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Final Report

Please note that the contents of the Final Report can be found in the attachment.

4.1 Final publishable summary report
Executive Summary

Continuing on the success of the 5th FP research programme REPRODOTT, which was the first
ever study of the reproductive biology of the Atlantic bluefin tuna in captivity, and which developed
a hormonal method for the induction of spawning, the programme SELFDOTT (From capture based
to self sustained aquaculture and domestication of Bluefin tuna, Thunnus thynnus) implemented the
knowledge on the reproduction of bluefin tuna in captivity. It established the knowledge-base
required for controlled development of eggs, larvae and suitable and environmentally performing
feeds.

Tunas constitute the most valuable fishery worldwide, with global catches of 4 million mtn and a
value of US$ 6 billion. Fuelled by the increasing demand for this unique fish by the sashimi-sushi
market in Japan, Europe and the United States, a “capture-based" aquaculture industry has developed
in the Mediterranean Sea over the last two decades, which involves the capture of migrating wild fish
and their fattening in floating cages for periods ranging from 2 months to 2 years. The dramatic
expansion of this industry is considered a threat to the now heavily over-fished wild stock.

In order to alleviate the pressure on the wild fishery of the bluefin tuna and aid in its conservation,
the domestication of this fish and the development of a sustainable aquaculture industry are
necessary. This will allow the propagation of this species in captive conditions, through rearing of
the larvae and production of juveniles for further grow-out on suitable, scientifically formulated and
environmentally performing feeds, as is done successfully in the EU for species such as salmon, sea
bass and sea bream. Therefore, there is a great interest in developing captive bluefin tuna broodstocks
and larval rearing methods to support the sustainable development of an aquaculture industry.
Studying the reproductive biology and larval rearing of this species in captivity would also result in a
better understanding of its life history, which is necessary for management of the wild stocks.

The SELFDOTT project was launched in January 2008 and is funded under the 7th FP Cooperation
Work Programme: Food, Agriculture and Fisheries, and Biotechnology. It is coordinated by the IEO,
Instituto Español de Oceanografía (SPAIN). The other members of the consortium include the
Hellenic Centre for Marine Research (Greece); the Institut Français d’Exploitation de la Mer
(France); the Heinrich-Heine University of Düsseldorf, (Germany); the National Centre for
Mariculture, (Israel); the University of Cádiz, (Spain); the University of Bari, (Italy); the Malta
Aquaculture Research Centre (Malta); the Centre National pour la Recherche Scientifique, (France)
and the Université de Montpellier II, (France). The tuna are maintained at the facilities of Ricardo
Fuentes Group (Spain) and Malta Fish Farming Ltd (Malta), who are the industrial partners of the
consortium with the Skretting Aquaculture Research Centre, one of the most important fish feed
manufacturing company world-wide.

Wild broodstocks captured during the 2007 and 2008 fishing campaigns were placed in sea cages in
Spain and Malta, and were fed a diet appropriate for supporting reproductive function. These fish
were used to study the process of gametogenesis in captivity, in order to identify potential
bottlenecks in the process, as well as to examine the influence of diet on reproductive maturation and
gamete quality. Mature fish were induced to spawn using hormone implants and the eggs were
collected using devices designed specifically for sea cages.

Wild juveniles (0+) were captured alive in Spain by hook-and-line and adapted to captivity in cages
in order to establish the knowledge-base required for the development of suitable and
environmentally performing feeds.

Since 2009, the bluefin tuna broodstock maintained in Spain produced massive spawnings during the
natural spawning season (June-July). The fish were induced with GnRHa implants in 2009 while
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spontaneous maturation and spawning occurred spontaneously in 2010 and 2011, without the need
for exogenous hormonal treatment. Total egg collection was 140 million in 2009, 60 million in 2010
and 160 million in 2011. The Malta broodstock spawned successfully in 2010 and 2011, after being
induced hormonally.

The eggs produced were sent to research hatcheries in Spain (IEO), France (IFREMER), Malta
(MRRA-Aquaculture), Greece (HCMR) and Israel (IOLR-NCM) to carry out the research on the
larval rearing and provide the knowledge basis on early stage ontogeny.

The larval rearings carried out in Spain have had the best survival rate, having achieved 73 days in
2009 (30g in weight) and 110 days (100g weight) in 2010. In 2011 thousands of 30 day old juveniles
were produced, which were housed in floating cages and were being fed on an artificial diet. At 120
days old they have reached a weight of around 1kg. It is hoped that a good number of these will
reach adulthood in a minimum of four years and that they will reproduce, therefore achieving the
closing of the biological life cycle of this species in captivity.

Summary description of project context and objectives

SELFDOTT proposed to implement knowledge already obtained on the artificial control of
reproduction of the Atlantic bluefin tuna (BFT), Thunnus thynnus, to obtain viable eggs, and study
embryonic and larval development for the production of fry (juveniles). At the same time, suitable
and environmentally performing feeds for the grow out of BFT have been developed. It will
contribute to reduce/eliminate in the future the practice of raw fish importation and feeding by the
fattening industry. Wild juvenile and mature BFT were reared in captivity at two sites in the
Mediterranean, and they have used to study puberty, gametogenesis, and the influence of diet on
reproductive maturation and gamete quality. Mature fish were induced to spawn using hormone
implants and the eggs were collected using devices designed specifically for cages. To establish the
knowledge-base for controlled development of BFT larvae, the mesocosm and artificial larval rearing
methods have been employed. The ontogenesis of essential biological functions was studied,
including environmental perception, digestion, immunity and behaviour. A protocol for the
commercial-scale larval rearing of BFT have been recommended. Whole body and stomach
composition of wild fish have been analyzed and it could serve as a guide to formulate nutritionally
complete artificial feeds for BFT. Juveniles were captured from the wild, adapted to captive
conditions and used to carry out weaning and feeding experiments, using moist and dry pelleted
diets. The environmental impact of the formulated feeds has been examined and compared to
existing raw-fish practises. SELFDOTT produced the basic knowledge necessary for the
development of a self-sustained aquaculture industry for the BFT in the Mediterranean, thus
enhancing the competitiveness of the EU aquaculture industry, while at the same time reducing the
pressure on the wild BFT stocks and ensuring the conservation and recovery of this magnificent fish.

The main objectives of the SELFDOTT project have been:

1.- Substantiate the current knowledge on the reproduction of capture based aquaculture bluefin tuna

2.- Establish the knowledge-base required for controlled development of eggs and larvae

3.- Establish the knowledge-base for the development of suitable and environmentally performing
feeds

Description of main S & T results/foregrounds

One way to alleviate the pressure on the wild fishery of the Atlantic bluefin tuna (Thunnus thynnus,
BFT) and aid in its conservation would be the domestication of the BFT and the development of a
self-sustained industry. This aquaculture industry will propagate the BFT in captive conditions, rear
the larvae and produce fingerlings for further grow-out on suitable, scientifically formulated and
environmentally performing feed, as it is done successfully in the EU for species such as the Atlantic
salmon (Salmo salar), European seabass (Dicentrarchus labrax) and gilthead seabream (Sparus
aurata). Therefore, the overall objectives of SELFDOTT were to further study the reproductive
biology and larval rearing of this species in captivity, and develop formulated feeds for the
ongrowing of the produced juveniles to market size. The above studies were expected to also result
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in a better understanding of the life history and physiology of the BFT, contributing to the successful
management of the wild stocks.

WP2 Reproduction

In the area of reproduction, the objectives of SELFDOTT were to (a) enhance the existing knowledge
on the reproductive biology (onset of puberty, gametogenesis, and gamete quality) and artificial
spawning-induction of BFT; (b) optimize microsatellite markers to genotype BFT and their progeny,
with applications to broodstock management and fisheries populations; (c) obtain fertilized and
viable eggs, and ship them to larval rearing facilities for the production of juveniles; (d) develop
appropriate broodstock diets for the support of reproductive maturation and gamete quality; and (e)
study the behaviour of long-term reared wild broodstock and establish monitoring procedures; in
order to develop the knowledge for a self-sustained aquaculture of the BFT.

During Y1 (2008) of the program two broodstocks of mature BFT were established, one in a
protected area in the harbour of Marsaxlokk Bay (Malta) and another one in a coastal, but more
exposed area in Cartagena (Spain). Initial trials in Malta were made with Tuna Identification Tags,
and muscle biopsies obtained and analyzed for genetic identity of the Malta broodstock. At the same
time a new antifouling treatment for long-term tags was tested. Deployment of a similar system in
Spain was hampered by bad weather.

The new controlled-release delivery systems (implants) loaded with the reproductive hormone
gonadotropin-releasing hormone agonist (GnRHa), which should have been developed as part of the
objectives, were not prepared due to the late arrival of the funds from the EU (Dec 2008). As a result
the old type of GnRHa implants were used for the spawning induction activities of year one. Also,
the open-sea egg collector device could not be designed and constructed, as it was not possible to
initiate the subcontract for this task due to lack of funds. Simple egg retaining curtains were
produced for both spawning sites and were employed for the first year.

Administration of GnRHa implants was accomplished successfully (rapid, efficient administration)
but no spawning was observed in 2008. This was attributed to different parameters in Malta and
Spain, and corrective measures were taken for Y2. In addition, both commercial partners (MFF and
TG) donated an additional cage and broodstock (n=30 per site), in order to increase our chances of
obtaining fertilized eggs.

The study of gametogenesis indicated that the process starts in late April and it is at its peak in late
May, with June being the expected spawning season, since the sampling of mid July indicated that all
fish were in reproductive regression. This information will assist in the proper feeding and
management of the broodstocks in order to avoid any handling during the months encompassing the
reproductive season, and provide appropriate feeding during the period of gametogenesis and the 1-2
months before this period. As shown by the successful, spontaneous spawning of the broodstock in
Spain during the following years (2010 and 2011), these actions had enhance the maturation potential
of the broodstock and facilitated the acquisition of large quantities of fertilized eggs for the
implementation of the larval rearing activities of the programme.

In Y2 (2009) of the programme, the major results achieved in the area of reproduction included (a)
successful, long-term and high fecundity and fertility spawning in one of the two captured stocks in
response to GnRHa implant treatment, (b) study of the age of puberty in captive reared BFT and (c)
development of an efficient broodstock diet for captive BFT.

One of the two captive broodstocks --maintained in Spain-- was induced successfully to mature and
spawn using the GnRHa implants. The broodstock begun spawning on 29 June 2009, three days after
hormonal treatment, and spawned daily for a period of 17 days with a total of 140 million eggs. Daily
fecundity ranged between 285,000 eggs to 34,000,000. Fertilization success was almost 100%, as
probably only fertilized eggs floated to the surface and were collected. Although the GnRHa
implants could not be improved further in terms of their duration of hormone release, the resulting
daily spawning for a period of at least 17 days after treatment achieved is considered quite adequate
for this fish. No spawning was observed and no eggs were collected from the other broodstock
maintained in Malta. Based on gonadal data obtained from another broodstock maintained in the
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same site, as well as from fish randomly sacrificed from this stock after the hormonal therapy, it
seems that the hormonal treatment might have been given too late in the season, as the gonads were
in a regressed state as shown by the histological analysis. It was also hypothesized that the hydraulic
conditions of the site (water current) and the depth that the fish could be spawning, resulted in the
dispersal of any eggs released prior to their entering the area that could be captured by the employed
egg collector.

For the study of puberty in captivity, two size groups of juvenile bluefin tuna, including 8.45 ± 0.41
Kg (n=10) and 19.38 ± 0.75 Kg (n=10) fish, were sampled in 7th July 2009. The fish were caught in
the Mediterranean Sea and reared in the Drvenik Tuna BFT ranch (Islands of Drvenik and Kluda,
Croatia). Among the 20 fish sampled, 10 were 2-years old and 10 were 3-year-olds. Perinucleolar
stage was the most advanced oocyte stage in all the ovaries analysed, indicating that fish did not
enter puberty at this age/size. All males belonging to the age class 2 were immature, while in males
belonging to the age class 3 the presence of all spermatogenetic stages --including spermatozoa in the
lumen of seminiferous lobules-- indicated that the males become reproductively mature at this
age/size.

In order to gather data for the development of a broodstock diet for BFT, samples of gonads were
taken from wild-caught fish, followed by an experiment using two groups of broodstock that were
fed on two different diets. The control diet was mackerel only and the experimental diet was made of
a 1:1 mix of squid and mackerel that was supplemented with 2% commercial paprika powder. The
different diets were fed for 3 months prior to spawning and in June, during the spawning season, the
fish were sacrificed and biometries were measured. Samples of all gonads were taken for histology
and nutrition studies and the quality of gametes was assessed. The experimental diet was shown to
result in a superior growth, higher GSI values as well as significantly higher condition factors for
both males and females. Fish fed the experimental diet had also a more advanced gonadal
development, with females having oocytes of a higher than those fed the control diet. Moreover, the
improved broodstock diet was associated with a lower occurrence of atresia of vitellogenic oocytes
and a higher vitellogenin receptor gene expression. Sperm characteristics, namely sperm release,
sperm concentration, sperm motility, duration of movement and sperm velocity were all improved by
the experimental diet. The enhancement of reproductive function was also reflected in the plasma sex
steroid levels, which were significantly increased by the experimental diet, the sole exception being
plasma estradiol in the females, where the difference was not statistically significant, probably
because the sampling was done at the end of the reproductive season, and fish were entering the
period of regression since no hormonal induction was given. The fatty acid profiles of the gonads
confirmed the importance of docosahexaenoic acid (DHA) for gonad maturation, whereas vitamin C
and E analyses indicated that the amounts present in both diets were sufficient.

In Y3 and Y4 of the project (2010-2011), the major results achieved included (a) successful,
spontaneous (without the use of any hormonal treatments), long-term and high fecundity and fertility
spawning in the two captured stocks (Spain) and successful spawning in response to the GnRHa
treatment in the other broodstock (Malta), (b) determination of lack of a strong population structure
in the Mediterranean Sea, (c) assignment of parental contribution during the spawning season and
demonstration that both GnRHa-implanted and control broodfish contributed to spawning, (d) study
of the age of puberty in captive reared BFT, (e) successful monitoring of fish size and behavior in
captivity, (f) the closing of the life-cycle of Atlantic bonito (Sarda sarda) in captivity.

Both captive tuna broodstocks maintained in Spain spawned spontaneously during the last two years
of the project. The broodstock begun spawning on 17th June in 2010, and spawned intermittently for
a period of 34 days, with a total of 60 million collected eggs. Fertilization success was almost 100%,
as probably only fertilized eggs floated to the surface and were collected. During 2011, spontaneous
spawning begun on 11th June, and lasted for a period of 37 days, with a total of 170 million collected
eggs. As in the previous years, fertilization success was close to 100%. For the first time in 2010,
spawning was observed also from the other broodstock maintained in Malta, though the number of
eggs collected was very small (30,000 per day). One of the presumed reasons for the failure in
achieving similar results to the Spanish broodstock, was the fact the water temperatures this year
were exceptionally low during the spawning season (reaching 19°C). In addition, due to a change in
site --so as to eliminate the problem that was faced with currents in 2009-- the spawning cage depth
was reduced to only 10 m. We suspected that spawning behavior may have been compromised by
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this “shallower” cage, since the Spanish and Italian spawning observations from Y1 revealed that
BFT was spawning at a depth of around 8 m but in deeper cages (20 m). The currents present in the
2010 Malta site were much lower than at in the 2009 site, but the size of the BFT and the relatively
shallow cage may have caused certain hydraulic conditions that resulted in the dispersal of any eggs
released prior to their capture by the employed egg collector. The broodstock in Malta spawned again
in 2011 in response to GnRHa treatment, starting on 18th June and finishing on 8th July 2011, when
a total of around 800,000 eggs were collected over 14 egg collections (~60,000 eggs per day). This
was an improvement over 2010, and was probably due to a combination of the deeper egg collector
put around the perimeter of the cage and a more consistent rise in seawater temperature than in
previous years. As in Spain, fertilization success of the collected eggs was consistently ~100%.

