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2.  Core of the report for the period:  

Project objectives, work progress and achievements, project 

management 
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2.1 Project objectives for the period 
 

Reproduction & Genetics 

Five objectives were completed during the 2nd Reporting 

Period as programmed in the DOW.  The completed 

objectives were, to develop a protocol for paired spawning 

of meagre, compare genetic variability of pikeperch for 

breeding programs, develop a protocol for mullet egg 

transport and develop CASA evaluation for grey mullet and 

wreckfish sperm and cryopreservation protocols of 

wreckfish sperm.  Work on a total of 18 programmed 

objectives was started or continued from the first reporting 

period: 

¶ Experiments to improve spawning of greater amberjack (tanks and cages), Atlantic halibut, wreckfish 

and grey mullet, 

¶ Sampling of tissues and blood to describe the reproductive cycle of greater amberjack (wild and captive) 

and wreckfish, 

¶ Development of techniques to aid description of the reproductive cycle for greater amberjack and 

wreckfish 

¶ Development of techniques to assess reproductive and nutritional state, and sperm quality for meagre 

and greater amberjack, 

¶ Development of techniques to improve hormone induced spawning protocols for grey mullet, 

¶ Development of SNP markers for fast and slow growing meagre, 

¶ Experiments on in vitro fertili zation for meagre and wreckfish 

¶ Assess the effects of captivity on first sexual maturity in grey mullet. 

 

Nutrition 

Four types of feeds are used in aquaculture, differing in nutritional and 

physical characteristics: enrichment products for live preys and dry 

feeds for weaning, grow out and broodstock diets, all differing in their 

formulation and production technology.  The Project objectives for the 

second year have focused in first feeding regimes (enrichment 

products and weaning diets), growth-out diets and broodstock diets. In 

those species with problems to obtain the reproduction, information 

has been obtained to formulate the first broodstock diets to improve 

spawning quality.  Therefore the objectives of this year have been 

focused in: 8.1 Improve current larval weaning feeds for meagre, 9.1 

Improve larval enrichment products to enhance production of amberjack larvae, 9.2. Develop diets for grow-

out of greater amberjack in order to maximize growth potential, 9.3. Development of an appropriate 

broodstock diet to improve unreliable reproduction in amberjack, 10.1. Increase knowledge on the effect of 

nutrients essential for first feeding of pikeperch, 10.2. Develop specific enrichment products and formulated 

diets to improve pikeperch larval performance, 11.1. Development of a protocol for early weaning for 

Atlantic halibut, 11.2. Develop a production strategy for on-grown Artemia and 11. 3. Improve growth in late 

Atlantic halibut larval stages, and juvenile quality, through feeding with on-grown Artemia, 12.2. Determine 

the influence of broodstock feeds on fecundity and spawning quality of wreckfish and 13.1. Improve 

enrichment products, weaning, grow out and broodstock diets for grey mullet.  



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  5 

 

Larval husbandry 

In meagre the objective was to reduce costs by early weaning in meagre larvae and improve growth, survival 

and larval quality. 

In greater amberjack the objectives were to study the 

effects of different feeding regimes in intensive systems, 

and compare the performance of semi-intensive and 

intensive rearing methods, looking also at the effect of 

environmental parameters such as light and current.  

These studies were also associated with an evaluation of 

the growth endocrine axis. 

In pikeperch, the objective was to repeat an experiment 

carried out during the 1st Reporting Period, in which we 

studied the effects of four environmental factors (light 

intensity, water renewal rate, water flow direction, tank 

cleaning time) on the effectiveness of rearing of pikeperch larvae.  In addition, a second experiment aimed at 

the determination of the effect of four feeding-related factors on the effectiveness of pikeperch larviculture.  

The studied factors were feeding frequency, co-feeding or not, weaning timing and weaning duration. 

In Atlantic halibut, the objective was to improve larval survival and quality during early development, during 

yolk sac and first feeding stages and the evaluation of the effects on larval survival, quality and growth.  To 

improve larval performance, the effect of probiotics on larval microbiota was also examined.  Finally, we 

developed a method for producing on-grown Artemia as a means to provide older Atlantic halibut larvae 

with a larger prey of a higher nutrient content. 

In wreckfish, the objective was to develop a larval rearing protocol based on the most effective prey density, 

succession of prey type, temperature and culture system. 

Finally in the grey mullet, the objectives were to investigate environmental (turbidity, phytoplankton type) 

and nutritional factors that affect larval rearing,  

 

 

Grow out husbandry 

The tasks related to meagre were targeted to adaptations of the 

existing methodology for grow out in cages.  In particular the 

conditions related to the rearing environment (depth and light 

conditions) and the development of appropriate feeding methods. 

Also improvements related to the size dispersion that is 

frequently observed in juveniles will be provided.  

For the greater amberjack, the objectives of the work during the 

second periodic report were: (1) the development of feeding 

methods for fry and juveniles by identifying daily rhythms and 

feeding frequency, (2) to define optimal ranges of temperature and stocking density. 

For pike perch the objectives were (1) to characterize the effects of multiple variables on stress, immune 

response and growth performances by a multifactorial approach and (2) to establish recommendations of 

optimal husbandry and environmental conditions for improving the welfare and yield of ongrowing of 

pikeperch juveniles in farm conditions. 

Finally for grey mullet the objectives for the period were to evaluate the geographic range for grow-out of 

grey mullet in the Mediterranean basin, and to determine the cost-benefit of different weaning diets on the 

performance and health status of juvenile grey mullet. 
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Fish Health 

There were several objectives during this period, to enable future deliverables to be met.  For meagre these 

included:  

1. Continuation of the study of different nutritional parameters, in 

order to dentify the causes of systemic granulomatosis (SG), 

and chronic ulcerative dermatopathy (CUD), 

2. Investigate further anti-parasite treatments in juvenile meagre, 

3. Complete the characterisation of immune genes, 

4. Contrinue the effort to isolate and evaluate the occurrence of 

Nocardia infections in meagre and develop an autogenous 

vaccine, 

5. Monitor the occurrence of different diseases and infections in the 

maintained stocks.  

In greater amberjack, the objectives in this scientific discipline included the following: 

1. Further work on mesocoms larval rearing in order to isolate and provide early diagnosis tools for 

Epitheliocystis, 

2. Morphological study of the incidence of monogenean parasites including a determination of 

environmental conditions that can modulate greater amberjack resistance to parasitic infection, and 

formulation of a diet supplemented with mucus stimulation products,  

3. Continue the characterisation of the immune system, with a focus on mucosal (skin/gill) defences, 

4. Develop anti-monogenean parasites infection rearing protocols, 

5. Monitor the occurrence of different diseases and infections in the maintained stocks 

Finally in Atlantic halibut, the objective for this period was to complete the work to assess the two 

eukaryotic systems -microalgae and a protozoan (L. tarentolae) for the production of nodavirus (Viral Neural 

Necrosis, VNN) capsid protein, to be used for the development of an oral vaccine for Atlantic halibut.   

 

Socioeconomics 

The main objectives of this period were to finish the 

organizational and institutional context analysis by:  

1. giving insight in the competitive field of and market 

developments in the European aquaculture market 

with a focus on the species selected in DIVERSIFY 

(meagre, greater amberjack, pikeperch, Atlantic 

halibut, wreckfish and grey mullet), 

2. assessing the obstacles for growth in the current 

aquaculture production chains and for these selected 

species, and 

3. identifying market opportunities for future growth of the European aquaculture sector for the 

selected species. 

Also planned for this period were the tasks to (a) develop new product concepts from selected species, by 

incorporating consumer and expert input, and (b) elect product ideas and develop physical new products 

from the selected species.  

Finally, we focused in work planned to (a) analyse and understand overall value perceptions of consumers 

with regard to cultured fish in general and the DIVERSIFY fish species in particular, and undertake a value-

based segmentation study, and (b) evaluate consumer sensory perceptions towards the newly developed 

DIVERSIFY speciesô products. 
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2.2 Work progress and achievements during the period 
Please provide a concise overview of the progress of the work in line with the structure of Annex I to the 

Grant Agreement. 

 

For each work package, except project management, which will be reported in section 3.2.3, please provide the 

following information:  

 

¶ A summary of progress towards objectives and details for each task; 

 

¶ Highlight clearly significant results; 

 

¶ If applicable, explain the reasons for deviations from Annex I and their impact on other tasks as well as on 

available resources and planning; 

 

¶ If applicable, explain the reasons for failing to achieve critical objectives and/or not being on schedule and 

explain the impact on other tasks as well as on available resources and planning (the explanations should be 

coherent with the declaration by the project coordinator) ; 

 

¶ a statement on the use of resources, in particular highlighting and explaining deviations between actual and 

planned  person-months per work package and per beneficiary in Annex 1 (Description of Work);  

 

¶ If applicable, propose corrective actions. 
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Group Work Packages  
Reproduction & Genetics 
 

Work continued to develop tools for meagre breeding programs.  

Task 2.2 provided a protocol for the paired spawning of meagre.  

The efficacy of spawning pairs with male rotation was 76% and 

a total of 61 families were produced.  Work in Task 2.3 

described meagre sperm characteristics (motility initiated at 60% 

and lasted 60 s) and provided protocols for sperm storage and 

cryopreservation.  The protocols were used in Task 2.4, to 

develop in vitro fertilization methods, and eggs stripped 39 h 

after treatment with GnRHa were fertilized successfully.  In Task 2.5, the DNA was extracted from 400 

meagre that had varying growth rates and analysis is underway to associate SNP markers with growth.   

In Task 3.1, the effects of confinement on greater amberjack reproduction were demonstrated.  The study of 

reproductive and nutritional state of wild and captive-reared fish showed that a severe impairment of 

gametogenesis occurred in captive-reared greater amberjack that exhibited low pituitary gonadotropin (GtH) 

expression, low GtH and sex steroid plasma concentrations, extensive atresia of vitellogenic follicles, high 

levels of male germ cell apoptosis and lower gonad content of specific lipid classes and fatty acids.  Major 

advances were made with the development of spawning protocols (Tasks 3.2, 3.3 3.4 and 3.5).  Large 

volumes of high quality eggs sufficient to stock a hatchery were produced using GnRHa treatments on fish 

maintained in cages in the Mediterranean Sea and moved to tanks after the hormonal therapy (Task 3.2), 

from spontaneous spawning of broodstock in tanks in the eastern Atlantic (Task 3.3), and from hatchery bred 

(F1) greater amberjack held in tanks in the eastern Atlantic (Task 3.4).  In Task 3.5 only small amounts of 

eggs were collected from induced spawning in cages, however, this was shown to be a problem with egg 

collection and not spawning.  Experiments with egg collector re-design will be made to retain more eggs.  

Work on pikeperch in Tasks 4.1 and 4.1 has been completed and all deliverables have been submitted.  The 

captive broodstock populations presented different levels of genetic variability that ranged from wide 

variability that is greater than observed in wild populations, to broodstocks that had reduced genetic 

variability due to inbreeding.  Hatcheries with such broodstocks were recommended to take measures to 

introduce greater variation into the base population for future breeding programs. 

Work with Atlantic halibut in Task 5.1 did not find significant differences in fecundity, fertilisation, 

hatching, egg size and hormone content between eggs from wild-caught and cultured females.  However, 

wild-caught females were more predictable spawners that gave fewer, but larger batches of high quality eggs 

(>85% fertilization).  In Task 5.2, a GnRHa implant therapy induced and synchronised ovulations without 

any effect on egg quality or quantity, and provides an approach to ensure predictable ovulations. 

Despite the scarcity of wild wreckfish, two juvenile wreckfish were captured in Task 6.1.  In Task 6.2, four 

broodstocks are being sampled to describe the reproductive cycle.  Males exhibited good sperm quality (Task 

6.4) with large amounts of expressible sperm during the reproductive period and a proportion of males had 

sperm throughout the year.  Cryopreservation of wreckfish sperm offered a good solution for the 

management of sperm for in vitro fertilization (Task 6.4).  In Task 6.3, tank spawning of wreckfish continued 

to be unpredictable, but fertilisation is improving and work towards in vitro fertilisation found that GnRHa 

induced oocyte maturation and ovulation reliably. 

Grey mullet recombinant follicle stimulating hormone (r-FSH) was produced with the Pichia expression 

system and the bioactivity of the hormone was demonstrated. The r-FSH was used in hormone-based 

treatments to enhance and synchronize gametogenesis (Task 7.1).  In Task 7.2, treatments were developed 

for inducing grey mullet spawning.  Millions of fertilized eggs were produced during natural and shifted 

reproductive periods.  Nevertheless, work continues on two problems: (i) failure of some females to ovulate 

and (ii) episodic fertilization rates ranging between 0 to 98%.  A protocol was developed for the shipping of 

grey mullet eggs (Task 7.5).  
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WP 2 Reproduction & Genetics ς meagre 
 

WP No: 2 WP Lead beneficiary: P3. IRTA 

WP Title (from 

DOW):  
Reproduction and Genetics - meagre 

Other beneficiaries 

(from DOW):  
P1. HCMR P2. FCPCT P14. IFREMER  

Lead Scientist preparing the 

Report (WP leader): 
Neil Duncan 

Other Scientists 

participating:  

Juan Manuel Afonso (P2), Costas Tsigenopoulos (P1), Christian Fauvel (P14), 

Constantinos Mylonas (P1) 

 

Objectives 

1. Evaluate the genetic variation in the available captive broodstocks of meagre (Completed), 

2. Genetic characterization of fast and slow growers, 

3. Development of tools that facilitate the implementation of genetic selection programs, 

a. Develop protocols for the paired crossing of breeders with spontaneous spawning (Completed), 

b. Describe sperm quality and cryopreservation techniques, 

c. Develop in vitro fertilization protocols to provide planned genetic crosses, 

d. Develop a set of SNP markers for genetic selection and stock characterisation. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

All tasks planned for this period have started and made good progress.  Task 2.1, Evaluation of the genetic 

variation in captive meagre broodstocks has been completed with the associated Deliverable D2.2.  Over 

435 breeders were sampled from broodstocks in 13 centres and 7 countries and studied with 18 microsatellite 

markers (STRI & SRTS).  The broodstocks originated from 3 populations or groups. One broodstock that is 

held in Turkey was uniquely different from all other broodstocks.  The other 12 broodstocks originated from 

two populations or groups.  As a whole, the combined broodstocks appear to have sufficient variation for 

breeding program(s).  However, the majority of broodstocks appear to require an increase in the number of 

families for a breeding program.  New families or stocks could be obtained between centres or from the wild. 

However, care is required as many broodstocks had the same population of origin and sample size was small 

from each broodstock.  Further information on number of families available in each broodstock is needed to 

define more precisely the needs to establish breeding program(s).   

Task 2.2, The development of protocols for paired crossing in spontaneous spawning has shown that 

successful paired spontaneous spawning is possible.  Efficacy of spawning was 58%, with 26 pairs spawned 

out of a total of 45 and the majority of these pairs produced >100,000 hatching eggs.  Four pairs that were 

induced repeatedly each week spawned multiple times for up to 17 weeks with high (>85%) mean hatching 

and larval survival 5 days post hatch.   

Task 2.5, Development of Single Nucleotide Polymorphisms (SNP) marker tools for the genetic 

characterization of fast and slow growers initiated with the sampling of 16 individual meagre coming from 

5 families (formed by 10 breeders).  High quality RNA has been extracted from muscle and liver and sent for 

sequencing.  All other tasks are programmed for later in the project as specified in the DOW. 

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

During the 2nd Reporting Period all tasks have again progressed.  The three deliverables that were due during 

the first and second reporting periods have been submitted.  Task 2.2, The development of protocols for 
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paired crossing in spontaneous spawning has been completed, with the associated deliverable D2.3.  A 

total of five experiments were completed for the task. The efficacy of spawning pairs with male rotation was 

high (76%) and a total of 61 families out of 84 (full and half-sib) were produced that had >200,000 eggs of 

>80% fertilization success.  However, a decline in spawning success that was observed with repeated 

induced spawning with male rotation was a possible drawback that is highlighted in the deliverable. Work in 

Task 2.3, Description of sperm characteristics and cryopreservation methods, has been completed using 

ImageJ CASA system to describe meagre sperm characteristics.  Sperm motility was approximately 60% at 

10 sec after activation, and both speed and percentage motility declined to 0 in approximately 60 seconds.  

Different mediums tested to use for sperm storage and cryopreservation techniques already used for 

European seabass (Dicentrarchus labrax) were modified to provide protocols for meagre sperm.  For Task 

2.4, Development of in vitro fertilization methods for planned crosses, trials have been made to induce 

ovulation, and sperm management protocols from Task 2.3 have been used for in vitro fertilisation.  More 

work is needed, but initial results indicate that ova stripped 39 hours after the application of GnRHa to 

induce ovulation were successfully fertilised with sperm stored in a modified Leibovitz medium (identified 

in Task 2.3).  Task 2.5, Development of Single Nucleotide Polymorphisms (SNP) marker tools for the 

genetic characterization of fast and slow growers is advancing towards completion.  During the second 

reporting period, Deliverable D2.1 was completed and submitted.  The DNA has been extracted for 400 

meagre that were grown to harvest size with varying growth rates.  The genetic marker library from 

Deliverable D2.1 is being used to genetically characterize fast and slow growers within the population.  

There has been little deviation in the planned tasks and the remaining three deliverables are progressing to be 

completed as specified in the DOW. 

 

Task 2.1  Evaluation of the genetic variation in captive meagre broodstocks (led by FCPCT, Juan Manuel 

Afonso).   

This task has been completed with the associated deliverable D2.2. Over 435 breeders were sampled from 

broodstocks in 13 centres and 7 countries and studied with 18 microsatellite markers (STRI & SRTS).  The 

broodstocks originated from 3 populations or groups (Fig. 2.1.1). One broodstock that is held in Turkey was 

uniquely different from all other broodstocks.  The other 12 broodstocks originated from two populations or 

groups.  As a whole the combined broodstocks appear to have sufficient variation for breeding program(s).  

