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INTRODUCTION

INTRODUCTION TO AQUAEXCEL 
AQUAEXCEL (Aquaculture Infrastructures for Excellence 
in European Fish Research) is an EU FP7 project 
that aims to integrate key aquaculture research 
infrastructures across Europe in order to promote 
their coordinated use and development. Through 
collaboration with 17 partners and 23 facilities, 
AQUAEXCEL offers access to top class research 
infrastructures for both basic and applied research, 
giving aquaculture research groups the opportunity to 
utilise AQUAEXCEL’s facilities.

AQUAEXCEL’s work is important because it provides 
essential benefits to improve aquaculture research 
in the EU. One of its unique selling points is that all 
types of EU aquaculture systems and species are part of 
AQUAEXCEL. 

AQUAEXCEL KEY ACHIEVEMENTS 2014
This is the third in a series of four booklets that will introduce the project, its core functions, 
and its progress to date. The booklet focuses on AQUAEXCEL’s key achievements and provides 
detailed summaries of each. The aim of this booklet is to communicate to a general public how 
AQUAEXCEL’s work is benefitting the research community and industry as well as helping to 
achieve significant value creation. 

• 

AQUAEXCEL’s purpose is to bring together very different 
infrastructures and to develop common ways of 
thinking and conducting research, thereby leading to 
a decompartmentalisation of EU aquaculture research, 
which is usually rather species-centred. Transnational 
Access to AQUAEXCEL’s unique set of infrastructures has 
helped emerging research teams produce good research 
on aquaculture target species, and has developed and 
strengthened collaboration networks, thus benefitting 
EU aquaculture research beyond the AQUAEXCEL project. 
An additional benefit will be the the development of 
new methods and tools for more cost-efficient and 
applicable research. In a nutshell, AQUAEXCEL is here to 
improve aquaculture research capacities in the EU.
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KEY OUTPUT 1: 

SUMMARY: Juvenile cod batches were fed nine experimental diets containing different amino acid supplements. The 
fish were subjected to acute stress and stress indicators were measured. The cod batches fed on the experimental 
diets showed an enhanced stress resistance compared with the cod fed on a control diet of commercial fish feed.

INTRODUCTION
Stress is any condition that causes physical or mental 
discomfort and is accompanied by the release of the 
hormone cortisol. This hormone is primarily responsible 
for many of the negative health effects associated with 
stress. Stress in fish is known to adversely impact growth, 
lower the ability of the immune system to respond 
effectively and fully, and puts affected fish at a higher 

risk of contracting diseases. Thus protocols for reducing 
stress have the benefit of improving fish welfare and 
boosting production yields. This research investigated the 
effects of amino acid supplements on the resistance of 
cod (Gadus morhua) juveniles to handling stress.

KEY INFORMATION
Juvenile cod fish batches were fed nine diets, one 

FULL TITLE: Effects of the amino acids tryptophan and phenyl alanine on the resistance of 
cod (Gadus morhua) juveniles to handling stress through the measurement of stress indicators 
such as cortisol and glucose in plasma
KNOWLEDGE TYPE: Oral presentation at the seventh Conference on Aquaculture in the 
South Atlantic Coast on 20-21 May 2014 in Cartaya (Huelva), Spain
WHERE TO FIND IT: VII Jornadas de Acuicultura en el Litoral Suratlántico -  
www.juntadeandalucia.es/agriculturaypesca/ifapa/web/noticia/4f3e10c6-b01b-11e3-aedd-
c5d9efb4b7b6
WHO TO CONTACT FOR MORE INFORMATION: Marcelino Herrera,  
E: marcelino.herrera@juntadeandalucia.es 
PATENTS OR OTHER IPR EXPLOITATIONS: No

This research was carried out under the AQUAEXCEL Transnational Access Programme at the 
National Cod Breeding Centre (NOFIMA) in Norway.

AT A 

GLANCE




EFFECTS OF AMINO ACID SUPPLEMENTS ON THE RESISTANCE OF COD 
(GADUS MORHUA) JUVENILES TO HANDLING STRESS

Experimental tanks (200L) for culturing cod (Gadus morhua) used in the project at the National Cod Breeding Center (NOFIMA) © 
Marcelino Herrera Rodriguez
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It is known that stress in fish leads to growth decrease, immunodepression and higher disease risks, 
thus any protocol for reducing stress should improve fish welfare and production yields. Therefore this 
knowledge has wide application and will be of interest to those involved in fish nutrition, fish welfare, 
aquaculture feed development and commercial aquaculture; as well as investors, international and 
national aquaculture producer organisations, and public and private research centres. 

This study has scope to be performed on other fish species and even to diversify into other animal 
species, including humans.  There is potential to conduct a long-term research study into amino acid 
accumulation in fish muscle and the potential effects of this meat on human nutrition.

IMPACT


control diet consisting of commercial fish feed, and eight 
experimental diets each containing different levels of 
amino acid supplements (tryptophan (Trp) and phenyl 
alanine (Phe), mass per control feed mass):

 1. Control diet (CTRL): commercial fish feed

 2. Phe: CTRL + 1% Phe added

 3. Trp: CTRL + 1% Trp added

 4. Trp+Phe: CTRL + 1% Phe + 1% Trp added

 5. 3Phe: CTRL + 3% Phe added

 6. 3Trp: CTRL + 3% Trp added

 7. 3Phe+Trp: CTRL + 3% Phe + 1% Trp added

 8. 3Trp+Phe: CTRL + 1% Phe + 3% Trp added

 9. 3Trp+3Phe: CTRL + 3% Phe + 3% Trp added

The fish were then subjected to acute stress in the form 
of handling and air exposure and stress indicators were 
measured (cortisol, glucose and lactate in plasma).
Results demonstrated that the Trp level in the diet 
affected stress response. Compared to the control groups, 
dietary Trp reduced the plasma concentration of cortisol, 
the main hormone related to stress, indicating that this 
amino acid attenuated the physiological adverse effects 
due to stress and, hence, improved fish welfare. Glucose 
values showed a similar trend (see figures on 
pg. 4).