In the area of population genetics, DNA extractions from all available broodstock samples (Morocco,
Spain, Malta, Italy and Syria) were completed and their genotypes were produced based on the
genetic tools optimized during the first year of the project. Malta’s broodstock exhibited a high
number of alleles in all microsatellite loci studied and the studied loci revealed medium to high levels
of observed heterozygosity (Ho), which were comparable to those of the rest of the samples collected
within the Mediterranean. Spain’s broodstock also exhibited a high number of alleles and the
observed and non-biased estimates of expected Ho were similar to those observed for Malta’s
broodstock and also comparable to the rest of the Mediterranean samples. Although all populations
were significantly differentiated in respect to their allele frequency distributions, no population
structure was detected within the Mediterranean. In conclusion, Mediterranean BFT displays low
genetic differentiation between the geographic areas of the basin. Although Mediterranean samples
analyzed in this project are not in Hardy-Weinberg equilibrium, and thus cannot be considered as
coming from a panmictic population, there was no signal of population structure. The presence of a
single BFT population Mediterranean Sea is in agreement with previous studies carried out in the
Mediterranean and Atlantic using satellite tags and otoliths microconstituent analysis.

To examine parental contribution during a spawning season, tissue samples of 25 out of the 32 BFT
individuals from one of the broodstocks in Spain were sampled at the end of the spawning season of
Y4 and their DNA was isolated. All samples were genotyped in the 16 microsatellite loci also used in
the genetic characterization of their progeny. In total, 1152 eggs and larvae from Spain’s spawning in
2009 were analyzed proportionally to the number of eggs produced per spawning day (min of 50
offspring per spawning day, max of 153 offsprings per spawning day). The individuals that
contributed most to the reproductive activity were 13 (responsible for 79.8% of the crosses), while 15
individuals were engaged in the majority of the crosses (460 out of 530 crosses, i.e. 86.8%). The
remaining individuals (n= 10) were responsible for 13.2% of the crosses (70 crosses out of 530). It is
important to note that based on the parentage analysis, all individuals of the broodstock have been
reproductively active during spawning. Unfortunately it was not possible to acquire information
regarding the ID of the individuals that were implanted with GnRHa in order to reach conclusions
related to reproductive performance of individuals that were implanted versus those that were not
implanted. Similar results were obtained from the Malta broodstock.

For the study of puberty in captivity, BFT juveniles were sampled in two consecutive years. The first
sampling campaign 2009 consisted of 2 and 3 year-old fish (BW ranging from 8 to 20 kg).
Histological analyses of gonads indicated that females of both age-classes were immature. In
contrast, all 2 year-old males were immature, whereas 3-year-old fish were pubertal. The second
sampling campaign (2010) was done at a different site and consisted of 3 and 4 year old fish (BW
ranging from 15 to 40 kg). Three weeks before the programmed sampling, in addition to untreated
controls, fish were implanted with controlled-release implants containing GnRHa, E2 or
KiSS-peptides. Based on the histological analysis none of these fish was recognized as
reproductively active, with the exception of one 4- year-old female exhibiting few early vitellogenic
oocytes and one 4 year-old male at the stage of late spermatogenesis. In this regard, the 3 year-old
and 4 year-old males from the second campaign showed retarded gonadal development compared to
the 3 year-old males that were sampled during the previous year. The observed inhibition could be
attributed to the effect of (i) an earlier sampling date (ii) a lower water temperature profile at the
northern Adriatic location (iii) stress caused by the hormonal treatment that was conducted one
month prior to the sampling, and (iv) different feeding managements at the respective tuna farms. In
general, no clear effect of the different hormone treatments at the macroscopic (GSI), or microscopic
(oocyte and seminiferous tubule diameter) level was observed. Yet, the hormonal analyses
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highlighted some potential age- and sex-dependent effects at the pituitary level. It would appear that
the administration of exogenous (1) GnRHa affected the intra-pituitary FSH to LH ratio in 3 year-old
females, (2) KiSS decreased LH and FSH content in 4 year-old females, and (3) E2 increased the
content of both gonadotropins in the pituitary of 4 year-old males. The in vitro study demonstrated
gonadotropic effects on oocyte and seminiferous tubules growth. Nevertheless, both gonadotropins
FSH and LH failed to induce E2 secretion from the immature ovarian fragments. In males,
FSH-stimulated 11-KT secretion was detected only in gonads derived from fish pre-treated with
KiSS-containing implants. These results further emphasize sex dimorphic hormonal regulation and
suggest a role for KiSS in potentiating the responsiveness of the testes to FSH.

In monitoring broodstock in captivity, the first monitoring of Atlantic bluefin tuna in captivity was
made by acoustic and optical techniques. The combined use of acoustic and optical techniques
allowed estimating the size of a particular fish in the cage. This fact will also improve the monitoring
of tuna fattening in captivity. The use of data loggers on the fish allowed monitoring their swimming
behavior during the spawning season, allowing some hypotheses to be made on the preferences of the
fish during this stage in their life.

Spontaneous spawning from Atlantic bonito (Sarda sarda) breeders born in captivity in 2009 and kept
in the IEO land based facilities in Mazarrón (Spain) was obtained, thus closing the life-cycle of the
Atlantic bonito in captivity.

WP3 Larval rearing

In WP3, devoted to larval rearing, the first year of the project, 2008, was dedicated to the first
husbandry attempts for defining a preliminary rearing protocol on a comparative basis between
mesocosm (HCMR, Greece) and artificial rearing systems such as pseudo green (IEO, Spain,
HCMR, Greece and MRRA-Aquaculture, Malta) and clear water rearing methods (IFREMER,
France).

The Mesocosm, implemented by HCMR. This technique is described as an intermediate between the
intensive and extensive methods of rearing that can be considered as a semi-intensive technique of
mass production. Phytoplankton and live prey item concentrations and quality is partly related to the
“maturation” of the middle previous the beginning of the rearing

The Pseudo-Green Water, implemented by HCMR, IEO and MRRA-Aquaculture. This technique is
characterized by controlled conditions of light intensity, photophase and feeding. The phytoplankton
is not reproduced neither bloom in the rearing tank (constant concentration by daily addition). The
live prey quality is partly influenced by phytoplankton quality and the water quality control is partly
dependant of the phytoplankton management.

The Clear Water, implemented by Ifremer and punctually by IEO. This technique is characterized by
controlled conditions of water quality, light intensity, photophase and feeding. The live prey quality
is fully dependant of the strain quality and their enrichment products and methods. The water quality
control partly depends on the recycling system definition and efficiency.

In 2008, a sampling strategy were defined to deliver BFT larva batches from the husbandry sites to
each WP3 partners in charge of describing the ontogeny of the main targeted functions.

Larvae of Bonito (Sarda sarda) considered as a model species were expected to train each husbandry
sites and supply each scientific topics issues before the BFT season. The bonito fishing season (June
2008) was exceptionally poor and no Bonito egg batch was collected for in vitro fertilization. One
Bonito natural spawning occurred from one of the Bonito captive broodstock in IEO facilities in
Puerto de Mazarron (Spain). This unique egg batch (16,000 units) was collected and stocked in IEO
5,000 l rearing tanks. The feeding sequence, swimbladder inflation, behaviour, growth and survival
patterns were described using a pseudo green rearing method until 40-45 DPH and several 2-4 g
Bonito fingerlings were produced.

BFT tentative egg production from SELFDOTT cages located in Malta and Spain failed. Four
successive BFT spawning events (mean: 3 millions eggs per day) occurred in ALLOTUNA
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(collaborative project) cages in Vibo (Italy) end June but only a few larva batches can have been
delivered by the Panittica Pugliese Spa hatchery to IEO, MRRA-Aquaculture, IFREMER and
HCMR. Rearing attempts failed in MRRA-Aquaculture and HCMR due to a dramatic early larva
mortality during and just after transport. Only IEO and IFREMER succeeded in maintaining a few
individuals alive until 14 DPH (pseudo green water method) and 9 DPH (clear water method)
respectively. These first tentative trials implemented with a few hundreds (IEO) or a few tens
(IFREMER) of larvae having suffered detrimental transport conditions allowed to fine tune each
rearing system and define the environmental conditions leading the animals and living preys to be
acceptably homogenisation. Despite a poor early growth, first feeding figures were observed during
the early stages.

The different dummy transport attempts and the actual transport operations conducted with BFT
larvae and eggs from the Panittica Pugliese Spa hatchery highlighted the importance of a strict
management of egg and larva batches from the spawning events to the final destination. An optimal
control of the temperature and other water quality parameters (pH, ammonia, bacterial concentration)
during the transport time is crucial for meeting the best compromise between egg and larva survival
potential and transport duration.

Small BFT larva samples were delivered for studying the lateral line development, the onset of
digestive enzymes and the microbiotal diversity respectively from IFREMER (clear water) and
Panittica Pugliese Spa hatchery (pseudo green water) husbandry tanks. BFT tissues were also
sampled from adults during the broodstock sampling operations and delivered for studying the
ontogeny of visual and neuroendocrine systems.

Regarding the ontogeny of visual and neuroendocrine systems issues, 3 genes have been cloned to
date from BFT tissue extracts. The first, the arylalkylamine N-acetyltransferase-2 (Aanat2), was
cloned after messenger ARN were extracted from the photosensitive pineal organ using a classical
PCR approach and degenerated primers. The second and the third were cloned from mRNA extracted
from the pituitary gland. The proopiomelanocortin (Pomc) was cloned using degenerated primers,
whereas the growth hormone (Gh), had been cloned previously in BFT, and specific primers were
used to obtained the full length sequence. Probes were made for the in situ hybridization (ISH).

Concerning the studies on lateral line development, preliminary results suggested a high level of
conservation between zebrafish and BFT, greatly facilitating the analysis of BFT patterns. Labelling
methods that were developed in zebrafish to reveal the position of lateral line neuromasts can be used
in BFT for following the development of the lateral line system.

The behavioural pattern description for describing the BFT feeding and swimming behavior from
hatching to juvenile stage with submersible cameras in mesocosm were initiated using sea bass
larvae. The recorded images have been analyzed using special software that allows the estimation of
swimming velocity and distribution in the water column.

Total mRNA was extracted from samples in BFT adults. We made purified by RT-PCR cDNA
fragments of gene coding for elongation factor 1-alpha (EF1 alpha gene). EF1 is a housekeeping
gene, necessary for quantifying the expression of genes of interest.

From BFT larvae, mRNA was extracted. cDNA fragments of genes coding for digestive enzymes
were purified by RT-PCR, then cloned and sequenced: amylase and trypsine, which are some of the
main digestive pancreatic enzymes involved in glucide and protein digestion, respectively,
aminopeptidase and alkaline phosphatase, which are two of the main enzymes located on the brush
border membrane of enterocytes, and a non specific dipeptidase, which is located in cytosol of
enterocytes.

Relatively to microbiotal diversity, 19 and 21 DPH larvae were stored in a freezer with RNA later,
and they became available for this purpose, only in 2009. They was treated for microbial analysis.
The analytical methods were refined with intestinal samples from three ongrowing tuna euthanatized
in the IEO facilities at Puerto de Mazarrón (Spain).

In 2009, larval rearing husbandry tasks were satisfactorily supplied in BFT viable eggs (IEO-
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346,000, MRRA-Aquaculture - 450,000, IFREMER- 540,000 and HCMR- 386,000) from Tuna
Graso (SELFDOTT-Spain: 1 486,000) and MareNostro (ALLOTUNA-Italy: 836,000). Previously
bonito eggs spawned by a captive broodstock in IEO land-based facilities (Puerto de Mazarron) were
delivered to IEO-Spain (198,000), IFREMER-France (48,000) and HCMR-Crete (52,000). The
Bonito and BFT egg shipment results were notability improved and successful but still critical points
have to be solved in terms of egg temperature pre-packing conditioning, transport boxes insulation
related to transport ambient temperature and duration.

Several experiments were implemented in 2009 using the 3 targeted larval rearing methods:
Mesocosm (HCMR, IEO), pseudo green water (IEO, HCMR and MRRA-Aquaculture) and clear
water (IFREMER, IEO). In bonito, the rearing attempts were conducted until 23 (IEO) and 80 DPH
(HCMR) in mesocosm, 80 DPH (HCMR) and 73 DPH (IEO) in pseudo green method, and 14
(IFREMER) and 20 DPH (IEO) in clear water method. In mesocosm swimbladder inflation rates
were 60 (HCMR) and 78 % (IEO) while they ranged between 37 (IEO) and 60 % (HCMR) in pseudo
green method and between 33 (IEO) and 85 % (IFREMER) in clear water method. In BFT, the
rearing attempts have been conducted until 17 (IEO) and 60 DPH (HCMR) in mesocosm, 24
(MRRA-Aquaculture), 60 (HCMR) and 73 DPH (IEO) in pseudo green method, and 10 (IEO) and 20
DPH (IFREMER) in clear water method. In mesocosm swimbladder inflation rates was 50 %
(HCMR), while ranging between 50 (HCMR) and 58 % (IEO) in pseudo green method, and between
1.2 (IFREMER) and 5 % (IEO) in clear water method. The presence or the addition of microalgae
seemed to give a significant advantage to mesocosm and pseudo green rearing methods during the
early development stages in terms growth and survival rates compared to the clear water rearing
method. The feeding sequence including yolk sac larvae post Artemia strongly influenced both
survival and growth highlighting the critical importance to satisfy the energetic and nutritional needs
at that stage. A few BFT individuals ranging between 8 and 14 cm total length were produced and a
small batch of 300 DPH old Bonito. Light intensity, lighting regime, hydrodynamic, surface
cleaning, feed sequence and nutritional quality have been identified as the main factors to be fine
tuned mainly during the larval rearing stage. As far as possible Bonito and BFT larvae were sampled,
pre-processed and delivered to scientific topics according specifications related to each scientific
issue allowing the first academic data monitoring in early stage development.

The study the ontogeny of the visual and neuroendocrine system partly launched in 2008 in BFT was
complemented. In order to obtain molecular tools for the spatial and temporal localization of the
corresponding transcripts, genes of interest (melatonin receptors, AANAT2) were partially cloned.
Partial cloning of POMC and GH genes, as pituitary factors, was also obtained based on sequence
fragments from NCBI data basis. For further qPCR experiments, primers were designed according to
these partial sequences, and successfully tested. Conventional PCR revealed that MT1 and MT2
receptors both started being expressed in the larvae at 3 DPH, GH might be present in low quantity at
1 and 2 DPH and became more expressed at 3 DPH, POMC gene started being expressed at 3 DPH.
Dig-labeled probes were used for in situ hybridization on BFT larvae collection starting from stage 0
DPH. Larvae submitted to POMC and GH probes exhibited the same pattern: the pituitary was
clearly labeled at 3 DPH which suggests both the differentiation of this organ and its ability to
express hormonal genes at this stage of development. Melatonin receptors hybridizations are
currently being analyzed.

The early development of BFT posterior lateral line was examined. This sensory system analyzes the
movements of water along the body surface, and is used in very many aspects of fish behaviour,
notably prey catching or predator avoidance, and social behaviour (e.g. swimming in schools). We
have described the embryonic and early larval development of this system. Many aspects of this
development are highly conserved with other fish species examined so far, including the more basal
model species Danio rerio (zebrafish), including the long-distance migration of a sensory
primordium and deposition of five regularly spaced sense organs along the horizontal myoseptum,
and of one terminal neuromast at the tip of the tail. Tuna is rather unique, however, in the size of its
sensory organs at birth, suggestive of a remarkable sensitivity in prey detection. This may be related
to the very fast assimilation of the embryo's vitellus, making early prey catching a vital necessity.