However, the majority of broodstocks appear to require an increase in the number of families for a breeding 

program.  New families or 

stocks could be obtained 

between centres or from the 

wild.  However, care is 

required as many 

broodstocks had the same 

population of origin and 

sample size was small from 

each broodstock.  Further 

information on number of 

families available in each 

broodstock is needed to 

define more precisely the 

needs to establish breeding 

program(s).  

 

Figure 2.1.1. Graph of Factorial Correspondence Analysis from 18 loci and 376 fish distributed in 13 

Mediterranean populations of meagre. 

 

The full description of the work and results of this Task was provided in Deliverable 2.2 Genetic 

characterization of different meagre captive broodstocks and evaluation of available variability . 
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Task 2.2  Development of protocols for paired crossing in spontaneous spawning (led by IRTA, Neil 

Duncan).   

This task has been completed with the associated deliverable D2.3.  Five paired spawning experiments were 

completed to determine the potential of paired spawning inductions with male rotation to perform a dialled 

cross mating design as the basis of a breeding program.  Two experiments were completed during the first 

reporting period.  In one experiment the same pairs were induced repeatedly to spawn on a weekly basis.  In 

the second experiment one 6 x 6 (experiment II) dialled crosses of pairs with weekly male rotation and 

induced spawning was completed.  During the second reporting period three further experiments were 

completed, each with 4 x 4 (experiments I y IIIa and IIIb) dialled crosses of pairs with weekly male rotation 

and induced spawning.  Fecundity and percentage fertilization were determined when eggs were collected 

and percentage hatching and 5-d (day) larval survival were determined by incubating eggs from each spawn 

in replicated 96-well microtiter plates.  In the same-pair experiment, the 4 pairs spawned up to 17 weeks in 

succession with high fecundity (>400,000 eggs kg-1 spawn-1) and egg quality (> 80% fertilization).  The 

efficacy of spawning pairs with 

male rotation was high, 76% 

(Experiment 1, 14 pairs spawned 

out of 16 (87%); experiment II, 

22 pairs out of 37 (59%); 

experiments IIIa and IIIb, 25 

pairs out of 27 (93%)) and 

across the three experiments a 

total of 61 families out of 84 

(full and half-sib) were produced 

that had >200,000 eggs of >80% 

fertilization success (Fig 2.2.1).   

 

Figure 2.2.1.  Mean (ÑSEM) daily batch relative fecundity and fertilization success, of meagre pairs (n=4) 

after each GnRHa injection (n=4, once every week) during 2015. The numbers within the bars indicate the 

number of individual spawns making the mean.  The P values in each graph indicate the significance of a 

one-way ANOVA statistics.  Different letter superscripts indicate significant differences between means. 

Data from experiment 2 completed in P1. HCMR. 

 

 

However, not all paired crosses with male rotation were successful and a number of females after 

consecutive successful spawning inductions either failed to spawn or did not present vitellogenic oocytes and 

could not be induced as planned in the dialled cross 

design (Fig. 2.2.2).  This failure to spawn or 

maintain maturity status after successive successful 

spawning inductions appeared to represent a change 

in spawning kinetics from the prolonged (up to 17 

weeks) induced spawning period observed in the 

same-pair experiment and previous studies.  This 

change in kinetics may be attributed to the stress of 

male rotation and consideration should be made that 

as the number of rotations increases, spawning pairs 

may fail or induced spawning may not be possible.   

 

Figure 2.2.2.  Mean (ÑSEM) percentage of pairs that spawned after GnRHa injection in the four experiments 

(experiment, I, II, IIIa and IIIb) completed in P3 IRTA and P1 HCMR. 
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However, together these experiments have shown that paired spawning of meagre is possible for the 

production of known families from parents with known phenotypes.  Obtaining a large number of families 

with adequate fecundities that can be used on a commercial scale from crosses of selected breeders with 

desired phenotypes is a prerequisite for a breeding program.  The present studies were a successful ñproof of 

conceptò for this approach, highlighting both the positive potential of the approach and possible drawbacks.   

The full description of the work and results of this Task has been provided in Deliverable 2.3 Development 

of protocols for paired crossing in spontaneous spawning. 

 

Task 2.3  Description of sperm characteristics and cryopreservation methods (led by IFREMER, Christian 

Fauvel).   

This second period was dedicated to the definition of settings to characterize sperm of meagre through the 

development of computer assisted sperm analysis (CASA) and the test of media for the conservation of 

gametes in order to establish the routine methods which can be applied to productive broodstocks.  Due to 

the utilization of broodstocks of DIVERSIFY participating institutes for genetic and husbandry purposes 

during this period, we took profit of the geographic proximity and good relations between P14. IFREMER 

and a private company that does not participate in DIVERSIFY, Les Poissons Du Soleil (LPDS) to get 

adequate samples without any seasonal consideration.  

 

Sperm characterization  

Sperm of 8 males was sampled in LPDS and brought back to P14. IFREMER facilities in Palavas to be 

studied immediately and after 24 h under different types of conservation protocols.  For this, the fish of one 

production tank of 25 m3 were anaesthesized, 8 males were chosen at random and sperm was extracted 

without contamination (water or urine) after a thorough cleaning of the genital area.  Volumes of 2 to 4 ml of 

clean semen were collected using 5 ml syringes. The semen was divided into subsamples that were either 

stored dry on ice or diluted in conservation media before being stored on ice.  Finally, after transportation to 

P14. IFREMER, the diluted sperm was either stored at 4ÁC or cryopreserved according to the protocol used 

for European seabass (Fauvel et al 1999). 

The concentration of spermatozoa was assessed after dilution to 1/500 of semen from each male in tap water.  

After dilution each sample was placed on a Thoma counting cell of 0.1 Õl (with 400 squares of 0.025 mm2, 

0.1 mm depth).  After 10 min sedimentation, a picture of each sample was taken using a photomicroscope 

and the pictures were analyzed using the 

Image J software after cropping a precise 

area of 24 squares and binarization using 

automatic thresholding (Fig. 2.3.1).  In 

May 2015, the mean concentration of 

male semen in LPDS was 4.11 1010 

(sd=0.7 1010) spz ml-1.  The mean 

concentration of spermatozoa and the 

associated variability are usual in marine 

fish during the reproductive season.  The 

variations of sperm concentration along 

the season will be studied within May and 

July 2016 in the facilities of P3.IRTA. 

 

 

Figure 2.3.1. Screenshot summarizing automated sperm counting using the ImageJ software (NIH, USA). 
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The motility of meagre sperm was assessed by C ASA with an adapted macro developed in ImageJ system, 

which takes into account the quality of the recorded movies.  In order to record motility, sperm samples were 

pre-diluted in a non-activating medium, video record was launched just when pre-diluted sperm was mixed 

with seawater for activation.  Finally activated sperm was deposited into a special cell (Leja, 10 Õm depth) 

already settled and focused on the video-microscope.  This procedure allows to assess first motility 

parameters within 10 seconds after sperm activation.  The general pattern of motility features did not reveal 

any noticeable difference when compared to other marine fish with a maximum value for the velocity and the 

percentage of mobile spermatozoa just after activation and with a duration of movement lasting 50-60 sec 

(Fig. 2.3.2.).  As expected, a progressive decrease of the mean speed of spermatozoa (Average path velocity) 

from around 150 Õm s-1 down to 0 was observed within 1 minute (Fig. 2.3.2). 

 

 

 

Figure 2.3.2. Motility of meagre sperm illustrated by the percentage of mobile spermatozoa (upper graph) 

and the speed on a smoothed track (Average Path Velocity) both parameters varying after sperm activation.  

This figure also compares the motility parameters between fresh sperm (green), diluted sperm chilled stored 

for 1 hour (Blue) and 24 hours (red). 

 

 

Sperm storage protocol 

Previous work showed that spermatozoa were able to survive in an oxygenated atmosphere in very small 

volumes.  This was not the case when sperm had to be stored in large volumes for delayed fertilization 

protocols.  According to the experience of sperm storage of P14. IFREMER in European seabass (French 

program Cryoaqua 2009-2010), but also on the results acquired by DIVERSIFY team on wreckfish 

Deliverable D2.5.2 and amberjack Deliverable D2.2.4 (to be delivered by the end of July 2016), meagre 

sperm was directly diluted to 1/3, (V/V) in different media for storage improvement.  The different media 

tested were 2 commercial media with patented formulations (Storefish and Cryofish from IMV) and a 

medium designed by P14. IFREMER both for short term storage and cryopreservation, and based on 

modifications of Leibovitz L15 culture medium, the formula of which is publically available. 

As an interesting result, modified Leibovitz L15 medium was more efficient for chilled sperm survival at 24 

h than the 2 other media.  The initial motility was decreased by 60% in both commercial media compared to 
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the initial motility of sperm stored in modified Leibovitz after 24h. Finally, when sperm had been stored for 

1 day, its motility decreased much faster than that of fresh sperm whatever the medium (Fig. 2.3.3), 

however, this quick decrease of motility may not be deleterious for fertilization, something that must be 

tested.  
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Figure 2.3.3. Comparison of motility of sperm subject to different commercial or experimental storage 

media for 24h showing the significant advantage of modified Leibovitz either at activation or after 20 

seconds. 

 

 

Cryopreservation trials and fertilization success assessment. 

Since the modified Leibovitz seemed to yield a sufficient motility for fertilization, a large scale experiment 

was undertaken to evaluate the quality of either chilled stored or cryopreserved sperm.  For this, sperm 

samples of 33 males were individually frozen after dilution to 1/3 in modified Leibovitz and final addition of 

10% dimethyl sulfoxide, and sperm of 6 males was stored only chilled.  A total of 6 meagre females were 

stimulated by heterologous GnRH analog, of which 5 responded with ovulation. 

The in vitro fertilization of the females was performed individually as follows: 

Each spawn was divided in aliquots of 20 ml of eggs, which were fertilized by chilled or cryopreserved 

sperm from one male. For each cross, the adequate number of straws for 400,000 spz egg-1 was thawed and 

immediately deposited on the eggs.  The treatment of each spawn took around 1.5 h and followed the same 

sequence of males.  After fertilization, the different aliquots were mixed for larval rearing, but a sample of 

several hundreds of eggs was kept separately for fertilization assessment.  

Fertilization success was assessed at 4.5 h (necessary time to do the complete cross with 3 females) after 

fertilization and revealed a very interesting conclusion.  The mean fertilization rate was quite similar for the 

2 first females, but then it decreased in the third one (Table 2.3.1).  Moreover, in each female the 

fertilization rate decreased along the sequence of insemination (Fig 2.3.4).  The decrease of fertilization with 

time may be due the progressive overripening of the eggs after ovulation. The lack of precision about 

ovulation time may explain the hierarchy of fertilization with female 4 ovulating much later than female 3. 

Transfer of knowhow between partners 

Due to the large number of experiments for a large but limited broodstock in DIVERSIFY, it was decided to 

setup the analytical methods of sperm studies independently from the programmed husbandry purposes.  

After a regular transfer of information by mail, a session of experience exchange and particularly the practice 

of CASA was organised within 2 full days in P14. IFREMER facilities from 14 to 16 March 2016 joining 2 

researchers from P3. IRTA and 1 researcher of P14. IFREMER. 
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Table 2.3.1. Fertilization performances of 33 cryopreserved (Cryo) and 6 chilled stored (Fresh) meagre 

sperm obtained in a full factorial cross with 3 females 

    female 1 female 2 female3 

Cryo mean 65,3 70,6 37,2 

  std 9,0 13,3 18,6 

  cv 13,8% 18,9% 50,1% 

  mini 38 33 9 

  maxi 78 89 65 

Fresh mean 49,4 79,3 26,9 

  std 11,1 11,0 11,9 

  cv 22,6% 13,9% 44,2% 

  mini 30 65 15 

  maxi 61 96 43 

 
 

 

 

Figure 2.3.4. Individual fertilization success of cryopreserved sperm (males 1-33) and chilled stored sperm 

(males 34-40) showing the decrease with time of fertilization within females with a higher slope in female 5. 

 

 

Conclusion 

This second reporting period allowed characterizing meagre sperm, which presents expected characteristics 

on the basis of common knowledge about marine fish semen.  Moreover, the use of analytical tools provided 

good means to assess the effect of sperm storage protocols both in chilled and frozen condition, which 

proved useful for further gamete management in industrial production purposes and particularly for genetic 

improvement of stocks.  A last integrative experiment was undertaken in P3. IRTA facilities in June 2016 

(Mo 31) with two scientists from P14.IFREMER to complete the experience and share results between 

partners.  These results will be reported in the 3rd Periodic Report. 

 

Task 2.4  Development of in vitro fertilization methods for planned crosses (led by IRTA, Neil Duncan).   

The task was initiated during the 2nd Reporting Period and is progressing towards the development of in vitro 

fertilization methods for planned crosses.  A total of seven female breeders have been successfully induced 

to ovulate and the ova stripped and fertilised with sperm that was previously obtained from males.  All 

selected females had ovaries with vitellogenic oocytes >500 Õm and males had spermiation index of 2 or 3 
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(where 0 = no sperm, 1 = sperm present but not flowing, 2 = sperm flows and 3 = sperm flows easily and 

abundantly).  Breeders were selected from a stock of wild and captivity-bred fish, and females had a mean 

weight of 21.24Ñ3.69 kg and males 16.12 Ñ2.61 kg.  To induce ovulation and enhance sperm production, 

GnRHa (des-Gly10, [D-Ala6]-gonadotropin releasing hormone, Sigma, Espa¶a), was administered to the 

selected breeders at doses of 15 Õg kg-1 to females and males.  The breeders were placed in 10-16 m3 tanks 

with >400% water exchange.  Males were placed together in one tank and females were placed isolated into 

a tank (1 female per tank) or in pairs of two females per tank.  Temperature was maintained constant at 18ÜC.  

A surface water egg collector was used to determine if any floating eggs were liberated.  Females were held 

in complete darkness during the period from when the GnRHa was applied until stripping of ova was 

finished.  Outside of this period 

females received a natural 

photoperiod.  The GnRHa was 

applied to females at approximately 

21:00 and 36.5 hours after hormone 

application (å 08:30) the females 

were checked for ovulated ova by 

applying abnominal pressure.  The 

procedure of checking for and 

stripping ova from the females was 

repeated every 2.5 hours (å 11:00, 

13:30, 16:00 and 18:30) until three-

four batches of ova had been 

obtained (Photo 2.4.1).   

 

Photo 2.4.1  Stripping ovulated ova from a meagre (Argyrosomus regius) breeder. 

 

Males were held under a natural photoperiod.  The GnRHa was applied to males at approximately 24 hours 

before female ovulation was anticipated (å 08:30 the day before ovulation).  Sperm quality in terms of 

motility and density was checked when GnRHa was applied, and before the collected sperm was being used 

for fertilisation.  Sperm quality was checked using the ImageJ CASA system, and during the day when 

females were stripped, sperm was stripped just once at å 08:30 and held in a non-activating modified 

Leibovitz medium (see Task 2.3).   

The task was in progress when this report was prepared (Mo 30 and 31) and the majority of the work 

described has been executed during Mo30 and the task will be completed during Mo31-32.  The results and 

data that have been collected are being 

processed and no firm conclusions 

towards the development of methods 

should be drawn until the work is 

completed.  However, some general 

observations can be made.  The highest 

percentage fertilisation of ova has been 

obtained with ova stripped approximately 

39 hours after the application of GnRHa 

(Fig. 2.4.1).  

 

 

 

Figure 2.4.1.  Percentage of developing eggs from batches of ova stripped at different times (hours) after 

GnRHa was applied to induce ovulation. All egg batches were fertilised with sperm that maintained constant 

quality during the period.  
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Fertilisation capacity of fresh sperm and sperm in modified Leibovitz medium was similar.  Sperm quality 

before and 24 hours after GnRHa application was similar.  The application of GnRHa maintained or 

increased the spermiation index.  Work planned for the 3rd Reporting Period (M31-32) aims to determine the 

minimum number of sperm required for fertilisation, and to make a small scale in vitro fertilisation trial in 

collaboration with P14. IFREMER to make a dialled cross between males and females to produce a 

maximum number of families. The work is progressing as anticipated and no deviations or delays are 

expected for the associated deliverable. 

 

Task 2.5  Development of Single Nucleotide Polymorphisms (SNP) marker tools for the genetic 

characterization of fast and slow growers (led by HCMR, Costas Tsigenopoulos).   

The first objective of this task was to identify SNPs in the genome of meagre using RNASeq, which could be 

then used to genetically characterize individuals or to implement QTL analysis and marker assisted selective 

breeding programs; results have been reported in Deliverable 2.1.  In this deliverable, the muscle and liver 

transcriptome of meagre was sequenced and characterized.  The outcome from meagre transcriptome 

sequencing is two-fold.  First, it provides information on meagre gene content and sequence -on a global 

scale- allowing the further study of any gene family or genetic pathway of the species. Second, it allowed a 

transcriptome-wide scan for genetic marker discovery.  A thorough marker discovery pipeline was 

implemented that led to thousands of SNP and STR markers that can be useful in future marker-assisted 

selection or other analyses.  Our current work, in combination with the forth-coming SNP information that 

will be produced from the planned linkage analysis using full- and half-sib families in the next months will 

establish a new standard in meagre genetics setting the groundwork for deeper studies on growth and other 

traits of the species. 

One of the principal bottlenecks to meagre production is the occurrence of variable growth rates, causing 

uncertainty in the prediction of total yield from each on-growing cycle.  Fast and predictable growth is an 

important and highly desired trait, which affects the profitability of food animal production, since feed costs 

account for the largest proportion of production costs.  The SNPs explain the greatest part of the genetic 

differences between individuals and are suitable for genetic evaluation and strategies that employ molecular 

genetics for selective breeding.  Therefore, this task aims at using SNPs to potentially identify markers and 

genes associated with genetic variation in growth through Next Generation Sequencing (NGS) of the whole 

transcriptome of 16 fish from different families and phenotypic size (of the same age) that will provide a 

data-set of thousands of markers.  The SNP and Short Tandem Repeats (STR or microsatellite) markers 

identified by RNA-Seq that will presumably be associated with growth traits in future studies are reported 

and catalogued. 