Phe supplements had no effect on these parameters. 
Therefore although the stress response was not 
significantly related to dietary Phe, all the plasma 
indicators were higher for the control group, indicating 
that the control diet was less suitable for stress 
resistance.

END-USER & APPLICATION
 END-USER 1: Research organisations related to animal 

nutrition.  

 

APPLICATIONS: The research could be built upon 
to gain a greater understanding of the role of amino 
acids in the reaction of fish species to certain stressors. 
This study lends itself to future research and could be 
performed on other fish and animal species.

 END-USER 2: Aquaculture feed industry.  
APPLICATIONS: Fish feed manufacturers could use 
this knowledge to develop pre-handling feeds with 
the potential to improve fish welfare and prevent 
issues related to stress, such as immunodepression and, 
consequently, disease risks.

 END-USER 3: Commercial aquaculture producers.  
 APPLICATIONS: Aquaculture farmers could use the 

knowledge to improve the welfare of fish in their 
farms.

Cod (Gadus morhua) juvenile undergoing length and 
weight sampling in the experiment. © Marcelino Herrera 
Rodriguez 
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FIGURE 1: Graph showing concentrations of glucose in plasma measured in cod fed nine 
different experimental diets. Glucose is a stress indicator. The higher the measurement on 
the vertical axis the more stressed the fish.

FIGURE 2: Cortisol concentration in plasma of cod fed experimental diets containing 
different supplements of amino acids. Cortisol is a stress indicator and directly related to 
stress level. It is measured here on the vertical axis.
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KEY OUTPUT 2: 

INTRODUCTION
Crude protein (CP) is an estimate of the approximate 
amount of protein in feedstuff as it measures the 
nitrogen (N) content of a food, including both true protein 
and non-protein N. Therefore, CP is rarely a true reflection 
of the AA composition of the diet and merely represents a 
mixture of different N containing compounds in different 
proportions. Fish, like other animals, require a specific 
quantity and balance of the dietary essential amino acids 
(EAA) rather than CP per se.   

Due to the increasing cost of protein-rich feedstuffs and 

environmental issues and regulations associated with 
animal production, considerable efforts have recently 
been focused on the possibility of reducing CP levels in 
diets for livestock and more recently in diets for fish and 
shrimp. Although aquaculture seems more eco-efficient 
than other kinds of animal production in providing 
nutrients for human consumption, the move towards 
a lower N output is a major sustainability drive in fish 
farming, both for environmental and economic reasons. In 
short, the greater the amount of CP in the diet the greater 
the release of N.

EFFECT OF REDUCTION OF DIETARY CRUDE PROTEIN LEVEL IN SALMON 
FEEDS ON GROWTH OF ATLANTIC SALMON (SALMO SALAR) POST-SMOLTS

SUMMARY: The development of more sustainable and cost-effective aquafeeds requires the optimisation of dietary 
amino acid (AA) profile. This study evaluates the feasibility of reducing protein level in salmon post-smolts diets.

FULL TITLE: Dietary protein level can be reduced without affecting amino acid utilisation 
efficiency for growth of Atlantic salmon post-smolts
KNOWLEDGE TYPE: Paper in proceedings of a conference. Abstract presented at Aquaculture 
Europe 2014 Conference, San Sebastian, Spain
WHERE TO FIND IT: Available as part of Aquaculture Europe 2014 book of abstracts 
www.was.org/easOnline/AbstractDetail.aspx?i=3481
WHO TO CONTACT FOR MORE INFORMATION: Bjarne Hatlen, Nofima AS, Norway, 
E: Bjarne.Hatlen@Nofima.no; Cláudia Figueiredo-Silva, Evonik Industries AG, Health & 
Nutrition, Hanau-Wolfgang, Germany, E: claudia.silva@evonik.com
PATENTS OR OTHER IPR EXPLOITATIONS: No

This research was carried out under the AQUAEXCEL Transnational Access programme at NOFIMA 
Averøy, Norway.

AT A 

GLANCE




KEY ACHIEVEMENTS 20146

The knowledge generated in this project is of most importance to corroborate concepts in the field 
of animal AA nutrition, including aquatic species. The next step will be to evaluate the possibility of 
reducing CP in practical diets for salmon by using only commercially available, free AA to balance the 
dietary AA profile.

More generally, the results of this study have broad application across the aquaculture sector, including 
aquafeed producers, the feed additive industry and fish producers. The research demonstrates a means 
to optimise salmon feed formulas, in particular AA profile of the diets; with an overall anticipated impact 
of decreased feed costs leading to higher profits for farmers and lower N waste/output leading to more 
sustainable fish farming.

IMPACT



KEY INFORMATION
The development of more sustainable and cost-effective 
aquafeeds requires the optimisation of dietary AA 
profile whilst limiting the amount of N released into 
the environment. The challenge therefore is to reduce 
the amount of CP in the diet while still ensuring the 
efficiency with which AA are used for synthesis of protein. 
This study evaluates the feasibility of reducing protein 
level in salmon post-smolts diets. In order to do this, two 
diets providing equal energy amounts and similar in 
EAA/lysine ratios but differing in CP content were used 
during a seven week feeding trial. The efficiencies of AA 
utilisation for gain above maintenance were determined 
by feeding low (44%) or high (50%) CP diets with 
increasing ration levels (24, 40, 50, 75, 100%). 
 
CONCLUSIONS:
 Final body weight, specific growth rate or nutrient gain, 

including protein and EAA gain, were not affected by 
reducing CP from 50% to 44% in salmon feeds. This 

confirms that, similarly to other animals, salmon have a 
requirement for EAA and not for dietary protein level.

 In diets with similar EAA/lysine ratios, reduction 
of dietary protein concentration had no negative 
effect on the utilisation efficiencies of protein, lysine, 
methionine+cysteine or any other EAA by salmon.

 The next step will be to evaluate the possibility of 
reducing CP in practical diets for salmon by using only 
commercially available, free AA to balance the dietary 
AA profile.

END-USER & APPLICATION

 END-USER 1: Scientific & Research community. 
APPLICATIONS: By generating relevant knowledge 
in the field of AA nutrition in fish and pointing out 
directions for future research of more practical 
application.