Ontogeny of digestive tract in Bonito and BFT was rather extensively described in a comparative
way between the 2 species, bonito and BFT, and the 3 investigated rearing methods focusing on the
digestive system description with emphasis on the appearance of the different organs, their
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physiological role and function and relations on larval feeding preferences. In BFT no difference
existed in the time of organ appearance between the rearing methods but the rate of development
seems to be significantly affected by the temperature level which differed between sites and rearing
methods. In mesocosm, larvae preferred unidentified preys grown spontaneously until 7 DPH when
rotifers were detected in the stomach while they were delivered from DPH 2. In pseudo green method
the first rotifer presence in the stomach was not noticed before 4 DPH even thought they were
delivered two days before. On the same way, Artemia and yolk sac larvae were detected between 2
and 3 days after their first delivery to rearing tank. Even though Bonito were reared in lower
temperature their digestive tract development was notably faster than BFT as illustrated by the
gastric glands which appeared in 3 DPH in bonito vs 11 DPH in BFT.

The activity pattern (gene expression assessed by q PCR) of digestive enzymes as indicators of
physiological status of larvae and antioxidant enzymes as indicators of stress during development (3
to 20 DPH) was investigated and compared between the 3 targeted rearing methods. The different
digestive evolution pattern between rearing methods suggested a poor physiological status in larvae
reared in clear water associated with a poor growth compared with pseudo green ad mesocosm
rearing method. Antioxidant enzyme profiles suggested a higher stress level in clear water reared
larvae compared with the 2 other rearing methods.

Regarding the immune system ontogeny, a preliminary approach has been conducted with the bonito
and BFT samples collected during the early stages in mesocosm (HCMR). Molecular probes are in
preparation and the application of RT PCR related to immune system expression is being evaluated
for further analysis in summer 2010.

The evaluation of the microbiotal diversity of the digestive tract was limited by the availability and
size of the bonito and the BFT samples. Consequently, it was decided to upgrade the discrimination
level of the study by working at the individual level. Individual genomic DNA was extracted from
larvae (3 to 12 DPH) sampled in clear water rearing (IFREMER) and pseudo green rearing (IEO)
This preliminary approach revealed a microbism in the 12 DPH larvae reared in the clear water
method.

A bacterial characterization has been performed in Bonito larvae (1 to 20 DPH) reared in mesocosm
(HCMR) and 28 bacterial strains were identified and phenotypically characterized before being
identified later on. In addition, the total bacterial content in terms of total counts of the aerobic
heterotrophic gut microbiota was determined. An exponential increase in numbers of bacteria per
larva was found in bonito larvae as shown in studies with other species. The numbers of Vibrio were
detected at notably very low levels in the mesocosm rearing units. Samples were taken as well for
analysis for non-culturable bacteria. A bacterial strain belonging to the Phaeobacter genus was
isolated from a mesocosm with bonito larvae 1 DPH. This strain exhibited in vitro inhibition against
Vibrio bacteria, as shown with other representatives of its genus.

In 2010 and 2011, encouraging survival and growth results allow us to postulate that BFT
domestication should be feasible in a next future. But, larval rearing is still at the research stage and
has not reached the status of a commercial technology.

Mesocosm and pseudo-green methodologies implemented in large tanks have been substantially
improved as it is evident from the survival of the best rearing trials (2.5 -3 % at 25 DPH). The
knowledge and know–how bases in larval and fingerlings rearing have been substantially
documented both at the academic and at the rearing levels and gave us clear indications for
improving rearing techniques and biological performances. But key issues still need further
investigations. a) Currents, luminosity parameters and feed quality which have a significant effect on
vision, feed intake, growth and survival as soon as the early stages have to be fine tuned. b) It is still
impossible to sustain an acceptable growth and survival without YSL (prelarvae) post 17 DPH
whatever the rearing methods. So, even if weaning of juveniles (post 25 DPH) on artificial diet was
achieved, the later have to be improved and lead to better results. c) Considering these results and
comments we can propose a first set of recommendations for a BFT larval rearing protocol for
implementing mesocosm and pseudo green water techniques in large tanks.

Several batches of fertilized BFT eggs were delivered at IFREMER (France), HCMR (Greece) and
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IOLR-NCM (Israel) facilities during 2010 and 2011 spawning seasons originated from the
broodstock kept at Caladeros del Mediterráneo facilities at Mazarrón, Spain. Egg shipments were
performed using the standard Cargo services of airlines facilitated by a specific company in Spain in
the Greece and Israel cases and transported by car and bus, in the IFREMER case. Egg quality was
significantly affected by the transportation conditions and in particular temperature. When variations
overdraw 2 degrees, abnormal embryonic development and therefore abnormal individuals were
observed.

Regarding Atlantic Bonito (Sarda sarda), a total of 232,900 larvae were cultured in IEO facilities
during 2010 season. The swimbladder inflation started between 3 and 4 DPH. The swimbladder
inflation rate ranged between 67 and 80%. Between 8 and 12 DPH, an increase in the mortality was
noted in some of the batches. Bonito larvae lied in the surface of the tank with a reduce motility and
some of them with swimbladder hyperinflation. An analyses looking for virus was done with
negative results. After 3-4 days and a couple of prophylactic baths of formaline (40 ppm during 1
hour), the problem started to disappear, seemed that the problem was related with stress caused by
high density and maybe an unbalanced feeding. A trial to test the effect on bonito larvae of two
different enrichment methods: Origreen (Skretting) and DHA Protein Selco (Inve) for rotifer was
carried out and results in survival rate and growth did not offer significant differences (p>0.05).
Bonitos were successfully weaned at 22-27 DPH with a paste made in the IEO and composed by
minced bonito meat, krill meal, hydrolyzed fish meal, squid meal, fish oil and vitamin premix. From
40-45 DPH onwards the paste were replaced by 2 mm wet pellets manually distributed. In spite
bonitos accepted the paste and had an acceptable survival (28.7%) and growth (if we compare with
results obtained the previous years when weaning was done with raw fish), mortality continued too
high, more than 70%). Besides we must to consider these trials began about 19 DPH and they
finished about 31 DPH (average terms). Weaning onset was between 22 and 27 DPH (average 25
DPH) and as YSL were overlapped with paste for 4-5 days, we cut off YSL only a couple of days
before being extracted and counted from the tanks. So, some mortality due to weaning was still
coming in the following days.

Bonito eggs, obtained in 2010 from a natural spawning of captive broodstock from IEO Mazarrón,
Spain, were delivered to the HCMR facilities (Crete-Greece) by air cargo. 60.000 eggs were received
(T=21, pH=8.3, O2 =22 mg/l) and were incubated equally in three tanks 500 l tanks. During
embryogenesis, egg hatching and the autotrophic larval stage, aeration was provided in the tanks by
means of a wooden diffuser (150-200 ml min-1). Aeration was stopped one day after the first day of
feeding. From the day of first feeding until 19 DPH, water circulation was autonomous for each tank.
During this period the only source of water renewal of the tanks was the constant flow over the
feeding tanks. From day 20 onwards, the tanks were connected to a biological filter and the inflow to
the tanks was progressively increased. A surface skimmer was installed from 5 to 9 DPH to remove
the oily layer from the water surface in order to allow proper swim bladder inflation. The
photoperiod was 24L:0D from 0 to 40 DPH, when it was changed to 16h light: 8h dark.

Feeding was executed, using an automated feeding system. In this way feeding could be executed
frequently, labor efficient and 24 hours a day. Feeding was based on enriched rotifers and Artemia,
Instar II nauplii. Prior to distribution to the larvae, rotifers and Artemia were enriched with
commercial products (Selco, INVE) and were maintained in a solution with phytoplankton. From 23
DPH onwards eggs of various species were incubated in a separate tank. The eggs and larvae were
fed manually to the bonito’s. On 10 DPH hand feeding of dry feed was started. The dry feed was
hydrated in the feeding tanks before feeding. On 14 DPH an automatic dry feeder was installed,
adding small amounts of dry feed (Proton 2/4, INVE) every 15 minutes. From 10 to 67 DPH
defrosted seabream eggs were fed manually several times per day. From 27 to 67 DPH pieces of
defrosted mackerel were fed manually several times per day. The pieces of mackerel were covered
with dry feed in order to enrich the diet and to adapt the juveniles to dry feed. Water quality was
similar in all tanks. The temperature in A2 was higher during the later stages of rearing when no fish
were present in the other tanks. Mouth opening took place on 4 DPH. The swim bladder started to
develop from 5 DPH and on 16 DPH the swim bladder was inflated in 100% of the individuals. The
beginning of flexion started on 7 DPH. No deformities were observed. Growth was similar in all
tanks. The exponential growth rate of TL was 5.6% day-1 and the one for BW for 30-58 DPH was
11% day-1. The initial mortality was high and it decreased with population size. Observed causes of
mortality were cannibalism, the presence of histophages cilliet and the jumping out of the tanks.
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Cannibalism was observed between 8 and 40 DPH. Parasitic histophage ciliates were present in A1
between 14 and 19 DPH. They were first ineffectively treated by adding 25ppm formalin to the
system. An increased water refreshment of the tank on 19 DPH successfully removed them. At later
stages from 43 DPH onwards, fish jumping out of the tank became an important cause of death. This
was the cause of death of the last surviving fish. During the rearing for a period of 25 days tanks A1
and A3 were also used for sample collection, causing an additional artificial mortality. During the
rearing no developmental problems of the larvae were observed. Therefore the main focus of
successive rearing trials should lie on reducing the mortality. A major problem during the rearing
was the unsuccessful feeding resulting in inadequate cover of the larvae nutritional requirements.
Cannibalism can be counteracted upon by providing good alternative food sources. The provision of
de-frozen eggs and yolk sac larvae as alternative food sources was not effective in completely
eliminating cannibalism, although it probably led to a significant reduction. A remarkable
observation was that the juveniles hunted equally sized conspecifics, which they were not able to
swallow and ultimately spit them out. This observation indicates that the juvenile bonito prefer a
relatively big prey size, as smaller preys were plentiful at all times. Although dry feed was provided
during most of the period, the actual feeding on dry feed was not observed. The juveniles did ingest
small amounts of dry feed when feeding on mackerel covered with dry feed. The jumping out of fish
can be relatively easily counteracted upon by heightening the walls of the tank. Although just a few
fish jumped out, it was a relative big part of the total population at the times it occurred. Although
the goal of rearing bonito to weaning was not completely reached, it was a rather successful attempt.
The development and growth of the fish during this rearing trial were good, while an ongoing
mortality caused a premature termination of the trial.

A total of 1 926,000 Bonito eggs were collected during 2011, all of them coming from Z3 tank. This
broodstock tank was composed by about 50 fish born in May 2009 and May 2010. Bonitos spawned
during a period of 35 days, and fertilization rate was 81.7%, ranging between 65 and 95%. Spawning
occurred at nightfall and eggs were collected early morning every day. The Bonito larvae were fed
with Rotifer, Brachionus plicatilis, which was completed up to 5 rot/ml. a couple of times every day.
Rotifers were fed on Chlorella and three hours before being offered to the bonito larvae, they were
enriched with Origreen +, a special formulation from Skretting based on Origreen but with an extra
supplements of micro-nutrients. Artemia was added to satiety four times per day. Instar II of Artemia
were enriched over a minimum of a 14 hours period with Origreen + and then offered to bonito
larvae. Yolk sac larvae (YSL): Increasing amounts of sea bream YSL were added every day to the
bonito larvae from 10-15 DPH onwards. Sometimes, they were fed on bonito YSL instead of sea
bream YSL. The weaning were carried out at 22-26DPH with the special dry food developed for
BFT. From these production batches, a total of 4,727 23 DPH bonito larvae were produced, which
means a 2.7% of survival. In parallel, several trials to study the effect of light intensity, the different
enriched diets for rotifers and the density of bonito larvae on growth and survival have been carried
out.

A total of more than 4 million BFT eggs were incubated in the IEO facilities, in 2010. Incubators
were 400 and 1,000 l tanks, were BFT eggs were placed to hatch and kept one or two days after
hatching. Then they were counted and after separating dead eggs and larvae a part of them were
moved to larval rearing tanks. A trial was done to assess the effect of iodine on embryonic
development of eggs. Iodine treatment is widely use in aquaculture, and it is showed very efficient in
the control of some diseases. Short period treatments of iodine are applied to eggs to disinfect and
even are duty to transport eggs to some places (some countries like Israel demands it before
introducing any kind of fish eggs). Four different dose of iodine were tested during 10 minutes: 0
ppm, 50 ppm, 100 ppm and 200 ppm. The results shown that egg survival rate decreases with the
increase of iodine concentration, but the only significant decrease (p<0.05) is between 50 and 200
ppm. 50 ppm should be a recommendable dose and even when differences are not significant, 100
ppm it seems also quite high. A total of 1,204,000 newly hatched larvae were cultured in IEO
facilities in 2010. From 1,204,000 eggs/larvae we obtained 2,776 larvae (25 to 32 DPH) ready to be
weaned. In Mesocosm Tank of 45,000 l was inoculated with 18,000, 2 DPH bluefin tuna larvae. This
low stocking density allows us to refer to this culture method as mesocosm. A total of 310 larvae,
which means 1.7% survival, were produced. Using pseudogreen water method, the rest of larvae
were cultured at greater density (6-12 larvae/l), which should be referred as pseudogreen techniques
whichever would be the volume of the tanks. A high density trial (40 eggs/l) was also done in a
couple of H tanks. Finally, a total of 2,466 larvae of about 26 DPH, with an average of 0.21%
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survival rate, were obtained.

Also the effect of several parameters on larval growth an survival have been tested. A
trial was developed to test two enrichment methods (Origreen, Skretting, and Spresso, Inve) and a
cofeeding diet (Gemma, Skretting).The first approach indicates that it seems that Origreen offer
better results than Spresso and that tuna larvae did not accepted dry food during the first 20 days.

Also the different conditions also upwelling (a recirculation system) versus aeration have been tested.
The results seem to indicate: a) Increased aeration helps larvae to distribute homogeneously. This is
particularly important from 17-18 DPH onwards, with the onset of cannibalism. b) It is possible to
eliminate Artemia period but there are a reduced growth (1/2 or 1/3) which leads to delay the
beginning of YSL period. c) While tuna has a relatively good performance with minced fish (bonito)
as a weaning diet, wet paste used with bonito (see above in bonito trials) it seems offer a worse
results and it is not a good diet for weaning.

A high density trial was done in two 1,500 l tanks. 60,000 just fertilized BFT eggs were inoculated in
each one of both tanks, which means a stocking density of 40 eggs/l During the first week, larvae
went ahead with an acceptable survival rate, but from 10 DPH onwards, a high mortality. This led to
a very low survival rate, and finally we decided to finish the trial at 23 DPH, when only 10 larvae
were alive in both tanks. In conclusion we can say that with the actual level of knowledge, it is very
difficult to be able to culture BFT tuna larva at high density.

A trial to compare the two methods employed to avoid larvae sinking during the early stage of
development in bluefin tuna larval rearing was conducted. Two methods deal with kept larvae in
suspension using air current or water current. In order to watch larvae behaviour, two 500 l
transparent tanks were used in spite of this prevent us from carrying out replicates of the trial. One
had surface water inlet and stronger aeration, while the other had bottom water inlet and mild
aeration. Both of them had water outlet in surface, so idea was to create an upwelling current inside
the tank to prevent BFT larvae sinking to the bottom of the tank. Larvae tend to sink mainly in night
time, when light is off and they decrease their swimming movements. In this moment it seems very
important to help the larvae to keep themselves in suspension by upwelling current. If current is too
strong, larvae can injure by hitting against the walls of the tanks, but if it is
too weak, larvae fall to the bottom of the tank and they die. At 25 DPH survival rate was 2.4% in
bottom water inlet tank and 1.2% in surface water inlet tank. From this results it seems that is better
to kept larvae in suspension with water instead with aeration, but it should be necessary to test every
single tank, in order to avoid an excessive water flow.

