampling; Fig. 2, right). 

In terms of shell coloration, all treatments had albino 
lobsters at the beginning of the experiment, but this 
gradually changed over the experimental period. In the 
middle of the experiment, significant differences were 
found between treatments for lobster shell coloration, 
with juveniles fed on PROTCA diet exhibiting significantly 
higher percentages of dark blue pigmentation, closer 
to what occurs in the natural environment (Fig. 
3b). However, at the end of the experiment, a high 
percentage of dark blue pigmentation was found in  
all treatments, with no significant differences being 
found (Fig. 3c). 

Findings from the current study suggest that diet 
PROTCA, formulated to be high in protein and calcium, 
lead to better overall results in terms of growth 
performance and coloration, with lobsters rendering to a 
dark blue coloration naturally found in the environment. 
These findings are in agreement with Gonçalves et al. 
(2020), who showed that protein content in diets would 
affect growth and shell length increment in European 
lobster juveniles. In addition, Haché et al. (2015) also 
proposed that formulated diets for American lobster 
post-larvae should contain high protein levels (at least  
53 %). Moreover, a study by Williams (2007), which 
aimed at developing formulated diets for spiny lobsters, 
also showed this species may have a high demand for 
dietary protein. 

Figure 2. Final body wet weight (left) and cephalothorax length (right) of European lobster juveniles fed different diet treatments for 90 days. 
In PROT, n=7 and PROTCA and STASH, n=8 replicates juveniles per treatment. Values are expressed as means ± SD. 
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However, PROTCA-fed juveniles showed a higher 
growth performance and a quicker transition to the 
dark blue typical coloration of wild European lobsters, 
compared to the PROT group, which suggests that a 
high calcium content is also important in addition to 
high protein. The diet rich in carbohydrates also showed 
some positive results in terms of growth, survival  
and coloration. These findings agree with Powell  
et al. (2017), who observed that the dietary requirement  
for carbohydrates may be higher at earlier life stages. 

Future perspectives
In the few last decades, efforts have been made towards 
the improvement of the rearing of European lobster. 
Although further research needs to be conducted to 
better understand its nutritional requirements during 
early life stages of development, the successful results 
here presented for the introduction of a formulated  

diet rich in protein and calcium, open good  
perspectives for the replacement of live or frozen  
feeds. The production of a species-specific diet for  
the early stages of European lobster can contribute  
to tackle production challenges and increase survival 
and growth performance while contributing to a  
dark-blue coloration similar to the one found for  
wild lobsters present in the natural environment. 

References available on request 

Figure 3. Shell coloration of European lobster fed different diet treatments recorded in samplings a) 0, b) 45 and c) 90 days after the beginning 
of the trial. In PROT, n=7 and PROTCA and STASH, n=8 replicates juveniles per treatment.

More information:

Andreia Silva
Researcher
Sparos, Portugal
E: andreiasophiass@gmail.com

www.industrialplankton.com

www.industrialplankton.com
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Introduction
Within the different stages of production of an  
ichthyic species, larviculture plays a vital role as the 
commercial success of a fish farm depends to a  
large extent on the controlled production of a  
sufficient number of fry (Lazo 2000; Atencio et al., 
2003). In this sense, the survival of larvae remains  
a fundamental factor. 

Despite advances in research to improve tilapia 
production, the management of high stocking densities 
unbalances and alters the organisms’ capacity to resist 
and adapt physiologically. This fact results in stress levels 
that are exploited by opportunistic pathogens, triggering 
diseases that cause economic losses (Jiménez, 2010).  
This is particularly evident in the sex reversal process 
when larvae become more susceptible to such problems.

In recent years, additives, probiotics and premixes 
have gained popularity, aimed at achieving better 
growth, higher survival and increased immunity 
(Monroy et al., 2012). In traditional Chinese medicine, 
licorice is called “the king of herbs” (Armanini et al., 
2002; Cristina et al., 2008; Fiore et al., 2005) and it 
improves disease and stress resistance in fish (Chen  
et al., 1999, 2010a). The main component of Viusid 
Aqua, glycyrrhizinic acid, is obtained from its root.

Viusid Aqua is a nutritional supplement of natural 
origin, composed of antioxidants, vitamins and trace 
elements, which in recent years has been widely 
accepted in countries in both Asia and America with 
extensive aquaculture development (Catalysis, 2012). 
The current study represents the continuity of the 

research carried out in Cuba with this product in 
different aquatic species. Our objective was to evaluate 
the efficiency of the Viusid Aqua nutritional supplement 
(Table 1) containing immunomodulatory characteristics 
on the survival of tilapia larvae during sex reversal.

Material and methods
This research was carried out at the La Sierpe  
fish farm, the largest of its kind in Cuba, located on  
the banks of the Zaza dam, the largest reservoir in  
the country.

Eight concrete tanks with a total area of 200 m² 
were used for the test, four per treatment (T). In each 
treatment, 180,000 tilapia larvae (Oreochromis spp.) 
of a genetically improved variety were distributed in a 
completely randomized distribution design at a density 

Survival performance in tilapia larvae 
undergoing sex reversal by consuming 
an immunomodulator
Vicente A. Méndez García, Leticia Suárez Madrigal, Abraham Reina Calvo,  
Mayra Cristo Hernández, Juan C. Rodríguez Fernández, Ángel Aquino Pernas,  
University of Sancti Spíritus “José Martí Pérez,” Yusbey Riera C., Ambar R. Reyes Companioni,  
The Pesquera Sancti Spíritus Company, Bulent Kukurtcu Targotay, Laboratorios Catalysis 
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of 9,000 larvae/m3. For T1, liquid Viusid Aqua was 
consistently added to the feed at a rate of 2 ml/kg of 
feed for 21 days. No Viusid Aqua was added to T2.

The nutritional regime consisted of commercial feed 
containing 17-α-dimethyl-testosterone masculinizing 
hormone and 60% protein. It was distributed in four 
daily rations at 7:30 am, 10:00 am, 12:30 pm and 
3:30 pm. Growth and survival control were carried 
out through weekly biometrics, sampling 10% of the 
population of each experimental unit according to the 
operating procedures for tilapia farming (POT, 2007). 
These biometrics were used to adjust the feeding rate.

The physical-chemical indicators of water quality 
and the natural food base were monitored daily in 
the morning and afternoon. The following variables 
were measured: average weight of larvae every six 
days and at the end of the test, survival rate, total feed 
consumption and total biomass of the harvest.

Results and discussion
Table 2 shows weight differences between groups  
at the beginning of cultivation and no significant 
differences (p≤0.05) on the final weights. Therefore,  
we conclude that no direct influence was exerted  
by the product on this variable.

The average weights obtained in both treatments 
were appropriate as established criteria (POT, 2007). 
Density is considered to be of utmost importance, 
although this variable depends on several factors.  
Tetth-Doku et al. (2013), as well as Ferdous et al. 
(2014), only obtained a higher average final weight in 
treatments whose density was 1,000 fry/m3 (0.226  
and 0.330 respectively), meaning a density below  
the one used by our study.

Table 2 show significant differences (p≤0.05) in 
biomass for T1 compared to the control, an effect 
primarily caused by the survival ratio using Viusid 
Aqua. Another positive aspect was the absence of 
feed consumption differences between the two 
experimental groups.

Table 3 shows significant differences (p≤0.05) in the 
survival rate in favor of Viusid Aqua. These results are 
consistent with those reported by various researchers 
on the effect of this product on survival (Ocampo, 
2012; Ibarra & Casillas Hernández, 2013; Pulido, 2018). 
This behavior is attributable to the formulation of the 
product, which has been specially designed to help 
balance and stimulate the functions of the immune 
system, reinforcing the body’s immune system 
(Catalysis, 2012). 

   Composition of Viusid Aqua®

Malic acid  9.2 g Pyridoxine hydrochloride 0.45 g

Glucosamine 9.2 g Zinc sulphate 0.23 g

Arginine 8.3 g Calcium pantothenate 0.23 g

Glycine 4.7 g Folic acid 0.1 g

Ascorbic acid (Vit. C) 2.3 g Cyanocobalamin  0.01 g

Monoammonium glycyrrhizinate 0.46 g  

Table 1. Composition of Viusid Aqua®.

Table 2. Initial and final growth parameters of tilapia larvae (Oreochromis spp.) in the different treatments at the end of the sex reversal period.