 END-USER 2: Feed additive industry.  
APPLICATIONS: The research results could facilitate 
feed additive producers to optimise their feed 
formulations and ultimately reduce feed cost.

 END-USER 3: Aquafeed industry & producers. 
 APPLICATIONS: The research results could help 

nutritionists formulating and developing more cost-
effective feeds.

 END-USER 4: Commercial aquaculture.  
APPLICATIONS: Optimisation of dietary AA profile 
would allow for reduction of feed cost (reduced 
reliance on marine and other highly costly protein 
sources) whilst maintaining animal performance 
(by covering requirements for AA). This benefits fish 
farmers through cost efficiency.
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KEY OUTPUT 3

SUMMARY: The biosynthesis of long-chain polyunsaturated fatty acids in meagre (Argyrosomus regius) was 
investigated by characterising both molecularly and functionally the elongation of very long-chain fatty acid-4 
(Elovl4) protein. Elovl4 is regarded as a critical enzyme in the biosynthesis of the essential fatty acid docosahexanoic 
acid (DHA) in marine fish. Meagre were shown to possess both isoforms of Elovl4, namely Elovl4a and Elovl4b. 

INTRODUCTION
Fish, like human beings, require omega-3 (n-3) long-
chain polyunsaturated fatty acids (LC-PUFA) for normal 
growth and development. Fish’s natural diet is rich 
in the n-3 LC-PUFA including eicosapentaenoic (EPA) 
and docosahexaenoic (DHA) acids, which are found in 
abundance in fish oils.

In recent times, aquaculture has been subject to 
sustainability concerns due to its heavy reliance on oils 
from wild fish as a chief component in feedstuffs. As 

a result, feed producers have turned to alternative oil 
sources, such as vegetable oils (VOs).

However, although VOs are rich in C-18 polyunsaturated 
fatty acids (PUFA), they lack the essential n-3 fatty 
acids EPA and DHA, which are necessary for marine 
fish, as these species are regarded as having lower 
biosynthetic capabilities compared to freshwater and 
salmonid counterparts. VO-based diets therefore might 
have a negative effect on fish welfare, as well as on the 
quality of the end product and therefore for the human 

FULL TITLE: Investigating the biosynthesis of long-chain polyunsaturated fatty acids (LC-
PUFAs) in meagre (Argyrosomus regius): Functional characterisation of Elovl4 fatty acyl 
elongases
KNOWLEDGE TYPE: Peer reviewed publication
WHERE TO FIND IT: Not yet available 
WHO TO CONTACT FOR MORE INFORMATION: Christiana Kounna, Agricultural University 
of Athens, Greece, E: ccounna@gmail.com, T: +306 944 940 776; Dr Oscar Monroig, 
E: oscar.monroig@stir.ac.uk
PATENTS OR OTHER IPR EXPLOITATIONS: No

This research was carried out under AQUAEXCEL Transnational Access in CSIC IATS-ANA, Spain.

AT A 

GLANCE


INVESTIGATING THE BIOSYNTHESIS OF LONG-CHAIN POLYUNSATURATED 
FATTY ACIDS IN MEAGRE (ARGYROSOMUS REGIUS) TO ULTIMATELY 
ENHANCE THE USE OF VEGETABLE OILS IN MARINE FISH AQUACULTURE
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consumer, as long-chain omega-3 contents in the flesh 
decrease. The biosynthetic ability to convert Carbon-18 
to Carbon-20-22 LC-PUFAs varies among species. 
Carnivorous marine species have low biosynthetic ability 
for LC-PUFAs. Understanding the biosynthetic pathway 
of LC-PUFAs will contribute to the understanding of how 
different dietary products can satisfy the dietary essential 
fatty acid requirements of marine fish and how the 
deficiencies of EPA and DHA derived from diets rich in 
VOs can be met by enhancing the metabolic pathway.
 
There are a number of genes and enzymes involved in LC-
PUFA biosynthesis. This study investigates the molecular 
basis of the biosynthesis of LC-PUFAs in meagre 
(Argyrosomus regius) through characterisation of genes 
encoding key enzymes, specifically the elongase of very 
long-chain fatty acids-4 (Elovl-4). The ultimate aim is to 
optimise the activity of the biosynthetic pathways and 
enhance the use of VOs in marine fish aquaculture. 

KEY INFORMATION
Meagre has recently been introduced in aquaculture 
for the purpose of species diversification. Meagre is 
an interesting species from the perspective of lipid 
metabolism, as it is a lean fish and previous studies 
indicate that it accumulates very low levels of mesenteric 
fat (fat in the fillet, muscle and liver), even when fed on 
diets with high lipid contents (Chatzifotis et al., 2010; 

Piccolo et al., 2008), unlike other marine cultured species 
such as sea bass and sea bream. 

The biosynthesis of LC-PUFA in meagre was investigated 
by characterising both molecularly and functionally the 
two isoforms of Elovl4 which are found to exist in teleost 
fish, namely Elovl4a and Elovl4b. Elovl4 is regarded as a 
critical enzyme in the biosynthesis of the essential fatty 
acid docosahexanoic acid (DHA), particularly in most 
marine fish species, which have lost the elongase Elovl2 
during evolution.

Due to recent findings that fish possess two isoforms 
of Elovl4 (a and b), each having a different function, 
it was decided to introduce this piece of information 
into this study and characterise both isoforms from 
meagre. Molecular characterisation was accomplished 
by molecular cloning of the complementary DNA (cDNA) 
sequences for Elovl4a and Elovl4b. The protein function 
was assessed by expressing the open reading frames of 
both genes in yeast grown in the presence of potential 
fatty acid substrates.

CONCLUSION
Two distinct genes encoding Elovl4 proteins were 
isolated in meagre, and were termed as Elovl4a and 
Elovl4b according to their zebrafish homologues. Both 
enzymes efficiently elongated PUFAs up to 34 carbons.  
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END-USER & APPLICATION

 END-USER 1: Research organisations related to animal 
and human nutrition. 