The weaning of BFT larvae was carried out in 2010 in the IEO facilities on a minced fish basis. We
used several species of fish (bonito, sand eel, mackerel, anchovy, sea bream, sardine, etc.), but
mainly bonito. The conclusion is that it is possible to wean BFT larvae on a minced fish basis, and
they prefer fish instead squid (Sepia sp.) as weaning diet. However mortality went on too is high and
growth also should be improved. Another trial was conducted to test a dry food, Gema (Skretting). A
total of 235 BFT around 34 DPH were placed in four 1,500 l tanks. Two tanks were weaned onto
bonito meat and the others two were weaned onto Gema diet. Results obtained with dry food were
quite worse, and improved diet should be used in order to wean suitably BFT larvae.

More than that, a couple of weaning attempts were done in square 12 m3 tanks. Weaning diet was
bonito mix with another fish, mainly Scomber or Phycis. First attempt ended with bad results
because a disease which caused great mortality (more than 90%), and even the tuna surviving had a
increased mortality during the first ongrowing days Second attempt was made and it obtained better
results, about 25% survival rates. BFT fingerlings had a weight of 3-4 g at 38 DPH. A careful
cleaning of the tank, and the use of a greater rate of sand eel, could explain the best results obtained.

Several preongrowing attempts were carried out in IEO during 2010. Tuna were fed mainly on bonito
and sand eel. In spite they accepted well the minced fish, mainly sand
eel. Mortality went ahead due to several reasons, but mainly collision and maybe an unbalanced diet.
In order to prevent collision, tank walls were painted on a bright green colour, and a dim light during
night to keep continuous photoperiod was used. But collision went on and from 45 DPH was the
responsible of the most of death. At the end of this trial, bluefin tuna had an average weight of 18 g,
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but the greater fish weighted more than 50 g.

Two transports to a cage of 25 m, diameter and 10 m depth were carried out on August 20th and 21st
2010. 7 died during transport (11% mortality), and a total of 56 fingerlings were introduced to the
cage. During the first hours, a great mortality occurred in the cages: 24 tunas died immediately after
arriving, in the first 2h (43%). 48 h after the transportation, accumulated mortality was 75%. 96 h
after the transportation, mortality was 89%, and only there were 6 tunas in the cage. A week later,
mortality was 93%. There were 4 surviving bluefin tuna. This tuna fed on minced fish (sand eel at the
beginning and mainly sardine from September onwards). They started to accepted food from the day
after transportation, but ingestion rates were lower than in the tank. Last tuna died after 45 days in
the cage (110 DPH) with about 100 g.

To test the effect of transportation three dummy trials were conduced. A couple of fingerlings were
placed in a plastic bag like those used for transport purpose during 24 h. After this, 1 tuna was died
and the other was still alive. 2. Five BFT were subjected to handling to extract from the tanks and
then they underwent a transport simulation (4 h). After this they were placed in a 5 m3 tank. 2 tuna
died during transport and 3 during the next 48 h. Five BFT were subjected to handling to extract
from a tank and then they were place in another 5 m3 tank. 3 tuna died during the next 72 h, and a
couple of fingerlings survived.

Also another trial moving 15 fingerlings to a greater tank (a 100 m3 tank) early September 2010 was
carried out. These were smaller tuna (average weight of 5 g), and mortality after 72 hours was 7%.
Tunas were not too enthusiastic with minced fish and in spite of eating, hey were reducing their
ingestion rate through following weeks. Their growth was not good and most of the fish died during
September. At the beginning of October there were only two tuna, and the last one died on October
20th 2010, when it was 110 days old and it weighted 52 g.

These results seem to point out that handling is mainly traumatic for tuna greater than 5-10 gr. tunas.
The only action of collecting from the tanks led to a great mortality that is increased if after this they
undergo new stressing situation like a long transport. More than that, it is necessary to acquire
knowledge about nutritional requirements of fingerlings and to improve nutritional quality of
supplied feeding.

In 2011, from total of 162 millions eggs were collected during this year in both cages in Cartagena
(Spain), and transported to the IEO facilities in Mazarrón. A sample of 72 eggs coming from every
spawning event was incubated in three different plates. Each plate contained 24 wells of 2 ml
capacity, and one egg was placed in each well. The hatching rate results were very similar in both
cages (Mean ± SD) : Cage R1 81.7±12.1% and 87.5±10.2% for Cage R2.

A total of 1.7 million eggs were cultured at the IEO facilities in 2011.All the BFT larvae were reared
with similar rearing techniques and feeding schedule: a) Rotifer: From 2 to 16 DPH. Rotifer,
Brachionus plicatilis, was completed up to 10 rot/ml. a couple of times every day. Rotifers were fed
on Fresh Chlorella and three hours before being offered to the tuna larvae, they were enriched with
Origreen+ made by Skretting and also tested in bonito. b) Artemia: From 13 to 19 DPH. Artemia was
added to satiety four times per day. Instar II of Artemia were enriched over a minimum of a 14 hours
period with Origreen + and then offered to tuna larvae. c) Yolk Sac Larvae (YSL): Increasing
amounts of sea bream YSL were added every day to the tuna larvae between 17 and 30 DPH.
Sometimes, they were fed on tuna YSL instead of sea bream YSL. d) Weaning: It started when
larvae were between 25 and 30 DPH. Nevertheless there were some important differences according
to the size of the tanks: Production tanks (40 m3), Intermediate tanks (5 m3) and research tanks (1.5
m3, and transparent tanks, 0.5 m3).

In a 40 m3 tanks, three production batches were cultured, with a total initial number of 1.25 million
eggs. When larval rearing finished, tuna larvae were taken out, counted and placed in some new
tanks to wean them. A total of 17,300 23 DPH larvae were produced. This means a 1.38% survival
rate, but if we consider only the two first batches, the survival rate was 2.09% The main difference
was the amount of yolk sac larvae, which was extremely low in the last batch.

Larvae coming from the first batch, weighted 107±48.5 mg (ranged between 48 and 107 mg) and
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they have a total length of 22.3±0.40 mm (Mean±SD). Larvae coming from the second batch,
weighted 158±58.5 mg (ranged between 73 and 281 mg) and they have a total length of 24.9±0.3.41
mm.

The effect of four light intensity (0, 500, 1000 and 2000 luxes) on growth and survival of BFT larvae
has been tested in twelve 1,500 l tanks, in triplicate. The initial density was 7.2 eggs/l. (10,800
eggs/tank). The complete darkness (0 lux) led to a fully mortality in the first week, and even when
there were not significant differences in survival and growth rate at other intensities, it seems that the
greater intensity led to slightly worst results.

A second experiment to study effects of two different enrichment diets for rotifers on growth and
survival of tuna larvae has been carried out testing two diets: Origreen and Origreen+ (with extra
supplement of micro-nutrients). The trial was carried out in 1,500 l cylindrical tanks in triplicate. The
initial density was 10 larvae 0DPH/l. (15,000 just hatched larvae/tank) The feeding schedule was: 10
rot/ml adjusted twice per day. 20 ml of Fresh Chlorella V12, added also twice per day. The
experiment when larvae were 15DPH. The results showed that using Origreen+ the survival rate was
quite higher (3.01±1.64% versus 1.03±0.10%). In growth, differences were not significant (p>0.05).

A third experiment to study the effects of three different enrichment diets for artemia on growth and
survival of BFT larvae was carried out. Three different diets to enrich Artemia: DHA Selco (Inve),
Origreen and Origreen+ (Skretting) were tested. The trial was carried out in 150 l cylindrical tanks in
triplicate. Differences among three treatments were significant (p<0.05); the best results were
achieved in BFT larvae fed on DHA Selco enriched Artemia, and the worst were those in larvae fed
on Origreen enriched Artemia. The wet weight ranged between 7 and 11 mg, and it was significant
lower (p<0.05) in tuna larvae fed on Origreen enriched Artemia than DHA enrichment, while there
were not significant difference among three treatments with regards to total length (all the larvae
reached about 10 mm).

A four experiment to test the effect of BFT larvae density was carried out. Two different stocking
densities (10 and 30 eggs/l) in 500 l transparent tanks without replicates were tested. Even when we
cannot obtain conclusive results, it seems that is possible to increase density achieving acceptable
survival rates (1.4%), during the first stage of development (before start piscivorous feeding), so that
obtained results in growth and survival rate were very similar. Nevertheless, further research must be
implemented.

Several weaning attempts were implemented in IEO during 2011 season. In the same way that in
larval rearing, two different techniques have been used: a production technique with 5, 15 and 20 m3
tanks in which a mixture of weaning diets were employed, and experimentation technique with 1.5
and 0.2 m3 tanks in with different weaning diets were tested. In production tanks, dry food consisted
in a mixture of two different diets from Skretting (TD and LM). The LM diet was an experimental
dry diet designed to support nutritional requirements in tuna larvae. In order to try to improve the
results, the dry food was distributed to satiety using automatic belt feeders. Tuna lasted some days in
being fully adapted to new food, but after 5-7 days they showed a good acceptance of the food.
Survival at 39 DPH was 28.5%, ranging between 19.3 and 33%. At the end a total number of 1900
tunas (20.8% survival) were produced and sent to the cages when they were 39-44 DPH. Until
35DPH, most of mortality was due to weak fish unsuccessfully weaned, but from this moment
onwards, main mortality was caused by collision.

Two of experiments were made to compare the different weaning diets, using tuna larvae 28 DPH.
These experiments took ten/twelve days and the results were compared in survival and growth terms.
First experiment was made in 150 l tanks to compare 3 Skretting diets: GM (Gemma Micro, a
commercial diet), LM and TD (two experimental diets) and raw fish (minced sand eel previously
frozen). A total of 320 larvae were used. They were 29DPH, weighted 153±23 mg and their total
length was 22.3±1.6 mm. During the first five days, sea bream YSL and weaning diet was offered,
and from 34 DPH onwards, weaning diet was the only source of feeding. Experiment was finished
when larvae were 38 DPH. Best results were achieved with LM diet, which produced higher survival
than TD diet and Fish diet (p<0.05). No significant differences (p>0.05) were founded between LM
and GM, and between TD and Fish diet. With regards to growth, the gain in total weight was
significantly lower in TD (0.49±0.2 g) than in LM diets (0.18±0.1 g), meanwhile no differences were
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observed in the other diets. Second experiment was made in 1500 l tanks to compare the three
different Skretting diets: GM (Gemma Micro, a commercial diet), TD and LM (two experimental
diets). A total of 495 larvae were used. They were 29DPH, weighted 250±108 mg and their total
length was 29.65±4.45 mm. During the first five days, sea bream YSL and weaning diet was offered,
and from 34 DPH onwards, weaning diet was the only source of feeding. Experiment finished when
larvae were 40 DPH. In spite no significant differences (p>0.05%) have been observed among the
different diets in weight gain and in survival, LM and GM diet produced the best results.

Around 400 fingerlings of BFT 40 DPH were transferred from weaning tanks to a 8 m diameter tank,
with a total capacity of 100 m3 . This tank was painted in green with some adhesive tape stuck on the
tank walls. In order to try to decrease the collision rate, a dim light was used during night. Initial
weight was 3 g. BFT were fed on dry food (Skretting special formulation), every two hours during all
the photophase. When fish reached 100 g, meals were become less frequent (one every three hours)
and we started to mix dry food and raw fish: we changed the last feeding by raw fish every day in
order to prevent any nutritional lack in the dry food. From 500 g onwards, only three meals per day
were offered: two in the morning consisting in dry food and another one in the afternoon (raw fish).
Raw fish was sand eel during the first month and after that sardine or mackerel. Temperature was
about 27ºC, and it was gradually decreasing through all the ongrowing period. Water flow was
increased gradually during the period. In the first month, tuna fingerlings were fed only with dry
food. In this time, tunas reached 100 g and the feeding conversion rate was 1.2. In the following
months (up to 31st October, when they were four months old) tunas went on growing at a high rate,
reaching close to 600 g. In this period, feeding was practically 50% dry food and 50% raw fish (95
kg of dry food and 92 kg of raw fish). Feeding conversion rate was about 3.2. During November,
temperature decreased below 18ºC, and growth became slower. At the end of this month, when tunas
were 150 DPH, mean weight was about 1 kg. During the total four month period of preongrowing,
mortality was about 87.3%. In the first month, survival rate was close to 50%. A half of the mortality
happened during the first week and it was due to handling (manipulation, transport, etc.) and tunas
which had not been successfully weaned. After this week the most of the mortality was due
tocollision. In the following months survival rates ranged between 65 and 80%, except for a problem
with the air stones of oxygenation during night that caused a great mortality (40 tunas) in mid
October.

Another batch of 60 tunas were placed in a 40 m3 round black tank, 5 m of diameter and 2.1 m
depth. The tuna were fed only with dry food. Unfortunately, collision rate was higher and the last
tuna die when it was 130 DPH and its weight was 800 g. Feeding conversion rate along the whole
period was 1.52, and as expected it was increasing with the size of tunas. Mortality was also
increasing through the period, what could be explained because collisions were more frequent as tuna
grew and the dimensions of the tanks were too small for such a fish.

Around 3,100 fingerlings of BFT were transfer to net cage of 10 m diameter and 10 m of depth.
Initial weight was 3-7 g. Transport tanks were a rectangular 7m3 tank used for transport sea bream to
the cage and some cylindrical 0.8 m3 tanks. Four transports were carried out in a eight days period.
Fish were placed in a 16 m diameter cage, with about 10 m depth. A submerged light was placed in
the cage. After fifteen days, the juvenile were moved to a big cage of 25 m diameter and 18 m depth.
The 11th August, taking advantage of a bright full moon, light was turned off. Total mortality that we
can attribute to transport (until a week after the last transportation) was 66.8%. A week after last
transport attempt (5th August), it was a total of 1,030 surviving tuna in the cage, and fish were
moved to a bigger cage of 25 m diameter and 18 m depth. The 11th August, taking advantage of a
bright full moon, light was turned off (signed by an arrow in the graph). As mortality went ahead, we
turned on again five days after, and we finally switch off during the next full moon phase. Tunas
were fed only with dry food (Skretting) until 100 g. Then we start to complete feeding with minced
fish (Sardinella, mackerel, etc): dry food during morning and afternoon and a couple of meals
consisting in minced fish in the evening. Progressively, tunas started to refuse dry food, and after
fifteen days with this feeding schedule, we decide to feed them only with minced fish. Last days of
September and first ones of October, the feeding intake in the cage ranged between 60 and 100 kg of
minced fish per day. In these days, tuna biomass were close to 300 kg, which means that daily
feeding intake rate was 25-35%. From the mid October onwards, this rate suffered a huge decrease,
being only about 5-6% (15-20 kg per day). The drop in the water temperature and the stress caused to
the tuna by handling to change the net and to move the cage could be the reason of this lost of
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appetite. Even when tunas recover, feeding intake rate never overcome 10%. This fact would explain
the lower growth rate obtained from that moment.

In IFREMER facilities, the common live prey and larval rearing conditions in bonito and BFT have
been studied. To evaluate the effect of probiotoic addition via the enrichment media of live preys we
added Bactocell®, Pediococcus acidilactici MA 18/5M (1011 CFU g-1) at the concentration and time
exposition of 1g.m-3 2 hours and 5g.m-3 12 hours respectively in rotifers and Artemia. The total
length of bonito larvae was significantly higher as soon as 4 DPH when Bactocell enrichment was
used under 24L:0D lighting regime (LL) but due to lack of repetition in treatements it was not
possible to conclude. In BFT no significant effect of probiotic enriched preys on larval growth (total
length) was observed. In BFT, it was demonstrated that between 2 lighting regimes 18L:6D (LD) and
24L:0D (LL) the first one led to significantly higher growth (total length).