   Treatments
  (T1) Viusid  (T2) Control

Initial average weight (g) 0.0255 0.0240 0.024* 0.0005

End average weight (g) 0.2450 0.2200 0.067 ns 0.0111

End average biomass (kg/m3) 33.0475 27.4475 0.001* 0.93

Feed consumption (kg) 40.3865 39.0037 0.502 ns 1.93 

* p≤0.05   ns = not significant

Evaluation parameters Significance  Standard error
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The sex reversal process produces stress in the 
larvae and high mortality rates (Watanabe et al. 1977). 
Yet, population density remains an important factor 
associated with survival (Vera Cruz & Mair, 1993).  
When comparing our results with studies, we found  
that survival rates below 80% for sex reversal in 
different systems were also reported by Delarete 
et al. (2009), Borrovich (2010) and Phelps & Okoko 
(2011). Ramos (2017) obtained an 83.6% survival rate 
with a 6,000 larvae/m3 density. In our case, by using 
Viusid Aqua and a 9,000 larvae/m3 density, we achieved 
a 75% survival rate, classified as good as per the 
established criteria (POT, 2007). In contrast, the control 
group achieved a 69.4% survival rate.

Conclusions
Sex reversed tilapia that feed on Viusid Aqua showed 
higher productive performance and survival compared 
to the control treatment group.

References available on request

More information:
Vicente A. Méndez García
Professor 
University of Sancti Spíritus  
“José Martí Pérez”, Cuba
E: vicente@uniss.edu.cu
Contact: Bulent Kukurtcu, 
bulent@catalysis.es  

   Standard Standard error 
   deviation of the mean

T1 (Viusid Aqua) 74.9750 1.96702 0.98351 

T2 (Control) 69.4250 2.17926 1.08963 
0.009**

Table 3. Survival rate of the different treatments at the end of the sex reversal period. 

* p≤0.05. 

Treatments Mean Significance

http://www.catalysis.es
mailto:santiago@catalysis.es
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The project REARLING, funded by the Portugal 2020 
program, Compete 2020, and the European Union 
through FEDER/ERDF, has established the sustainable 
aquaculture production of Senegalese sole through  
the implementation of biotechnologies that removed 
the bottleneck in the species reproductive control to 
close the biological cycle in captivity. 

The project brought together Safiestela Ltd., IRTA 
and RARA AVIS BIOTEC SL to finetune and adjust 
technologies for the control of sole reproduction.  

Until recently, the production of Senegalese sole 
juveniles relied on the capture of wild broodstocks  
from unsustainable fisheries as large-scale egg 
production from hatchery-produced breeders 
had failed, either through attempts to obtain 
natural spontaneous spawning or through in vitro 
fertilization. The principal problem that is frustrating 
the implementation of in vitro fertilization is the low 
quantities of poor-quality sperm, which is usually 
collected from sole males. 

Biotechnology opens the door  
for sustainable sole aquaculture
Isidro Blanquet, Carlos Vilafranca, Diogo Rosado, Micaela Martins and Frederico Silva, 
Safiestela Ltd., Ignacio Giménez, RARA AVIS BIOTEC SL, Joan Cerdà, Neil Duncan,  
François Chauvigné, Wendy González-López and Sandra Ramos-Júdez, IRTA

Stripping Senegalese sole sperm for in vitro fertilization at Safiestela Ltd.
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Producing high-quality sperm
To increase the production of sperm in Senegalese 
sole, researchers from the project tested the use of 
artificial hormones which mimic the natural hormones 
that typically control the growth and maturation of 
the gonad, called gonadotropins. These hormones, 
follicle-stimulating and luteinizing hormones (FSH and 
LH, respectively), were produced by the company 
RARA AVIS BIOTEC SL by inserting recombinant DNA 
molecules encoding modified Senegalese sole FSH  
and LH into cultured mammalian cells, which act as a 
factory to produce high amounts of the hormones. 
Using this approach, research showed that sequential 
treatment of males with recombinant FSH and LH 
through intramuscular injection was effective at 
increasing the circulating levels of androgens in the 
blood, and was able to increase by approximately 
10-fold the production of good quality sperm. 
Importantly, these studies also demonstrated that the 
recombinant hormones are completely degraded after 
two weeks of injection into the fish, thus assuring that 
these compounds do not enter into the food chain 
through the offspring.

In vitro fertilization 
In addition to increasing sperm production, the project 
implemented in vitro fertilization protocols, which 
defined how to manage sperm and eggs to obtain good 

levels of fertilization and production of larvae to stock 
larval growing facilities. 

Sperm was collected into and stored in commercial 
extender solutions (Marine Freeze® IMV technologies 
or modified Leibovitz) that improved the quality of the 
sperm and increased the storage time during which the 
sperm quality was maintained. This enabled the sperm 
to be cold stored (4°C) until eggs were obtained from 
ovulated females. In addition, the sperm of the highest 
quality can be cryopreserved for longer-term storage. 

To manage the eggs, both the timing of ovulation and 
the period post-ovulation, during which the eggs are 
still viable, were defined under the hatchery conditions. 
Females were induced to ovulate with gonadotropin 
releasing hormone analogues (GnRHa) and the 
time from hormone application to ovulation was 
determined. Once ovulated, the eggs must be fertilized 
as soon as possible after collection as it appears that 
from ovulation onwards the eggs gradually lose viability. 
Lastly, the amount of sperm required to obtain a high 
percentage of fertilization of a batch of eggs was tested 
and determined to ensure single, male + female crosses 
were possible to fertilize large egg batches to stock the 
hatchery infrastructure. 

Therefore, the in vitro process was defined as a 
manageable sequence where females and males were 
selected, sperm from gonadotropin induced males was 
collected and stored just before the expected ovulation 

• Passou de 56%  2019 para 75% em 2020.

• Falta de sincronização dos selvagens.
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Figure 1. Larval production from in vitro fertilization and natural spawning. Safiestela Ltd.
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and the good quality gametes were mixed at the correct 
moment. The process appears complex and labor 
intensive, but 2-3 females are easily managed to stock 
the entire hatchery or more fish can be used if a greater 
genetic variation is required.

Conclusions
Taken together, the project has implemented successful 
methods for enhanced sperm production and in vitro 
fertilization protocols in the Senegalese sole. This has 
given the hatchery Safiestela Ltd. full control to choose 
when fertilized eggs are produced and removed the 
reliance on natural and sometimes unpredictable 
spawns from wild broodstocks. During the project, 
the hatchery has changed from completely relying on 
naturally spawning wild broodstocks to obtaining a 
majority of eggs from in vitro fertilization in 2020  
(Fig. 1). In addition, the hatchery staff can now choose 
which breeders are used for crosses to produce 
juveniles from breeders with desired production 
characteristics such as fast growth, fish shape or  
meat quality. 

This is the first step towards the implementation  
of breeding programs for Senegalese sole that will 
improve the farms’ production for many generations.

More information:

Isidro Blanquet
R&D Manager 
SEA8 Group, Portugal
E: isidroblanquet@sea8.eu

Stripping Senegalese sole eggs for in vitro fertilization at Safiestela Ltd. 

http://www.iandv-bio.com
mailto:sales@iandv-bio.com


Hatchery Feed & Management Vol 9 Issue 1 2021

COLUMN

Regional developments
Gidon Minkoff

Gidon Minkoff operates consulting services for the hatchery sector  
at Fish Hatchery Consulting. E: gminkoff@gmail.com

Intensification and diversification  
in European marine fish hatcheries
The European marine fish hatchery sector is a mature 
industry with over 35 years of building up expertise in 
the mass production and supply of juvenile fishes to the 
farms. It has evolved while contending with the roller 
coaster ride of changing markets, global recessions as 
well as with an ever changing environmental, social and 
legislative landscape. Despite these upheavals (such as 
the current COVID pandemic), it has supplied farms with 
the fish they require and has continuously developed 
production methods and logistic strategies that have 
increased both quantity and quality while reducing 
production costs.

The bulk of production in the EU comes from the 
bream and bass hatcheries. Annually 750-850 million 
fish are produced and moved to sea cages once they 
attain a size of 5-10 grams. The ratio of the output of 
these two species can change, and often does, on a 
yearly basis depending on the market trends and the 
requirements of the farms. EU hatcheries are also 
producing turbot (7-10 million fish/year) as well as the 
upcoming new species such as sole (4 million fish), 
meagre (6-8 million) and smaller quantities of yellowtail 
(S. lalandi and S. dumerilli).