 

Biological material 

Sixteen meagre individuals were selected from four groups of fish (Lset1, Lset2, Mset1 and Mset2, see 

Table 2.1.1).  The groups were from two spawning dates that were one week apart; set 1 consisted of two 

families spawned on the 24/04/2014 and set2 of three families spawned on the 01/05/2014.  The two sets 

were graded and fish for RNA extraction were selected from the largest (groups ñLò) and the medium grades 

(groups ñMò) in order to have the highest chances to sample from 4 families (1 & 4 plus 2 & 5, respectively; 

Table 2.1.1).  Selection was based on the expected kinship of individuals targeting on fish that are 

theoretically not closely related.  For this purpose, fish were selected from the four groups that contained five 

different meagre crosses (families) that resulted mostly from wild outbred parents (Table 2.1.2).  Muscle and 

liver tissues were dissected and preserved in RNAlater (IRTA, Spain).  
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Table 2.1.1  Details for the meagre used for RNA extraction and transcriptome sequencing from the six 

families initially formed and stocked in two sets according to spawning date (set 1 on 24/04/2014 and set 2 

on 01/05/2014) after size-grading for small (S), medium (M) and large (L) fish.  

Rear ing Tank Number  of fi sh 
Propor tion of each fami ly at star t 

1 2 4 5 6 

(L-set1) 12 38% 
 

62% 
  

(M-set1) 46 61% 
 

39% 
  

(S-set1) 224 51% 14% 33% 
 

3% 

(L-set2) 19 
 

26% 
 

74% 
 

(M-set2) 49 
 

83% 
  

17% 

(S-set2) 66 
 

83% 
  

17% 

 
 

Table 2.1.2  Characteristics of the six families formed in meagre, spawning dates, ID number of breeder and 

origin (wild or cultured) of the breeders used.  

Fami ly Tank (Spawning Date) Female Male 

1 V8-1 (24/04/2014) 5-wild 19-wild 

2 V8-1 (01/05/2014) 5-wild  20-wild 

3 V8-2 (01/05/2014) 1-wild 19-wild 

4 C2 (24/04/2014) 16-cultured 21-wild 

5 C1 (01/05/2014) 2-wild 22-wild 

6 V6 (01/05/2014) 13-cultured 17-wild 

 
 

 

RNA extraction, Library preparation and Sequencing 

Muscle and liver samples were further processed in P1. HCMR, Greece.  The RNA extraction protocols have 

been completed for the liver and muscle tissues of 16 sampled individuals (four fish/family).  For both tissue 

types, RNA was extracted after grinding the tissue with liquid nitrogen using pestle and mortar.  In the case 

of liver tissues, total RNA was extracted with Qiagenôs RNeasy Plus extraction kit, while muscle tissues 

were homogenized in TRIzolÈ reagent (Invitrogen, Carlsbad, CA, U.S.) and RNA was isolated according to 

the manufacturerôs instructions.  The quantity of the isolated total RNA was measured 

spectrophotometrically with NanoDropÈ ND-1000 (Thermo Scientific), and quality was tested on an agarose 

gel (electrophoresis in 1.5% w/v) (Figure 2.1.1). 

Following extraction, RNA from different individuals was pooled in equal quantities for each of the two 

tissue types.  Then, an RNASeq library was constructed for each tissue following standard Illumina TruSeq 

protocols.  The two libraries were loaded into one lane of an Illumina HiSeq2500 instrument (2x100bp). 

 

 

Figure 2.1.1  Total RNA extraction profile from meagre liver tissues.  The size marker on the right side of 

the gel is the 1Kb DNA ladder RTU from Nippon Genetics GmbH. 
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Raw read pre-processing 

Raw read quality was assessed with FASTQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). 

Raw data quality control took place in four steps.  First, sequence contamination was removed from Illumina 

adapter sequences with Scythe (https://github.com/vsbuffalo/scythe).  Scythe recognizes adapter sequences 

by taking into account quality information and thus increasing the efficiency of removing them especially at 

the 3ô end of the reads where read quality drops.  Second, Sickle (https://github.com/najoshi/sickle), a tool 

that uses sliding windows to identify reads with low-quality regions especially for 5ô and 3ô regions of the 

reads, was used to trim the low-quality ends of the reads.  The next step was to use the general quality 

control software Trimmomatic (Bolger et al. 2014) that removes low quality reads applying various filters, 

including cutting adapter and other Illumina-specific sequences from the read, performing a sliding window 

trimming, cutting once the average quality within the window falls below a threshold and cutting bases off 

the start/end of a read if below a threshold quality.  Finally, Prinseq (Schmieder and Edwards 2011) was used 

to remove any remaining sequences that are the result of adapter contamination.  Each of the applied 

software tools applies alternative methodologies to remove errors.  The combination of all four pieces of 

software has led to an efficient quality control. 

 

Transcriptome assembly and annotation 

To build the transcriptome assembly, quality-filtered reads were input in the software Trinity (version 

trinityrnaseq_r20140717; Grabherr et al. 2011) and ran with default settings.  Trinity is specialized in 

assembling Illumina reads and is considered one of the most efficient assembly software (Haas et al. 2013).  

The assembly process required ~ 100Gb of RAM memory and 10 CPUs and was run successfully at the 

computer cluster of IMBBC, HCMR.  To annotate the transcripts and get an idea of their potential role, a 

similarity search was conducted through blastx against Swiss-Prot protein database (e-value threshold 10-12). 

blastx was run in parallel using NOblast (Lagnel et al. 2009) and the best hit was kept for each transcript.  

Blast output was summarized with custom shell commands/scripts. 

 

Genetic marker discovery 

The assembled sequences were scanned for STRs with Phobos (Mayer 2006-2010). Non-exact STRs were 

detected with a 2ï10 repeat unit length and a minimum length of 20 nucleotides.  A custom Perl script was 

used to parse the output.  The SNP discovery took place using SAMTOOLS (Li et al. 2009), one of the most 

efficient SNP discovery tools for next generation data.  First, quality-filtered reads from both muscle and 

liver samples were mapped onto the transcriptome assembly using the mapping software bowtie2 (Langmead 

and Salzberg 2012).  Then, the alignment files (.sam file) were analyzed with samtools mpileup function. 

The SNP calling was conducted with bcftools call command and then quality filtered with bcftools filter 

command keeping only SNPs with the above a strict quality threshold (Q>19).  Finally, SNPs were further 

filtered based on the number of high quality read coverage (DP>9). 

 

Raw data quality control 

Illumina sequencing led to the production of 523,137,020 raw reads.  Filtering steps reduced this to 

341,439,304 (65%) high quality paired reads (182,802,502 for muscle and 158,636,802 for liver sample) 

(Table 2.1.3).  Application of Sickle and Trimmomatic resulted in the greatest filtering.  Prinseq removed 

relatively few more sequences, while Scythe trimmed adapter sequences from the readsô ends.  Overall, read 

quality was significantly improved after the application of filtering criteria, especially at the 5ô and 3ô prime 

ends of the reads (Fig. 2.1.2). 
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A.            B. 

 

C.            D. 

  

Figure 2.1.2  Quality filtering for the muscle sample. On top, the ñper baseò quality of read1 (A) and read2 

(B) of the raw data is shown; on the bottom, the ñper baseò quality of read1 (C) and read2 (D) of the quality-

filtered data are presented.  Quality is measured in Illumina 1.9 Phred score.  Plots were made with FASTQC 

toolkit. 

 

 

Table 2.1.3  Illumina reads surviving in pairs (excluding orphans) after each quality-filtering step. 

Filter ing step Softw are Muscle ti ssue Liver  ti ssue Total  

1 Scythe 280,804,390 242,332,630 523,137,020 
2 Sickle 250,526,202 216,487,756 467,013,958 

3 Trimmomatic 183,041,946 158,882,592 341,924,538 

4 Prinseq 182,802,502 158,636,802 341,439,304 

	  

Meagre Transcriptome 

The transcriptome of meagre was reconstructed with the 341,439,304 paired filtered reads that passed 

through all quality control filters applied. The assembly consisted of 95,964 transcripts belonging to 80,824 

loci or genes (Table 2.1.4).  It has an average length of 1,058.83 bp, and N50 statistic (i.e. the length N for 

which half of all bases in the sequences are in a sequence of length L < N) of 2,183 bp.  To understand the 
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basic function of the assembled transcripts a blastx similarity search was made against Swiss-Prot.  Out of 

95,964 transcripts, approximately 37% (35,888) had a significant hit against Swiss-Prot (e-value 10-12) and in 

particular against Nile tilapia (Oreochromis niloticus) proteins.  The produced assembly provides an 

excellent reference for future needs in terms of meagre coding sequences. 

 

Table 2.1.4 Meagre transcriptome assembly statistics. 

Assembly Stati stic Value 

Number of Sequences 95,964 
Total  Length  101,609,879 

Average  Length 1,058.83 

Median 472 
Min 201 

Max 25,456 

% GC 46.19 
N25 3,771 

N50 2,183 
bps at N50 50,805,786 

N75 932 

N90 365 

	  

*All statistics length is in bp. 

 

 

Genetic markers discovery 

Genetic marker discovery was two-fold.  First, the transcripts were searched for non-exact short tandem 

repeats (STRs) of 2- up to 10-nucleotides at the assembled transcriptome of meagre.  The search revealed 

20,582 total STRs located in 16,517 transcripts belonging to 12,565 genes (summarized in Table 2.1.5).  

 

Table 2.1.5 Short Tandem Repeats (STRs or microsatellites) discovered in meagre transcriptome. 

 

STR type 
Number of STRs 

found 

2-nucleotide 3,856 

3-nucleotide 4,439 

4-nucleotide 1,444 
5-nucleotide 1,222 

6-nucleotide 2,838 

7-nucleotide 1,242 
8-nucleotide 1,129 

9-nucleotide 2,229 
10-nucleotide 2,183 

Total 20,582 

	  

 

The next step included a search for SNPs in the transcripts of meagre.  A total of 133,613 SNPs were 

discovered.  Quality filtering led to elimination of 46,259 SNPs and resulted to 87,354 high quality SNPs.  

Finally, further depth filtering resulted in 71,736 SNPs located in 20,309 transcripts belonging to 18,657 loci.  
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The SNP and STR loci discovered comprise a valuable source of genetic markers widely distributed in the 

transcriptome of meagre.  To be able in the future to use markers not linked for genetic applications (e.g. 

SNP-chip construction, parentage analysis, QTL identification, etc.), indirect linkage information was 

extracted based on sequence similarity against Nile tilapia.  The gene with the highest similarity to a tilapia 

gene (top hit) was tracked to the genomic scaffold that this hit is located in tilapia genome (see ANNEX 2.1).  

The rationale behind indirect linkage information is that in cases where the top tilapia hits of two meagre 

genes are located on the same scaffold, it can be assumed that there is high chance that those two genes are 

linked in meagre genome too. 

The use of individuals from multiple families increases the chance of including in our data multiple 

polymorphisms including those involved in growth.  The implemented experimental design allowed the 

identification of both SNP and STR markers in unprecedented magnitude.  It is anticipated that future 

analyses based on those markers will lead to a better understanding of meagre genetics.  Finally, in 

combination with the QTL mapping approach, which is in progress and expected to be delivered by Month 

36, this will greatly expand the SNP catalogue for meagre.  The full description of the above work and 

results has been provided in Deliverable D2.1. Development of Single Nucleotide Polymorphisms (SNP) 

marker tools for the genetic characterization of fast and slow growers. 

On January 20th 2016, 400 meagre fish were sampled from a large fish-cage that formed part of a 

commercial farm site on the Spanish coast in the community of Valencia.  Total length and weight was 

measured for all fish.  The cage contained approximately 80.000 fish (data to be confirmed with 

collaborating fish farm), which were stocked into the cage as juveniles (Fig. 2.1.3).  The juveniles were from 

the largest grade of fish that came from the same group of spawns collected from a broodstock that contained 

19 breeders (8 females and 11 males) that were injected with GnRH to induce spawning. 

 

A.       B. 

 

Figure 2.1.3  A. Weight (in kg), and B. total length (in cm) of the 400 meagre fish sampled. 

 

 

DNA was extracted from all fish using standard protocols and genotyped for the 10 locus multiplex used in 

Task 2.1 (Loci: Cacmic14, UBA054, UBA050, UBA053, Soc431, UBA042, UBA853, UBA005, Soc405, 

and UBA006) using the Qiagen multiplex PCR kit.  Results were evaluated with FAP software (Taggart, J. 

B. 2007. FAP: an exclusion-based parental assignment program with enhanced predictive functions.  

Molecular Ecology Notes 7:412-415) to infer parentage of those 400 fish based on the parental genotypes of 

19 breeders.  Parentage was based on nine loci since locus UBA053 was excluded from the analysis. 

Single parentage assignment (match) was successfully described for 345 of those fish (86.25%) and the rest 

had multiple matches.  Fish belonged to 17 families (out of the 88 theoretically expected). Only 5 out of the 

8 females were identified as probable parents of the offspring; females 403 and 404 have participated the 

most and to a smaller extend females 391 and 406.  Likewise, six out of the eleven males were identified as 

probable parents of the offspring; Male 405 seems to be responsible for nearly half of them followed by 

males 397, 388 and 402 (see Table 2.1.6). 
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Table 2.1.6 Parentage assignment in the meagre stock. 

388M 397M 398M 401M 402M 405M Total

391F 10 3 3 7 10 25 58

394F 1 1

403F 77 3 24 104

404F 29 6 95 130

406F 1 8 3 40 52

Total 40 88 3 7 22 185

F
e
m

a
le

s

Males

 

 

 

The fifteen families were ranked according to their median weight and body length (Table 2.1.7); the two 

families with only one offspring were excluded. 

 

Table 2.1.7 Ranking of the 15 meagre families for body weight (kg) and total length (cm). 

Code Dam Sire bwt len bwt_rank len_rank Nb of Fish

A BR391F BR405M 0.236017 22.88583 2 1 25

B BR404F BR388M 0.179912 20.58313 5 2 29

C BR404F BR405M 0.226776 19.63287 3 3 95

D BR403F BR405M 0.176233 19.55027 7 4 24

E BR404F BR402M 0.26567 18 1 5 6

F BR403F BR397M 0.21635 15.92225 4 6 77

G BR406F BR405M 0.136498 12.95112 10 7 40

H BR391F BR398M 0.1519 12.33333 9 8 3

I BR406F BR397M 0.177244 11.875 6 9 8

J BR406F BR402M 0.1008 9.083333 11 10 3

K BR391F BR401M 0.075707 7.602679 12 11 7

L BR391F BR388M 0.075143 6.1 13 12 10

M BR391F BR402M 0.155067 5.525 8 13 10

N BR391F BR397M 0.021233 1.75 15 14 3

O BR403F BR402M 0.033233 1.583333 14 15 6  

 

From the above fish, 260 fish from families A, B, C, D, F and M and their seven breeders (three females: 

391, 403 and 404 and four males: 388, 397, 402 and 405) were chosen for the construction of two ddRAD 

libraries according to the protocol described and successfully applied in a published study from our group 

(Manousaki, T., A. Tsakogiannis, J. B. Taggart, C. Palaiokostas, D. Tsaparis, J. Lagnel, D. Chatziplis, A. 

Magoulas, N. Papandroulakis, C. C. Mylonas, and C. S. Tsigenopoulos. 2016. Exploring a Nonmodel 

Teleost Genome Through RAD SequencingðLinkage Mapping in Common Pandora, Pagellus erythrinus 

and Comparative Genomic Analysis. G3: Genes|Genomes|Genetics 6:509-519).  This work is currently in 

progress and will be reported in the 3rd Reporting Period. 

 

Deviations from Annex I and their impact: 

There were no deviations from the Annex I in this WP. 
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WP 3 Reproduction & Genetics ς greater amberjack 
 

WP No: 3 WP Lead beneficiary: P13. UNIBA 

WP Title (from 

DOW):  
Reproduction and Genetics ï greater amberjack 

Other beneficiaries 

(from DOW):  
P1. HCMR P2. FCPCT P4. IOLR P8. IEO 

P14. IFREMER P15. ULL P23. ARGO P24. ITTICAL   

Lead Scientist preparing the 

Report (WP leader): 
Aldo Corriero 

Other Scientists 

participating:  

Constantinos Mylonas (P1), Ioannis Fakriadis (P1), Hipolito Fernandez Palacios 

(P2), Hanna Rosenfeld (P4), Salvador Jerez Herrera (P8), Christian Fauvel (P14), 

Covadonga Rodriguez (P15), Tasos Raftopoulos (P23), Stefano Carbonara (P24) 

 

Objectives 

1. Describe the endocrine control of reproduction in captive broodstocks, and the nutritional status of fish 

during the reproductive season, 

2. Assess reproductive potential of wild vs. captive amberjack broodstocks and identify possible 

reproductive/metabolic dysfunctions during gametogenesis, 

3. Develop spawning induction methods for captive-reared and F1 broodstocks of both the Mediterranean 

and Atlantic stocks, 

4. Apply the developed spawning induction methods for broodstocks maintained in cages, and examine the 

efficiency of an egg collector to obtain fertilized eggs, 

5. Develop a Computer Assisted Sperm Analysis method (CASA) for the evaluation of greater amberjack 

sperm during the reproductive season, and evaluate the possible effects of captivity. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

¶ A wild-caught broodstock was established in ITTICAL , but after two months an infestation of the parasite 

Amylodinium ocellatum caused a massive mortality.  Consequently, it was decided to move the sampling 

activity of captive-reared greater amberjack to ARGO.  Sampling of wild greater amberjack started in Y1 

with 17 individuals caught around Lampedusa (Pelagie Islands, Sicily, Italy).   

¶ Wild-caught fish were acclimatized to captivity at ARGO (tanks) and HCMR (tanks and cage).  Other 

wild-caught individuals were maintained at ITTICAL , FORKYS and Galaxidi Marine Farms (GMF, a 

collaborator from outside the consortium).  