During this experiment we globally observed a significant improvement in term of early behaviour
and in some extent reduction of early mortality. We hypothesize that is due to a better hydrodynamic
management related to water and air injection from the bottom of the tank at an acceptable flow rate.
The new surface auto cleaning device we used improved the surface cleanliness but the low
swimbladder inflation rate we got could be explained by a relatively limitation of its efficiency
during 2 and 3 DPH when we tried to improve the setting of this new device. Mortality picks
remained unexplained. Chronic mortality could be related to inadequate prey global quality taking
into account that bonito seems to significantly take advantage in terms of growth and survival in
feeding YSL as soon as 10-12 DPH.

Clear water rearing experiments was carried out in bonito at Palavas facilities, in 2011.Probiotic
enriched living prey effect was tested under LL lighting regime in one experiment and LL lighting
regime was compared against LD in a second one without any probiotic enrichment. From these two
trials, we concluded that 1) probiotic enrichment didn’t promote a higher growth and survival by
comparison with the control and 2) LL lighting condition seems to promote a better early survival
and delayed the hyperinflation crisis which was observed in the two treatments, 3) in each
experiment we confirmed that is was not possible to sustain a correct growth and survival more than
15 days without using any yolk sac larvae to replace enriched artemia. In a third experiment we
demonstrated that an early weaning using Gema Micro (Skretting) allowed a successful transition
between rotifer and micropellets within two days from dph 5 to 7 but this micropellets as single feed
source in our feeding conditions was inappropriate to sustain a correct growth and survival

The rearing of BFT under both Mesocosm and artificial conditions was performed in 2010 at the
HCMR facilities (Crete-Greece). Some conditions during the larval rearing were tested but yet more
experimentation is required. Water currents seem to have a significant effect on the performance of
BFT during larval rearing. The same is true for the luminosity parameters (both intensity and
photoperiod). Further experimentation in this direction in essential for establishing proper
methodologies. Artificial rearing still has not performed as Mesocosm although some improvements
since 2009 were achieved. Mesocosm methodology has been substantially improved as it is evident
from the growth performance and the survival of the rearing trials. Weaning to artificial diet of
A-BFT juveniles was achieved although the growth performance was not satisfactory. Improvements
on the diets could ameliorate the results. The logistics of the eggs transport although improved does
not guarantee the smooth transfer of live eggs and therefore should be further considered.

The specific objectives of HCMR in 2011 were to better define the environmental parameters related
to tank volume, tank coloration and hydrodynamics of the rearing tanks. Five shipments of BFT eggs
were delivered at HCMR during the reported period originated from the broodstock kept at
Mazarrón, Spain. Egg shipments were performed using the standard Cargo services of airlines
facilitated by a specific company in Spain and with the presence of HCMR personnel in Athens. Egg
quality was significantly affected by the transportation conditions and in particular temperature. Two
of the shipments were not available for any trial as the quality of the pre-larvae was poor with more
than 90% deformed individuals. In all trials of both methodologies the photophase applied was
24L:00D from mouth opening until 25 DPH then turned to 18L:06D for the remaining period.
Feeding was based on daily administration of enriched rotifers (3 to 18 DPH), Instar II Artemia
nauplii (from 7 to 20 DPH), and prelarvae (15 to 35 DPH), occasionally live eggs were also
delivered. Phytoplankton was added daily until 18 DPH. Mesocosm tanks presented also an inert
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productivity of zooplankton (rotifers and copepods) that could potentially contribute to larvae
feeding. Artificial diet delivery was initiated on 25 DPH and was composed of chopped mackerel
initially and later of wet pellet. For the Mesocosm, during the last year a new water inlet was
developed that allowed the water entering through the perimeter and the bottom of the tank
improving thus the hydrodynamics of the system. Four tanks were stocked with eggs but only one
ended on 20 DPH with significant results while the others presented high mortalities during the very
early stages (5-7 DPH). The growth of the individuals in terms of total length during the first 25 DPH
was exponential with a rate of 0.071 daily (r2=0.90) and reached about 20 mm. The TL was
comparable with the 2010 trials. The swimbladder inflation in the trial was ~60-70% as a result of
the film collector installation. At 30 DPH the larvae were weaned to moist pellets. Survival was
about 2.5% and 342 individuals were transferred for pregrowing. The results were positively affected
by the water inlet system that has improved substantially the survival at the early stages.

For the artificial rearing with the Pseudo-Green Water methodology, the tanks used at HCMR were
500 l and 2,000 l cylindro-conical and are organized in couple for the 500 l or triplet for the 2,000 l,
in closed water system with a biological filter. Feeding at the 500 l tanks was performed using a
computer application that facilitated the transfer of the zooplankton at prescribed quantities and
specific frequency during a 24 h period. For the 2,000 l tanks feeding was realized manually 4-5
times daily. A study was performed to evaluate the effect of tank colour and the presence or not of a
submerged light during larval rearing. Two trials were conducted applying a two-factorial
experimental design. The conditions tested were two types of tanks walls green and white and the
presence or absence of submerged light per each colour. Trials were terminated at 17 and 20 DPH
respectively. In both trials tank colour had no significant effect on growth performance and the TL
presented a growth rate of 0.19 mm/d. No significant difference was also observed as a result of the
presence of the submerged light. Survival was highest in the green-light followed by the white-light
and lowest in white-no light treatments. The treatments did not affect swim bladder development.

A second study was realized for the evaluation of the effect of volume on rearing performance: a
comparison between 500 l and 2000 l tanks. The duration of the trial was 20 days. There was no
significant effect of tank volume within treatments on TL evolution and in the case of 500 l the
individuals grew exponentially with a rate of 0.253/d while in the 2000 l the rate was 0.175. There
was a significant difference between the two conditions. In terms of survival a high variation
between treatments was observed. Mean survival was higher in the 2000 l tanks although not
significantly different.

Pre-growing of Atlantic BFT was performed with two populations created after the Mesocosm and
the artificial larval rearing. The transfer in the 30 m3 cylindrical tanks of 5 m diameter was easy and
without significant problems or mortalities as special nets were used with the lower part composed of
plastic so as to maintain a sufficient amount of water allowing the fish swimming and protecting
them from any direct contact with the net. Feeding was exclusively with moist pellet following a
weaning with chopped mackerel. The composition of the wet pellet was 45% a Skretting feed, 22%
fish eggs and 27% water together with a binder. The wet feed had a total humidity of 32.75% the
protein part was 48.6% and the fat 11.4%. On dry base the composition was 73.7% proteins and
17.3% fat. The diet was manual delivery several times daily (from 9:00, to 20:00). Two feeders were
used in an effort to establish an automated feeding process. The trial lasted until 70 DPH. During this
period the growth rate of TL was linear at 2.15 mm daily (almost 20% improved since 2010) and the
individuals reached 120 mm on 65 DPH. In terms of wet weigh, the growth rate was exponential at
0.13 d-1 (almost double than in 2010) with individuals at 65 DPH weighted round 20 g indicating
poor feeding efficiency. During 2011 period mortality was continues with the exception of a period
of 12 consecutive days around 50 DPH when no mortality was observed indicating appropriate feed
and rearing environment. An infection with Pasteurella was successfully treated with orally
administration of 50 mg/kg BW Flumequine. Individuals with operculum deformity were observed at
almost 40% frequency.

A juveniles’ transport to cages was organized in order to gain experience on the requirements of such
actions. A cylindrical tank of 1 m diameter was used, with 300 l water covered with a shading net.
The duration of the transport was 3 hours. During the transport pH was constant at 7.9, temperature
varied from 24 to 26 ºC and DO was at 150-160% saturation. The resulting survival was acceptable
as 75% of the individuals were transferred in the sea where they adapted well in the cages and started
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eating 30-40 minutes later. Mortality was complete during the 1st day following collisions on the net.

Water currents in the different larval rearing tanks used at HCMR have been studied. For the 500 l
tanks aeration resulted in faster homogenization rates for both inlet system, demonstrating a more
homogeneous flow. It does not lead to an increased ‘dead’ volume nor could it cause physical
damage to the larvae. Therefore the presence of aeration can be recommended for all stages of larval
rearing. The ‘dead’ zones as indicated in the drawings are probably no true dead zones with no flow
at all, but zones with a very low flow. The central bottom inlet leads to big differences in flow rate
within the tank. The V-shaped water inlet had a rather homogeneous flow, with good average flow
rates and no areas with a too high water velocity. Therefore the V-shaped water inlet can be
recommended for larval rearing. For the Mesocosm tanks it is apparent that the new inlet system
improves significantly the hydrodynamics in the tanks as it is also evidence from the results during
the larval rearing of BFT.

The differences in the hydrodynamics due to changes in the water inlet system of the rearing tanks
both at 500 l and Mesocosm tanks was studied using a velocimeter that measure 3D water velocity
components with Doppler processing. Tanks were divided in different layers where velocity was
measured. For both systems the new water inlets created a more homogenized environment in terms
of the hydrodynamic conditions. In both cases the most characteristic difference between the two
systems was the higher currents at the bottom layers when the new inlet systems are installed.
Therefore both the V-shaped water inlet for the 500 l tank and also the circular inlet at the Mesocosm
can be recommended during the larval rearing of BFT.

Also HCMR ought to describe the behavioral profile during the early stages of the BFT. For this,
videos were recorded during the pre-growing phase between 33 and 60 DPH during which the fish
grew from about 2.5 cm to 10 cm. Recordings were taken during ‘normal’ and ‘feeding’ periods in
order to analyze the different behaviors. In particular for the feeding period two distinct conditions
were identified (a) the standard behavior of juveniles on food presence and (b) the particular behavior
while attacking a food item. Applying image analysis methods the velocity in BL/s was calculated
both measure and direction. The maximum velocity of BFT corresponds to the maxima of attacking
(12 BL/s), while the average cruising velocities of normal behavior are around 4-5 BL/s. In terms of
direction, it was bimodal during normal swimming while it was unimodal when attacking on food
items.

Regarding the Bacterial Characterization of tuna larvae, this was investigated during the season by
quantification of microbiota in larvae sampled from mesocosms. In the case of yolk-sac larvae the
bacteria present in the larvae were showed variability between different groups. The numbers of total
counts increased exponentially in larger larvae, and members of the Vibrio group became dominant.
Isolates sampled at different points of the rearing were used for homology searches. All bacteria
isolated this and previous season which were identified were included in a phylogenetic tree
describing the microbiota in tuna larvae.

From the experiments performed it is clear that hydrodynamic conditions in the rearing tanks have a
significant effect on the performance of BFT larvae. This is true for both systems tested (Mesocosm
and intensive rearing). The colour of the tanks wall appears to have an effect on the growth and the
survival of the larvae and the green background seems to be the preferable among the colours tested.
The light intensity also affects the performance of the larvae. Improved light conditions in the entire
water column with the presence of submerged lights may improve growth and survival. However
further work is required in order to define the appropriate ranges. The volume of the rearing tank is
another parameter involved in the performance of the larval rearing process. Although the results
presented here are not conclusive (500 l tanks performed better than 2,000 l tanks but 40,000 l
performed best) more experimentation is required reducing potential differences among tested
conditions and in particular the food quality and the presence of phytoplankton. The Mesocosm
method with adapting hydrodynamic conditions resulted in improved growth and survival at the early
stages but further work is required to determine optimum conditions for larvae and juveniles.
Weaning to artificial diet of A-BFT juveniles was achieved although the growth performance was not
satisfactory as improvements on the diets could ameliorate the results. Last, but not least, the
logistics of the eggs transport should be further considered.
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In the facilities of MRRA-Aquaculture in Malta, some larval rearing trials were carried out in 2010
and in 2011. These were limited due to the small number of eggs; 324,000 buoyant eggs were
obtained over 10 spawnings in 2010 and 799,825 buoyant eggs were collected over 14 spawnings in
2011. In 2010, some of the eggs obtained were hatched and reared in circular suspended nets (Vol.
230 l) with gentle aeration. The best survival was until 15-DPH. More eggs were stocked for trials in
circular tanks in 2011 and the best survival was until 55-DPH. Another trial on co-feeding BFT
larvae with copepods showed promising results with better growth in the larvae that were presented
with copepods in their diet.

The ontogeny of visual and neuroendocrine system of the BFT larvae have been studied. During the
previous years, molecular tools have been obtained in order to access the spatial and temporal
localization of transcripts corresponding to genes of interest. For this purpose, the genes of the
melatonin biosynthesis pathway were partially cloned and partial cloning of POMC and GH genes,
as pituitary factors, was also obtained based on sequences fragments from NCBI data basis.
Conventional PCR revealed that MT1 and MT2 receptors both start to be expressed in the larvae at 3
days post hatching (DPH3), GH may be present in low quantity at DPH1 and DPH2 and becomes
more expressed at DPH3, POMC gene starts to be expressed at DPH3. During 2010, semi
quantitative PCR allowed to confirm and extend the expression schedule of the genes during larval
development: MT1 and MT2 start both to be expressed in DPH1 larvae. The same observation can be
done with the pituitary factors GH and POMC. During 2011, we confirmed that kinetic schedule of
gene expression during BFT larval development We investigated the influence of light conditions on
gene expression during BFT larval development. These points were tackled thought a real time PCR
analysis. Over the two last sampling season (2010 and 2011) we approached the ontogeny of the
photosensible system during the BFT larval development by transmission electron microscopy. In
2011 the observations have been broaden to older stages of development. Finally, we also get
cytological information concerning the impact of light conditions during BFT larval development of
the visual system, by immunocytochemistry at the ultrastructural level.

The analysis of the embryonic development of BFT posterior lateral line have been finished and the
results published. It is concluded that the essential aspects of this early development are highly
conserved from the relatively basal model species Danio rerio (zebrafish), including the
long-distance migration of a sensory primordium and deposition of five regularly spaced sense
organs along the horizontal myoseptum, and of a terminal neuromast at the tip of the tail.

2010 was devoted to the investigation of the expression of genes involved in growth (myosin heavy
chain), digestive (trypsin, amylase, aminopeptidase N, alkaline phosphatase, non-specific
dipeptidase), antioxydant (catalase, superoxyde dismutase, glutathione peroxydase) and immune
(interleukin-1) functions during the development of tuna larvae reared in intensive, i.e. clear water
system (Palavas), in pseudogreen water (Mazarron) and mesocosm (Heraklion). Those molecular
markers were also used to investigate the potential effect of probiotic on tuna larvae. Profiles of the
genes we studied led to these conclusions: (1) The myosin heavy chain gene exhibit an exponential
pattern throughout larvae development with a high increase observed from 15 dph and do not reveal
any significant effect of rearing technique on larval growth. (2) The expression pattern of genes
encoding pancreatic and intestinal enzymes demonstrate a convenient development of the digestive
tract whatever rearing condition considered. Moreover, the kinetic of gene expression reveal an
earlier digestive development in tuna compared to other carnivorous species that may be related to a
faster general growth and development. (3) Lower levels of catalase expression is observed in larvae
fed probiotic. This result could suggest a protective effect of probiotic on oxidative process. A
beneficial effect of probiotic on the inflammatory status of the fish is also revealed by expression
pattern of Interleukin-1.

In conclusion, it appeared that the digestive and antioxidant functions develop properly on the
surviving larvae during the first 20 days post hatching whatever rearing condition considered. We
can assume that larvae which cannot develop these functions rapidly die. Moreover, the gene
expression data suggest a beneficial effect of probiotic on inflammatory and oxidative status of the
tuna larvae.