 APPLICATIONS: This knowledge can be utilised 
to gain a better understanding of the molecular 
mechanisms responsible for the biosynthesis of LC-
PUFA in fish. Investigating the ability of endogenous 
production of these compounds in fish is critical to 
ensure normal growth and development, as well as 
welfare of fish in captivity. 

 END-USER 2: Aquaculture feed industry. 
APPLICATIONS: They can use this information, 
along with further research, to produce more species 
specific feeds taking into account the extent to which 
freshwater and marine fish can utilise alternative 
sources of lipids to fish oil in diet formulation, without 
compromising fish health and welfare under culture 
conditions, and by producing a better quality end 
product that maintains the nutritional value for the 
consumers. 

 END-USER 3: Commercial aquaculture. 
 APPLICATIONS: By using feeds that meet the LC-

PUFA requirements of meagre, a species that has 
been recently introduced in aquaculture for species 
diversification, a good quality end product with 
sufficient levels of the health-promoting compounds 
omega-3 fatty acids can be produced.

IMPACT


This study will be of interest to those in the research and scientific community as it is a step towards a 
more thorough understanding of the LC-PUFA biosynthesis in meagre, and it promotes further research 
in this area. Further research is also necessary to understand the metabolic pathways of fish more 
generally. Similar studies could be performed on other species. As a result, animal welfare will be taken 
into account under culture conditions and good quality products, rich in omega-3, will be produced for 
consumers.  In addition to these results, conducting further research will lead to fully understanding the 
metabolic pathways involved in LC-PUFA biosynthesis in higher vertebrates.

The knowledge generated in this study has broad application in the aquaculture industry, animal nutrition 
industry, fisheries, marine biology and environmental management. For example, feed companies can use 
the knowledge to formulate diets with alternative sources to fish oil which will meet the nutritional 
requirements of meagre, taking into account the species metabolic requirements known so far from 
previous studies, the present study and future research. This will improve the culture conditions and the 
final product, and will alleviate pressure on fisheries for provision of marine raw materials for aquafeeds.
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KEY OUTPUT 4

SUMMARY: “Fish and Chips” is an online resource that contains all the public gene expression data related to 
fish species in various physiological conditions. This tool has been used to select genes which are relevant for 
characterising welfare and health status in farmed fish species. 

INTRODUCTION
The bioinformatic tool “Fish and Chips” aims to develop a 
meta-analysis of several sets of existing gene expression 
data coming from different independent experiments and 
published in a public database. This tool has been used 
to select genes which are relevant for characterising 
welfare and health status in three farmed fish species: 
salmon, trout and sea bream. The tool was initially 
developed by medical researchers for human health 
disease questions.

KEY INFORMATION
In this study, clusters of differentially expressed genes 

from muscle tissues of sea bream facing a nutritional 
stress (reduced ration size) were used for a meta-analysis 
across experiments in Fish and Chips. This approach 
highlighted the role of mitochondria-related genes and 
Gene Ontology (GO) terms in a diverse array of sea bream 
tissues and stress conditions. These results confirmed the 
role of mitochondria as key responders to environmental 
and nutritional stress in gilthead sea bream, and indicate 
the importance of mitochondria genes as reliable 
subcellular markers of stress phenotyping in fish.

To develop the Fish and Chips tool, the following were 
completed and are included in the tool:

FULL TITLE: New online bioinformatic tool (Fish and Chips) adapted to enable meta-analysis 
of microarray data obtained in fish to determine if particular identified genes are relevant 
to welfare and health characteristics of three species of farmed fish (salmon, trout and sea 
bream)
KNOWLEDGE TYPE: Report
WHERE TO FIND IT: fishandchips.genouest.org/index.php (a user guide is included)
WHO TO CONTACT FOR MORE INFORMATION: Jérome Montfort, INRA, 
E: jerome.montfort@rennes.inra.fr
PATENTS OR OTHER IPR EXPLOITATIONS: No

AT A 

GLANCE


NEW ONLINE BIOINFORMATIC TOOL (FISH AND CHIPS) ADAPTED TO 
ENABLE META-ANALYSIS OF FISH GENOMIC DATA 

© Patrick Maitre, INRA
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1. Development of fish data sets: This included 
development of a database containing all available 
information Expressed Sequence Tags (ESTs) from 
several fish species (sea bream, salmon, trout, sea bass) 
and also genome information of four model species 
(fugu, zebrafish, stickleback, medaka) using data from 
public repositories (UniGene, National Centre for 
Biotechnology Information (NCBI)). 

2. Gene annotation for each fish species: This was carried 
out on four species: sea bream, sea bass, salmon and 
trout. For each identified cluster, functional annotation 
was performed using GO. 

3. Integration of microarray data: Collection and 
integration of fish microarray data from approximately 
400 data sets.

4. Development of program for data re-normalisation 
and clustering: Normalisation of microarray data 
and standardisation of each entry to the database. 
Then, hierarchical classification was used to allow 
investigation of relationships between samples and 
genes.

5. Development of a program allowing the set-up of 
orthology relationships between distant fish species.

This tool was implemented on the West Genopole 
bioinformatics platform and access will become public 
through the AQUAEXCEL website where instructions for 
log-on and use will be provided. 

END-USER & APPLICATION

 END-USER 1: Scientific Community - marine genomics. 
APPLICATIONS: Researchers (from basic or applied 
research) who are interested in comparing and 
analysing improved transcriptomic data sets related to 
stress and welfare of the species chosen. 

 END-USER 2: Scientific Community - marine 
biodiversity.   

 APPLICATIONS: Researchers (from basic or applied 

research) can use this tool to collect genomic 
knowledge on individual species and increase their 
biodiversity knowledge.

 END-USER 3: Aquaculture industry.  
 APPLICATIONS: Salmon, trout, sea bass and sea 

bream breeding companies could use this tool to 
analyse and compare the genetic information of their 
stock in order to develop different selective breeding 
programmes helping breed better farmed fish leading 
to increased production.

IMPACT


The impact will primarily be increasing the knowledge of the connections between gene expressions 
and characteristics as well as highlighting conserved gene expression signatures between multiple 
independent studies. Impact on the European aquaculture industry could be the ability to increase 
selectivity of breeding based on characteristics such as ability to deal with stress and so breed better 
farmed fish leading to increased fish production.