¶ Preliminary experiments in the Mediterranean stock by using a single dose of GnRHa controlled-release 

delivery systems (implants), resulted in the production of eggs for larval rearing experiments and 

provided valuable information for the further development of spawning induction protocols.  

¶ Greater amberjack of the Atlantic stock were kept at FCPCT in order to investigate the occurrence of (a) 

natural spawning, (b) spawning induced by GnRHa injection and (c) spawning induced by GnRHa 

controlled-release delivery systems (implants).  Naturally spawning individuals produced the highest 

amount of eggs compared to the treated ones.  Moreover, eggs obtained by natural spawning showed the 

highest percentage of fertilization, viability at 24 hours and hatching, and provided the highest percentage 

of larval survival at 4 and 8 days.   



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  25 

¶ A greater amberjack broodstock of the Atlantic stock born in captivity (F1 generation) at IEO was divided 

between an outdoor 500-m3 raceway and a 50-m3 circular tank.  The fish were hormonally-induced for 

spawning.  The broodstock in the raceway tank spawned from August till September whereas no 

spawning event was recorded in the circular tank.   

¶ Egg collection devices were mounted in cages of 40-m perimeter at HCMR, ARGO and Galaxidi Marine 

Farms (GMF), which is an SME not in the DIVERSIFY consortium, but which contributes its stock and 

facilities for our experiments.  The egg collector consisted of two sections, a lower section starting at 

about 30 cm above the water line and going down to about 3.5 m in depth, and an upper section hanging 

from the rails of the cage and draping down the cage over the lower section.  Following the spawning 

induction with GnRHa implants, egg collection was successful but limited in numbers.  Presumably, most 

of eggs were swept outside of the cage by the currents, before they could rise to the surface where the 

collector would have prevented them from escaping.  

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

Major improvements of our understanding of confinement effects on greater amberjack reproductive activity 

were obtained during the second reporting period.  Moreover, during this period, large-scale egg productions 

were obtained both thanks to spontaneous spawning and after hormonal induction trials of the different 

broodstocks located in the Mediterranean Sea and in the eastern Atlantic, providing important results for the 

setup of optimized spawning induction protocols.  Large amounts of eggs were also obtained after hormonal 

treatment of greater amberjack hatchery-produced generation.  During Mo 31 (although outside the scope of 

this report, and the results will be reported fully in the 3rd Periodic Report) we had great success in inducing 

spawning of three broodstocks maintained in sea cages, and obtained a large amount of eggs (~50 million), 

which allowed the production for the first time, of a large number of fingerlings for the implementation of 

grow out studies in the Mediterranean region (See also a brief mention in WP 15 larval husbandry ï greater 

amberjack. 

In Task 3.1 Description of the reproductive cycle of greater amberjack, sampling of wild and captive-

reared greater amberjack was accomplished and the comparative analyses of fish reproductive and nutritional 

state were carried out.  Results showed that a severe impairment of gametogenesis occurred in captive-reared 

greater amberjack that were manipulated a few times during the reproductive season, since these fish 

exhibited poor gonadal development, low pituitary gonadotropin expression, low gonadotropin and sex 

steroid plasma concentrations, extensive atresia of vitellogenic follicles and high level of male germ cell 

apoptosis.  Moreover, gonads, liver and muscle of captive reared fish showed lower content of specific lipid 

classes and fatty acids compared to their wild counterpart.   

In Task 3.2 Development of an optimized spawning induction protocol for captive greater amberjack 

in the Mediterranean, it was observed that greater amberjack caught from the wild and confined in 

captivity undergo gametogenesis and complete vitellogenesis, but necessitate hormonal therapies to induce 

oocyte maturation and spawning.  The applied GnRHa treatments were more effective in females maintained 

in cages during gametogenesis and moved to tanks after the hormonal therapy, with a better fecundity and 

fertilization success compared to females maintained in tanks throughout the year.   

In Task 3.3 Development of an optimized spawning induction protocol for captive greater amberjack 

in the eastern Atlantic, comparative trials between spontaneous spawning and spawning induced by GnRHa 

injections were performed, showing better performances of natural spawning in terms of fertilization and 

larval survival.   

In Task 3.4 Development of an optimized spawning induction protocols for F1 greater amberjack in 

the eastern Atlantic, excellent progresses were made with hatchery-produced greater amberjack (F1 

generation) induced spawning.  Repeated spawning for 3 months and almost 15 million eggs were obtained 

after treatment with three consecutive GnRHa implants.   

In Task 3.5 Spawning induction of greater amberjack and egg collection in cages, small amount of eggs 

was collected in cages equipped with the ad hoc designed egg collector probably due to low buoyancy of 

eggs immediately upon spawning and loss of the eggs through the bottom and side of the cage, before eggs 
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could be trapped by the collector system.  The method is not performing adequate yet, and further 

modifications and improvements are necessary before it can be recommended for commercial use.   

 

 

Task 3.1  Description of the reproductive cycle of greater amberjack (led by UNIBA).   

According to the DOW, during Y2 a comparative study on reproductive and nutritional state between wild 

and captive-reared greater amberjack was carried out by UNIBA, HCMR, ULL, IORL and ARGO.  Part of 

the work carried out within the present task has been submitted in Deliverables D3.1 and D3.3, and part of it 

will be included in D3.2 (originally due on month 18, postponed to month 33), D3.4 (month 32), D3.5 and 

D3.6 (both on month 46).  

 

Sub task 3.1.1  Wild and captive-reared greater amberjack sampling  

According to the DOW, it was scheduled to undertake samplings of wild and captive-reared greater 

amberjack in three different periods of the reproductive cycle.  Based on the available data on the 

reproductive biology of the species in the Mediterranean Sea, the following phases of the reproductive cycle 

were identified: early gametogenesis (EARLY; late April-early May), advanced gametogenesis 

(ADVANCED; late May-early June) and spawning (SPAWNING ; late June-July). 

The sample collection of wild greater amberjack started in Y1 and was finalised during Y2.  On 1 May and 

29 June 2015, a total of 16 (8 males and 8 females) wild adult greater amberjack were caught around the 

Pelagic Islands (Sicily, Italy).  Soon after capture, blood was collected, centrifuged and stored in dry ice.  

Subsequently, the following samples were taken: gonads, liver, muscle, brain, pituitary, first spiniform ray 

of the first dorsal fin, scales, otoliths and caudal vertebrae.  From each fish, the following biometric data 

were recorded: fork length, FL, in cm; body mass, BM, in kg; gonad mass, GM, in g (Table. 3.1.1).  Once 

the sampling was finalised, different shipments were arranged in order to provide the samples to the 

relevant Partners (HCMR, IOLR and ULL).  

Due to the loss of the broodstock in ITTICAL in Y1 and the following vain attempts to reconstitute a new 

one, a wild-caught broodstock was made available for the present task by ARGO (Salamina Island, Greece).  

Greater amberjack juveniles were captured in 2011 in the area of Astakos (Ionian Sea, Greece), and then 

transferred to ARGO in September 2014.  The fish were initially fed raw fish and, once transferred to 

ARGO, they were reared in sea cages and fed on a commercial diet (Vitalis Cal, Skretting).   

In Y2, the sampling program of captive-reared greater amberjack took place, and involved HCMR, UNIBA 

IFREMER and ARGO.  On 24 April, 4 June and 2 July 2015, a total of 24 fish (4 males and 4 females per 

sampling) were sampled.  The fish were confined in a small cage area using a PVC curtain and anesthetized 

lightly with about 0.01 ml l-1 clove oil.  Then, they were gently directed into a PVC stretcher, brought on 

board of a service vessel, and anesthetized deeply with 0.03 ml l-1 clove oil.  Subsequently, fish were sexed 

using a gonadal biopsy, and a blood sample was obtained from the caudal musculature.  The fish were 

euthanized by severing the gills, placed in crushed ice and transferred to the farm facility where biometric 

data were recorded (Table. 3.1.2) and the same biological samples as for wild fish were taken.  In addition, 

sperm was collected for quality evaluation (see Task 3.1.8 below).  The shipment of captive-reared fish 

samples to the relevant Partners (IOLR and ULL) was managed by HCMR, whereas samples destined to 

UNIBA and IFREMER were taken by the relevant staff soon after each sampling.  During each sampling, 

Sea Surface Temperature (SST, in CÁ) was recorded.  
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Table 3.1.1.  Biometric data and estimated age of wild greater amberjack sampled around the Pelagic Islands 

(Italy). 

Sampling Date Sex 
Fork length  

(FL, cm) 

Body 
Mass 

(BM , kg) 

Gonad 
Mass 

(GM, g) 

Age 
(years) 

Ear ly gametogenesis per iod 

01/05/2015 

(SST = 18.1 ÁC) 

m 111 14 300 6 

m 112 20 450 6 

m 112 15 300 6 

m 117 19 550 6 

m 113 19 400 6 

f 103 14 100 5 

f 112 19 200 6 

f 116 20 300 6 

f 103 15 200 5 

f 106 13 100 5 

Advanced gametogenesis per iod 

31/05/2014 

(SST = 19.3 ÁC) 

m 124 22 1900 7 

m 102 13 650 5 

m 115 19 2200 6 

m 99 14 1150 5 

f 117 22 1650 6 

f 114 21 1600 6 

Spawning per iod 

29/06/2015 

(SST = 23.8 ÁC) 

m 100 12 650 5 

m 102 14 700 5 

m 104 16 950 5 

f 101 14 500 4 

f 114 19 1000 6 

f 109 16 700 6 

30/06/2014 

(SST = 23.4 ÁC) 

m 100 11 400 5 

m 99 11 577 4 

f 99 11 500 5 

f 100 12 490 5 

f 97 12 450 5 

f 100 12 400 5 

f 98 12 500 4 

f 96 12 390 4 

f 102 13 600 5 

f 104 14 950 5 

f 95 12 450 5 
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Table 3.1.2.  Biometric data and estimated age of adult captivity-reared greater amberjack from ARGO 

(Salamina Island, Greece). 

Sampling Date Sex 
For k length  

(FL, cm) 

Body 
Mass 

(BM , kg) 

Gonad 
Mass 

(GM, g) 

Age 
(years) 

Ear ly gametogenesis per iod 

24/04/2015 

(SST = 17.5 ÁC) 

m 101 15 95 4 

m 94 12 60 4 

m 92 12 65 4 

m 94 13 60 4 

f 87 10 85 4 

f 97 14 155 4 

f 96 14 125 4 

f 100 14 160 4 

Advanced gametogenesis per iod 

04/06/2015 

(SST = 20.0 ÁC) 

m 90 9 370 4 

m 97 14 295 4 

m 98 13 600 4 

m 103 15 690 4 

f 97 13 335 4 

f 97 13 920 4 

f 106 17 305 5 

f 101 12 660 4 

Spawning per iod 

02/07/2015 

(SST = 25.5 ÁC) 

m 96 13 140 4 

m 95 11 155 4 

m 91 10 70 4 

m 96 12 130 4 

f 92 8 95 4 

f 96 12 130 4 

f 95 11 135 4 

f 97 12 140 4 

	  

 

 

3.1.2  Age determination of wild and captive greater amberjack 

Among the hard structures sampled, the scales (Fig. 3.1.1) proved to be the easiest to be processed and 

read, and were therefore used for age determination.  The scales were rinsed in tap water and in 70% 

ethanol, placed between two microscope slides and observed with a binocular lens microscope under 

transmitted light, connected through a digital camera (DC 300, Leica, Wetzlar, Germany) to the image 

analyser (Quantiment 500 W, Leica, Wetzlar, Germany).  The estimated ages are reported in Tables 3.1.1 

and 3.1.2. 
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Figure 3.1.1.  Images of greater amberjack scales.  (a) Scale from a 95-cm FL specimen sampled on 24 

April 2015 in ARGO (Salamina Island, Greece).  (b) Particular of (a) showing growth marks (annuli) 

(arrowheads).  Magnification bar = 2 mm in (a) and 1 mm in (b). 

 

 

3.1.3  Reproductive state assessment  

The assessment of the reproductive state was carried out through the calculation of the gonadosomatic index 

(GSI = 100 GM BM-1) and the histological analysis of the gonads for both sexes.  For histological analysis, one-

cm thick gonad slices were cut and fixed in Bouin's solution, dehydrated in ethanol, clarified in xylene and 
embedded in paraffin wax.  Five-ɛm thick sections were stained with haematoxylin-eosin, and Malloryôs 
trichrome.  

 

Females 

Significant seasonal changes occurred in GSI of both wild and captive-reared females, with an increase from 

EARLY to ADVANCED, followed by a decrease during SPAWNING.  Wild fish showed a trend towards 

higher GSI than captive-reared individuals in all the examined periods, although the difference was 

statistically significant only in SPAWNING (Fig. 3.1.2).  

 

 

Figure 3.1.2.  Mean (ÑSE) gonado-somatic index (GSI) of wild and captive-reared female greater amberjack 

sampled in three periods of the reproductive season.  Asterisks indicate statistically significant differences 

versus the preceding period within the same group.  Different letters indicate significant differences between 

wild and captive individuals in the same period of the reproductive cycle (ANOVA, P < 0.05). 
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Female reproductive state was assessed by recording the most advanced oocyte stage for each specimen.  

Moreover, the presence of postovulatory and atretic follicles was recorded.  During EARLY, among the wild 

fish analysed one had perinucleolar oocytes (Fig. 3.1.3a), two showed oocytes at cortical alveoli stage (Fig. 

3.1.3b) and two had early vitellogenic oocytes as the most advanced stage (Fig. 3.1.3c).  The two females 

sampled during ADVANCED had late vitellogenic follicles along with post-ovulatory follicles (sign of 

recent spawning) in their ovaries (Fig. 3.1.3d).  Among the 12 females sampled during the SPAWNING 

period, 10 showed late vitellogenic follicles along with post-ovulatory follicles and two had hydrated oocytes 

(Fig. 3.1.3e). 

Among the captive-reared females sampled during EARLY, one showed ovaries with perinucleolar oocytes 

and three had few early vitellogenic oocytes.  During ADVANCED, all the sampled individuals showed 

oocytes in late vitellogenesis stage, but three of them were affected by an extensive atresia (more than 50% 

of late vitellogenic follicles were atretic) (Fig. 3.1.3f).  During SP, three females had ovaries with late 

vitellogenic follicles undergoing extensive atresia and one showed only perinucleolar oocytes.  All these fish 

were considered to be in a regressing condition.  

 

 

Figure 3.1.3.  Micrographs of ovary sections from female greater amberjack sampled in three different 

periods of the reproductive season.  (a) Wild individual sampled on 01 May 2015 showing perinucleolar 

oocytes as the most advanced stage in the ovary.  (b) Cortical alveoli oocytes from the ovary of a wild 

specimen captured on 01 May 2015.  (c) Early vitellogenic oocytes from the ovary of a wild individual 

sampled on 01 May 2015.  (d) Late vitellogenic oocytes together with post-ovulatory follicles from a wild 

spawning fish caught on 31 May 2014.  (e) Hydrated oocyte from a spawning wild fish sampled on 30 June 

2014.  (f) Extensive atresia of late vitellogenenic follicles in a captive-reared specimen sampled on 04 June 
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2015.  Haematoxylin-eosin staining in (a), (c), (d), (e) and Malloryôs trichrome staining in (b).  

Magnification bars = 300 Õm in (a) and 150 Õm in (b)-(f).  Arrowhead: atretic late vitellogenic follicle; 

asterisk: post-ovulatory follicle; dashed arrow: cortical alveoli stage oocyte; ev: oocyte in early vitellogenesis 

stage; ho: hydrated oocyte; lv: oocyte in late vitellogenesis stage.  

 

Oocyte yolk accumulation 

In order to compare oocyte yolk accumulation in wild and captive-reared individuals, oocytes at early and 

late stage of vitellogenesis, having a large and centrally located nucleus were selected.  Oocyte diameter 

(Õm) and surface occupied by yolk granules (Õm2) were measured from microphotographs taken with a 

digital camera (DFC 420; Leica, Cambridge, UK) connected to a light microscope (DIAPLAN; Leitz, 

Wetzlar, Germany), using an image analysis software (Leica Application Suite, version 3.3.0; Cambridge, 

UK).  No difference in oocyte yolk accumulation between wild and captive-reared specimens was found 

(ANOVA P > 0.05).  

 

Males 

The GSI of both wild and captive-reared male greater amberjack increased significantly from EARLY to 

ADVANCED, and then decreased during the SPAWNING.  GSI was significantly higher in wild males in all 

the three considered periods (Fig. 3.1.4). 

 

 

Figure 3.1.4.  Mean (ÑSE) gonado-somatic index (GSI) of wild and captive adult male greater amberjack 

sampled in three periods of the reproductive season.  Asterisks indicate statistically significant differences 

versus the preceding period within the same group.  Different letters indicate significant differences between 

wild and captive individuals at the same period of the reproductive cycle (ANOVA, P < 0.05). 

 

 

For the classification of the reproductive state of males, the type of spermatogenic cysts was recorded, and 

the quantity of spermatozoa in the lumen of seminiferous lobules was evaluated subjectively.  During 

EARLY, the testes of the five wild males analysed contained germ cells in all the spermatogenic stages and 

spermatozoa in the lumen of seminiferous lobules (Fig. 3.1.5a).  All the four wild males sampled during 

the ADVANCED period and four out of five fish sampled during the SPAWNING period showed all stages 

of spermatogenesis in the germinal epithelium as well as large amount of luminal spermatozoa (Fig. 

3.1.5b).  One of the fish sampled in the SPAWNING period was partially spent, showing seminiferous 

lobules with residual spermatozoa.  
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Figure 3.1.5.  Micrographs of testis sections of wild greater amberjack sampled in two periods of the 

reproductive season.  (a) Testis section from an individual sampled in early gametogenesis period showing 

the presence of all stages of spermatogenesis in the germinal epithelium and a limited amount of luminal 

spermatozoa.  (b) Testis section from a fish caught during the advanced gametogenesis period, showing all 

stages of spermatogenesis as well as large amount of luminal spermatozoa.  Haematoxylin-eosin staining.  