Regarding the feeding fatty acid nutrition and stress, a significant mortality in BFT larvae occurs
during the first 10 days following hatching and reaches 80-90%. One possible factor is that larvae are
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not sufficiently ingesting live prey following eye pigmentation and the opening of the mouth thereby
passing the point of no return (PNR) where their digestive tract deteriorates irrevocably. The hunting
and capture of prey is learned and is dependent on good visual acuity. The retina of the eye is very
rich in the essential fatty acid docosahexaenoic acid (DHA; 22:6n-3) a critical structural component
of membrane phospholipids that facilitates key intra-membrane reactions and processes. This
essential fatty acid (EFA) is widely believed to contribute to photoreceptor function in terms of cone
density and rod sensitivity.

Two main studies were carried out. Results from the first study suggest a number of points. (1) The
DHA/EPA ratio of the BFT eggs was considerably lower than those reported in the ovaries of
Atlantic BFT suggesting that the brood stock diet may have been lacking in DHA. (2) The essential
fatty acids, DHA, EPA and ArA, were not conserved during egg and pre-larval development and
decreased precipitously in absolute levels until 3 dph suggesting that these long chain PUFA might
have been catabolized as an energy substrate. (3) Although larval DHA increased with dietary DHA
in 13 DPH individuals, levels of these EFA were markedly lower than those in the egg and pre-larvae
possibly indicating a higher DHA requirement during rotifer feeding. (4) While there was a
non-significant (P<0.07) DHA-dose response effect on larval length, dietary DHA markedly
increased the level of rotifer consumption with age (DPH) arguing that this EFA was a contributing
factor in improved vision and hunting prowess.

In the second study, larvae consuming considerable levels of DHA ingested significantly higher
levels of rotifers from 3- 8 DPH which had a marked effect on early growth. The results indicated
that the DHA requirement for BFT larvae is markedly higher than larvae from other farmed species.
This coupled with the fact that high DHA larvae possessed higher levels of photopigment opsin
compared to their low DHA cohorts (x150) suggested that DHA-driven enhanced visual acuity
improved hunting efficiency. Although dietary DHA significantly improved growth during early
larval feeding and enhanced retinal development, the benefit of this essential fatty acid was not
apparent in 14 DPH larvae at the end of the experiment suggesting that a second limiting nutrient
was masking its effect. We hypothesize that taurine, a beta amino-sulfonic acid widely distributed in
animal tissues but deficient or at low levels in rotifers and Artemia, may be this nutrient. Normal eye
function is dependent on the high levels of retinal taurine content suggesting that a taurine deficiency
may have obscured the benefit of DHA supplementation.

In the knowledge on the immune system of the BFT larvae and for the purposes of gene expression
studies using the methodology of real time PCR/quantitative PCR (qPCR), adequate reference genes
have to be identified and primers for qPCR have to be developed. A first set of 6 candidate genes
known to be involved in the immune response were selected for gene expression analysis. Some of
the genes are not yet described for tuna, therefore homologues sequences for several perciform
teleost species were retrieved from the NCBI nr and EST databases and primer were designed at
conserved sites. Primers for the reference genes and genes related to the immune system have been
constructed.

Biodiversity in microbiota associated with larval tuna and bonito have been assessed by the end of
rearing experiments. The variability of microbial profiles was observed even at 2-3 DPH, possibly
due to individual variations in the timing of mouth opening among the larvae. It seemed that this
initial microbiota originated in the rearing water, with likely poor influence of the environment
before hatching. Indeed, there was a clear difference at mouth opening between the samples from
Mazarrón (Spain), and those from Palavas (France), though the eggs were incubated in Mazarrón in
both cases. There was also a clear difference between the samples of 2009 and 2010 in these two
hatcheries, confirming the unspecific nature of the initial microbial community in larval tuna. A
general feature observed in all cases was the increase in individual dissimilarity between mouth
opening and 10-12 DPH. This increase seemed to occur relatively early, as it was already observed at
7 DPH in Palavas in 2009. The highest difference in the microbial profiles between groups was
observed between 7 DPH and the two other dates of sampling. In this particular case the individuals
surviving at 12 DPH did not seem healthy, and these results should be interpreted cautiously. The
general trend seemed that the microbiota settling in the gut of the larvae were different from those
observed initially at mouth opening, when the microbes associated with external surfaces were likely
still dominant. These settled communities appeared yet unspecific, are they remained different
between years and hatcheries. There was no general trend of microbial settlement in terms of
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diversity, except a higher dominance, and lower evenness, equitability and richness in 2009,
compared with 2010 in Mazarrón and Palavas, while the indices from Heraklion in 2010 resembled
those from the other hatcheries in 2009. Microbiota associated with tuna larvae appeared therefore
unspecific, and likely selected among the environmental microbes present in the hatchery during the
rearing period. It seems possible to exert some influence on the selection process by modifying the
rearing conditions. This may be illustrated in Heraklion by the higher intra-group similarity among
the individuals reared in mesocosm, compared with those in intensive conditions. Future replications
are necessary to confirm this finding. The triplicates available in Palavas gave more weight to the
observation that the probiotic treatment seemed to regulate the microbial diversity, and the
intra-group similarity of microbiota associated with tuna larvae, but that need also to be confirmed in
further replications and sites of experiment.

Sampling for analysis of bacterial colonization has been done in Mesocosm systems in
the case of bonito and in both Mesocosm and artificial rearing system in the case of BFT larvae. In
most marine fish larvae there is an exponential increase of bacteria in the gut during the first weeks
of rearing when the larvae consume rotifers and Artemia. In the case of BFT larvae there is an
unusual pattern compared with colonization of bacteria in other fish larvae, as the larvae reached a
peak 5 DPH and thereafter lower values were observed. This could be explained by the fact that
rotifers are a large source of bacteria for fish larvae. In the case of tuna, the larvae may switch over
faster to consumption of different prey items such as yolk-sac larvae instead of rotifers. Yolk-sac
larvae probably have a much lower bacterial load than rotifers. In the case of bonito larvae reared in
mesocosm in HCMR (Greece), the pattern was closer to what is normally observed in rearing of
marine fish larvae. The culturable microbiota of tuna larvae was investigated during the season of
2011. A quantification of microbiota in tuna larvae sampled from mesocosm in terms of counts in
marine agar and thiosulfate-citrate-bile salts-sucrose (TCBS) agar. In the case of yolk-sac larvae the
bacteria present in the larvae were showed a variability between different groups, so TCBS counts
were relatively low. The numbers of total counts increased exponentially in larger larvae, and
members of the Vibrio group became dominant.

WP4 Nutrition and feeding

In the part devoted to Nutrition of juveniles, 25 Young BFT 0+ (YBFT) were captured alive on the
shore of Murcia (SE Spain) in Autumn 2008 with the method so called in Spanish “curricán” (a term
meaning to fish by trailing a baited line along behind a boat). They were placed on board in
cylindrical plastic tanks (1.45 -1.65 m Ø, 1.20 m height, containing 1 200 litres of sea water),
transported to the project facilities in El Gorguel (Cartagena, SE Spain) and then released in a
circular 25 m-diameter floating cage which was 20 m deep. Whilst close to 50% of the captured fish
arrived alive to the cage, the survival rate after one month in the cage was high (75%). The main
mortality in this process was due to difficulties in freeing fish from the hooks, although the hooks
were barbless. No YBFT grouping was observed in any case, so it was impossible to use the purse
seine method for massive capture as planned. Another 29 YBFT were captured dead. The stomach
contents from these 29 dead YBFT have been analyzed and the whole fish has been minced and
lyophilized for later body composition analysis. The first stomach analysis show that cephalopods are
the main prey (53% in weight), followed by fishes (28%) and crustaceans (2%). The main prey
species is the cuttlefish Illex coindetti.

One cage of 25m of diameter x 20m deep which contained 15 YBFT captured in Autumn 2008, was
used to start the artificial feeding trials in January 2009. In February 2009 we started the weaning
trials using different kinds of artificial food. Weaning was achieved. For weaning purposes and may
be for general feeding we have a feed that the tuna will eat. Due to the small number of fish in the
cage, we were not able to draw conclusions on growth in this year.

In Autumn 2009 and using again the “curricán” method, 350 YBFT between 150 and 1500 g were
captured. As in the previous year, no YBFT big grouping was observed in any case. 190 living fish
were placed into two floating cages for the feeding trials. In November 2010 a trial to compare two
diets was started: raw fish and artificial food. The initial weight, size and height and one month later
were estimated by means of the Video Image Capturing and Sizing System (VICASS).

96 fish dead were frozen for later analyses (body composition, sensitive analyses and stomach
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content). 20 fish were frozen at minus 20 ºC for body composition analysis and 19 fish at minus 80ºC
for sensitive nutrient analysis. Two trails have been carried all to transfer living YBFT from the wild
or from the cages, to land based facilities, without any success. After these two trials, it seems very
difficult to adapt YBFT to land based facilities. Next year we plan to repeat the trials in order to
achieve this task.

From the body composition analyses it seems that YBFTs have nutritional requirement that are
different from most of other Mediterranean aquaculture species. YBFT have high protein and low fat
content. Comparing the total n-3 and EPA+DHA concentrations among various marine species we
determined significantly higher values for YBFTs. Comparing the amino acid profiles of YBFT and
other teleosts we observe that in most cases YBFT have higher amino acid concentrations. The most
significant differences appear for histidine, methionine, lysine, leucine and aspartic acid. The tuna
feed formulation must consider these differentiations and include appropriate ingredients in order to
achieve higher dietary amino acid and protein concentrations, lower total lipid content, higher dietary
n-3 concentrations and higher vitamin C and E concentrations. These results will form the guidelines
for the formulation of the next nutritional trial of YBFTs.

The stomach analysis carried out in 2009, showed that most of the organic content in weight
consisted of fish, but cephalopods and small crustaceans were also present in the sampled stomachs.
Fish are the main prey (37% in weight), followed by cephalopods (11%) and crustaceans (5%). The
main prey species is the fish round sardinella (Sardinella sp.). These results contrast with the ones
obtained in 2008 where cephalopods were the main prey (53% in weight), followed by fish (28%)
and crustaceans (2%). The main prey species was the shortfin squid Illex coindetti. In conclusion,
juvenile BFT predate on a huge variety of preys. The diet composition may vary greatly from one
year to another depending on the availability or abundance of preys. Therefore, this age class (0+)
can be considered a generalist feeder.

In 2010, 376 YOTYs were captured from the wild. 233 living fish were placed in two floating cages
for the feeding trials. A technique for transporting from the wild and from the cages, to the land
based facilities were successfully developed. The stomach contents analysis of wild dead fish showed
that juveniles are opportunistic and generalist feeders. The tuna feed formulation must include
appropriate ingredients in order to achieve higher dietary amino acid and protein concentrations,
lower total lipid content, higher dietary n-3 concentrations and higher vitamin C and E
concentrations. A dry food were developed and tested in wild and full reared juveniles.

WP5 Dissemination

In WP5 devoted to Dissemination, a project website has recently been commissioned
(www.selfdott.org) and the first newsletter containing details of the first annual meeting together
with a guest workshop are in the process of being completed. In 2010 and 2011, dissemination
activities were carried out including specialized sessions at the EAS meeting in Rhodes and a
stakeholder workshop in Madrid.

Potential impact and main dissemination activities and exploitation results

RESEARCH AND INNOVATION

Type of Exploitable Foreground: General advancement of knowledge

Exploitable foreground (description): The project SELFDOTT has maintained broodstocks of bluefin
tuna over a period of three years in captivity and has successfully obtained fertilised eggs in large
numbers. These eggs have been hatched and larvae successfully reared and fingerlings which had
successfully been transferred to open sea cages for on-growing. Young tuna larger than 2kg have
survived for a period of > 9months DPH.

Confidential: no

Foreseen embargo date: non

Exploitable products or measures: Monitoring of broodstock populations. Induction techniques for
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providing “ eggs on demand”, transfer protocols for eggs. Larval rearing of tuna, fingerling
production. Grow-out of tuna.New feeds for tuna larval stages, weaning diets.

Sector of Application: Sustainable Aquaculture

Timetable for commercial use: The results will be used by individual participants within the
framework of both national and EU coordinated programmes. This foresees the use of these
technologies within 2012 and also continuing fall at least the next two years as part of a follow-on
project TRANSDOTT

Patents or other IPR exploitation: At the present time there are no patent applications under
consideration since much of the work has been or is the subject of scientific publications or has been
presented at international conferences. All partners of the SELFDOTT have access to the results and
may continue to use them. There are no licences granted at the present time. A own and other.

Owner and other Beneficiary: As laid down in the consort to agreement foreground shall be the
property of the beneficiary carrying out the work generating that foreground. The owners and
beneficiaries are therefore the full partners of the SELFDOTT consortium.

CONCERNING OWNERSHIP AND ACCESS FOR SELFDOTT PARTNERSHIP IN GENERAL

Regarding the feedback from the evaluators, here is what the colleagues of the IPR service want to
stress « what matters is not to be the OWNER of the results but to ENJOY the RIGHT to USE them
(i.e. have access to them)."

1) SELFDOTT - CA

The CA is based on the DESCA model, it has rather standard clauses. Those relevant for our
purposes are from art.8 to art.10 (plus attachment 1).

The basic principles applies as regards the ownership of the foreground (art.II.26 of the Annex II to
the Grant Agreement: ftp://ftp.cordis.europa.eu/pub/fp7/docs/fp7-ga-annex2-v6_en.pdf): Foreground
shall be the property of the beneficiary carrying out the work generating that foreground

As regards results developed jointly by two or more partners, art.9 allows each joint owner to use the
jointly owned foreground and to non-exclusively licence it to third parties (provided that notification
and compensation conditions are fulfilled).

As regards access rights, our interest is only focused on access rights for Use: each participant enjoy
access rights on the "available" background and on the whole foreground owned by other parties
under fair and reasonable conditions (provided that it submit a written request to the
foreground/background owner and explains it needs the concerned piece of foreground/background
for exploiting his own foreground). "Fair and reasonable conditions" may include financial and
non-financial compensation. In case of request of access rights for internal research, access is granted
royalty-free (non financial burden on the requesting party). If not agreed in writing, access rights do
not allow to grant sublicences to third parties and are normally granted on a non-exclusive basis.

To sum it up: As regards the SELFDOTT project, the members of the TRANSDOTT consortium
who participated to the SELFDOTT project enjoy access rights on the "available" background and on
the whole foreground owned by the whole SELFDOTT consortium. Such access can take place
under fair and reasonable conditions (royalty free for internal reaserch purposes - confidentiality
issues to be considered!) to be negotiated with the relevant owner and it is a right to be exercised by
ONE YEAR from the termination of the project. If this time expires, then the relevant owner of the
results of the SELFDOTT project is not obliged to grant access to the other consortium members.
[see below for a more detailed explanation of the clauses contained in the SELFDOTT consortium
agreement].

As the CA says nothing concerning the time by which the right to ask to access to
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Foreground/Background, then the standard clauses of the grant agreement shall be applied
(art.II.34.4): a request for access rights may be made up to one year after the end of the project.
Attention: this applies to the time by which each party enjoy the right to request and enjoy access
rights under the conditions mentioned before and the other party cannot refuse to do grant access (if
all the conditions are fulfilled), it should compulsorily grant the access. Concerning the duration of
such access rights, this is normally left to the negotiations among the parties concerned.

Address of project public website and relevant contact details

www.selfdott.org
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4.2 Use and dissemination of foreground

Section A (public)

Publications (peer reviewed)

LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES

No. DOI Title Main author Title of the
periodical or the

series

Number, date or
frequency

Publisher Place of
publication

Date of
publication

Relevant pages Permanent
identifiers (if
applicable)

Is open access
provided to this

publication?

110.1080/10641262.2010.509520Atlantic bluefin
tuna (Thunnus

thynnus)
farming and

fattening in the
Mediterranean

Sea.