© Nofima
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KEY OUTPUT 5

SUMMARY: This research explores the potential of Almaco jack as a future fish species in European aquaculture 
reared in Recirculation Aquaculture Systems (RAS).

INTRODUCTION
Recent years have seen an enormous growth in the 
number of products produced through aquaculture on 
a world-wide scale. Currently Europe is considered to 
be the most important seafood market globally with a 
value of €55 billion. However, the level of aquaculture 
production in the EU lags far behind other markets in 
the world. This current situation gives rise to a huge 
and growing market potential for diverse and novel 
aquaculture products, as well as aquaculture production 

techniques such as Recirculation Aquaculture Systems 
(RAS), which provide solutions to farming fish species in 
different regions. 

Almaco jack (Seriola rivoliana) belongs to the family 
Carangidae and is a pelagic species which lives in small 
groups on slopes and off reefs at depths from 5-160m 
in most of the world’s (sub-) tropical waters. In an 
aquaculture setting, the Almaco jack is a robust species 
that shows a high growth rate and a low feed conversion 

FULL TITLE: Evaluation of the potential of Almaco jack (Seriola rivoliana) as a future species 
in European fish aquaculture by determining its capacity to be reared in Recirculation 
Aquaculture Systems (RAS)
KNOWLEDGE TYPE: Scientific Publication
WHERE TO FIND IT: Not currently publicly available
WHO TO CONTACT FOR MORE INFORMATION: Dr Wout Abbink, E: wout.abbink@wur.nl, 
T: +31 317 481 181
PATENTS OR OTHER IPR EXPLOITATIONS: No

This research was carried out under the AQUAEXCEL Transnational Access programme at the 
Universidad de Las Palmas de Gran Canaria (ULPGC).

AT A 

GLANCE


POTENTIAL OF ALMACO JACK (SERIOLA RIVOLIANA) AS A FUTURE FISH 
SPECIES IN EUROPEAN AQUACULTURE, REARED IN RECIRCULATION 
AQUACULTURE SYSTEMS (RAS)

S. rivoliana anesthetised prior to sampling of blood. © Wout Abbink/IMARES



KEY ACHIEVEMENTS 2014

13

rate. In addition, the fish show tolerance for variation in 
salinity and temperature, and have flesh that is of high 
quality. These characteristics make the Almaco jack a 
potential species for culture.

In Europe, despite the substantial aquaculture market 
developed, there is no commercial on growing of Seriola. 
However in recent years some Seriola hatcheries have 
emerged through private initiatives in Spain, Malta, Italy 
and France, which produce modest amounts of Seriola 
juveniles mainly as part of R&D programmes. In the 
Canary Islands, previous studies conducted at the GIA 
(Grupo de Investigación en Acuicultura), a Joint Research 
Unit of the University of Las Palmas de Gran Canaria 
(ULPGC) and the Canary Institute of Marine Sciences 
(ICCM), have led to the establishment of captive breeding 
stocks and demonstrated the feasibility of hatchery based 
fingerling production of two important Seriola species: 
S. rivoliana and S. dumerilli. These programmes were part 
of an ongoing effort to diversify the Spanish aquaculture 
industry, with emphasis on developing aquaculture 
technology for higher-value species. Results from these 
studies have led to a standard protocol for fingerling 
production of S. rivoliana. The first results of cultured 
juveniles on-growing in tanks were recently published, 
confirming the potential of the species when open 
systems are applied. 

This research explores the potential of Almaco jack as a 
future fish species in European aquaculture reared in RAS.

KEY INFORMATION
The research specifically focused on i) determining the 
capacity of S. rivoliana juveniles from 5-75g to be reared 
in RAS, and ii) evaluating its potential as a promising 
species for aquaculture diversification in European 
regions. The fish were tested for feed intake, growth, 
mortality, and blood plasma values of osmolality, cortisol, 
glucose, lactate, non-essential fatty acid (NEFA) and 
calcium. 

Interesting results include:

1. Standardised protocols for S. rivoliana juveniles 
transport.

2. Evaluation of the capacity of the juveniles to adapt to 
RAS, coming originally from an open system. Results 
showed that the performance of S. rivoliana in RAS 
was very good for the juvenile stages that were 
investigated (from 5-100g fish). 

3. The effect of rearing temperatures (17, 20, 23, 26, 29°C) 
on the biological performance of S. rivoliana in RAS. 

4. The effect of different fish densities (low: 25 fish per 
tank, 10 kg/m3; and high: 75 fish per tank, 30 kg/m3) on 
the biological performance of S. rivoliana in RAS. 

5. Results show that there is potential for Almaco jack 
as a future new fish species in European aquaculture, 
reared in RAS. However this is dependent on access 
to seawater and technical knowledge and experience 
with marine RAS in the sector. 

END-USER & APPLICATION

 END-USER 1: Aquaculture industry  - production. 
APPLICATIONS: Future successful production of 
Almaco jack in RAS in Europe. 

 END-USER 2: Aquaculture industry - broodstock 
suppliers.

 APPLICATIONS: New market for Almaco jack 
broodstock production in Europe.

 END-USER 3: Aquaculture policy makers e.g. 
regulatory authorities. 

 APPLICATIONS: Information and knowledge on 
the possibility to culture new aquaculture species in 
Europe.

 END-USER 4: Scientific community. 
 APPLICATIONS: Research methodology and results 

could be applied to other promising new fish species 
to be cultured in Europe.  

IMPACT
 Diversification and increase in production of the cultured fish species market in Europe. 
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KEY OUTPUT 6

SUMMARY: The ability to recognise individuals within a large population has long been regarded as useful, notably 
for fisheries research (e.g. growth rate estimations), ecological investigations (e.g. migration) and population dynamics 
studies. It is also useful in experiments where there is a need to identify and monitor the same individuals over a long 
period of time.

Because many biological phenomena emerge early in life or depend intimately on the conditions experienced at the 
early stages of life, it is often necessary and important to individually tag fish as young as possible (Baras et al., 1999). 
However, up to now not many effective solutions were available for the tagging of smaller animals.