Magnification bars = 100 Õm.  sp: luminal spermatozoa. 

 

 

The four captive-reared males sampled in EARLY had all stages of spermatogenesis in the germinal 

epithelium and only rare luminal spermatozoa (Fig. 3.1.6a).  In ADVANCED, two fish had testes in active 

spermatogenesis and two had ceased their spermatogenic activity, showing only residual sperm cysts in the 

germinal epithelium and abundant spermatozoa in the lumen of seminiferous lobules (Fig. 3.1.6b).  All four 

males sampled during SPAWNING period had ceased their spermatogenic activity still showing only a 

moderate amount of spermatozoa in the lumen of seminiferous lobules (Fig. 3.1.6c). 
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Figure 3.1.6.  Micrographs of testis sections of captive-reared greater amberjack sampled in ARGO in three 

periods of the reproductive season.  a) Testis section from an individual sampled in early gametogenesis 

period showing the presence of all stages of spermatogenesis.  (b) Testis section from a fish sampled in the 

advanced gametogenesis period showing an arrested spermatogenesis state, with residual sperm cysts in the 

germinal epithelium and abundant spermatozoa in the lumen of seminiferous lobules.  (c) Testis sections 

from a specimen caught during the spawning period showing a moderate amount of spermatozoa in the 

lumen of seminiferous lobules.  Haematoxylin-eosin staining.  Magnification bars = 100 Õm in (a), 200 Õm 

in (b) and (c).  sp: spermatozoa in the lumina of seminiferous lobules. 
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3.1.4  Sex-steroid plasma level measurement 

For the quantification of testosterone (ɇ), 11-Ketotestosterone (11-Ⱦɇ) and 17,20ɓ-dihydroxypren-4-en-3-

one (17,20ɓ-P) in the plasma, already established and well-described enzyme-linked immunoassays 

(ELISA) were used with some modifications.  For the quantification of 17ɓ-estradiol (E2), an ELISA kit 

was used.  For steroid extraction, 200 ɛl of plasma were extracted twice with 2 ml diethyl ether.  Extraction 

was done by vigorous vortexing for 3 min.  After vortexing, samples were frozen for 10 min at -80ÁC and 

the supernatant organic phase was collected in new tubes and evaporated under a stream of nitrogen 

Samples were reconstituted in reaction buffer for running in the ELISA. 

In wild females, plasma levels of T, E2 and 17,20ɓ-P increased significantly from EARLY to 

ADVANCED, while in the case of T they significantly decreased during SPAWNING (Fig. 3.1.7).  In 

captive-reared females, both T and E2 increased significantly from EARLY to ADVANCED and then 

decreased during SPAWNING (Fig. 3.1.7a,b), while plasma 17,20ɓ-P did not decrease significantly at the 

SPAWNING stage (Fig. 3.1.7c).  Significantly higher T and E2 plasma levels were found in wild compared 

to captive-reared animals at the ADVANCED and SPAWNING stage (Fig. 3.1.7a,b).  Plasma 17,20ɓ-P 

levels were significantly higher in wild compared to captive-reared fish during the in EARLY and 

ADVANCED (Fig. 3.1.7c). 

 

 

Figure 3.1.7.  Mean (ÑSE) plasma (a) Testosterone (T), (b) 17-ɓ Estradiol (E2) and (c) 17,20ɓ-P plasma in 

wild and captive-reared greater amberjack females at three phases of the reproductive season.  Asterisks 

indicate statistically significant differences versus the preceding period within the same group.  Different 

letters indicate significant differences between wild and captive-reared individuals in the same period of the 

reproductive cycle (ANOVA, P < 0.05). 
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In wild males, T and 11-KT plasma levels increased significantly from EARLY to ADVANCED and 

decreased thereafter in case of only 11-KT (Fig. 3.1.8a,b).  Plasma levels of 17,20ɓ-P showed a significant 

increase from EARLY to ADVANCED, and the same trend was observed in SP, even though a significant 

difference was not found (Fig. 3.1.8c).  In captive-reared fish, both T and 11-KT plasma levels showed a 

decreasing trend from EARLY to SPAWNING (Fig. 3.1.8a,b), whereas plasma 17,20ɓ-P levels showed a 

significant increase from ADVANCED to SPAWNING (Fig. 3.1.8c).  In general, plasma levels of all the 

three analysed steroids were higher in wild than in captive-reared fish. 

 

 

Figure 3.1.8.  Mean (ÑSE) plasma (a) Testosterone (T), (b) 11-Ketotestosterone (11-KT) and (c) 17,20ɓ-P 

in wild and captive-reared greater amberjack males at three periods of the reproductive season.  Asterisks 

indicate statistically significant differences versus the preceding period within the same group.  Different 

letters indicate significant differences between wild and captive-reared individuals in the same period of the 

reproductive cycle (ANOVA, P < 0.05). 

 

 

3.1.5  Seminiferous lobule diameter and male germ cell proliferation and apoptosis  

At least 50 seminiferous lobules were selected randomly from five-ɛm thick testis sections used for germ cell 

proliferation and apoptosis analyses (see below), and measured by using an image analysis software used for 

oocyte yolk accumulation.  The diameter of seminiferous lobules of both wild and captive-reared greater 

amberjack showed significant changes, with an increase from EARLY to ADVANCED, followed by a 

decrease during the SPAWNING period.  The diameter of seminiferous lobules was significantly larger 

(ANOVA, P Ò 0.05) in wild than in captive-reared greater amberjack during both the EARLY (May-Jun) and 

SPAWNING (Jun-Jul) periods (Fig. 3.1.9).  



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  36 

 

 

Figure 3.1.9.  Mean (ÑSE) seminiferous lobule diameters of wild and captive-reared greater amberjack 

sampled in three periods of the reproductive season.  Asterisks indicate statistically different diameter versus 

the preceding period within the same group.  Different letters indicate a statistically significant difference 

between wild and captive individuals within the same sampling period (ANOVA, P < 0.05). 

 

 

The identification of proliferating germ cells was performed on five-ɛm thick testis sections from all the 

greater amberjack wild and captive-reared males sampled by using the immunohistochemical localization 

of PCNA (Proliferating Cell Nuclear Antigen).  Quantification of germ cell proliferation was performed by 

measuring: (a) the density of anti-PCNA positive spermatogonia (number of cells mm-2 testis tissue), and 

(b) the density of anti-PCNA positive spermatocysts (i.e. number of cysts containing spermatogonia or 

primary spermatocytes mm-2 testis tissue), on 5 randomly selected fields of each testis section.  

Measurements were performed by using the same equipment used for oocyte yolk accumulation.  The 

density of anti-PCNA positive spermatogonia and anti-PCNA positive spermatocysts were compared 

between wild and captive greater amberjack individuals by using one-way ANOVA (P Ò 0.05).   

 

Anti-PCNA immunopositivity was detected in single spermatogonia, as well as in cysts containing 

spermatogonia and primary spermatocytes (Fig. 3.1.10).  A weak staining of the nuclei of secondary 

spermatocytes was also observed; however, these cells were not taken into consideration in the comparative 

analysis of germ cell proliferation.   In captive-reared 

greater amberjack, anti-PCNA positive spermatogonia 

were stable from EARLY to ADVANCED and 

decreased significantly during the SPAWNING period 

(Fig. 3.1.11a).  A constant, statistically significant 

decrease of anti-PCNA positive spermatocysts density 

was observed in captive-reared specimens throughout 

the examined periods of the reproductive cycle (Fig. 

3.1.11b).  The density of anti-PCNA positive 

spermatocysts was higher in wild than in captive-reared 

specimens both during the EARLY and the 

SPAWNING periods (Fig. 3.1.11b).  

 

Figure 3.1.10.  Micrograph from greater amberjack testis sections labelled with antibodies against PCNA.  

Nuclei of proliferating cells are stained in brown.  Wild greater amberjack sampled on 1 May 2015.  

Magnification bars = 40 Õm.  Arrowhead: single spermatogonium; dashed arrow: spermatocyte cysts; single 

arrow: spermatogonial cysts. 



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  37 

 

 

Figure 3.1.11.  Changes in mean (ÑSE) anti-PCNA positive germ cell density during three periods of wild 

and captive-reared greater amberjack reproductive cycle.  (a) Anti-PCNA positive single spermatogonia.  (b) 

Anti-PCNA positive spermatocysts.  Asterisks indicate statistically different mean density versus the 

preceding period within the same group.  Different letters represent significant differences between wild and 

captive individuals within the same sampling period (ANOVA, P < 0.05). 

 

 

Detection of apoptotic germ cells was carried out by using the terminal deoxynucleotidyl transferase-

mediated dôUTP nick end labeling (TUNEL) method.  Apoptotic cell labelling was obtained with an in situ 

Cell Death Detection Kit, AP (Roche Diagnostics, Mannheim, Germany) used in accordance with the 

manufacturerôs instructions.  Quantification of apoptosis was performed by measuring the surface occupied 

by TUNEL positive apoptotic cells (ɛm2 mm-2 testis tissue), measured on 5 randomly selected fields of each 

testis section.  All these measurements were performed by using the same equipment used for oocyte yolk 

accumulation.  Surface occupied by apoptotic germ cells, was compared between wild and captive greater 

amberjack individuals by using one-way ANOVA (P Ò 0.05).   

TUNEL-positive germ cells were observed in the germinal epithelium of the majority of the specimens 

analyzed.  Apparently, the TUNEL reaction involved mainly spermatogonia and primary spermatocytes (Fig. 

3.1.12).  In wild greater amberjack, the surface occupied by apoptotic germ cells increased significantly from 

EARLY to ADVANCED and remained stable thereafter (Fig. 3.1.13).  In captive-reared individuals, the 

surface occupied by apoptotic cells was stable during the three sampling periods and comparable to the 

highest levels of the wild specimens (Fig. 3.1.13). 
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Figure 3.1.12.  TUNEL-stained testis sections from wild (a) and captive-reared (b) greater amberjack 

sampled during the early gametogenesis phase.  Apoptotic cells appear as dark blue dots.  Magnification bar 

= 150 Õm.  Arrowhead: spermatogonial cyst; single arrow: single spermatogonia; double arrows: 

spermatocyte cysts 

 

 

 

Figure 3.1.13.  Changes in mean (ÑSE) surface occupied by apoptotic germ cells in wild and captive-reared 

male greater amberjack sampled in three periods (EARLY, ADVANCED and SPAWNING) of the 

reproductive cycle.  Asterisk indicates statistically significant difference versus the previous period within 

the same group.  Different letters indicate significant differences between wild and captive individuals 

sampled in the same period (ANOVA, P < 0.05). 

 

 

3.1.6  Comparative analysis of gonadotropins, liver vitellogenins, vitellogenin receptor and leptin  in 

wild and captive-reared greater amberjack  

Comparative analyses of FSHɓ and LHɓ, vitellogenin (VgA, VgB and VgC), vitellogenin receptor (VgR) 

and leptin (Lep) gene expression between wild and captive-reared greater amberjack were performed by 

qRT-PCR established in the previous year (see Deliverables D3.1 and D3.3).  Pituitary and plasma LH levels 

were measured by IOLR using an ELISA developed for striped bass LH and modified for greater amberjack.  

Ninety-six well polystyrene plates were coated with recombinant LH (r-LH; 2.4 ng per well) and incubated 

overnight at 4ÁC.  The plates were then washed with PBST and blocked with BSA (2% in PBST; 100 Õl per 
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well) for 0.5 h at 37ÁC.  The primary antibody (anti-striped bass LH) was diluted 1:80,000 in PBST 

containing 2% normal goat serum (NGS).  Samples and standards were serially diluted in PBST, mixed with 

the primary antibody solution (v:v  in 1.5 ml tubes) and incubated overnight at 4ÁC.  Then the content in each 

tube was dispensed into the antigen-coated wells (100 Õl per well in duplicate).  Following an incubation 

(overnight at 4ÁC), AffiniPure Goat anti-Rabbit IgG (H+L) in 1% NGS-PBS T was added (100Õl per well) 

for 0.5 h at 37ÁC.  The wells were washed and SureBlueTM TMB-microwell peroxidase substrate (1-

component) was added (100 Õl per well).  The reaction was stopped after 20 to 40 min at RT by the addition 

of 100Õl of 1N phosphoric acid and the absorbance was read at 450 nm. 

The FSHɓ expression profiles in captive-reared greater amberjack specimens declined steadily with the 

progression of the reproductive period, yet revealed no significant variations during the equivalent period in 

the wild fish (Fig. 3.1.14a).  Conversely, the LHɓ expression levels in captive-reared amberjack did not vary 

significantly throughout the reproductive period, yet were elevated upon spawning in the wild fish (Fig. 

3.1.14b). 

 

 

 

Figure 3.1.14.  Relative transcript levels of pituitary FSH (a) and LH (b) ɓ-subunits in wild and captive 

greater amberjack fish undergoing reproductive cycle.  Levels (mean Ñ SE) are expressed as relative units, 

normalized to the amount of 18S rRNA.  Different letters above bars indicate significant differences between 

means (P< 0.05). 
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Transcript levels of Vgs in captive-reared females were higher than those of wild fish in early gametogenesis 

(eg; late April-early May) and lower in advanced gametogenesis (AG; late May-early June) and spawning 

(SP; late June-July).  In particular, VgA, VgB and VgC levels dramatically dropped in captive-reared 

individuals during SPAWNING (Fig. 3.1.15).  The low Vgs levels in these specimens were congruent with 

the cessation of the reproductive state, which was shown by the histological analysis of the ovaries.  VgR 

mRNA relative levels in captive-reared greater amberjack ovaries were higher in EARLY and lower in 

ADVANCED, compared to the wild counterpart (Fig. 3.1.16).  

 

 

Figure 3.1.15.  Mean (ÑSE) transcription levels of (a) VgA, (b) VgB and (c) VgC during three periods of the 

reproductive cycle of wild and captive-reared greater amberjack.  Asterisks indicate statistically different 

transcription levels compared with the previous sampling period within the same group.  Different letters 

above bars indicate statistically different transcript levels between wild and captive-reared specimens within 

the same sampling period (ANOVA, P < 0.05).  
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Figure 3.1.16.  Mean (ÑSE) transcription levels of vitellogenin receptor (VgR) during three periods of the 

reproductive cycle of wild and captive-reared greater amberjack.  Asterisks indicate statistically different 

transcription levels compared with the previous sampling period within the same group.  Different letters 

above bars indicate statistically different transcript levels between wild and captive-reared specimens within 

the same sampling period (ANOVA, P < 0.05). 

 

 

Quantitative real-time PCR (qRT-PCR) analysis of liver leptin mRNA demonstrated that transcript levels in 

both wild and captive-reared fish were minimal during ADVANCED and maximal at SPAWNING (Fig. 

3.1.17).  Interestingly, during EARLY, liver leptin mRNA levels were significantly higher in captive females 

than in cognate wild females (Fig. 3.1.17a).  Nonetheless, the equivalent gene expression levels in captive 

and wild males did not significantly differ from each other (Fig. 3.1.17b). 

 

 

Figure 3.1.17.  Mean (ÑSE) transcription levels of liver leptin during three periods of the reproductive cycle 

of wild and captive-reared greater amberjack females (upper) and males (lower).  Asterisks indicate 

statistically different transcript levels between wild and captive-reared specimens within the same sampling 

period. (ANOVA, P < 0.05). 
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In order to test the possibility of using the heterologous striped bass Morone saxatilis (stb)LH ELISA for LH 

measurement in the greater amberjack, displacement 

curves obtained with serial dilutions of pituitary and 

plasma extracts from greater amberjack were 

compared with the r-LH standard curve (Fig. 3.1.18).  

On logïlogit transformed data, linear responses were 

found in the serial dilutions of greater amberjack 

pituitary extract (Fig. 3.1.18a) and plasma (Fig. 

3.1.18b) corresponding to a r-LH response (1.25ï80 

ng/ml).  The ELISA was established with a sensitivity 

(IC50) and limit of detection of 19.6 ng/ml and 0.625 

ng/ml, respectively. 

 

 

 

 

 

Fig. 3.1.18.  Displacement curves for standard r-LH and serial dilution of pituitary extract (a) and plasma (b) 

samples from wild greater amberjack specimens (W19 and W27).  The LOGIT function was utilized to 

transform standard curve to a linear plot.  Each point is a mean of two determinations. 

 

 

Pituitary LH content in wild (Fig. 3.1.19a) and captive-

reared (Fig. 3.1.19b) greater amberjack broodstock 

steadily increased with the progression of the 

reproductive season reaching maximal levels during late 

June coinciding with the SPAWNING period.  At that 

period of time, the pituitary LH levels, in both wild and 

captive broodstocks, exhibited sex dimorphic pattern and 

were 2-fold higher in females (wild: 260.31 Ñ 54.86 and 

captive: 53.91 Ñ 9.35 ng pit-1 Kg-1 BW, respectively) as 

compared with cognate males (wild: 122.52 Ñ 18.69 and 

captive: 23.42 Ñ 3.69 ng pit-1 Kg-1 BW, respectively).  

Nonetheless, during spawning time, the pituitary LH 

levels in wild fish (regardless of their sex) were 5-fold 

higher than those measured in the captive ones. 

 

 

 

 

 

Figure 3.1.19.  Pituitary LH content in wild (a) and captive (a) mature greater amberjack males and females 

during reproductive cycle (from early May to late June).  Levels (mean Ñ SE) are expressed as total amount 

(ng) per pituitary per kg body mass.  Different letters above bars indicate significant (P<0.05) differences 

between means.  
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Plasma LH levels did not vary significantly between the sexes, and were therefore, combined to increase the 

statistical power (Fig. 3.1.20).  Plasma LH levels, in both 

wild and captive-reared fish, were maximal (wild: 76.56 

Ñ 26.83; captive: 26.38 Ñ 8.36 ng ml-1) and minimal 

(wild: 24.41 Ñ 5.56; captive: 9.6 Ñ 2.25 ng ml-1) during 

EARLY and ADVANCED, respectively.  Yet, the 

detected levels were approximately 1.5-fold higher in the 

wild fish as compared with the captive ones. 