Mylonas, C.C.,
Corriero, A., De
la Gándara, F.,
Belmonte Ríos

Reviews in
Fisheries
Sciences

18 01/06/2010 266-280 No

210.1387/ijdb.103102agDevelopment of
the posterior
lateral line
system in
Thunnus

thynnus, the
atlantic blue-fin
tuna, and in its
close relative
Sarda sarda.

Ghysen, A.,
Schuster, K.,

Coves, D., De la
Gándara, F.,

Papandroulakis,N.,
Ortega,A.

Int. J. Dev. Biol. 54 08/07/2010 1317-1322 No

310.1016/j.anireprosci.2010.10.005Comparative
study of liver
vitellogenin

gene expression
and oocyte yolk
accumulation in
wild and captive
Atlantic bluefin
tuna (Thunnus
Thynnus L.).

Pousis C., De
Giorgi C.,

Mylonas C.C.,
Bridges C.R.,

Zupa R.,
Vassallo-Agius

R., de la
Gandara F.,
Dileo C., De
Metrio G.,
Corriero A.

Animal
Reproduction

Science

123 12/10/2010 98–105 No
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410.1016/j.ygcen.2011.09.013GnRHa-mediated
stimulation of

the reproductive
endocrine axis

in captive
Atlantic bluefin
tuna, Thunnus

thynnus.

Rosenfeld, H.,
C.C. Mylonas,

C.R. Bridges, G.
Heinisch, A.
Corriero, R.

Vassallo- Aguis,
A. Medina, A.
Belmonte, A.

Garcia, F. De la
Gándara, C.

Fauvel, G. De
Metrio, I.

Meiri-Ashkenazi,
H. Gordin and

Y. Zohar.

General and
Comparative

Endocrinology

175 10/09/2011 55–64 No

510.1111/j.1439-0426.2010.01475.xSpawning
induction and

large-scale
collection of

fertilized eggs in
captive Atlantic

bluefin tuna
(Thunnus

thynnus L.) and
the first larval
rearing efforts.

De Metrio, G.,
Bridges, C.R.,
Mylonas, C.C.,
Caggiano, M.,
Deflorio, M.,

Santamaria, N.,
Zupa, P., Pousis,

C.,
Vassallo-Agius,
R., Gordin, H.,

Corriero, A.

Journal of
Applied

Ichthyology

26 01/01/2010 596-599 No

610.1111/j.1439-0426.2010.01533.xSperm features
of captive

Atlantic bluefin
tuna (Thunnus

thynnus).

Suquet M.,
Cosson J., de la

Gándara F.,
Mylonas C.C,
Papadaki M.,

Lallemant S. and
Fauvel C.

Journal of
Applied

Ichthyology

26 01/01/2010 775-778 No

7 A rapid latex
agglutination
test for gender

identification in
the Atlantic
bluefin tuna,

Thunnus
thynnus

(Linnaeus).

Micera, E., Zupa
R., Zarrilli A.,
Camarda A.,
Moramarco

A.M., Acone F.,
De Metrio G.,
Corriero A.

Aquaculture
Research

41 01/01/2010 1396-1401 No

810.1016/j.aquaculture.2011.04.030.GnRHa-induced
spawning in
cage-reared

Aranda, G.,
Aragón,L.,

Corriero, A.,

Aquaculture 317(1-4) Elsevier 15/04/2011 255-259 No
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Atlantic bluefin
tuna: An

evaluation using
stereological

quantification of
ovarian

postovulatory
follicles.

Mylonas, C.C.,
De la

Gándara,F.,
Belmonte, A.,

and Medina, A.

9 Evidence that
severe acute
stress and
starvation

induce rapid
atresia of
ovarian

vitellogenic
follicles in

Atlantic bluefin
tuna, Thunnus
thynnus (L.)

(Osteichthyes:Scombridae).

Corriero A,
Zupa R, Bello G
, Mylonas C C,

Deflorio M,
Genovese S,
Basilone G,
Buscaino G,

Buffa G, Pousis
C, De Metrio G
and Santamaria

N.

Journal of Fish
Diseases

34 15/03/2011 853–860 No

1010.1111/j.1365-2109.2012.03158.xA
spatiotemporal

study of
bacterial

community
profiles

associated with
Atlantic bluefin

tuna larvae,
Thunnus

thynnus L., in
three

Mediterranean
hatcheries

François-Joël
Gatesoupe,

Denis
Covès,Aurelio
Ortega, Nikos

Papandroulakis,
Olav Vadstein,
Fernando de la

Gándara

Aquaculture
Research

18 APR 2012 18/04/2012 1-11 No

1110.1111/j.1525-142X.2012.00529.xDevelopmental
origin of a major

difference in
sensory

patterning
between

zebrafish and
bluefin tuna

Alain
Ghysen,Christine

Dambly-Chaudiere,Denis
Coves,Fernando

de la
Gandara,and

Aurelio Ortega

EVOLUTION &
DEVELOPMENT

14:2 (2012) Wiley
Periodicals, Inc.

30/03/2012 204–211 Yes

1210.1016/j.aquaculture.2012.04.04013C and 15N
analysis in

Varela, J.L., F.
de la Gándara,

Aquaculture In press 07/05/2012 In press No
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muscle and liver
of wild and

reared
young-of-the-year
(YOY) Atlantic

bluefin tuna

A. Ortega, A.
Medina

13 Comparative
Analysis of

Male Germ Cell
Proliferation and

Apoptosis in
Wild and

Captive Atlantic
Bluefin Tuna

(Thunnus
thynnus L.)

Zupa R., Fauvel
C., Mylonas

C.C.,
Santamaria N.,
Valentini L.,

Pousis C.,
Papadaki M.,

Suquet M., de la
Gándara F.,
Bello G., De
Metrio G.,
Corriero A.

Journal of
Applied

Ichthyology

in press 31/07/2012 in press No

14 Konzepte zur
Optimierung der

Aquakultur:
Physilogische,

ökologische und
molekularbiologische

Untersuchungen
am Atlantischen

Blauflossen
Thunfisch
(Thunnus
thynnus)

Borutta, F. Ph.D. Thesis
Heinrich-Heine

University
Düsseldorf

2012 Heinrich-Heine
University
Düsseldorf

Düsseldorf
(Germany)

02/01/2012 1-164. Yes

15 Fischzucht-Management“
Untersuchung

molekular
biologischer

Methoden zur
Identifizierung

von Arten,
Individuen und

Elternschaften in
der Aquakultur.

Beemelmanns,
A.

Diplomarbeit im
Studienfach

Biologie
Heinrich-Heine-Universität

Düsseldorf

2010 Diplomarbeit im
Studienfach

Biologie
Heinrich-Heine-Universität

Düsseldorf

Düsseldorf
(Germany)

19/02/2010 1-111 Yes

16 Molekularbiologische
und

physiologische
Untersuchungen

der

Schulz, S. Ph.D. Thesis
Heinrich-Heine

University
Düsseldorf.

2012 Studienfach
Biologie

Heinrich-Heine-Universität
Düsseldorf.

Düsseldorf
(Germany)

07/02/2012 1-111 Yes
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Fischreproduktion
für ein

verbessertes
Aufzuchtmanagment:

Eine Fallstudie
am Atlantischen

Blauflossenthunfisch
Thunnus
thynnus

LIST OF DISSEMINATION ACTIVITIES

No. Type of activities Main Leader Title Date Place Type of audience Size of audience Countries addressed

1 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Seedling production
of Atlantic bluefin

tuna (ABFT)
Thunnus thynnus.
The SELFDOTT

project.

14/10/2010 Amami (Japan) Scientific
community (higher

education,
Research)

all

2 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Bluefin tuna
domestication.

04/03/2010 Conference
delivered at
Community

Fisheries Control
Agency (CFCA)

Workshop
“Training BFT”.

Vigo (Spa

Scientific
community (higher

education,
Research)

European countries

3 Videos INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Farming Bluefin
tuna

01/10/2010 Euronews
http://www.youtube.com/watch?v=tyVyD701VSc

Civil society All

4 Videos INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Thon rouge : la
reproduction en

captivité ?

10/10/2010 Arte TV
http://videos.arte.tv/fr/videos/thon_rouge_la_reproduction_en_captivite_-3560718.html

Civil society European Countries

5 TV clips INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Cría en cautividad
del atún rojo, en

Murcia

10/10/2010 RTVe
http://www.rtve.es/alacarta/videos/programa/cria-cautividad-del-atun-rojo-murcia/910968/

Civil society Spain

6 Videos INSTITUTO
ESPANOL DE

OCEANOGRAFIA

The SELFDOTT
project

01/07/2011 Mispeces.com.
http://www.youtube.com/watch?v=VCTDaheBo5M&feature=related

Scientific
community (higher

education,
Research) -

Spain

Project No.: 212797
Period number: 3rd
Ref: 212797_Final_Report-13_20120524_092429_CET.pdf

Page - 31 of 46



Industry - Civil
society - Policy
makers - Medias

7 Presentations HELLENIC
CENTRE FOR

MARINE
RESEARCH

First results of the
Atlantic bluefin tuna
(Thunnus thynnus)

larval rearing in
Europe in the frame

o

08/10/2010 Porto, Portugal.
European

Aquaculture
Society Special
Publication. pp

968-969.

Scientific
community (higher

education,
Research)

ALL

8 Presentations HELLENIC
CENTRE FOR

MARINE
RESEARCH

Evidence of positive
influence of
prolonged

photophase on
growth and survival

during the larval
rear

08/10/2010 Porto, Portugal.
European

Aquaculture
Society Special
Publication. pp

968-969.

Scientific
community (higher

education,
Research)

All

9 Publication INSTITUT
FRANCAIS DE
RECHERCHE

POUR
L'EXPLOITATION

DE LA MER

Onset of selected
digestive and

antioxidant enzymes
in bluefin tuna

(Thunnus thynnus)
larvae reared

08/10/2010 Aquaculture
Europe 08. October

5-8, Porto,
Portugal. European

Aquaculture
Society Special

Publicatio

Scientific
community (higher

education,
Research)

All

10 Publication HELLENIC
CENTRE FOR

MARINE
RESEARCH

Microbiota in bonito
Sarda sarda and

bluefin tuna
Thunnus thynnus

larvae

06/06/2011 World Aquaculture
2011 Book of

Abstracts. Pp 688.

Scientific
community (higher

education,
Research)

All

11 Publication UNIVERSITA
DEGLI STUDI DI

BARI "ALDO
MORO"

Progress towards
Atlantic bluefin tuna

Thunnus thynnus
domestication: The
SELFDOTT Project

06/06/2011 World Aquaculture
2011 Book of

Abstracts. Pp 269.

Scientific
community (higher

education,
Research)

All

12 Publication HELLENIC
CENTRE FOR

MARINE
RESEARCH

Microbiota in bonito
(Sarda sarda) and

blue fin tuna
(Thunnus thynnus)

larvae.

06/06/2011 European
Aquaculture 2011
Book of Abstracts.

pp 652-653.

Scientific
community (higher

education,
Research)

All

13 Publication HELLENIC
CENTRE FOR

MARINE
RESEARCH

Experimental larval
rearing of Atlantic

bluefin tuna
(Thunnus thynnus)

using the mesocosm

06/06/2011 European
Aquaculture 2011
Book of Abstracts.

pp 830-831.

Scientific
community (higher

education,
Research)

All
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technology

14 Publication UNIVERSITA
DEGLI STUDI DI

BARI "ALDO
MORO"

Comparative
investigation of the
vitellogenic process
in wild and reared

Atlantic bluefin tuna
Thunn

10/06/2010 Aquaculture 2011,
World Aquaculture
Society, 6-10 June,

Natal, Brasil.

Scientific
community (higher

education,
Research)

All

15 Publication UNIVERSITA
DEGLI STUDI DI

BARI "ALDO
MORO"

Comparative
investigation of

vitellogenesis and
spermatogenesis in

wild and
captive-reared

Atlantic

21/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

16 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

Endocrine control of
puberty in Atlantic

bluefin tuna
(Thunnus Thynnus).

21/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

17 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

Atlantic bluefin tuna
(Thunnus thynnus)
leptin cloning and
expression patterns

during the
reproducti

21/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

18 Publication MINISTRY FOR
RESOURCES AND
RURAL AFFAIRS

. Effect of
broodstock diets on

growth and chemical
components of

gonads of Atlantic
bluefin tuna Th

21/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

19 Publication INSTITUT
FRANCAIS DE
RECHERCHE

POUR
L'EXPLOITATION

DE LA MER

Control of Bluefin
tuna reproduction: a

condition for self
sustained

aquaculture. "How
minimizing t

03/09/2011 French-Japanese
Symposium

extended abstracts,
Ifremer, Sète,
France , 1-3

September 2010.

Scientific
community (higher

education,
Research) - Policy

makers

France, Japan

20 ConferenceHEINRICH-HEINE-UNIVERSITAET
DUESSELDORF

The Oceans of
Tommorow
–Towards

Sustainable Bluefin
Tuna Aquaculture“

01/02/2010 Stellenbosch
University, South
Africa Feb. 2010

Scientific
community (higher

education,
Research)

South Africa
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21 PublicationHEINRICH-HEINE-UNIVERSITAET
DUESSELDORF

Broodstock
management tools –
New technologies

and developments.

21/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

22 ConferenceHEINRICH-HEINE-UNIVERSITAET
DUESSELDORF

Sustainable Tuna
Aquaculture – New

Horizons.

06/12/2011 Brussels Innovation
Convention 2011

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

European Countries

23 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

The effect of dietary
DHA on larval

feeding rate may be
through improved
vision in blue fin

tuna (

21/10/2011 .Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

24 WorkshopsHEINRICH-HEINE-UNIVERSITAET
DUESSELDORF

"Sustainable Tuna
Aquaculture - New

Horizons" The
SELFDOTT
stakeholders

meeting

03/11/2011 Madrid (Spain) Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

60 All

25 Conference HELLENIC
CENTRE FOR

MARINE
RESEARCH

Induction of
spermiation,
ovulation and

spawning in Atlantic
bluefin tuna

(Thunnus thynnus)
using Gn

18/09/2008 Krakow, Poland. Scientific
community (higher

education,
Research)

All

26 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Eight years of
research on Bluefin

tuna (Thunnus
thynnus) culture at

the Spanish Institute
of Oceano

18/09/2008 Krakow, Poland Scientific
community (higher

education,
Research)

All

27 WorkshopsHEINRICH-HEINE-UNIVERSITAET
DUESSELDORF

Broodstock
monitoring,
handling and

induction
techniques. Recent

advances in Atlantic
bluefin tuna (

02/12/2008 Adelaide
(Australia)

Scientific
community (higher

education,
Research)

All
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28 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Reproducción del
atún rojo Thunnus
thynnus en jaulas

flotantes obtención
de puestas masivas

mediante

25/11/2009 Libro de resúmenes
del XII Congreso

Nacional de
Acuicultura.

Madrid

Scientific
community (higher

education,
Research)

Spain

29 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Primeros resultados
de la caracterización

del contenido
estomacal de

juveniles 0+ de atún
rojo Thunn

25/11/2009 Libro de resúmenes
del XII Congreso

Nacional de
Acuicultura.

Madrid Noviembre
de 2009, 94-95 pp.

Scientific
community (higher

education,
Research)

Spain

30 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Captura y
acondicionamiento
de juveniles 0+ de
atún rojo Thunnus
thynnus en jaulas

flotantes.

25/11/2009 Libro de resúmenes
del XII Congreso

Nacional de
Acuicultura.

Madrid Noviembre
de 2009, 96-97 pp.