The quantity of bream/bass produced in the EU 
plateaued around 2015. From that point on, increasing 
numbers of fish from the EU (as well as Turkey) have 
been supplied to fish farms in the Middle East and 
North Africa. Expanding into these geographical areas 
presents an opportunity for European companies 
that are supplying fish, expertise and the hatchery 
technology that has been accumulated over 30 years  
of operating and managing such complex systems.  
This combined activity is driving a consistent and 
substantial increase in global bream/bass production. 
Gradual but constant improvements in production 

methods have increased the output per hatchery  
from a few million fish per year to the current average 
of 20-40 million fish per year per hatchery. In the 
process of intensification, the survival of bream and 
bass from egg to juvenile has increased from around 
10% to 30-50%. This higher productivity has resulted  
in a reduction of the COP which currently is situated  
at €0.10-0.15 per juvenile (sale price of juveniles to  
third parties is between €0.18-0.22 /juvenile).

There is a significant difference between the 
hatcheries of southern and northern Europe. In 
southern Europe, only a handful of hatcheries are 
producing in the range of 1-3 million fish per year  
with most smaller hatcheries specializing in alternative 
species such as turbot, sole, meagre and yellowtail.  
In the north, most of the production is aimed at 
producing cleaner fish for the salmon farms.  
These hatcheries produce in the range of 1-3 million  
fish per year.

Northern Europe has seen a significant drive in 
producing cleaner fish and a renewed impetus in 
producing Atlantic cod and halibut. With respect 
to cleaner-fish production, Mr. Richard Pricket who 
operates and manages Dorset Cleaner fish Ltd., has 
generously provided the following details.

Two species are being produced in hatcheries, ballan 
wrasse (Labrus bergylta) and lumpfish (Cyclopterus 
lumpus) with main production centers in Norway, the 
UK, Ireland and Iceland. In general, Norway applies 
open systems and the UK and Ireland apply recirculation 
systems. Norway is the main producer, and in 2019 
there were 26 companies with a total production of 
39 million lumpfish and 680,000 wrasse, while total 
UK, Ireland and Scotland production stand at 8 million 
lumpfish and 1 million ballan wrasse.

http://www.dorsetcleanerfish.co.uk/
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Ballan wrasse are technically much more difficult than 
lumpfish and require live feed during the larval stages 
and specialized weaning diets. Growth is also very slow 
and deformities quite high. It takes about 18 months to 
produce a 40-60 g fish ready for deployment. Wrasse 
are used mainly when sea temperatures are >12°C. 
Lumpfish are the opposite, being able to take dried 
feed at post-yolk-sac stage and growing to deployment 
size of 25 g in 6-9 months. Lumpfish are the preferred 
cleaner fish in the cold winter months.

Moving tens of millions of bream and bass from 
hatchery to farm during the warmer months of the year 
necessitates highly coordinated logistics amongst the 
different production departments. This very intense 
activity requires that each sector of the production 
chain, broodstock, live food, larvae, nursery and 
transport, perform in concert at optimal output over 
10-11 months of the year. To achieve this, the technical 
teams of the hatcheries, with the additional input from 
veterinarians, feed and equipment suppliers as well as 
academics, have constantly been improving production 
methodology and reliability. 

For successful larval rearing green water, rotifers and 
Artemia were always and are still, essential.  
There is, however, a constant sophistication of the 
process through incorporating into the diets the most 
up-to-date nutritional formula. Rotifer mass cultures 
currently employ “all-in-one” diets that are both 
beneficial for rotifer reproduction as well as providing 
the required nutrition to the fish larvae. Artemia cysts 
are better selected for hatching rates as well as being 
magnetized for removing un-hatched cysts and shells. 
These improvements simplify the process, reducing the 
manipulation time of live feed and the losses of live feed 
that occur through consecutive rinsing and cleaning 
before being introduced into the larval rearing tanks. 

Feed companies have also been at the forefront of 
adapting the diets, whether for live food, weaning 
or nursery, to the latest nutritional knowledge as 
generated by the scientific community. More recently, 
EU hatcheries are opting for and exploring the use of 
algae pastes, freeze-dried algae and algae substitutes 
for green water and rotifer feeds. The objective here is 
to eliminate the costly and precarious in-house algae 
production systems and replace them with off-the- 
shelf products of consistent quality. The availability 
of dried or pasted algae has also contributed to 

developing high-density rotifer culture systems 
through the adoption of flow-through and recirculation 
technologies. These improvements have allowed 
hatcheries to increase the productivity of live food  
by an order of magnitude while keeping constant  
the footprint, manpower and energy costs that drive 
the system.

Prior to leaving the larval rearing section, larvae are 
weaned into dry diets and then moved to the nursery. 
At this stage, fish are graded to reduce cannibalism 
and create homogenous size groups. Feeding is mainly 
automated and fish are moved around with fish 
pumps and in many cases, they are machine-graded 
and counted. Nurseries are either flow-through or 
RAS. Those hatcheries that have an abundant supply 
of seawater from boreholes tend to use flow-through 
systems. RAS technology is becoming more and more 
common in hatcheries that use pumped ashore water 
as it enables them to intensify production without 
having to re-engineer the seawater pumping and 
filtration systems.

The greatest asset of the hatcheries is the 
technicians and operators that work these facilities. 
In Southern Europe, workforce mobility is limited and 
the population that wants to stay or move to rural 
community values obtaining and retaining a fixed year-
round position such as those offered by the hatcheries. 
For this reason, many of the hatcheries have employees 
that have worked on the production for 20 years or 
more and have accumulated experience and expertise 
that is invaluable to the success of these companies.

Looking ahead, improvements are on their way 
through automation as well as the genetic selection 
for faster-growing fish. Currently, the grow-out period 
on the farm for either bream or bass is 14 months 
or more, so accelerating growth through genetic 
selection will have a significant impact on the bottom 
line. Collaborations between the private and public 
sectors in Europe are now working towards this goal. 
Diversification into faster-growing species, such as 
meagre and yellowtail, will also lend itself to increasing 
the yield from the farms as these fish can grow to 1 kg 
or more in their first year at sea. All in all, the current 
technological level of the European hatcheries provides 
a solid foundation that is much needed for increasing 
production volume as well as diversifying into new  
and alternate species.



Hatchery Feed & Management Vol 9 Issue 1 2021

22

RAS in 2021
Recirculating Aquaculture Systems (RAS) technological 
advances for either fresh or seawater will secure 
the sustainable intensive aquaculture process of the 
21st century. Environmentally cautious, innovative 
RAS installations are the future of a healthy and high 
nutritional value protein production food, supporting 
consumers’ requirements by providing sustainable 
solutions for food safety and food security for the 
human population in any part of the planet.

A RAS should be designed and installed based on 
farmers’ biological production process requests, taking 
into consideration many aspects, more importantly,  
the animals’ welfare and succeeding a stable production 
via simple operational procedures. Fully integrated  
plug-and-play and tested RAS filtration technology is 
the key to any sustainable aquaculture production.

Nowadays, advanced RAS in land-based farms support 
the mechanical, biological, chemical and disinfection 
filtration processes with low energy consumption and 
ease of operation. The importance of RAS is that it  
can secure the below important aspects to stable  
and secure farming:
• Optimized TAN removal rate.
•  Excess protein removal by centrifugal fractionation 

supported by an automatic protein foam leveling.
• Biological support by trickle filtering and bioreactors.
•  Disinfection solutions by ozone infusion and 

ultraviolet radiation.
•  Automation systems allowing real-time water  

quality monitoring and remote operations to  
all aspects of the RAS.

•  Resistant and robust fabrication materials  
allowing a long life cycle.

Freshwater species land-based aquaculture
We are now in the epicenter of RAS technology  
for freshwater species equipment design making it 
possible to achieve sustainable inland fish farming.  
Our equipment design logic principle is based on 
compact, lowest possible footprint needed per filtration 
capacity while keeping initial investment cost at the 
lowest level. We aim in supporting fish farms that need 
to control incoming water, recirculation/close loop 
circuit and the discharged water. Our biologists and 
RAS engineers started working on fish farm filtration 
equipment about a decade ago. Since then, many 
technological improvements, as well as large-scale  

Latest filtration technology 
developments for pre-smolt  
salmon farming 
Çağdaş Güven Işık, MAT Filtration Technologies

Figure 1. Freshwater protein skimmer. 
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fish farming knowledge has led the RAS industry,  
to seek sustainable solutions that would secure  
stable and safe industrial farming.