The purpose of this work was therefore to develop tools and methods for allowing individual tagging or traceability of 
fish weighing less than 1g (about 3cm), focusing on sea bass and sea bream, and two ranges of fish size: 150-300mg 
and 400-900mg. 

INTRODUCTION
The options available to researchers for the identification 
and monitoring of small-bodied fish are limited. External 
tagging with painting or visible alpha numeric tags 
proves difficult when large numbers of fish are used 
as is necessary in a selective breeding programme, for 

example. The same applies to behavioural experiments 
where external tagging could influence social 
interactions. 

Internal electronic tagging is the ideal solution, but so 
far this method has been unsuitable for juvenile fish. 

FULL TITLE: Development of new tagging tools and procedures for larvae and juveniles 
individual identification
KNOWLEDGE TYPE: Tool, Methodology/Protocol
WHERE TO FIND IT: www.aquaexcel.eu (Deliverable 7.2) 
WHO TO CONTACT FOR MORE INFORMATION: Béatrice Chatain, 
E: beatrice.chatain@ifremer.fr, T: +33 467 504 100; Juan Manuel Afonso López, 
E: jafonso@dpat.ulpgc.es, T: +34 928 459 735
PATENTS OR OTHER IPR EXPLOITATIONS: No

AT A 

GLANCE


DEVELOPMENT OF NEW TAGGING TOOLS AND PROCEDURES FOR 
INDIVIDUAL IDENTIFICATION OF DICENTRARCHUS LABRAX (SEA BASS) AND 
SPARUS AURATA (GILTHEAD SEA BREAM) LARVAE AND JUVENILES 



KEY ACHIEVEMENTS 2014

15

Technological developments and tag miniaturisation 
have only very recently enabled fish to be followed 
from a very early stage of their life cycle. This research 
describes new tagging tools and procedures which can 
be used in juvenile fish for individual identification. 

KEY INFORMATION
This work describes tools and methods for the individual 
tagging or traceability of fish weighing less than 1g 
(about 3cm), which is the size for which the main gap in 
available tagging options exists for most fish species. The 
research used Dicentrarchus labrax (sea bass) and Sparus 
aurata (gilthead sea bream) as fish models and focused 
on two ranges of fish size: 150-300mg and 400-900mg.  

New methods for identification of individual fish within 
a group in early life stages were validated. Experiments 
were carried out that allowed following early individual 
growth performances using:

1. RFID (Radio Frequency Identification) microtags 
(Nonatec, 6mm length, 1mm diameter, 10mg mass) 
which are suitable for sea bass ≥ 400mg and for sea 
bream ≥ 500mg. In sea bream, Nonatec tags can be 
detected up to 92g with 100% success.

2. Non-lethal tissue sampling and identification by 
genotyping of microsatellite markers was possible for 
sea bass ≥236mg (43mg expected if DNA sampling 
and genotyping protocol can be improved) and for sea 
bream ≥60mg (≥10ng of DNA sampling is enough for 
genotyping protocol using a robust polymerase chain 
reaction (PCR) multiplex of microsatellite, SMsa-1).

In addition, a new method for growth monitoring was 
developed based on digital pictures to model body 
weight for sea bass, and a software for behaviour 
traceability of gilthead sea bream larvae has been 
developed, which showed that gilthead sea bream larvae 
with Nonatec tags implemented recovery of their normal 
behaviour 48 hours after tagging.

END-USER & APPLICATION

 END-USER 1: Scientific Community. 
 APPLICATIONS: Researchers can use these tools 

following the established methodology. The 
recommendations, if correctly applied, confer an 
optimum level of success between and within 
experiments.                  

 END-USER 2: Industry.
 APPLICATIONS: Workers from industry can use 

these tools following the established methodology. 
The recommendations, if correctly applied, confer an 
optimum level of success between and within batches 
and experiments.

 END-USER 3: Education (e.g. aquaculture, marine 
sciences, etc.).

 APPLICATIONS: Teachers and students can use 
these tools following the established methodology. It 
enables a better understanding of fish tagging systems 
and applications.

IMPACT



Fish behaviour and welfare
In fish, the swimming behaviour is very important for feeding, migration or escaping a predator (Wardle, 
1993). In captivity, it is also important because it affects access to food, water flow rate adaptation 
and good position in the group. It is well known that chronic stress (change of water temperature, 
hypoxic conditions, photoperiod, etc.), or even repeated acute stress (handling), can change the speed 
of swimming behaviour (Kristiansen et al., 2004). The survival of tagged fish with internal and external 
systems depends in part on their ability to swim naturally within a few hours after being returned to 
the environment. The tagging methods developed in these experiments were shown to have a minimal 
impact on the swimming behaviour of the tagged fish.

Aquaculture, fisheries and marine sciences
Tagging of small fingerlings makes the selection process more efficient in the production system. This 
is an advantage for preventing economic losses from disease or slow processes of growth. Breeding 
companies could conduct their own genetic monitoring of breeding stock on the basis of monitoring 
tagged larvae of known genealogy, without waiting for fattening information.
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KEY OUTPUT 7

SUMMARY: This knowledge output compiles a list of candidate genes as markers for stress in salmon, sea bream and 
trout through analysis of their microarray data sourced from both published and non-published data.

INTRODUCTION
Over the last 20 years, research in aquaculture has been 
developed based on an integrative knowledge of fish 
biology as well as information provided by the studies 
of fish behaviour, physiology, endocrinology etc. Such a 
multidisciplinary approach is becoming more essential 
in developing new methodological approaches, using a 
minimum number of fish, to bring together the maximum 

amount of information for characterising specific 
species markers including those for fish welfare, health 
and performance. Developing new methodologies or 
improving existing ones for phenotyping fish in research 
infrastructures is therefore a priority for fish research.