 

 

 

 

 

Figure 3.1.20.  Plasma LH levels in wild and captive mature greater amberjack specimens during the 

reproductive cycle.  Levels (mean Ñ SE) are expressed as total amount (ng) per ml plasma.  Different letters 

above bars indicate significant (P<0.05) differences between means. 

 

3.1.7  Nutritional  state assessment 

Gonads, muscle, and liver proximate and fatty acid composition; gonads carotenoid contents  

To evaluate broodstock nutritional status, pieces of gonad, muscle and liver from captive and wild greater 

amberjack, were immediately frozen and kept at -80ÜC, until analyses that were performed in ULL 

laboratories.  Dry matter, and protein contents were calculated using the methods of analysis of the 

Association of Official Analytical Chemists (AOAC, 2012).  Total lipid (TL) was extracted according to the 

method of Folch et al. (1957).  Analysis of lipid classes (LC) composition was performed by one-

dimensional double development high performance thin layer chromatography (HPTLC; Merk, Darmstadt, 

Germany), and quantified by scanning densitometry using a dual-wavelength flying spot scanner Shimadzu 

CS-9001PC (Shimadzu, Duisburg, Germany) (Olsen & Henderson, 1989).  To determine the fatty acid 

profiles, TL extracts were subjected to acid-catalysed transmethylation and purified by TLC system 

(Christie, 1982).  Fatty acid methyl esters were separated and quantified using a TRACE-GC Ultra gas 

chromatograph (Thermo Electron Corp., Waltham, MA, USA) equipped with an on-column injector, a flame 

ionization detector and a fused silica capillary column, Supelcowax TM 10 (30 m 9 0.32 mm I.D. 9 0.25 lm; 

Sigma-Aldrich, Madrid, Spain).  Helium was used as carrier gas and temperature programming was 50ï50ÁC 

at 40ÁC min -1 slope, then from 150 to 200ÁC at 2ÁC min-1, to 214ÁC at 1ÁC min-1 and, finally, to 230ÁC at 

40ÁC min-1.  Individual FAME and DMA were identified by reference to authentic standards, and further 

confirmation of FAMEs and DMAs identity was carried out by GC-MS (DSQ II; Thermo Electron Corp).  

Carotenoids were obtained only from gonads at advanced gametogenesis and spawning periods, according to 

the method of Barua et al. (1993).  Afterwards, carotenoids contents were quantified by spectrophotometry at 

470 nm. 

Tissues biochemical analyses are reported as means Ñ standard deviation (SD).  All values presented as 

percentage were arcsine transformed.  Normal distribution was checked for all data with the one-sample 

KolmogorovïSmirnoff test and homogeneity of the variances with the Levene test.  Differences between 

pairs of means were tested using Studentôs t-test.  To compare more than two means, the group data were 

statistically tested using one-way ANOVA.  When variances were not homogenate, a non-parametric 

Kruskal-Wallis test was accomplished.  The significant level for all the analysis was set at P<0.05. All the 

data were statistically treated using a SPSS Statistical Software System 15.0 (SPSS, www.spss.com).  

 

http://www.spss.com/
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The rearing conditions were not associated to any significant change in the general proximate composition of 

ovaries, with the exception of moisture content of captive fish, which was slightly higher than that of wild 

gonads during spawning period (SPAWNING; late June-July) (Fig. 3.1.21a).  The evolution pattern of 

ovaries proximate composition during the reproductive cycle was quite similar between wild and captive 

counterparts, with a clear decrement of moisture and proteins, associated to a significant increment of lipids 

at advanced gametogenesis (ADVANCED; late May-early June) compared to early gametogenesis (EARLY; 

late April-early May) and and SPAWNING (Fig. 3.1.21a,b,c). 

The rearing conditions did not seem to be associated to any change in the general proximate composition of 

testes, with the exception of moisture content of captive fish that was slightly lower than that of wild fish 

during ADVANCED and SPAWNING (Fig. 3.1.22a).  The evolution pattern of testes proximate 

composition of wild and captive individuals during the reproductive cycle was quite similar, with no 

significant differences in terms of lipid contents and only a slightly significant increment of proteins 

observed in wild fish sampled during ADVANCED compared to EARLY (Fig. 3.1.22b,c).  Proximate 

composition was more variable in ovaries than in testes, with lipid contents ranging from 6-8% to 20%. 
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Figure 3.1.21.  Mean (ÑSD) levels of ovaries (a) Moisture, (b) Total Lipids and (c) Total Proteins of wild 

and captive-reared greater amberjack broodstock at three periods of the reproductive cycle.  Asterisks 

indicate statistical differences between wild and captive-reared specimens within a specific sampling period 

(Student`s t-Test, P < 0.05).  Different uppercase and lowercase letters indicate statistical differences among 

the three periods for wild or captive fish, respectively (ANOVA, P < 0.05). 
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Figure 3.1.22.  Mean (ÑSD) levels of testes (a) Moisture, (b) Total Lipids and (c) Total Proteins of wild and 

captive-reared greater amberjack broodstock at three periods of the reproductive cycle.  Asterisks indicate 

statistical differences between wild and captive-reared specimens within a specific sampling period 

(Student`s t-Test, P < 0.05).  Different uppercase and lowercase letters indicate statistical differences among 

the three periods for wild or captive fish, respectively (ANOVA, P < 0.05). 

 

 

Carotenoid contents in ovaries and testes sampled at advanced gametogenesis period 

The dietary regime of captive-reared fish, which consisted of a 

commercial extruded broodstock diet (Vitalis-Cal, Skretting SA, 

Norway) provided a significantly higher mean level of carotenoids 

than in wild specimens (Fig. 3.1.23).  Surprisingly, carotenoid 

content in testes from captive-reared fish was the reverse of the 

wild fish where ovaries were significantly richer than testes in 

these antioxidant pigments. 

 

Figure 3.1.23.  Mean (ÑSD) levels of carotenoids in ovaries and testes of wild and captive-reared greater 

amberjack sampled during the spawning period.  Asterisks indicate statistically different levels between wild 

and captive-reared specimens; (À) denotes differences between sexes (Student`s t-Test, P < 0.05).  
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Gonad lipid classes and fatty acid composition 

The main lipid classes and fatty acid compositions varied amongst the gonads from wild and captive adult 

greater amberjack males and females and across the three different periods of the reproductive cycle (Table 

3.1.3 and 3.1.4).  The rearing conditions failed to provide the nutritional requirements to the testes of 

captive-reared fish to resemble wild testes content of total polar lipids and specific lipid class proportions.  

This was particularly evident for males sampled at EARLY as the testes displayed more than three times the 

amount of triacylglycerols (TG) present in the wild counterparts, with the consequent decrement in 

proportions of PE and PS.  Total Polar Lipids and PE were especially high in fish testes and tended to be 

preserved at ADVANCED and SPAWNING in wild and captive fish.  A marked decrease in PI was evident 

from EARLY to ADVANCED in wild testes and ovaries.  On the contrary, PI levels exhibited a significant 

increase from EARLY to SPAWNING in captive-reared testes.  

 

Table 3.1.3.  Mean values of main lipid classes of gonads from wild and captive adult greater amberjack 

males and females sampled at three different periods of the reproductive cycle. 

 Early gametogenesis 
g
 

 
Advanced gametogenesis 

 
Spawning period  

 Male  Female 
 

Male  Female 
 

Male  Female  

 Wild 
 

Captive  Wild 
 

Captive 
 

Wild 
 

Captive
 

Wild 
 

Captive 
 

Wild 
 

Captive 
 

Wild 
 

Captive  

PC 27.6±2.9  20.5±1.8 *  21.6±1.5 b 18.4±2.2   25.8±1.1  22.9±3.0  18.2±1.0 a 17.7±1.8  27.8±0.8  23.1±0.9 *  17.2±1.1 a 17.3±0.6  

PS 7.8±1.2  a 4.6±0.9 *,a 4.5±1.2 b 4.5±1.7 b 12.3±0.9 b 8.8±1.3 *,b 1.8±0.3 a 1.5±0.3 a 9.7±1.7 a 8.8±0.8    b 1.4±0.4 a 3.0±0.9 *,b 

PI 5.9±0.4 b 5.0±1.1    a 4.9±0.8 b 3.8±0.7  1.7±0.6 a 6.8±0.7 *,b 2.4±0.4 a 2.9±0.4  5.6±3.1 b 7.1±0.3    b 2.4±0.3 a 3.4±0.7 *  

PE 20.0±0.9 a 14.1±2.0 *,a 12.2±1.0 c 11.8±2.3 c 22.1±0.5 b 21.2±2.6    b 7.0±0.1 b 5.9±0.5 *,a 21.4±0.7 a 21.9±1.4    b 6.1±0.8 a 7.9±1.5   b 

TPL 64.6±4.3 ab 47.4±5.3 *,a 47.8±2.8 b 43.8±7.1 c 63.5±0.5 a 63.8±7.4    b 32.3±1.2 a 30.8±0.6 *,a 67.6±3.4 b 65.7±1.6    b 28.6±3.1 a 35.6±3.8 *,b 

Chol 18.7±1.0 a 16.5±2.3    a 16.2±1.3 b 15.1±2.1 ab 22.5±1.4 b 22.5±2.3    b 13.0±0.9 a 14.6±0.9 *,a 18.4±8.5 a 22.9±1.4    b 12.8±0.7 a 19.2±4.2 *,b 

TG 8.7±1.9 c 28.9±8.6 *,b 21.0±1.5 a 26.3±8.6 b 3.0±0.9 b 2.8±0.6    a 24.7±0.5 b 26.4±1.8    b 1.8±0.7 a 4.4±1.6 *,a 22.2±1.8 a 21.3±2.6    b 

TNL 35.4±4.3 ab 52.6±5.3 *,b 52.2±2.8 a 56.2±7.1 a 36.5±0.5 b 36.2±7.4 a 67.7±1.2 b 69.2±0.6 *,b 32.4±3.4 a 34.3±1.6    a 71.4±3.1 b 64.4±3.8 *,a 

                         

  

Asterisk indicates significant differences for a particular lipid class and period between wild and captive-reared broodstock (t-

Student, P < 0.05).  Letters within a row denote significant differences along the reproductive cycle for each sex (P < 0.05).  PC, 

phosphatidylcholine; PS, phosphatidylserine; PI, phosphatidylinositol; PE phosphatidylethanolamine; TPL, total polar lipids; Chol, 

Cholesterol; TG, triacylglicerides; TNL, total neutral lipids. 

 

Table 3.1.4.  Mean values of main fatty acids of gonads from wild and captive adult greater amberjack males 

and females sampled at three different periods of the reproductive cycle. 

 Early gametogenesis 
g
 

 
Advanced gametogenesis 

 
Spawning period  

 Male  Female 
 

Male  Female 
 

Male  Female  

 Wild 
 

Captive  Wild 
 

Captive 
 

Wild 
 

Captive
 

Wild 
 

Captive 
 

Wild 
 

Captive 
 

Wild 
 

Captive  

16:0 22.9±1.0  19.6±1.0 *,a 20.3±0.9 b 17.9±0.5 *,b 23.1±0.4  22.1±0.3    b 16.3±1.8 a 15.2±0.9 a 22.6±1.3  22.2±2.3    b 17.4±0.7 a 17.5±3.4  b 

18:1
1
 19.6±2.9   23.7±3.1     b 17.9±2.1 a 22.1±3.0    a 16.4±2.3  18.3±2.3    a 24.8±1.6 c 26.7±1.3  b 17.2±0.6  18.8±1.9    a 22.1±1.1 b 23.4±4.2 ab 

18:2n-6 1.1±0.2 b 7.1±0.9 *,b 1.0±0.2 a 6.5±0.6 *,a 0.8±0.1 a 5.0±1.2 *,a 1.0±0.3 a 10.1±0.5 *  1.0±0.1 b 5.8±2.0 *,a 1.8±0.2 b 8.1±2.1 *,a 

20:4n-6 4.1±0.8  2.3±0.4 *,a 5.9±1.0 b 3.4±1.2 *,b 4.3±0.4  2.7±0.5 *,a 3.7±0.5 a 2.1±0.4 *,a 5.4±1.0  5.0±1.4 *,b 4.9±0.6 b 4.0±0.6 b 

20:5n-3 3.7±0.4 b 4.6±0.8  3.9±0.4 ab 5.3±0.5 *  2.9±0.4 a 4.8±1.0 *  3.3±0.6 a 5.1±1.3 *  2.8±0.5 ab 3.8±0.8  4.3±0.5 b 4.3±0.6  

22:6n-3 26.2±3.6 a 18.1±3.0 *,a 27.3±1.8 b 19.4±3.9 *  32.9±1.9 b 26.9±3.5 *,b 31.2±3.5 b 21.1±1.6 *  26.9±2.2 a 24.6±3.6    b 22.9±1.9 a 23.3±2.9  

                         
DHA/EPA 7.1±0.6 a 3.9±0.3 *,a 7.1±1.2 b 3.6±0.5 *,a 11.3±1.0 b 5.7±0.7 *,b 9.4±0.9 c 4.4±1.3 *,ab 10.0±1.9 b 6.7±0.7 *,b 5.4±0.8 a 5.8±0.6 b 

ARA/EPA 1.1±0.2 a 0.5±0.0 *,a 1.6±0.4  0.6±0.2 *,a 1.5±0.3 ab 0.6±0.1 *,b 1.1±0.2  0.4±0.1 *,a 2.0±0.7 b 1.5±0.8    c 1.2±0.2  1.0±0.2  b 

                         

  

Asterisk indicates significant differences in fatty acids between wild and captive-reared broodstock (t-Student, P<0.05).  Letters 

within a row denote significant differences along the reproductive cycle for each sex (P<0.05). 1, mainly n-9 isomer.  DHA, 
docosahexaenoic acid, 22:6n-3; EPA, eicosapentaenoic acid, 20:5n-3; ARA, arachidonic acid, 20:4n-6. 
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Differences in terms of fatty acid composition, from wild and captive gonads were particularly evident at 

EARLY and ADVANCED periods, with testes and ovaries of captive fish displaying around 30-40% less 

docosahexaenoic acid (DHA) and arachidonic acid (ARA), and clearly higher contents of linoleic acid 18:2n-

6.  As a consequence, DHA/eicosapentaeonic acid (EPA) and ARA/EPA ratios, also suffer marked 

decrements in the gonads of the captive fish.  Among the three sampled periods, the most evident differences 

were a significant increase in DHA from EARLY to ADVANCED displayed by the testes of wild and 

captive-reared specimens.  However, at SPAWNING the DHA content did not return to values observed at 

EARLY in the captive males, as it did in the wild fish.  Similarly, the wild ovaries displayed an increase in 

DHA between EARLY and ADVANCED, returning at SPAWNING to EARLY levels.  This DHA 

increment between EARLY and ADVANCED was not observed in the captive-reared females. 

 

Liver and muscle proximate and fatty acid composition 

Lipid content in liver and muscle of greater amberjack is shown in Tables 3.1.5 and 3.1.6, respectively.  

Lipid content was higher for the captive fish in both tissues, and as a consequence, moisture was generally 

lower.  Whereas in the liver of the wild fish there was a progressive decrement of lipids from ADVANCED 

to SPAWNING, in the muscle the most evident change was a marked depletion of lipids at SPAWNING.  

None of these changes were evident for the captive fish. 

 

Table 3.1.5.  Lipid content in liver of wild and captive-reared greater amberjack sampled during the 

reproductive season (EARLY, EG; ADVANCED, AG; and SPAWNING, SP) in the Mediterranean Sea. 

 

 

EG  AG  SP 

 Female    Female  Female  

 Wild  Captive  Wild  Captive  Wild  Captive  

Moisture (%) 69.5±4.8  62.2±2.9 *  73.6±0.6  65.9±4.3 *  74.1±0.8  66.2±3.8 *  

TL (%DM) 25.4±6.2  b 35.2±3.0  *  20.7±0.2 ab 30.0±6.4 *  15.2±1.8 a 29.0±7.4 *  

             

  

 

 

EG  AG  SP 

 Male    Male  Male  

 Wild  Captive  Wild  Captive  Wild  Captive  

Moisture (%) 63.6±5.3 a 56.1±9.9  73.0±1.0 b 58.6±4.5 *  73.6±1.5 b 66.2±6.9  

TL (%DM) 34.4±9.9 b 45.8±12.3  19.2±6.0 a 37.1±8.7 *  18.9±2.6 a 25.9±13.0 

             

  

 

Table 3.1.6.  Lipid content in muscle of wild and captive-reared greater amberjack sampled during the 

reproductive season (EARLY, EG; ADVANCED, AG; and SPAWNING, SP) in the Mediterranean Sea. 

 

 

EG  AG  SP 

 Female    Female  Female  

 Wild  Captive  Wild  Captive  Wild  Captive  

Moisture (%) 72.6±2.4  72.7±2.7  71.8±0.6  69.5±0.9  75.7±2.4  68.7±2.0  

TL (%DM) 10.8±4.7  ab 11.4±5.0   18.8±9.5 b 18.4±5.2  5.0±2.4 a 18.9±5.1 *  

             

  

 

 

EG  AG  SP 

 Male    Male  Male  

 Wild  Captive  Wild  Captive  Wild  Captive  

Moisture (%) 71.3±2.0 a 65.9±4.2  72.9±1.5 ab 70.6±2.0  76.0±1.4 b 71.2±2.9 *  

TL (%DM) 13.2±2.9  b 28.2±3.6  b,* 15.4±4.5 b 17.6±6.1 a 4.7±0.8 a 30.4±4.4 b,* 
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Differences in terms of fatty acid composition, from liver and muscle of greater amberjack are shown in 

Tables. 3.1.7 and 3.1.8, respectively.  As for gonads, compared to the wild counterparts, captive fish tissues 

are characterized by higher contents of 18:1n-9 and 18:2n-6, relatively lower contents of 16:0 and 20:5n-3 

(EPA) and much lower contents of 20:4n-6 (ARA) and 22:6n-3 (DHA), which also affect the DHA/EPA and 

ARAEPA ratios.  All these differences were more evident in the liver than in the muscle.  As a consequence, 

the evolution of tissue fatty acid composition along the reproductive season clearly differs among the wild 

and captive fish.  In this sense, the decrements of 18:1n-9 observed in liver and muscle of wild fish from 

EARLY to SPAWNING are not displayed by the captive fish.  Similarly, the increments of ARA and DHA 

achieved by the wild fish also from EARLY to SPAWNING are much less evident in the captive 

counterparts.  