Recently, we established a new company  
MAT-KULING in Norway to support Scandinavian  
fish farming. R&D has been our main focus, working 
closely with affiliate fish farms and educational 
institutions around the world. Our philosophy  
is to share our RAS equipment technology with 
established fish farm designers and consultants  
so that modern fish farms can achieve sustainable 
operations and produce healthy fish at market price.

The need for freshwater protein skimmers
Freshwater fish farmers, especially salmon farmers, 
requested MAT Filtration Technologies to develop a 
freshwater protein skimmer able to perform in fresh 
and brackish water conditions and be able to be 
installed specifically in salmon pre-smolt stages tanks. 

The salmon’s pre-smolt life cycle is the stage when 
farms need better water parameters to achieve  
optimal fish growth. The concern is that these  
pre-smolt tanks run on freshwater and traditional  
saltwater protein skimmers cannot achieve significant 
foam fractionation.

The MAT RAS design and engineering department, 
spent over 18 months testing different venturi injectors 
on skimmer bodies while injecting water through newly 
developed venturi pumps. This adjustment assisted our 
engineers to obtain the needed pressure and achieve 
high levels of air infusion into the water cyclone  

under a specific bubble size within the skimmer  
body. After many trials and FEA studies, our  
freshwater protein skimming is now achieving  
equal, if not better to saltwater, viscous application 
results. The foam is a thick sludge, leaving the  
close loop circuit water free of particles and nutrients. 

The protein skimmer is an add-on to the existing 
filtration setup loop. By adding a protein skimmer  
to the hatchery filtration RAS, the farm aims for 
enhancement in water quality, resulting in significant 
improvement in biomass capacity per tank.

Freshwater protein skimmer  
operation and engineering
The Freshwater Protein Skimmer operates by  
producing thick sludge of fine air/ozone bubbles 
of which surface area attracts protein-amino acid 
molecules and other organic and inorganic  
compounds. The skimming process is achieved by 
expelling out this bubble-organic sludge through  
a foam discharge chimney, located at the top of the 
device. The key to achieving optimum performance  
is to ensure stable production of fine air and ozone 
bubbles, that are sustained within the cyclone, until  
the discharging point at the top of the chimney.

The freshwater protein skimmers operate using 
purpose-designed venturis in conjunction with booster 
pumps, achieving high-pressure conditions within the 
protein skimmer body. The principle is rather simple 
but the engineering behind achieving optimum results 
needed many trials in various bioloads and water 

Figure 2. Average particle removal (%) with freshwater protein skimmer.
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viscosities. Basically, we optimized the polarity of 
the organic compounds in freshwater environment, 
achieving significant levels of protein reduction from 
the nutrient-rich water column. We also observed that 
the performance of the equipment is even better on 
higher organic loaded systems. Our site tests showed 
a decrease in total suspended solids, ammonia, nitrite 
values and achieved an increase of dissolved oxygen 
and ORP values.

Results tested by an independent 3rd party
In 2020, the Norwegian Institute for Water Research 
(NIVA), Norway’s leading non-profit institute for 
fundamental and applied research on marine and 
freshwater applications, performed an independent, 
field trial on MAT Freshwater Protein Skimmers. 

The Freshwater Protein skimmers were found to 
significantly improve the water parameters in pre-
smolt stage salmon farming. Specifically, these devices 
remove up to 70% of particles at the outlet vs the  
inlet of the equipment (Fig. 2). This innovation in 
freshwater aquaculture, together with the excellent 

CAPEX to OPEX ratio of our RAS systems, is what 
modern fish farms should look for.

Future developments
In 2021, we will be fully 
operational at our new assembly 
and customer support facility in 
Dallas, Texas serving the U.S. and 
Canadian modern fish farming.  
We support sustainable land-
based aquaculture production and we are ready  
to cooperate with industry experts and exceed  
their expectations. 

More information:

Çağdaş Güven Işık
Director of Technical Services
MAT Filtration Technologies, 
Norway
E: info@mat-ras.com

© 2021 Reed Mariculture, Inc. All rights reserved. Instant Algae, Ensuring Hatchery Success are trademarks or registered trademarks of Reed Mariculture Inc.  

WATCH OUR SHORT VIDEO TO LEARN MORE:  ReedMariculture.com/sixways

∙1  Always available refrigerated 
and frozen algae concentrates 

∙2 Superior nutrition, intact 
whole-cell feeds 

∙3 Consistent and reliable results 

∙4 Easy to use

∙5 Friendly customer service and 
technical support

∙6 Superior shipping and logistics

Tim Reed, President, CEO and Founder of Reed Mariculture, Inc.

6 WAYS INS TA N T  A L G A E ®  E NS UR E S
YO UR  H AT CHE RY ’ S  S U C CE S S

http://www.reedmariculture.com/sixways
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Recirculating aquaculture systems (RAS) have grown in 
popularity over the last decade for a number of reasons. 
In addition to providing optimal water quality for 
maximizing fish production, they’re also more efficient 
than traditional flow-through systems and help fish 
farms conserve water, energy and space. 
Because RAS systems require a fraction of the new 
water that a flow-through facility requires, their use in 
hatchery operations for both freshwater and saltwater 
species is on the rise. Less need for new water means 
that operators can: 
•  Locate a facility where there are large seasonal  

or daily variations in water temperature, salinity  
or availability. 

•  Develop a large facility in an area where there’s not 
enough water for a similar size flow-through facility. 

• Provide optimal growth conditions year-round. 
•  Limit or stop the flow of new water when there are 

toxic algal blooms nearby or if you have other water 
quality concerns. 

•  Monitor the grow-out site and manipulate their RAS 
water to match those conditions prior to stocking.

In addition, by using less new water and producing less 
effluents, RAS systems often make it easier to obtain 
permits, especially in coastal areas. 

For those making the switch to RAS for the first time, 
however, there is a learning curve. Getting a new 
recirculating system dialed in takes time, patience and 
some trial-and-error. Here are some tricks of the trade 
to help you ensure your system is running at peak 
performance and producing robust, healthy and great-
tasting fish. 

How to ensure peak  
performance from a  
recirculating aquaculture system
Greg Beckman, Innovasea
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Getting started
After installation and prior to introducing fish into a  
new system, it’s important to thoroughly clean the 
system so construction debris or dust don’t clog its 
components. You want to initially start the system  
with a contaminant free, clean surface.

The initial cleaning entails vacuuming or broom cleaning 
each area of the system to remove physical material from 
all surfaces. You should then do a thorough inspection 
of equipment, such as micro-screen nozzles, to make 
sure there’s no leftover debris. From there you should 
pressure wash all surfaces. Finally, you should  
go over all surfaces with a disinfectant or fill the system 
and circulate water mixed with disinfectant through it.

It’s also imperative to properly seed the biofilter, a 
process that can take anywhere from six to eight weeks. 
Biofilters are living entities themselves and need to be 
managed that way. What you’re doing is creating the 
right water quality and nutrient profile to feed a filter  
to grow the bacteria that can convert your ammonia 
down to nitrate, and that takes time. 

Avoiding common mistakes
Once you have fish in the system and things are running 
well, avoid the natural urge to try to get more out of  
the system. You need to maintain the proper biomass 
levels and the proper feeding levels. You also need to 
continue to monitor things – especially water quality.  
Do daily water testing so that you have that data 
available if something goes amiss. 

Regular maintenance is mandatory, of course. Follow 
the prescribed maintenance schedule for each piece 
of equipment to ensure it keeps running properly and 
delivers long life. 

Dealing with captured solids
All fish production facilities generate solid waste.  
As RAS facilities, including hatcheries, grow in scale, 
 the amount of solids produced can be significant  
and this is a growing industry concern.

The primary solids that you find in a system are  
made up of uneaten feed and fecal matter. But, not all 
fecal matter is the same as both the species and quality 
of feed impact water quality and efficiency of RAS 
equipment. So it’s vital that solids are transferred out  
of the tanks and into the filter system as quickly as 
possible. There are many types of technology used for 

this, including micro screen drum or disk filters,  
foam fractionation and fixed bed filters. 

What happens to the waste afterward is where it  
gets tricky. 

Gravitational separation is able to turn the waste  
into a low solids material that resembles squishy mud. 
This can be stored on-site and then periodically  
removed and used as fertilizer. Some farms have  
even been able to monetize this to create a new  
revenue stream for their business. 