KEY INFORMATION
This knowledge output compiles a list of candidate genes 

FULL TITLE: New genomic information identified through gene expression analysis to 
potentially characterise markers for welfare and health status in three fish species: salmon, 
trout and sea bream
KNOWLEDGE TYPE: Report
WHERE TO FIND IT: fishandchips.genouest.org/index.php (a user guide is included)
WHO TO CONTACT FOR MORE INFORMATION: Jérome Montfort, INRA, 
E: jerome.montfort@rennes.inra.fr
PATENTS OR OTHER IPR EXPLOITATIONS: No

AT A 

GLANCE


NEW GENOMIC INFORMATION IDENTIFIED THROUGH GENE EXPRESSION 
ANALYSIS TO POTENTIALLY CHARACTERISE MARKERS FOR WELFARE AND 
HEALTH STATUS IN SALMON, TROUT AND SEA BREAM  
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as markers for stress in salmon, sea bream and trout 
through analysis of their microarray data sourced from 
both published and non-published data. 

For sea bream, mitochondrial gene identification was 
performed using next generation sequencing which 
highlighted previously unknown mitochondria. 

For salmon, candidate genes have been selected based 
on their involvement in nutritional challenges using 
gene expression profiles in liver from salmon exposed 
to diets with fish oil substitution. This generated a list 
of genes differentially expressed following statistical 
analysis. 

For rainbow trout, potential markers for different types of 
stress were identified (salinity, nutrition and confinement) 
using transcriptomic analysis in liver tissue, gill tissue in 
seawater and gill tissue in freshwater respectively. The 
common criteria for selecting those genes are that they 
would be characteristic of the health and welfare status 
of the fish when exposed to challenging situations.

END-USER & APPLICATION

 END-USER 1: Scientific Community - marine genomics.  
 APPLICATIONS: Researchers (basic or applied 

research) who are interested in comparing and 
analysing improved transcriptomic data sets related 
to stress and welfare of the species chosen. The 
methodology used might also be of interest.            

 END-USER 2: (When data is validated using the Fish 
and Chips tool) Aquaculture industry. 

 APPLICATIONS: Salmon, trout and sea bream 
breeding companies could use this information to 
increase the genetic selectivity of their stock.

IMPACT
 Increased meta-analysis of three important aquaculture species; salmon, trout and sea bream, could 

allow for more stress resistant stock as a result of selective breeding using the identified genetic markers, 
helping breed better farmed fish leading to increased production.
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WORKSHOP REPORT• 

RESEARCH INFRASTRUCTURES: ADDING VALUE TO EUROPEAN 
AQUACULTURE INDUSTRY 

The AQUAEXCEL project hosted a successful workshop 
entitled “Research Infrastructures: adding value to 
European aquaculture industry” on Friday 17 October 
2014 at the Aquaculture Europe 2014 conference in San 
Sebastian, Spain. 

The workshop focused on presenting the achievements 
and results of the AQUAEXCEL project as they have strong 
potential to positively contribute to the enhancement of 
aquaculture in Europe, and are demonstrably beneficial 
to the European aquaculture industry. 

During the event, researchers from AQUAEXCEL’s joint 
research and Transnational Access (TNA) components 
presented their findings to an audience primarily drawn 
from industry. The AQUAEXCEL TNA programme enabled 
research groups to utilise the facilities of participating 
aquaculture Research Infrastructures to undertake 
experimental trials on a selection of commercially 
important fish aquaculture species and system types.

The event was organised by the project’s Dissemination 
and Knowledge Management partner, AquaTT. The 
workshop was jointly presented by the project’s 
coordinator, Marc Vandeputte (Institut National de la 

Recherche Agronomique (INRA)), and Marieke Reuver 
(AquaTT).

Marieke Reuver said: 

        The specific focus of this AQUAEXCEL 
workshop was on project results of value 
to the aquaculture industry and SMEs, and 
how they can exploit these outputs for 
commercial benefit. At all stages in the 
AQUAEXCEL project we have consistently 
generated results which are of high value 
to the aquaculture industry in Europe. 
This workshop provided an opportunity 
for us to showcase this progress. It also 
provided a forum for researchers and 
industry representatives to discuss mutual 
interests as well as future opportunities for 
collaboration.

More than 140 people attended the event, which featured 
dynamic and engaging discussions broadly focusing on 
the interconnectedness of research and industry, and 
the opportunities for both to collaborate and play a part 

“

”
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“The interesting and informative presentations from researchers who have benefited from AQUAEXCEL 
support gave an insight into what the project has achieved so far. As part of the industry panel I was 
pleased to be involved in some lively debate on the future direction of the project and on where it should 
focus support. 

Being involved in commercial R&D, I feel that early intervention is very important. Supporting researchers 
at as early a stage as possible in their careers, and allowing them to develop skills, knowledge and 
understanding they wouldn’t normally develop in an academic setting, is crucial. This would benefit the 
industry as a whole, as we would have access to a higher quality of graduate as potential employees”

 - Dr Jack M James, Managing Director, Pontus Research Ltd. (www.pontusresearch.com)

“The workshop at San Sebastian was an interesting showcase of the many different projects that 
AQUAEXCEL is supporting, and a chance for the industry to get the pulse of this project. It is important 
to highlight the relevance of transferability and industry bearing of the [Transnational Access] proposals 
in order to gain AQUAEXCEL funding, focusing on current and medium term industry issues. I’m looking 
forward to AQUAEXCEL2020!”

 - Dr Carlos Mazorra, R&D Manager/Director de I+D+i Tinamenor, Spain

“It was very interesting to participate in this panel and get to know the AQUAEXCEL project, and how 
it is presented to the public, in more detail. The short presentations from the TNA researchers were an 
effective way of highlighting the main achievements of the supported research and how the results 
can be applied directly to the industry. Very good examples of collaboration between academia and the 
industry have also been achieved and demonstrated to the public. In fact, I am convinced that SMEs like 
ours can positively advance with AQUAEXCEL. We expect future R&D projects to have the same type of 
synergy with academia.”

 - Renata Serradeiro,  R&D Manager, Sea8 

INDUSTRY 
PANEL

FEEDBACK
  

in Europe’s quest to produce high quality seafood with 
reduced environmental impact. 

Marc Vandeputte, AQUAEXCEL Project Coordinator, said: 

       The success of this workshop 
demonstrates the keen interest on both 
sides to strengthen ties between top class 
research and industry.