 

Table 3.1.7.  Fatty acid composition in liver of wild and captive-reared greater amberjack sampled during 

the reproductive season in the Mediterranean Sea. 

  EG  AG  SP  

  Female  Female  Female 

  Wild  Captive  Wild  Captive  Wild  Captive  

16:0  21.6±2.0  

 

16.3±0.6 *  19.7±1.8  18.9±2.2  21.5±2.3  19.3±0.8  

18:1
1
  23.3±3.4 a 38.7±2.5 *  23.9±5.0 a 34.4±3.1  *  13.1±1.9 b 34.5±4.5 *  

18:2n-6  1.5±0.3  10.3±1.8 *  1.9±0.2  9.8±1.0 *  1.1±0.1  10.0±1.5 *  

20:4n-6  4.6±1.4 a 0.8±0.1 *  3.8±1.2 a 1.4±0.5 *  7.0±1.3 b 1.6±0.3 *  

20:5n-3  4.4±1.2  3.4±0.6  6.3±0.8  3.5±0.7 *  4.4±1.0  3.8±1.6  

22:6n-3  21.6±3.2 a 5.4±0.4 a,*  19.3±0.8 a 9.2±3.0 b,* 26.4±2.7 b 9.0±2.5 b,* 

              
DHA/EPA  5.2±1.3 ab 1.6±0.2 *  3.1±0.5 a 2.8±1.3 *  6.3±1.8 b 2.5±0.8 *  

ARA/EPA  1.1±0.4 ab 0.2±0.0 *  0.6±0.3 a 0.4±0.2 *  1.7±0.5 b 0.4±0.1 *  

              

  

 EG  AG  SP 

 Male    Male  Male  

 Wild  Captive  Wild  Captive  Wild  Captive  

16:0 19.5±2.4  

 

15.3±0.9 a,*  22.8±2.1  16.6±0.8 ab,* 20.4±1.5  18.3±1.4 b 

18:11 29.3±2.6  b 33.9±2.1   21.5±6.1 a 31.9±0.7 *  16.4±2.9 a 28.2±4.0 *  

18:2n-6 2.2±0.4  12.4±0.4 *  1.9±0.7  11.9±1.9 *  1.8±0.4  10.4±1.3 *  

20:4n-6 3.0±0.4 a 0.9±0.2 a,* 4.5±1.0 ab 1.1±0.1 ab,* 5.7±1.1 b 2.0±1.1 b,* 

20:5n-3 5.9±0.6 b 4.5±0.6 *  3.9±0.5 a 4.4±0.9  4.9±1.1 ab 4.0±1.1  

22:6n-3 16.4±2.4 a 6.8±0.5 a,* 23.1±6.5 ab 7.6±0.3 ab,* 23.4±3.9 b 12.5±5.8 b,* 

             
DHA/EPA 2.8±0.5 a 1.5±0.1 a 5.9±1.3 b 1.8±0.3 ab,* 5.0±1.6 b 3.4±1.9 b,* 

ARA/EPA 0.5±0.1 a 0.2±0.0 *  1.2±0.2 b 0.3±0.0 *  1.3±0.6 b 0.5±0.4 *  

             

  

Asterisk indicates significant differences in fatty acids between wild and captive-reared broodstock.  Letters within a row denote 

significant differences along the reproductive cycle for each sex (P<0.05). 1, mainly n-9 isomer. DHA, docosahexaenoic acid, 22:6n-
3; EPA, eicosapentaenoic acid, 20:5n-3; ARA, arachidonic acid, 20:4n-6. 
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Table 3.1.8.  Fatty acid composition in muscle of wild and captive-reared greater amberjack sampled during 

the reproductive season in the Mediterranean Sea. 

  EG  AG  SP  

  Female  Female  Female 

  Wild  Captive  Wild  Captive  Wild  Captive  

16:0  21.7±1.0  17.2±1.0 *  21.4±1.2  17.3±0.7 *  21.6±1.2  16.8±0.7 *  

18:1
1
  28.3±2.3 b 29.5±3.5  29.9±1.1 b 30.6±1.5   15.1±5.3 a 32.1±2.0 *  

18:2n-6  1.3±0.5  9.3±1.9 *  1.6±0.2  9.5±0.6 *  1.6±0.4  9.6±1.1 *  

20:4n-6  2.1±0.5 a 0.9±0.2 *  2.0±0.1 a 0.8±0.0 *  3.8±0.8 b 0.8±0.2 *  

20:5n-3  4.0±0.3  3.8±0.5  3.6±0.4  3.5±0.4  3.6±0.2  3.3±0.5  

22:6n-3  17.8±3.2 a 14.0±3.5  15.4±0.6 a 12.1±1.4  26.8±7.5 b 11.0±3.5 *  

              
DHA/EPA  4.5±1.0 a 3.7±0.5  4.3±0.6 a 3.5±0.5  7.5±2.3 b 3.3±0.7 *  

ARA/EPA  0.5±0.1 a 0.2±0.0 *  0.6±0.0 a 0.2±0.0 *  1.1±0.3 b 0.2±0.0 *  

              

  

 EG  AG  SP 

 Male    Male  Male  

 Wild  Captive  Wild  Captive  Wild  Captive  

16:0 21.9±0.3  16.5±0.2 *  22.0±2.1  17.5±0.5 *  20.5±0.5  16.5±0.4 *  

18:11 31.0±1.1  b 31.0±1.2   25.8±8.9 b 30.2±1.3  17.6±5.3 a 32.3±0.8 *  

18:2n-6 1.5±0.1  10.1±0.8 *  1.6±0.4  9.3±0.9 *  2.1±0.7  10.1±0.7 *  

20:4n-6 1.5±0.1 a 0.7±0.0 *  2.1±0.6 b 0.8±0.1 *  3.6±0.4 c 0.7±0.1 *  

20:5n-3 4.1±0.2 b 3.9±0.2  3.3±0.5 a 3.5±0.2  2.8±0.2 a 3.4±0.7  

22:6n-3 17.8±1.6  11.8±1.1 *  19.7±9.9  12.3±3.7  24.8±8.9  10.1±1.0 *  

             
DHA/EPA 4.4±0.4 a 3.0±0.2 *  5.8±2.2 ab 3.5±1.0 *  7.6±3.1 b 3.0±0.6 *  

ARA/EPA 0.4±0.0 a 0.2±0.0 *  0.6±0.1 b 0.2±0.0 *  1.1±0.2 c 0.2±0.1 *  

             

  

Asterisk indicates significant differences in fatty acids between wild and captive-reared broodstock.  Letters within a row denote 

significant differences along the reproductive cycle for each sex (P<0.05). 1, mainly n-9 isomer. DHA, docosahexaenoic acid, 22:6n-

3; EPA, eicosapentaenoic acid, 20:5n-3; ARA, arachidonic acid, 20:4n-6. 

 

 

3.1.8  Evaluation of captive-reared greater amberjack sperm quality  

Sperm quality was assessed through physical and biological features.  In order to make a relation between 

physiological status of the gonad and gamete quality, sperm was collected from the same captive fish as 

those sampled in ARGO for gametogenesis evaluation.  Sampling for sperm assessment was performed by 

HCMR and IFREMER personnel who attended every sampling session (April 20-25th, June 3-8th and July2-

4th) after a short training and intercalibration work held at the HCMR facilities in Crete, using the broodstock 

maintained there.  After vain attempts to collect sperm by stripping the fish, samples of gametes were 

collected directly from the dissected gonads during the fish slaughtering.  Samples were stored dry or after 

dilution in modified Leibovitz until they were processed for the different following purposes: concentration, 

motility, ATP content and viability assessments.  The resulting dataset was complete and allowed studying 
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the variations of the different quality indexes between the 3 sampling times by ANOVA [after angular 

transformation in the case of percentage analysis (motility)].  The CASA processing and statistical analysis 

were co-performed by HCMR and IFREMER.  Due to variation of recording quality on sampling site, the 

settings of CASA were adjusted to each sampling time, but only for image treatment.  The settings associated 

to motility evaluation were common for all the analyses. 

 

Sperm concentration 

The concentration of sperm ranged from 2.3 to 4.6 1010 spz ml-1, the usual range for sperm of marine fish. A 

significant difference between April (EARLY gametogenesis period) and July (SPAWNING period) was 

observed (Tabla 3.1.9).  

 

Table 3.1.9.  Crossed probabilities showing a significant difference in sperm concentration between April 

and July in captive-reared fish (n=4). 

 

 

 

 

 

 

Sperm motility 

The motion characteristics of sperm changed along the reproductive period.  The analysis of the main 

motility features by CASA also showed that greater amberjack sperm behavior was comparable to all studied 

marine fish (Fig. 3.1.26).  Within the first 20 seconds after activation by seawater, the maximal percentage of 

spermatozoa was reached whatever the rank in the season, but significant differences between sampling 

times were observed.  The duration of motility, calculated by the time when any movement ceased, was 

between 1 and 11 minutes and also this parameter showed season-related significant differences (Fig. 

3.1.24).  Consequently, the swimming speed of spermatozoa showed significant variations (Fig. 3.1.25). 

 

Figure 3.1.24.  Motility of greater amberjack sperm at different periods of the reproductive season.  A usual 

pattern of spermatozoa behavior was shown: general activation leading to maximum motility, followed by a 

decrease of the percentage of mobile sperm. 

  Apr  June July 

Apr  
 

0,193934 0,017906 

June 0,193934 
 

0,311706 

July 0,017906 0,311706   
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Figure 3.1.25.  Mean (solid line) and maximum (dotted line) speed of spermatozoa (Õm s-1) at different 

sampling times during the reproductive period. 

 

 

 

Figure 3.1.26.  Illustration of greater amberjack spermatozoa tracks generated by CASA, showing the 

decrease of motility and speed with time after activation. 

 

 

Sperm ATP content  

The ATP content of spermatozoa was analyzed at the IFREMER laboratory in Brest.  The ATP level in 

sperm at the different points of the season remained very low and very variable in the whole batch, and at the 

limit of detection, and therefore it was not possible to distinguish significant differences between samplings 

(Fig. 3.1.27).  This result may be justified by the quite low performance of sperm regardless of the period 

during the reproductive season.  However, a problem in sample conditioning or transportation cannot be 

excluded.   

 

"Var1"; Moy. Moindres Carrés

Effet courant : F(2, 9)=,32790, p=,72869
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Figure 3.1.27.  Mean ATP level (nmol 10-9spz) with error bars showing 95% confidence interval (n=4) of 

sperm collected during three different phases of the greater amberjack reproductive season. 
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Sperm viability 

The use of a dedicated molecular probe kit (live/dead sperm kit) showed that there was also a variation with 

time of the integrity of spermatozoa membranes.  The use of fluorescent markers of DNA with differential 

penetration of the cell in relation to its live/dead status showed the presence of three different categories: live 

(green fluorescence), dying (green and orange) and dead (orange) (Fig. 3.1.28).  A Nested Design ANOVA 

showed significant differences between randomly chosen males at each sampling time. Notwithstanding this 

individual variability, a significant increase of dead and live spermatozoa was observed from May to July, 

while dying spermatozoa did not show significant difference (P<0.05) (Fig. 3.1.29). 

 

 

Figure 3.1.28.  Estimation of greater amberjack sperm viability by differential fluorescence of Sybr 14 

(green) and propidium iodide (red).  The superposition of the 2 images allows distinguishing live (green), 

dead (red) and dying (both colors) spermatozoa. 
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Figure 3.1.29.  Mean ratios of live, dead and dying spermatozoa from each of the 4 males at each sampling 

period.  The intra-male variability corresponds to the replicates of live/dead assessment.  
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This collaborative work was completed in terms of sampling and processing.  The rough data and primary 

statistical analysis presented above have to be refined, explained and introduced in a larger perspective of 

fish gamete quality, which will be done in the appropriate deliverable.   

 

3.1.9. Conclusions   

To sum up, during Y2 important information was obtained on the effects of confinement on greater 

amberjack reproductive and nutritional state:  

¶ Gonado-somatic index of captive-reared greater amberjack was significantly lower for both sexes in all 

the three considered periods compared to wild fish, thus indicating that the process of gonad development 

was somehow impaired in captivity.   

¶ An extensive atresia affected late vitellogenic follicles of captive females, thus preventing any further 

oocyte development; all captive-reared males were spent during the spawning season of the wild 

population.   

¶ A progressive decrease of germ cell proliferation occurred in captive-reared individuals together with a 

higher density of apoptotic germ cells during the EARLY compared to wild fish, indicating that 

spermatogenesis in captive-reared fish was already compromised at the beginning of the reproductive 

season. 

¶ Captive-reared fish showed impaired pituitary expression of the gonadotropins (FSHɓ and LHɓ), and 

consequently lower concentration of LH in their pituitaries and plasma, compared to wild population.  

¶ Captive-reared fish showed lower concentration of main sex steroids in their plasma, compared to wild 

population. 

¶ Liver expression of Vgs were slightly lower in captive-reared compared to wild fish. 

¶ A general decrease of crucial factors for reproductive success, such as specific lipid classes and fatty 

acids, were detected in gonads, liver and muscles of captive-reared greater amberjack.  

All these data clearly indicate the occurrence of severe gametogenesis impairments in greater amberjack 

reared in captivity and these dysfunctions are possibly related to captivity-induced stress and husbandry 

manipulation, to the lack of natural conditions required for reproductive maturation and/or to nutritional 

deficiency.  

 

 

Task 3.2. Development of an optimized spawning induction protocol for captive greater amberjack in 

the Mediterranean (led by HCMR).  

According to the DOW, during Y2 of the project two different methods of spawning induction had to be 

examined, either multiple GnRHa injections given every 7 days or implants of sustained release of GnRHa.  

However, the HCMR broodstocks maintained in tanks did not achieve the appropriate maturation stage to 

start the experiment, as only a small number of fully vitellogenic females were seen at the different 

samplings (see details later).  The same situation was observed for the FORKYS tank-reared broodstock, 

which did not complete gametogenesis and was thus not appropriate for spawning.  The comparison between 

multiple injections and implants was planned to be conducted during Y3 (2016) either with the HCMR tank 

broodstock, if they develop properly this time after 3 years acclimation to our facilities, or with the ARGO 

cage broodstock, which will be moved to tanks for spawning after the GnRHa treatment.  This activity was 

planned and implemented during Mo 31-32 (June-July 2016) and could not be analysed and reported in time 

for submission with this 2nd Periodic Report.  Therefore, the spawning induction activities reported during 

the 2nd Reporting Period were limited to the use of GnRHa implants only, to induce spawning of fish 

maintained in sea cages at the different facilities and the acquisition and shipment of eggs for the larval 

rearing experiments (WP 15).  Still, some of the breakthrough results obtained during Mo 31-32 will be 

mentioned here, but without the proper statistical evaluation and report. 
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3.2.1  Broodstock maintenance 

A total of 124 breeders fish in 6 stocks were used for the spawning induction experiments (Table 3.2.1): 

HCMR tanks:  Breeders (n=27) were kept in two 35-m tanks under simulated natural temperature and 

photoperiod.  Fish were fed on moist and then dry pellets (Vitalis Repro/Cal, Skretting, Spain), supplemented 

with raw fish (mackerel) three times a week. 

HCMR cage:  Breeders (n=13) were kept in a 40-m perimeter cage at the Souda Bay pilot cage farm, and 

were fed on moist pellets (Vitalis Repro/Cal, Skretting, Spain). 

ARGO cage:  Breeders (n=28) were kept in a 40-m perimeter cage at Salamina Island, Greece, and were fed 

on moist and then dry pellets (Vitalis Repro/Cal, Skretting, Spain), supplemented with raw fish. 

FORKYS tank:  Breeders (n=21) were kept in a 25 m3 tank in FORKYSô hatchery in Siteia, Crete, Greece. 

Fish were under natural temperature and photoperiod and fed with raw fish and squid. 

GMF cage:  Breeders (n=28) were kept in a 40-m perimeter cage at Galaxidi, Greece and fed with live 

juvenile fish (seabass and seabream). 

ITTICAL tank: 7 breeders were kept in a tank in the Panittica Pugliese S.A. facilities, Italy. 

 

Table 3.2.1.  Description of the various broodstocks maintained for this task. 

Stock Location Number of Size at sampling  Feeding 

  Individuals (range in kg) 

HCMR  tanks 27 8.6-23.8 moist pellet, raw fish 

HCMR cages 13 9.9-18.4 moist pellet 

ARGO cages 28 10.7-19.5 moist pellet, raw fish 

FORKYS tanks 21 9.4-15.9 raw fish, squid 

GMF cages 28 9.0-18.0 live fish 

ITTICAL  tanks 7 15.0-25.0 raw fish, squid 

 

 

3.2.2  Evaluation of reproductive stage  

Evaluation of reproductive stage begun in mid April 2015 in various broodstocks, based on the ambient 

temperature and observations on the maturation stage of the stock used for Task 3.1 at the ARGO facilities 

(the different stocks were maintained at different geographical locations as described in Section 3.2.1).  For 

the evaluation of the reproductive stage, fish were fully anaesthetized and: 

¶ Gonadal biopsy was taken from female fish to evaluate the reproductive stage under an optical 

microscope, and a portion of the biopsy was stored in fixative solution for histological evaluation. 

¶ Sperm sample was taken from male fish using a catheter (since it is difficult to obtain sperm with 

abdominal pressure) to estimate quality parameters such as motility percentage, motility duration and 

density. 