This is pretty straightforward for freshwater systems. 
But saltwater provides a distinct challenge because  
of the saline content, which prevents the waste from 
being used as fertilizer, except for application to  
salt-tolerant crops, such as Salicornia or purslane.  
The goal is to increase the solid content of the waste 
using technologies you’d see in a wastewater treatment 
plant, like belt filters, filter presses and vacuum drums. 
These help create a drier end product that is less  
costly to remove off-site, either as a soil conditioner  
or to a landfill.

Other options include setting up a bio digestion  
system that works like a traditional septic tank.  
Microbes eat and digest the sludge, creating methane 
that can be used for on-site power generation. 

Needless to say, a lot of this depends on your site,  
its geographic location and what kind of facility you  
have, scale of operations and what local and state 
regulations allow. 

Maintaining a system not in use
Fish farms have to take their RAS systems offline  
from time to time, whether it’s for maintenance or  
other reasons. When you do that you need to make  
sure everything is thoroughly cleaned, disinfected  
and scrubbed before pressure washing it. This includes  
pipes and drains because dangerous viruses and  
bacteria can be lurking everywhere.

Taking care of pumps
Pumps fail – it’s just a matter of time. You need to  
be prepared for a pump failure before it happens.  
This means having an extra pump on hand as a  
backup or, better yet, already plumbed into your  
system. Time is critical in the event of a failure  
and having another pump ready to go minimizes 
downtime and helps you avoid a catastrophic fish loss. 
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To prevent a failure, you need to keep an eye on  
your pumps. If you notice decreased performance,  
it may be time for a replacement. What should you 
 look for? Every day you should check for new noises,  
whining, excessive vibration, leaks and excessive heat.

Any of these can be a sign your pump has seen better 
days. In addition, you should get in the habit of checking 
amperage levels once a month. Pumps today are pretty 
robust, but regularly monitoring helps you avoid trouble 
and keep your facility running smoothly. 

UV treatments
Generally speaking, there are two types of UV systems 
used in aquaculture: low pressure, high output systems 
and medium pressure systems. While they both have 
their pros and cons, we generally recommend the low 
pressure, high output systems because they offer: 
•  Higher output of UV energy in the  

germicidal range
•  Lower operating temperatures for  

less overall heat gain
• Lower costs
• Longer lamp life 
In terms of your UV dose rate, it depends on your 
objective. There really isn’t a one-size-fits-all approach 
but to combat most viruses and bacteria, the general 
range is 30 to 60 millijoule per centimeter squared.  
If you’re targeting a specific pathogen, you can go as  
high as 300 millijoule per centimeter squared to get  
the desired results. 

Summary
There are a lot of good reasons to make the switch to a 
RAS system, especially if the water supply is a challenge, 
space is an issue or if you’re looking to save on energy 
costs. Just remember that getting the hang of a RAS 
system takes time. By following the steps above, you can 
reduce the learning curve and make it easier to avoid 
problems down the road. 

More information:

Greg Beckman
Vice President 
Innovasea, USA
E: greg.beckman@innovasea.com
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A recirculating aquaculture system  
(RAS) has many steps for water purification, 
including a biofilter where living bacteria 
convert toxic ammonia to nitrate. In this 
two-step process, Nitrosomonas species are 
often involved in the oxidation of ammonia 
to nitrite, while Nitrospira species are often 
involved in the oxidation of nitrite to nitrate. 
However, these bacteria develop slowly and 
can be sensitive to changes in water quality, 
making the activation of new biofilters  
time consuming and challenging. Relatively 
few nitrifying genera are well-described from 
cultivation experiments in the lab, but the 
new generation of sequencing technology 
available today can reveal the large diversity 
of nitrifying Bacteria and Archaea in biofilters 
and provide knowledge on how different 
farming operations, including feeds, stimulate 
the development of different communities.

Materials and methods
At Marineholmen RASLab, 12 RAS units 
(Alpha Aqua, Denmark) with a 1,000 L tank 
each are used for facilitating research and 
innovation within aquaculture. Due to 
frequent operational changes between new 
projects, biofilter activation after disinfection 
occurs several times per year. RASLab has  
two storage tanks of 5 m3 each for biofilter 
chip maintenance so that fresh and active 
biofilter material can be added to RAS units in 
new projects, thus shortening the activation 

Sequencing reveals different 
nitrifying bacteria in freshwater  
and seawater RAS biofilters
Irene Roalkvam and Mark Powell, Marineholmen RASLab AS,  
Sven Le Moine Bauer, University of Bergen 

Figure 1. Quantification of nitrogen species in water. The concentrations of 
ammonia, nitrite and nitrate were measured in water from the seawater storage 
tank (a) and the freshwater storage tank (b). After an initial increase, the ammonia 
and nitrite concentrations decreased over time as the bacterial nitrification process 
was established, while nitrate concentration increased. Not the different scales in 
the graphs.
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period and between project turnover substantially.  
The two tanks have 0‰ NaCl or 15‰ NaCl, and sodium 
bicarbonate (NaHCO3) and 30-50 g ammonium chloride 
(NH4Cl) are added daily to ensure optimal pH and 
substrate availability for the nitrifying bacteria. 

For the initial biofilter activation of chips in the 
storage tanks, 500 mL of nitrifying enrichment culture 
(Novozymes Biologicals, China) was added to each tank 
in June 2020. By the end of July 2020, the biofilters 
showed good nitrification capacity, with confirmed 
nitrite and nitrate formation based on analyses using 
Spectroquant® photometric kits (Merck) (Fig. 1a-b). 

From each storage tank, ten biofilter chips were 
sampled for community analysis in order to reveal 
which nitrifying bacteria had been established in the 

biofilters and if the communities 
in fresh water and saltwater 
biofilters were similar. From the 
chips, biofilm was scraped off 
using a sterile pipet tip and  
then suspended in 500µl water 
from the associated storage 
tank. Total DNA was extracted 
from parallel samples from each 
storage tank, each comprising of 
200µl biofilm suspension, using 
the DNeasy Blood & Tissue kit 
(Qiagen). DNA was prepared 
for sequencing through a 
standardized protocol (see  
(Zhao et al., 2019) for details). 
In short, 16S rRNA genes were 
amplified in a 2-step PCR using 
Uni519F and 806R primers, 
barcoded and pooled prior 
to sequencing by Ion Torrent 
technology. Sequences were 
then processed using quality-
filtering, chimera removal, and 
clustering at 97% similarity with 
VSEARCH (Rognes et al., 2016). 
Taxonomic information was 
assigned using the LCAClassifier 
from CREST based on the 
modded SILVA128 database 
(Lanzen et al., 2012).

Results
The sequencing revealed a large diversity in the 
biofilters. However, only highly abundant groups 
are discussed in this paper, i.e. bacteria with 
relative abundances above 2% in the total microbial 
communities. The bacteria in parallel samples of 
freshwater or seawater biofilters were very similar,  
but biofilters in the different storage tanks had  
very different community compositions. 

Based on the known physiology of closely related 
species, functions and properties for the identified 
bacteria in the biofilters were predicted. However,  
this task has proven difficult for some of the 
undescribed environmental bacteria present in  
the samples. 

Figure 2. Microbial communities based on 16S rRNA gene sequencing using Ion Torrent technology. 
The seawater and freshwater biofilters developed different bacteria population after two months of 
biofilter activation (a), and the nitrifying bacteria were also different in the biofilters (b), probably 
as a result of the contrasting salinities. Only bacteria with relative abundances above  
2% are included in the figures.
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The seawater biofilter (15‰) was dominated by an 
ammonia-oxidizing Nitrosomonas genus, an unknown 
Skagenf62 group, and several unidentified bacteria 
within Rhodobacteraceae, Comamonadaceae and 
Gallionellaceae (Fig. 2a). Rhodobacteraceae and 
Comamonadaceae comprise many genera covering high 
phenotypic diversity and various habitats, including 
aquatic and marine environments. In the biofilters, 
however, they are predicted to have a heterotrophic 
lifestyle (Willems, 2014; Garrity et al., 20015). 
Gallionellaceae is predicted to be involved in the iron 
cycle (Hallbeck & Pedersen, 2014). The freshwater 
biofilter was also abundant in bacteria with an assumed 
heterotrophic lifestyle, such as Flavobacterium and 
a different Comamonadaceae group. Hence, organic 
matter is likely to be utilized by different bacteria in RAS 
biofilters with different salinities. In addition, nitrifying 
Nitrospira, Nitrosomonas and unknown species within 
Nitrosomonadaceae were found with high relative 
abundances in the freshwater biofilter, which was not 
the case for the seawater biofilter.