Scientific
community (higher

education,
Research)

Spain

31 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

The challenge of
domestication of

bluefin tuna
Thunnus thynnus-
Highlights of the

SELFDOTT project
f

02/12/2009 Proc. of the 2nd
Global COE

Program
Symposium of

Kinki University.
Adelaide

(Australia) 70-72
pp

Scientific
community (higher

education,
Research)

All

32 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Efecto de diferentes
esquemas de

alimentación sobre
crecimiento y

supervivencia de
larvas de Bonito

25/11/2009 Libro de resúmenes
del XII Congreso

Nacional de
Acuicultura.

Madrid Noviembre
de 2009, 198-199

pp.

Scientific
community (higher

education,
Research)

Spain

33 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Resultados
preliminares de los
30 primeros días de
cultivo larvario de
atún rojo Thunnus

thynnus, en

25/11/2009 In: Libro de
resúmenes del XII
Congreso Nacional

de Acuicultura.
Madrid Noviembre
de 2009, 584-585 p

Scientific
community (higher

education,
Research)

Spain

34 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Sperm features on
Atlantic Bluefin
tuna (Thunnus

thynnus).

10/09/2009 In: Proc of the
Second

International
Workshop on

Biology of Fish

Scientific
community (higher

education,
Research)

All
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Gametes. Valencia
(Spain) 34-35 pp

35 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Producción de atún
rojo en el

Mediterráneo

27/10/2011 “IV Foro
Iberoamericano de

los Recursos
Marinos”. IV

Firma. Viana do
Castelo (Portugal).

Scientific
community (higher

education,
Research)

Spain, Portugal,
South American

Countries

36 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Le défi de la
domestication du

thon rouge. Le
projet SELFDOTT

07/03/2012 Centre de recherche
halieutique

IFREMER (CRH -
EME)

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

50 France

37 Flyers INSTITUTO
ESPANOL DE

OCEANOGRAFIA

The challenge of
domesticating

bluefin tuna (Project
SELFDOTT)

04/04/2012 IEO repository:
http://hdl.handle.net/10508/564

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

All

38 Presentations INSTITUTO
ESPANOL DE

OCEANOGRAFIA

The challenge of
Bluefin tuna

domestication. The
SELFDOTT project.

04/04/2012 IEO repository:
http://hdl.handle.net/10508/563

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

All

39 Workshops INSTITUTO
ESPANOL DE

OCEANOGRAFIA

The challenge of
Bluefin tuna

domestication. The
SELFDOTT project

27/03/2012 PRO-EEL Project
meeting - ES

Ingenieros
Agrónomos.
Universidad

Politécnica de
Valencia.

Scientific
community (higher

education,
Research)

60 European

40 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

Fish recombinant
gonadotropins: from

basic to applied
research

19/10/2011 Aquaculture
Europe 2011, 19-21
October, Rhodes,

Greece.

Scientific
community (higher

education,
Research)

All

41 Publication ISRAEL Fish gonadotropin 14/08/2011 9th International Scientific All
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OCEANOGRAPHIC
AND

LIMNOLOGICAL
RESEARCH

LIMITED

agonists:
applications in

assisted
reproductive
technologies

Symposium on Fish
Reproductive

Physiology, 9-14
August, Kochi,

India

community (higher
education,
Research)

42 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

The neuroendocrine
control of pubertal

development in
Atlantic Bluefin
tuna (Thunnus

thynnus).

14/08/2011 9th International
Symposium on Fish

Reproductive
Physiology, 9-14
August, Kochi,

India.

Scientific
community (higher

education,
Research)

All

43 Publication ISRAEL
OCEANOGRAPHIC

AND
LIMNOLOGICAL

RESEARCH
LIMITED

Molecular
characterization and
expression patterns
of Atlantic Bluefin

tuna (Thunnus
thynnus) leptin

14/08/2011 9th International
Symposium on Fish

Reproductive
Physiology, 9-14
August, Kochi,

India.

Scientific
community (higher

education,
Research)

All

44 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Domesticación del
atún rojo. El último

reto de la
piscicultura marina.

24/09/2010 Conference
delivered at

Donostia
Aquarium, San

Sebastián
(Spain)24th

September 2010 in
the framework

Civil society Spain

45 Conference UNIVERSIDAD
DE CADIZ

Alimentación atún
rojo Atlántico

(Thunnus Thynnus).

08/10/2010 Conference given at
AZTI-Tecnalia

(Pasaia, San
Sebastián). 8th
October 2010.

Scientific
community (higher

education,
Research)

Spain

46 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Estado actual de las
investigaciones

sobre la
reproducción en

cautividad del Atún
Rojo, Thunnus thyn

26/10/2011 IV Jornada sobre
“El atún rojo del
Mediterráneo en

L’Ametlla de Mar:
Investigación para

la Sostenibi

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

Spain

47 Publication UNIVERSIDAD
DE CADIZ

Estudios actuales
sobre el atún rojo.

28/05/2011 II Jornadas “La Isla
de los Delfines”

sobre “Orcas,
Atunes Rojos y

Almadrabas” 28th
May 2011.

Scientific
community (higher

education,
Research) -

Industry - Civil
society - Policy
makers - Medias

Spain
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48 Publication INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Resultados de las
investigaciones

sobre migraciones
tróficas y

reproductoras de
atún rojo.

26/10/2011 IV Jornada sobre
“El atún rojo del
Mediterráneo en

L’Ametlla de Mar:
Investigación para

la Sostenibi

Industry - Civil
society - Policy
makers - Medias

Spain

49 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Domesticación del
atún rojo.

11/11/2010 University of
Murcia

Scientific
community (higher

education,
Research)

Spain

50 Conference INSTITUTO
ESPANOL DE

OCEANOGRAFIA

Cultivo Larvario de
Atún Rojo

24/02/2011 University of
Cartagena.

Civil society Spain

Section B (Confidential or public: confidential information marked clearly)

LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS,UTILITY MODELS, ETC.

Type of IP Rights Confidential Foreseen embargo date
dd/mm/yyyy

Application reference(s) (e.g.
EP123456)

Subject or title of application Applicant(s) (as on the
application)

OVERVIEW TABLE WITH EXPLOITABLE FOREGROUND

Type of Exploitable
Foreground

Description of
Exploitable
Foreground

Confidential Foreseen embargo
date dd/mm/yyyy

Exploitable
product(s) or
measure(s)

Sector(s) of
application

Timetable for
commercial use or

any other use

Patents or other IPR
exploitation
(licences)

Owner and Other
Beneficiary(s) involved

General
advancement of

knowledge

Exploitable
foreground

(description) The
project SELFDOTT

has maintained
broodstocks of

bluefin tuna over a
period of three

years in captivity
and has

successfully
obtained fertilised

eggs in large
numbers. These

No monitoring of
broodstock
populations.

Induction
techniques for

providing “ eggs on
demand”, transfer
protocols for eggs

Sustainable
Aquaculture

The results will be
used by individual
participants within
the framework of
both national and
EU coordinated

programmes. This
foresees the use of
these technologies
within 2012 and

also continuing fall
at least the next two

years as part of a
follow-on project

At the present time
there are no patent
applications under

consideration.

All partners of the
SELFDOTT have

access to the results
and may continue to

use them. There are no
licences granted at the
present time. As laid

down in the consort to
agreement foreground
shall be the property of

the beneficiary
carrying out the work

generating that
foreground. The
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eggs have been
hatched and larvae
successfully reared

and fingerlings
which had

successfully been
transferred to open

sea cages for
on-growing. Young
tuna larger than 2kg
have survived for a

period of > 9
months post

hatching.

TRANSDOTT owners and
beneficiaries are
therefore the full
partners of the
SELFDOTT
consortium.

ADDITIONAL TEMPLATE B2: OVERVIEW TABLE WITH EXPLOITABLE FOREGROUND

Description of Exploitable
Foreground

Explain of the Exploitable Foreground

Exploitable foreground
(description) The project

SELFDOTT has maintained
broodstocks of bluefin tuna over a
period of three years in captivity

and has successfully obtained
fertilised eggs in large numbers.

These eggs have been hatched and
larvae successfully reared and

fingerlings which had successfully
been transferred to open sea cages
for on-growing. Young tuna larger
than 2kg have survived for a period

of > 9 months post hatching.

Exploitable foreground (description) The project SELFDOTT has maintained broodstocks of bluefin tuna over a period of three years in captivity and has
successfully obtained fertilised eggs in large numbers. These eggs have been hatched and larvae successfully reared and fingerlings which had successfully

been transferred to open sea cages for on-growing. Young tuna larger than 2kg have survived for a period of > 9 months post hatching.

Project No.: 212797
Period number: 3rd
Ref: 212797_Final_Report-13_20120524_092429_CET.pdf

Page - 39 of 46



4.3 Report on societal implications

B. Ethics

1. Did your project undergo an Ethics Review
(and/or Screening)?

No

If Yes: have you described the progress of
compliance with the relevant Ethics
Review/Screening Requirements in the frame
of the periodic/final reports?

2. Please indicate whether your project involved any of the following issues :

RESEARCH ON HUMANS

Did the project involve children? No

Did the project involve patients? No

Did the project involve persons not able to
consent?

No

Did the project involve adult healthy
volunteers?

No

Did the project involve Human genetic
material?

No

Did the project involve Human biological
samples?

No

Did the project involve Human data
collection?

No

RESEARCH ON HUMAN EMBRYO/FOETUS

Did the project involve Human Embryos? No

Did the project involve Human Foetal Tissue /
Cells?

No

Did the project involve Human Embryonic
Stem Cells (hESCs)?

No

Did the project on human Embryonic Stem
Cells involve cells in culture?

No

Did the project on human Embryonic Stem
Cells involve the derivation of cells from
Embryos?

No

PRIVACY

Did the project involve processing of genetic
information or personal data (eg. health,
sexual lifestyle, ethnicity, political opinion,
religious or philosophical conviction)?

No

Did the project involve tracking the location
or observation of people?

No

RESEARCH ON ANIMALS
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Did the project involve research on animals? Yes

Were those animals transgenic small
laboratory animals?

No

Were those animals transgenic farm animals? No

Were those animals cloned farm animals? No

Were those animals non-human primates? No

RESEARCH INVOLVING DEVELOPING COUNTRIES

Did the project involve the use of local
resources (genetic, animal, plant etc)?

No

Was the project of benefit to local community
(capacity building, access to healthcare,
education etc)?

No

DUAL USE

Research having direct military use No

Research having potential for terrorist abuse No

C. Workforce Statistics

3. Workforce statistics for the project: Please indicate in the table below the number of people
who worked on the project (on a headcount basis).

Type of Position Number of Women Number of Men

Scientific Coordinator 0 1

Work package leaders 0 5

Experienced researchers (i.e. PhD holders) 10 30

PhD student 2 4

Other 10 60

4. How many additional researchers (in
companies and universities) were recruited
specifically for this project?

0

Of which, indicate the number of men: 0
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D. Gender Aspects

5. Did you carry out specific Gender Equality
Actions under the project ?

No

6. Which of the following actions did you carry out and how effective were they?

Design and implement an equal opportunity
policy

Not Applicable

Set targets to achieve a gender balance in the
workforce

Not Applicable

Organise conferences and workshops on
gender

Not Applicable

Actions to improve work-life balance Not Applicable

Other:

7. Was there a gender dimension associated
with the research content - i.e. wherever
people were the focus of the research as, for
example, consumers, users, patients or in
trials, was the issue of gender considered and
addressed?

No

If yes, please specify:

E. Synergies with Science Education

8. Did your project involve working with
students and/or school pupils (e.g. open days,
participation in science festivals and events,
prizes/competitions or joint projects)?

No

If yes, please specify:

9. Did the project generate any science
education material (e.g. kits, websites,
explanatory booklets, DVDs)?

No

F. Interdisciplinarity

10. Which disciplines (see list below) are involved in your project?

Main discipline: 1.5 Biological sciences (biology, botany,
bacteriology, microbiology, zoology, entomology,
genetics, biochemistry, biophysics, other allied
sciences, excluding clinical and veterinary
sciences)

Associated discipline: 4.1 Agriculture, forestry, fisheries and allied
sciences (agronomy, animal husbandry, fisheries,
forestry, horticulture, other allied subjects)

Associated discipline: 2.3 Other engineering sciences (such as chemical,
aeronautical and space, mechanical, metallurgical
and materials engineering, and their specialised
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subdivisions; forest products; applied sciences
such as geodesy, industrial chemistry, etc.; the
science and technology of food production;
specialised technologies of interdisciplinary
fields, e.g. systems analysis, metallurgy, mining,
textile technology and other applied subjects)

G. Engaging with Civil society and policy makers

11a. Did your project engage with societal
actors beyond the research community? (if
'No', go to Question 14)

No

11b. If yes, did you engage with citizens
(citizens' panels / juries) or organised civil
society (NGOs, patients' groups etc.)?

11c. In doing so, did your project involve
actors whose role is mainly to organise the
dialogue with citizens and organised civil
society (e.g. professional mediator;
communication company, science museums)?

12. Did you engage with government / public
bodies or policy makers (including
international organisations)

13a. Will the project generate outputs
(expertise or scientific advice) which could be
used by policy makers?

H. Use and dissemination
14. How many Articles were
published/accepted for publication in
peer-reviewed journals?

16

To how many of these is open access
provided?

4

How many of these are published in open
access journals?

4

How many of these are published in open
repositories?

3

To how many of these is open access not
provided?

12

Please check all applicable reasons for not providing open access:

publisher's licensing agreement would not
permit publishing in a repository

No

no suitable repository available No

no suitable open access journal available No

no funds available to publish in an open access
journal

No

lack of time and resources Yes
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lack of information on open access No

If other - please specify

15. How many new patent applications
('priority filings') have been made?
("Technologically unique": multiple
applications for the same invention in
different jurisdictions should be counted as
just one application of grant).

0

16. Indicate how many of the following Intellectual Property Rights were applied for (give
number in each box).

Trademark 0

Registered design 0

Other 0

17. How many spin-off companies were
created / are planned as a direct result of the
project?

1

Indicate the approximate number of
additional jobs in these companies:

2

18. Please indicate whether your project has a
potential impact on employment, in
comparison with the situation before your
project:

Increase in employment, In small and
medium-sized enterprises

19. For your project partnership please
estimate the employment effect resulting
directly from your participation in Full Time
Equivalent (FTE = one person working
fulltime for a year) jobs:

0Difficult to estimate / not possible to quantify

I. Media and Communication to the general public
20. As part of the project, were any of the
beneficiaries professionals in communication
or media relations?

Yes

21. As part of the project, have any
beneficiaries received professional media /
communication training / advice to improve
communication with the general public?

Yes

22. Which of the following have been used to communicate information about your project to
the general public, or have resulted from your project?

Press Release Yes

Media briefing Yes

TV coverage / report Yes

Radio coverage / report Yes

Brochures /posters / flyers Yes
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DVD /Film /Multimedia Yes

Coverage in specialist press Yes

Coverage in general (non-specialist) press Yes

Coverage in national press Yes

Coverage in international press Yes

Website for the general public / internet Yes

Event targeting general public (festival,
conference, exhibition, science café)

Yes

23. In which languages are the information products for the general public produced?

Language of the coordinator Yes

Other language(s) Yes

English Yes
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Attachments SELFDOTTWP32011.wmv, SELFDOTT
PRESENTATION.pdf, Fiche SELFDOTT.pdf,
LOGO SELFDOTT.jpg, CONCLUSIONS AND
RECOMMENDATIONS.pdf, SELFDOTT WP4
2010.wmv

Grant Agreement number: 212797

Project acronym: SELFDOTT

Project title: From capture based to SELF-sustained
aquaculture and Domestication Of bluefin tuna,
Thunnus thynnus

Funding Scheme: FP7-CP-FP

Project starting date: 01/01/2008

Project end date: 30/11/2011
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ESPANOL DE OCEANOGRAFIA
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