Results of value to the aquaculture industry that were 
presented and discussed during the workshop included 
descriptions of new aquaculture research tools and 
methodologies developed through the project, such as: 
new tools to easily evaluate chronic stress in farmed fish; 
guidelines on sizing research structures to ensure that 
results are applicable to industrial scales; and prototype 
electronic infrastructures (e-infrastructures) which enable 
interchange of data and remote operation of aquaculture 
research facilities over the internet.

In order to present as many TNA research experiences 
and outputs as possible, the workshop organisers 

challenged the TNA researchers to give engaging 
presentations of their research in three minutes using 
only one slide. This enabled them to demonstrate their 
willingness to communicate the value of their research 
to the public and to show that even complex ideas and 
results can be explained in an accessible way. 

The findings presented were then discussed with the 
audience and a panel of industry experts. Panel members 
gave their feedback on the presented research from an 
industry point of view which resulted in very lively and 
interesting discussions.”

“
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MEDIA CENTRE

AQUAEXCEL KEY ACHIEVEMENTS
BOOKLETS 1 & 2
The first and second booklets in the AQUAEXCEL Key 
Achievements series are available to download from 
the project’s website:

AQUAEXCEL Key Achievements Booklet 1 

 DOWLOAD: aquaexcel.eu/images/
Deliverables_2013/aquaexcel_key%20
achievements_2011%20-%202013.pdf

AQUAEXCEL Key Achievements Booklet 2

 DOWLOAD: aquaexcel.eu/images/
Deliverables_2014/aquaexcel_d58_2_%20key%20
achievements%20booklet%202%202014.pdf

NEWSLETTER
The AQUAEXCEL newsletter provides an annual 
update from the project, including meeting reports, 
training course feedback and information on TNA. 

 FINAL NEWSLETTER: FEBRUARY 2015

The AQUAEXCEL Aquaculture Research Infrastructure 
(RI) Map is an integrated online infobase listing 
aquaculture research infrastructures in Europe and 
associated countries.

The objective of the Aquaculture Research 
Infrastructure Map is to create an online inventory of 

European infrastructures dedicated to aquaculture 
research and development, presenting available 
facilities and expertise. The system allows RI 
providers, within and outside the AQUAEXCEL 
consortium, to make this information available to the 
aquaculture community.

The map is a valuable database of European 
aquaculture RIs that are open for external use in the 
field of basic or applied research. It is a dynamic and 
user-friendly service that will continue to be available 
to the aquaculture community beyond the life-time of 
the AQUAEXCEL project. 

The data retrieved from the online RI map has been 
used to identify potential expertise and research 
facility gaps compared to the needs that have 
been identified through the European Aquaculture 
Technology and Innovation Platform (EATiP). 

VIEW ONLINE: aquaexcel.eu/index.php?option=com_
wrapper&view=wrapper&Itemid=273

AQUAEXCEL INTERACTIVE ONLINE AQUACULTURE RESEARCH 
INFRASTRUCTURE MAP

Key Achievements 2013–2014
Booklet 2 August 2014

Aquaculture Infrastructures for Excellence in European Fish Research
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KEY ACHIEVEMENTS 2013–2014KEY ACHIEVEMENTS 2013–2014



OPEN CALLS FOR ACCESS TO AQUACULTURE INFRASTRUCTURES
AQUAEXCEL invited proposals from European research groups for scientific research that 
utilised the facilities of any of the participating aquaculture Research Infrastructures. 
Interested researchers could propose projects that were compliant with the 
EATiP Strategic Research & Innovation Agenda and involved one or two 
researchers visiting a Research Infrastructure that provided facilities not 
available in their own country for periods of up to three months. Access 
to the research facilities and associated travel and subsistence expenses
were paid for under the project. 
www.aquaexcel.eu/call_for_access

AQUAEXCEL’S AQUACULTURE RESEARCH INFRASTRUCTURES MAP
The AQUAEXCEL Aquaculture Research Infrastructure Map is an integrated online infobase listing 
aquaculture research infrastructures in Europe and associated countries, including non-AQUAEXCEL 
partners. To add your Research Infrastructure to the AQUAEXCEL online infobase, go to: 
www.aquaexcel.eu/rimap

AQUAEXCEL’S AQUACULTURE TRAINING COURSES
For more information about these courses, please visit www.aquaexcel.eu/training_courses

1

2

3

PROMOTING EXCELLENCE IN 
EUROPEAN FISH RESEARCH THROUGH:

COURSE 1
TITLE: Recirculating Aquaculture  
System (RAS) Technology
COURSE PROVIDER: Aquaculture and Fisheries 
Group, Wageningen University (the Netherlands), 
with the expertise of NOFIMA, IFREMER and 
IMARES
LOCATION: Wageningen University,  
the Netherlands
DATE: April 2013

COURSE 2
TITLE: Applications of Genomic  
Information to Selective  
Breeding in Aquaculture of Temperate and 
Mediterranean Fish
COURSE PROVIDER: INRA
LOCATION: Rennes, France
DATE: October 2013

COURSE 3
TITLE: Chromosome Set  
Manipulations and the  
Importance of Gamete Collection 
and Management, including Sperm Cryopreservation
COURSE PROVIDER: Institute of  
Aquaculture, University of Stirling
LOCATION: Stirling, UK
DATE: November 2013

COURSE 4
TITLE: Efficient Design of Fish Larval Experiments 
Utilising New Monitoring and Control Systems
COURSE PROVIDER:  NTNU and SINTEF Sealab
LOCATION: University of Science and Technology 
(NTNU),  
Trondheim, Norway
DATE: April 2014

 COURSE 

COMPLETE  COURSE 

COMPLETE

 COURSE 

COMPLETE  COURSE 

COMPLETE

The research leading to these results has received funding from the European Community’s Seventh Framework  
Programme (FP7/2007-2013) under grant agreement no 262336. This publication reflects the views only of the author,  
and the European Union cannot be held responsible for any use which may be made of the information contained therein.

www.aquaexcel.eu

 TRANSNATIONAL

ACCESS

PROGRAMME

COMPLETE
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