The sequencing approach also showed a large diversity 
of nitrifying bacteria in the biofilters with 271 different 
bacteria in total, classified at various taxonomical levels. 
No ammonia-oxidizing Archaea were detected, although 
these have previously been detected in freshwater RAS 
(Schreier et al., 2010; Brown et al., 2013; Huang et al., 
2018). In the freshwater biofilter, ammonia-oxidizing 
bacteria within Nitrosomonas and nitrite-oxidizing 
bacteria within Nitrospira were detected (Fig. 2b), 
which strongly suggests that the nitrification process 
was complete and that ammonia in the storage tank 
was converted to nitrate biologically. Furthermore, 
the relative abundances of Nitrosomonas (5.5-6.8%) 
and Nitrospira (10.1-13.0%) were highly similar to the 
community structure found in a commercial marine RAS 
for post-smolt when the same methods were applied 
(Roalkvam et al., 2021). The nitrifying population in the 
seawater biofilters were dominated by a Nitrosomonas 
genus that was only detected with low relative 
abundance (<0.005%) in the freshwater biofilters (Fig. 
2b). An additional search of this Nitrosomonas sequence 
in the NCBI Refseq database by the blastn algorithm 
resulted in 97.7% identity to Nitrosospira multiformis, 
an ammonium-oxidizing genus closely related to 
Nitrosomonas (Watson et al., 1971). This shows that the 
taxonomical classification of environmental nitrifying 

bacteria can be challenging, but it also indicates that 
the main ammonia-oxidizing bacteria in the freshwater 
biofilter was different from the seawater biofilter.  
The amount of Nitrospira in the seawater biofilter 
was much lower than expected, with only 0.02-0.04% 
relative abundance. This indicates that nitrite oxidation 
could be performed by other bacteria, possibly species 
not targeted by the primers used for sequencing, or 
that the Nitrospira population would need more time 
to develop in high salinity (15 ‰ NaCl) RAS. In future 
studies, biofilter community sequencing every 3-6 
months could reveal changes and development of 
nitrifying bacteria in the biofilters over time.

Conclusions
Overall, the results showed that similar processes  
within the carbon and nitrogen cycles occurred in  
both freshwater and seawater RAS biofilters,  
although they were performed by different bacteria. 
Both biofilters were activated and matured after  
eight weeks using the seeding method, and nitrate 
production was confirmed. The nitrifying population  
in the freshwater biofilter comprised several genera  
of Nitrosomonas and Nitrospira with predicted  
relative abundances, providing complete nitrification. 
The seawater biofilter was dominated by a different 
Nitrosomonas or possibly Nitrosospira genus, but the 
low relative abundance of nitrite-oxidizing bacteria, 
although nitrate was produced in the biofilter. This 
study shows that there is a large diversity of nitrifying 
bacteria in RAS biofilters, of which most are poorly 
characterized. Sequencing technology could provide 
new knowledge on how these bacteria adapt to 
physiochemical changes in the water, including choice 
of feed or different RAS operations. This approach  
could also improve the maintenance of biofilters and 
increase the efficiency of the nitrifiers especially.

References available on request
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Introduction 
Recent trials at the Sustainable Aquatics marine 
hatchery have demonstrated that it is possible to  
grow Atlantic salmon to maturity faster in RAS systems 
with less than 1% deformities and greater than 98% 
survival rates as compared to the industry standard  
in ocean net pens. In our system, we observed  
growth from eggs to 22 g fish in 25 weeks post- 
hatch, suggesting that it is possible to grow alevins  

to harvestable adults in 12 to 20 months, as compared 
to an industry average of 36 months. 

The keys to our success include fine-tuning allometric 
growth in alevin stages, providing optimal nutrition in 
juvenile and adult stages, and maintaining excellent 
water quality in a RAS system to avoid growth 
inhibition. Our approach is in contrast to most of the 
scientific effort to improve salmon yields which has 
been directed at genetic improvements of stocks 

Improving salmon  
growth in RAS systems
Terry W. Snell, Matthew Carberry, John Carberry, Tim Wilson, Sustainable Nutrition Inc. 

Figure 1. Sequence of salmon larvae development at Sustainable Aquatics hatchery

Day 0 Day 8

Day 16 Day 42

Day 70



Hatchery Feed & Management Vol 9 Issue 1 2021

32

(Stokstad, 2020). However, it is becoming increasingly 
clear that nutritional programming, especially  
in juvenile alevin on yolk stages, is key for  
promoting the health, disease resistance and  
growth rates of salmon in aquaculture (Skjærven  
et al., 2020).

Fine-tuning allometric growth in alevin stages
Like many fish, the growth of salmon is allometric.  
Eyes, mouth, gills, liver and tail develop faster  
than other body parts and long before the yolk  
is exhausted (Osse & van den Boogaart, 1995).  
These patterns reflect the developmental priority  
given to vital functions, like feeding, locomotion  
and respiration. This allometric growth is driven  
by the rapidly changing balance between inertial  
and viscous forces experienced by salmon larvae  
as they develop in relation to their body length  
and swimming velocity. Allometric growth is  
genetically programmed and must occur in the  
proper sequence in order for fish to thrive  
throughout their lives. It is becoming clear  

that larvae that do not conform to this allometric 
sequence of growth do not recover and are 
compromised their entire lives.

To better understand allometric growth of 
salmon larvae, we need to appreciate their early 
life history. Salmon eggs are spawned and hatch 
after about 450-degree days (a degree day is a day 
times temperature in centigrade). Initially, nutrition 
is completely supplied by yolk. Since there is no 
exogenous feeding, the larvae hide in the gravel  
(redd) to avoid predators. After about another 
400-degree days, the external yolk is “zipped up”  
and alevins are given their first exogenous feed, as 
is typical for salmon industry protocols. However, in 
nature, alevins begin to find food in the gravel like 
rotifers, copepods, insect larvae and worms and 
continue to avoid light while still on the yolk. Recent 
literature indicates the digestive system is functional 
and operating well before the yolk is “zipped up” 
(Sahlmann et al., 2015). As the alevins develop, the  
yolk is not adequate to support allometric development 
and the yolk is complemented by exogenous feeding 

Figure 2. Graph of average salmon weight vs. weeks post-hatch. Week 25 survival rate = 99%, deformity rate <0.5%. This exponential model fits  
the data exceptionally well (R2 = 0.991) through 25 weeks of growth. The model allows us to predict that these salmon will reach a size 200 g  
by week 34. We are continuing grow-out in larger RAS systems where bioload can be kept at <50 kg/cubic meter and predict that salmon will  
reach a harvestable size of 5 kg by week 48.
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while in the redd. As the yolk is exhausted, these  
small prey become inadequate to fully meet their 
nutritional needs, so they rise to hunt in the water 
column where they begin to encounter predators. 
Natural selection has programmed salmon larvae  
to develop allometrically so that they are better 
prepared to avoid predators when they are forced  
to venture into the water column by hunger. 

The aquaculture industry raises about 2.6 million  
tons of salmon a year. For the most part, they feed  
the newly hatched fish only after the egg yolk has  
been consumed, and they feed them with industrial 
feeds lacking some essential nutrients like highly 
bioavailable astaxanthin. We know from observations  
of natural salmon alevins that they are photonegative 
for a long time, avoiding light to avoid predation.  
Alevins in nature eat exogenously for about three-
quarters of the time they are on the yolk in the redd 
(Solberg et al., 2014), and the prey that they eat are 
rich in astaxanthin. Our innovation has been to begin 
feeding salmon alevin much earlier (100 degree 
days post-hatch) than the industry standard and 
feeding them foods enriched with highly bioavailable 
astaxanthin. Astaxanthin is a critical, but little 
appreciated, an ingredient in aquaculture feeds  
(Snell et al., 2019).

Providing optimal nutrition  
in juvenile and adult stages
Over the past year, we conducted feeding trials at 
Sustainable Aquatics hatchery using Atlantic salmon, 
Salmo salar. Our objective was to grow these fish  
from egg to adult with high survival, low deformities 
and fast growth rates using protocols for RAS systems  
that we have perfected over the past 15 years.  
The main parameters were: egg source: triploid,  
all-female Atlantic salmon eggs supplied by BMK 
Genetics, water temperature: 13°C, water: freshwater 
RAS system with high alkalinity (350-550) and pH  
of 8.0 or higher, bioload maintained at <30 kg/cubic 
meter, feed – commercial hatchery feed starting 
at 500 microns, coated with Amplifeed Topcoat 
supplying a lipid-rich nano emulsified astaxanthin 
and seven essential minerals, metals and vitamins as 
a supplement. Each week, salmon length and weight 
were measured, along with survival and deformity 

rates. From these data, we developed a model  
to describe growth from alevins through grow- 
out (Fig. 1,2).

Maintaining excellent water quality  
in a RAS system to avoid growth inhibition
Land-based, closed, freshwater recirculating 
aquaculture systems (RAS) have been demonstrated  
to be a viable production technology to raise  
Atlantic salmon from egg to harvestable size (5 kg)  
(Liu et al., 2016, Davidson et al., 2016). RAS systems 
have many advantages over ocean net pens,  
including the elimination of sea lice, growth at  
higher temperatures and less food waste.  
The challenge of RAS systems is to maintain good  
water quality at the high biological loads required  
for profitable aquaculture systems. Sustainable  
Aquatics hatchery has developed extensive  
expertise in operating RAS systems over the past  
15 years while raising more than 200 species of  
marine tropical fish for the aquarium market.  
We have optimized the design and application of 
protein skimmers, biofilters, and pH and alkalinity 
control so that high bioloads can be maintained  
without periodic crashes. In rearing salmon, we 
estimate that our systems can maintain up to  
50 kg biomass/cubic meter without inhibitory  
effects on growth and maturation.

References available on request
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Three graduates from the Saarland University of  
Applied Sciences have set out to develop an aquaculture 
technology that would offer fresh and healthy  
food, regularly and reliably in every neighborhood.  
The trueness of the concept was validated during 
the past year when fresh seafood suddenly became 
short in supply because of the pandemic.

From the beginning, their concept was very different 
from that of the industry, which still counts on 
decreasing production costs at increasing production 
size. The production in an aquaculture recirculating 
system (RAS) that could embrace the whole life cycle 
developed into a landmark project. This happened 
in the Southwest of Germany, 700 km in distance to 
the ocean. The underlying concept: fish need to be 
produced in a healthy environment.

Innovative, container housed RAS
The SEAWATER cubes team drafted an innovative, 
container housed RAS for warm water fishes such  
as European seabass or gilthead seabream. The goal  
was to develop a versatile recirculating aquaculture 
system that could be used for different size fish.  
The group had already been involved in larval fish 
rearing in an artificial food chain. A SEAWATER cube, 
therefore, is designed for larval fish rearing under 
 bio-secure conditions as well as for quick growth  
of fish to stocking size. The observation of health 
 status and fitness of hatchery fish in a SEAWATER  
cube is the ultimate safety measure to avoid pathogen 
transfer into industrial productions. 

The team started with an extremely important 
consideration. A core theorem of process technology  
is that a process water flow rate of one time the fish 
tank volume per hour results in roughly 66% water 
exchange rate; excretory products would build up 
harmful concentrations. The water flow rate needed  
to be in excess of three to push water renewal rate 
beyond 90% to deplete excretory products from the 

fish tank water and to perpetuate clear water to which 
marine animals are adapted.

The high process water flow needed a new geometry 
of the fish tank. The cubes’ fish tank is partitioned 
into three separate production environments by net 
walls, each housing one fish cohort at typically 50kg 
per m3 stocking density. Cohorts are combined of fish 
of different body size and age. The herewith obtained 

Fresh seafood out of a container 
Uwe Waller, University of Applied Sciences Saarbrücken

Figure 1. A SEAWATER cube for closed cycle aquaculture. Three standard 
sea containers are housing a RAS for annually seven tons fish production. 
SEAWATER cubes are alternatives not only for urban congested areas  
but also as add-on to rural farms.

  Arithmetric Standard  
 mean deviation

Temperature (°C) 18.1 1.9

pH 7.5 0.2

Salinity (psu) 22.3 1.1

Redox-potential (mV) 229 35

Dissolved oxygen  91 10 
saturation (%) 

Total ammonia nitrogen  0.23 0.21 
(mg dm-3) 

Nitrite nitrogen (mg dm-3) 0.08 0.04

Nitrate nitrogen (mg dm-3) 88 17

Table 1. Arithmetic mean and standard deviation for process variables 
measured in the process water of the SEAWATER cube during the 
production period.

Variable
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open channel flow minimizes the energy consumption 
for the RAS water circulation and provides a suitable 
water stream pattern for every size of fish.

The second fundamental step of any SEAWATER cube 
is the thorough removal of particulate matter from the 
process water. Again, fundamental knowledge taught 
that more than a single filter is required to include the 
entire particle size range existing in RAS process water. 
The process water in every cube is pre-treated by drum 
filtration and post-treated by a flotation process also 
referred to as foam fractionation. With that, clear water 
was maintained in all parts of the RAS.

The flotation process removes not only  
fine particle fraction but also microorganisms from 
the RAS process water. The addition of minor amounts 
of ozone enhances the efficiency without striving 

for disinfection of the process water. Disinfection is 
counterproductive in RAS aquaculture as the whole 
system technology is based on biological processes 
involving myriads of microbes. It should not be 
forgotten that fish, especially larval stages, are the  
first suffering from residual oxidants (ozone).  
The SEAWATER cube concept sees the oxidative 
chemical treatment solely as a necessary substitute 
of natural oxidative mineralization. Dissolved organic 
matter is also removed from process water in the 
flotation process.

Biological treatment is supported by clear water 
and low numbers of microorganisms. The nitrification 
process takes place in a moving bed filter having a  
clean biofilm surface. Heterotrophic bacteria that  
would hamper the nitrification process are limited  
by low levels of dissolved organic substance in the 
process water. In doing so, total ammonia nitrogen  
and nitrite concentrations typically remain below  
0.7 and 0.2 mg dm-3 during operation, respectively  
(Fig. 2, 95th percentile). Average values were 0.23  
and 0.08 mg dm-3, respectively (Table 1). 

A fixed bed denitrification filter was implemented 
to remove the accumulating nitrate. Denitrification 
was operated with acetate as organic source for the 
heterotroph process. The nitrate values leveled around 
88 mg dm-3. The pH-value in the process water was 
maintained at around 7.5 without any buffer addition  
as a result of a continuous denitrification process. 

The absorption (O2) and desorption (CO2) of gases 
were carried out at different points. The average pH 
of 7.5 indicates a sufficiently effective desorption. 
Desorption of dissolved carbon dioxide took place  
in a low head trickling column as well as in the flotation 

Figure 2. Frequency distributions for total ammonia (A) and nitrite 
nitrogen (B) during the course of production. Both frequency 
distributions are left-skewed indicating a clearly higher frequency of 
lower concentrations. Observations beyond the 75th percentile are 
outliers that were caused by technical adjustments and maintenance 
in the pilot RAS production. Observations beyond the 95th percentile 
indicate extreme values of RAS process.

Figure 3. View inside a SEAWATER cube. In front the third production  
environment with market size European seabass, Dicentrarchus labrax. 
In the background: degassing and flotation (left), drum filtration and 
nitrification (right).
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apparatus and in the fish tank. In the fish tank air  
and oxygen are injected using sparger plates.  
Oxygen consumed by fish and co-existing microbes  
is easily replenished as biofilm and bio-floc formation, 
which would increase oxygen consumption, is limited 
by low concentrations of dissolved organic substance. 
Dissolved oxygen was maintained at 91 ± 10%  
saturation (Table 1). It is clear that oxygen was also 
absorbed during flotation and biofiltration.

The core element of every cube is the intelligent 
control based on empirical equation which is 
continuously adjusted. With this kind of artificial 
intelligence, the production process is always under 
full control. Sensors are transmitting real-time data 
to the data acquisition. Data and switching status 
are broadcasted via protected internet connection. 
Distant maintenance and early warning are possible 
through the plant owner as well as through the office. 
The sophisticated automation is not only safeguarding 
production but also supporting the business goal of  
the company, which is selling fresh, non-treated  
seafood customers are reckoning with. 

Best environmental conditions (Table 1) were steadily 
maintained through the SEAWATER cube technology. 
The market size of fish, which is around 350 g in 
Germany, was reached in one year (Fig. 4). This result 
was literally owed to the pandemic, i.e., to sustain 

regional fish supply during border closures in Europe. 
The average weight of fish was 312 ± 47 g after one year. 
However, the decisive factor for business is the weight 
variability. In view of the results (Fig. 2, inserted weight 
distribution), sales have already started after eleven 
months and lasted for three months. With that the 
cash flow has been more evenly distributed, supporting 
financial planning. Thus, a SEAWATER cube may expand 
hatchery business and possibly meet seafood demand in 
urban areas under normal circumstances.

Aquaculture after the state of science and technology 
is capable of contributing to food security in the future. 
However, future aquaculture needs to close nutrient 
cycles by integrating the heterotrophic fish production 
into photoautotrophic plant and algae production. 
This marks the ultimate goal of the SEAWATER cubes 
company that achieved major innovations in RAS 
aquaculture and already prototyped the technology  
of process integration. 

Figure 4. Growth of European seabass, Dicentrarchus labrax, in the SEAWATER cube RAS. Average weight is indicated by the numbers within the  
bars. The inserted bar chart shows the weight distribution of the fish cohort after 360 days. Market size of fish is reached after one year, whereby 
the sale of fish is already possible after 300 days. The marketing period can be extended over two months as slower growing fish reach market 
weight a little later.
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Seaweeds – the announced superfood of 2021 – 
are packed with healthy antioxidants, minerals and 
vitamins. It has been a typical part of Asian cuisine  
for a long time and is steadily gaining popularity  
as a food source in Europe. Besides being highly 
nutritious, seaweeds and their extracted compounds 
offer a huge potential for applications in animal  
feeding, cosmetics and pharmaceutical industries. 
However, most of the required seaweed biomass in 
Europe originates from harvesting wild populations, 
with a serious risk of overexploitation. To meet rising 
demands, seaweed aquaculture is a rapidly emerging 
sector in Europe with the need to develop reliable 
cultivation protocols for local species of interest at 
commercial scale and to demonstrate economic 
feasibility. A multidisciplinary team from Ghent 
University, Belgium, along with industrial partners  
aims to tackle bottlenecks to advance land-based 
cultivation of high-value seaweeds.

Seaweed farming – open sea  
versus land-based cultivation 
Seaweeds can be successfully cultivated in open 
sea farms or in land-based tank cultivation systems 
depending on species and local conditions. In Europe, 
especially large kelps such as sugar kelp (Saccharina 
latissima), are suitable candidates for open sea 
cultivation as they are robust enough to withstand the 
harsh conditions in the North Atlantic and offer the 
possibility of extensive biomass production. Usually, 
substrates such as ropes or nets are seeded with small 
juvenile kelps and transferred to the open sea farms 
where the seaweeds grow to meter-long plants over 
a single growth season – without any further addition 
of nutrients or other chemicals. For successful growth, 
seaweeds only require sunlight, CO2 and dissolved 
nutrients with the latter being normally extensively 
abundant in temperate coastal waters. However,  
the growth season for cultivated kelp in the North 

Seaweeds: a new crop on the rise 
Jessica Knoop, Olivier De Clerck, Ghent University

Figure 1. Porphyra umbilicalis (a) and Palmaria palmata (b) stock cultures maintained at Ghent University for up-scaling experiments optimizing 
growth conditions for land-based seaweed cultivation.
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Atlantic is restricted to the cooler 
months, ranging from late autumn 
to spring, limiting the possible 
production window. Furthermore,  
as seaweeds take up pollutants 
from the environment, such  
as heavy metals, good water 
quality is crucial depending  
on the targeted downstream 
processing. While open sea 
cultivation requires minimal 
maintenance and has the potential 
to produce large quantities of 
biomass, the short production 
window combined with the 
harsh conditions experienced 
in the North Atlantic limit the 
diversification of cultivatable 
species in offshore environments.

Land-based cultivation of 
seaweeds, on the other hand, 
offers the opportunity to cultivate 
more delicate and higher value 
species in comparison to kelp. 
Depending on the system, land-
based cultivation allows for 
complete control of the cultivation 
conditions, such as temperature, 
light and nutrient availability, 
enabling a year-round production 
under optimal growth conditions. 
A constant short supply chain  
with fresh and high-quality 
biomass will be of great 
importance for seaweeds to 
become a common crop for 
human consumption in Europe. 

Seaweed composition in terms of protein, 
carbohydrates and bioactive compounds,  
such as antioxidants, shows great seasonal differences 
and changes with environmental conditions.  
This is a factor to take into consideration for biomass 
designated for human consumption as great nutritional 
differences between batches can exist when seaweeds 
originate from natural sources. Controlling the 
cultivation conditions, therefore, allows for a stable  
and optimized nutritional composition of seaweeds 

grown in land-based systems with great potential  
for product tailored, high-quality seaweed. 

Land-based cultivation systems for seaweeds range 
from flow-through systems, in locations where a direct 
connection to seawater is available, to completely 
closed recirculation aquatic systems (RAS). These 
systems usually have in common that seaweeds are 
cultivated in tumble cultures through strong aeration to 
allow for even exposure to light and nutrients. While a 
flow-through system with a direct seawater connection 

Figure 2. Palmaria palmata fragments with young proliferations growing from the tissue margins 
used for vegetative propagation.
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can supply sufficient nutrients for the cultivated 
seaweeds, nutrient addition is crucial for closed RAS 
systems. Seaweeds can be co-cultivated with marine 
fish or invertebrates in an Integrated Multi-Trophic 
Aquaculture (IMTA) setting. In an IMTA setting,  
released nutrients by fish or invertebrates in the  
form of dissolved nitrogen and phosphorus are taken  
up by the co-cultivated seaweeds, creating a nutrient 
cycle and eliminating further nutrient addition. 

RAS systems offer the advantage to fully control  
the cultivation conditions and therefore allow for 
maximum quality control. Furthermore, they do not 
rely on a constant supply of seawater and therefore 
offer higher flexibility regarding site selection. This is 
a positive aspect considering that coastal locations 
are in high demand and usually very expensive along 
the densely populated European coastline. For high 
performance, closed RAS systems require a thorough 
understanding of the cultivated species’ ecology to 
maximize growth, minimize water exchange rates 
and for an efficient nutrient addition to minimize 
contamination resulting in higher economic profit.

Suitable high-value species
Suitable seaweed species for land-based cultivation 
would favorably exhibit high growth rates, to allow  
for fast production, combined with high market value. 
The two red seaweeds Porphyra (Fig. 1a) and Palmaria 
(Fig. 1b) fall into this category. Palmaria, also known as 
dulse, has recently gained popularity as vegan bacon 
but has a long tradition as dulse flakes in soups, cheese 
and bread. Porphyra is especially known from nori 
sheets, an essential ingredient for sushi. 

While farming of Asian nori forms an extensive 
industry with over 2 million tons produced annually in 
South East Asia, commercial production of Palmaria is 
limited to a handful of small-scale companies in North 
America and Ireland, mainly relying on vegetative 
propagation of wild-collected biomass. Both species 
are characterized by a complex life cycle consisting 
of different life-history stages, requiring extensive 
knowledge of the respective biology for the successful 
life cycle control. However, the complex reproductive 
pathway can be bypassed via vegetative propagation, 
in the case of Palmaria (Fig. 2), or asexual reproduction, 
in the case of Porphyra, allowing for an easier supply 
of initial biomass. Vegetative propagation or asexual 

reproduction enables quick up-scale production but has 
the risk of lowered productivity and emerging diseases 
due to reduced genetic diversity. 

Therefore, reliable control of the sexual reproductive 
pathway will be of most importance for a sustainable 
seaweed cultivation industry in the long term. 
Research efforts have developed cultivation protocols 
for Palmaria and Porphyra from the North Atlantic. 
However, the developed protocols are mainly based 
on laboratory-scale observations with the need 
for establishing cultivation methods for large-scale 
commercial applications.

Moving forward
Interest in seaweed aquaculture in Europe is high. 
However, while there is a growing knowledge 
foundation for cultivating local species, these protocols 
need to be adapted and optimized for large-scale 
commercial operation. The collaborative team of 
scientists from Ghent University and industrial partners 
aims to tackle some of these hurdles by optimizing 
cultivation parameters and investigating the technical 
and economic feasibility of land-based cultivation of 
high-value seaweeds for human consumption on a 
commercial scale in Belgium – advancing an emerging 
sector in Europe. 
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