21/4/2015 HCMR tank: Nine fish from tank S1 were sampled, 5 males and 4 females, with the males 

producing sperm, which was accessible only with a catheter; hence it was classified as intra-testicular sperm 

(IT sperm).  The females had oocytes in vitellogenesis (Vg) with a diameter of 400-650 ɛm, but two of them 

had increased occurrence of atresia (Aɇ). 

8/6/2015 HCMR tank: Fourteen fish from tank S1 were sampled, 5 males and 9 females, with the males 

producing only IT sperm.  Three of the females had Vg oocytes with a diameter of 300-650 ɛm (one in early 

Vg, one in mid Vg), but two of them had increased occurrence of Aɇ.  The remaining females were 

immature and had primary oocytes (po) (Fig. 3.2.1.A). 

9/6/2015 ARGO cage:  Male fish produced IT sperm, which was motile, having initial motility of 45-80%.  

Almost all females were in Vg with oocytes of 660-690 ɛm in diameter, with little occurrence of Aɇ in one 

fish.  Two female fish were found in Oocyte Maturation (OM) or just prior to Ovulation (Ov) stage with 

oocytes in 1000 ɛm in diameter (Fig. 3.2.2.A,B). 

10/6/2015 GMF cage: All females were at Vg with oocyte diameters of 650-700 ɛm and occurrence of 

limited AT in 30% of the female fish (Fig. 3.2.2.D).  Male fish produced IT sperm with initial motility of 50-

85%. 
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18/6/2015 FORKYS tank:  Only 1 female was in Vg with oocytes of 530 ɛm in diameter, while others were 

immature (containing only po) or in early Vg (eVg) having oocytes with a diameter of 300-400 ɛm, but in 

most of them AT was obvious (Fig. 3.2.1.B,C).  Males produced IT sperm, but motility was not evaluated. 

23/6/2015 HCMR Souda cage:  The five sampled females were in Vg with a significant number of oocytes 

in early OM (eOM) with oocytes of 640-780 ɛm in diameter (Fig. 3.2.2.C).  All sampled males produced IT 

sperm with initial motility of 75-100%, motility duration was 3.4 ï 8.1 min and density was 1.56 ï 3.04 x 

1010 szoa ml-1. 

29/6/2014 HCMR tank: Thirteen fish from S2 tank were sampled.  Females were immature containing only 

po.  Males had IT sperm, but probably of small volume, so blood was also collected through the biopsy.  

Sperm was of bad quality with initial sperm motility 7.5-85% and density 1.10 ï 3.96 x 1010 szoa ml-1.  

Duration was not possible to be recorded due to spermatozoa death. 

1/7/2015 GMF cage:  Twenty fish were sampled.  Females were again in Vg with oocytes of 550-780 ɛm, 

while some of them were in different stages of OM.  One female found to be in post ovulation stage with 

increased occurrence of AT, and still Vg oocytes (Fig. 3.2.3.B,C).  Males had IT sperm of 40-80% initial 

motility and motility duration of 4.07 - 8.97 min. 

2/7/2015 ARGO cage:  Male fish had IT sperm of 30-85% initial motility and motility duration of 0.85 - 

4.05 min.  Females were in Vg stage of 600-680 ɛm with some occurrence of AT.  Some females were in 

post ovulation stage with po and occurrence of AT (Fig. 3.2.3.A). 

14/7/2015 ITTICAL tank:  All fish were sampled.  Five females were immature having only po of 80-100 

ɛm (Fig. 3.2.1.D).  Male fish had IT sperm. 

17/7/2015 HCMR Souda cage:  Male fish had IT sperm.  Initial motility of spermatozoa was 35-90% and 

motility duration 3.85 - 9.86 min, while density was 1.92 ï 4.48 x 1010 szoa ml-1.  Females were immature 

having only po, while one fish had occurrence of AT (Fig. 3.2.3.D).  

 

 

 

Figure 3.2.1.  Female greater amberjack maintained in tanks.  Microphotographs of histological section (A) 

from HCMR broodstock and wet mounts (B,C) from FORKYS and ITTICAL (D) broodstock.  A: Female on 

8/6/2015, in mid vitellogenesis (mVg) with a large number of primary oocytes (po) and high occurrence of 

atresia (AT).  B, C: Females on 18/6/2015, in eVg and Vg with a large number of po and high occurrence of 

AT.  D: Females on 14/7/2015 having only po of 80-100 ɛm diameter.  Bar = 500 ɛm. 
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Figure 3.2.2.  Female greater amberjack maintained in sea cages (1st sampling, June 2015).  Histological 

sections (A,D) and wet mount photographs (B,C) of greater amberjack oocytes obtained from the ARGO 

(A,B), HCMR (C), and GMF broodstocks (D).  A: Female on 9/6/2015 in vitellogenesis (Vg) having also 

early Vg oocytes.  B: Female on 9/6/2015 in Final Oocyte Maturation (FOM).  C: Females on 23/6/2015 in 

vitellogenesis (Vg) and some oocytes in early Oocyte Maturation (eOM).  D: Females on 10/6/2015 in Vg 

and occurrence of AT.  Bar = 500 ɛm. 

 

 

 

Figure 3.2.3.  Female greater amberjack maintained in sea cages (2nd sampling, July 2015).  Histological 

sections (A,C) and wet mount photographs (B, D) of greater amberjack oocytes obtained from the ARGO 

(A), GMF (B,C) and HCMR (D) at the second sampling of the broodstocks, after an initial induction of 

spawning with GnRHa implants.  A: Female on 2/7/2015 in vitellogenesis (Vg) having also occurrence of 

atresia (AT).  B,C: Female on 1/7/2015 in Oocyte Maturation (OM) having also Vg oocytes.  D: Female on 

17/7/2015 with primary oocytes (po) and occurrence of AT.  Bar = 500 ɛm. 
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Overall from the monitoring of the above stocks during the period of the expected spawning season in Y2 

and adding to the results of Y1 (1st Periodic Report), it was possible to draw some conclusions as to the 

reproductive capacity of greater amberjack in captivity and their response to hormonal therapy with GnRHa 

implants:   

1. We found that reproductive maturation may occur in fish as small as ~6 kg in body weight.  This 

particular individual (from GMF) had oocytes at an advanced stage of OM during the reproductive 

season.  

2. The vast majority of sampled females maintained in sea cages were undergoing full vitellogenesis in 

May-June.  Post vitellogenic oocyte diameters ranged between 650-700 ɛm (female body weights of 

13-20 kg) with some occurrence of AT (apoptosis). 

3. Temperature does not seem to be so crucial for spawning, since in ARGO and GMF fish were 

observed to be in eOM, OM and close to ovulation at temperatures lower than 20ÁC, and spawning 

induction was possible at this temperature. 

4. All sampled males were producing sperm, but probably due to the muscular nature of the abdominal 

wall of this species or less produced volume of sperm, it was not possible to collect sperm with 

ñstrippingò.  The obtained IT sperm, however, showed good sperm motility characteristics in most 

cases. 

5. Broodstock feeding did not seem to be a significant factor in the reproductive maturation of greater 

amberjack, and either live or raw fish produced comparable results with re-moistened (2014) or even 

dry (2015) commercial extruded feeds. 

6. Fish maintained in cages had a significantly better degree of reproductive maturation, compared to 

fish maintained in tanks.  In fact, only a small percentage of fish maintained in tanks in HCMR and 

FORKYS completed vitellogenesis, and upon spawning induction, fecundity was very low and 

fertilization success was nil.  This may be related with water quality characteristics since in all sites 

well water is used, with a slightly lower pH and probably higher CO2 content.  Another possible 

explanation of this reproductive dysfunction could be the small volume of the tank (in relation with 

the size of the fish) or its architecture since in HCMR and ITTICAL 40 and 60 m3 rectangular tanks 

are used respectively, and in FORKYS 25 m3 circular tanks are used.  Perhaps a raceway tank is 

more appropriate for a fast moving species of large size such as the greater amberjack, as tank 

reared, F1 fish developed and spawned successfully at the Canary Islands (see later Sections). 

7. A small percentage of fish maintained both in tanks and in cages have the capacity of undergoing 

maturation and ovulation spontaneously, without the use of any hormones, as some post-ovulated 

oocytes were found in some females prior to the GnRHa spawning induction therapy.  

8. Overall, it is concluded that wild-caught greater amberjack have the potential of undergoing 

gametogenesis and completing vitellogenesis to the stage that could be induced to spawn with 

hormonal therapies, depending on whether they are maintained in sea cages or in tanks (see below 

for spawning induction results).  The difference in the success of gametogenesis observed between 

the sea cage stock used for Task 3.1 (see earlier) and the stocks used for Task 3.2 could be attributed 

to the lack of any handling or manipulation of the fish in Task 3.2, prior to the fish reaching post-

vitellogenesis and inducing them to spawning with the exogenous hormones.  So, it is possible for 

greater amberjack to complete vitellogenesis and spermatogenesis when maintained in sea cages in 

captivity, provided they are not handled or manipulated during the early gametogenesis period.  

Manipulation should be limited to the time of spawning induction, when the most advanced batch of 

oocytes has completed vitellogenesis and is ready to be induced to undergo OM and ovulation.  This 

observation was confirmed again during Y3 (Mo 31-32) and will be reported fully in the 3rd Periodic 

Report and the appropriate Deliverable. 

 

3.2.3  Spawning induction   

As explained above, a single dose of GnRHa controlled-release delivery systems (implants) was used, 

chosen based on previous experiments with greater amberjack, but also other marine fish (Mylonas et al., 

2004, 2010).  When female fish were in the appropriate stage of oocyte development, they were administered 
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with GnRHa implants, depending on their size, to obtain an effective dose of ~50 Õg GnRHa kg-1 body 

weight.  Similarly, males received GnRHa implants to obtain an effective dose of ~30 Õg GnRHa kg-1 body 

weight.  Tanks were fitted with passive egg collectors, which were monitored for eggs every day.  Fecundity 

and fertilization success were estimated after transferring the eggs in a 10 l bucket, and taking a sub sample 

of 10 ml.  Also, the stage of egg development was determined.  When possible, a sample of eggs was 

transferred to microtiter plates for estimating the hatching and larval survival percentage as described in 

Panini et al., (2001). 

Of the stocks examined for their reproductive stage (see Section 3.2.2 above), a number of females reached a 

stage that was appropriate to be given a hormonal therapy to induce maturation, ovulation and spawning:   

8/6/2015 and 29/6/2015 HCMR tank , and 18/6/2015 FORKYS tank:  A hormonal treatment was given to 

a small number of females that were found to be the most developed of the population, even if their 

maturation stage was not what we would select for spawning induction if other individuals existed.  In all 

cases, only a very small batch of eggs was produced 2-4 days later, and always of 0% fertilization success.  

So, practically no eggs were produced from hormonally treated females maintained in tanks throughout the 

year. 

9/6/2015 ARGO cage: Fifteen female and twelve male fish were treated with GnRHa implants.  Four 

females and three males were transferred in an indoor tank while the rest were left in the cage to spawn.  Fish 

started spawning after 48 h, and they were spawning for 15 days after implantation.  In the cage only 16,000 

eggs were collected once, two days after treatment.  In the tank, a total of 12,628,000 eggs were produced, 

with fertilization success between 0-72% 

(Fig. 3.2.4).  

2/7/2015 ARGO tank:  The fish that had 

been maintained in the tank after the 

previous spawning induction (9/6/2015) 

were evaluated for reproductive stage.  

Males had IT sperm, so they were treated 

with GnRHa implants and transferred to 

the tank 1 (see also ñ2/7/2015 ARGO 

cageò below).  Females, after they had 

been producing a large amount of eggs 

(Fig. 3.2.4), had only poor AT oocytes 

and were removed from the population. 

2/7/2015 ARGO cage:  Twelve fish 

were treated with GnRHa implants for a 

second time and they were split in two 

indoor tanks with three males and three 

females in each tank.  Since just a few 

eggs (16,000) were collected from the 

cage during the previous sampling, no 

fish were induced to spawn in the cage 

this time. Fish in tank 1 produced 

4,530,000 eggs during a period of six 

days after implantation with fertilization 

success 18-60%, while fish in tank 2 

produced a total of 1,753,000 eggs in 5 

days after implantation with fertilization 

success 0-61% (Fig. 3.2.4). 

 

Figure 3.2.4.  Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) from greater 

amberjack stock maintained at the ARGO sea cage facility, induced with GnRHa implants at 9/6/2015 (top) 

and 2/7/2015 (bottom) and placed in tanks to spawn. 
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10/6/2015 GMF cage:  Twenty-eight fish were treated with GnRHa implants.  Six females and six males 

were transferred in two land-based tanks and were split equally, while the rest were left in the cage to spawn.  

Fish in the tanks started spawning after 48 h, and they were spawning for 5 days after implantation after 

which they were returned back to the cage.  In tank 1, a total of 3,000,000 eggs were produced, with 

fertilization success between 67-100%, while in tank 2, 2,250,000 eggs were produced, with fertilization 

success between 80-100% (Fig. 3.2.5).  In the sea cage no eggs were collected. 

1/7/2015 GMF cage:  Eighteen fish were treated with GnRHa implants for the second time.  The cage 

contained also the fish from the previous spawning induction above that were placed in the tanks for 

spawning (moved after Day 5).  Five females and five males were transferred in tank 3 and the rest were 

transferred in a plastic bag into the cage (which is used for anesthetizing fish), filled with seawater.  In tank 

3, a total of 5,630,000 eggs were produced with fertilization success 0-89%.  In the anaesthetic bag, a total of 

3,020,000 eggs were produced with fertilization success 0-75% (Fig. 3.2.5). 

23/6/2015 HCMR Souda cage:  Thirteen fish were treated with GnRHa implants. No eggs were collected. 
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Figure 3.2.5.  Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) from greater 

amberjack stock maintained at the GMF sea cage facility, induced with GnRHa implants at 10/6/2015 (top) 

and 1/7/2015 (bottom). 
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2016 ARGO:  At Mo 31 (outside of this reporting period), the planned experiment of comparing two 

different methods of GnRHa treatments, was done at the P23. ARGO facilities.  Fish were evaluated for 

reproductive maturation on 7th of June, and 28 fish (14 males and 14 females) were split in four tanks.  The 

males were treated with GnRHa implants, while the females were treated either with liquid GnRHa solution 

(INJECTION 1 & 2) or with GnRHa implants (IMPLANT 1 & 2) (Figure 3.2.6).  The injected females were 

treated on three consecutive weeks (day 0, 7, 14), while the implanted females received two treatments (day 

0, 14).  Even though the data are still under analysis, an obvious conclusion is that the implanted fish 

spawned more eggs in the experimental period as a total (12,423,000 eggs in IMPLANT 1 and 14,555,000 

eggs in IMPLANT 2, while 4,192,000 eggs in INJECTION 1 and 6,208,000 eggs in INJECTION 2, 

respectively) and per day (the maximum daily fecundity in IMPLANT 1 was 3,010,000 eggs and in 

IMPLANT 2 was 4,242,000 eggs, while in INJECTION 1 was 2,062,000 eggs and in INJECTION 2 was 

2,454,000 eggs, respectively). 
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Figure 3.2.6.  Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) from the greater 

amberjack stock maintained at the P23. ARGO sea cage facility, induced either with GnRHa in liquid form 

(INJECTION) or with solid GnRHa implants (IMPLANT).  Black arrows indicate the time of injection 

treatments, while white arrows indicate the time of implant treatments. 
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To sum up, the spawning results so far (2014 and 2015, and partly from 2016) provide some promising 

insights into the development of methods for the control of egg production in greater amberjack:   

1. Males produce sperm of good quality during the spawning period, albeit of limited stripping volume, 

and although it was not investigated if GnRHa treatment is absolutely necessary, males treated with 

GnRHa maintained good spermiation and quality parameters even after repeated spawning and 

production of fertilized eggs. 

2. Females maintained in cages without any manipulation or handling during gametogenesis and 

moved to tanks after the hormonal therapy had a better response to the GnRHa treatment, producing 

eggs of higher fecundity and most importantly of better fertilization success, compared to females 

maintained in tanks throughout the year (gametogenesis and spawning induction).  This was 

expected based on the achievement of better degree of reproductive development (post 

vitellogenesis) at the time of treatment (See previous section), compared to fish maintained in tanks. 

3. Egg collection was possible from broodstocks maintained in cages during 2014, but the fecundity 

achieved was much less than from stocks spawning in tanks.  On the contrary, just a few eggs were 

collected during 2015 in ARGO and no eggs were collected in HCMR and GMF cages.  This is 

definitely due to significant loses of eggs from the cage, and more work needs to be done to optimize 

the egg collection process (See later in Task 3.5), before this method is proposed for commercial use. 

4. An alternative broodstock management method resulting from the experience of the two years of the 

project could be the maintenance of the broodstock in sea cages during the year (gametogenesis) and 

their transfer to land-based tanks for spawning after GnRHa treatment.  This ensures collection of all 

spawned eggs and thus higher effective fecundities.  However, transfer to the tank affected the 

ñlong-termò reproductive condition of the females, thus shortening their reproductive season, since 

at the second re-evaluation all fish were undergoing atresia in their ovaries.  Still, this method may 

be an effective approach for commercial production, producing large numbers of eggs within a short 

period of time. 

5. Although not fully reported in the present report (as the experiments were undertaken during Mo 31-

32 which are outside the scope of the 2nd Periodic Report), spawning induction in tanks, using fish 

that were maintained in sea cages during the year was again very successful in Y3, producing some 

30 kg of eggs from ARGO and another 25 kg eggs from GMF, of very high quality.  This enabled 

the production of a significant number of juveniles (Se WP 15), which will be used for the planned 

DOW experiments on Grow out husbandry.  In addition, eggs were provided to a number of 

commercial hatcheries in Greece and Cyprus, in order to give them a chance to try their larval 

rearing expertise, and to pave the ground for the future commercial production of greater amberjack 

by the Mediterranean aquaculture industry. 

6. The experiment on comparing the efficacy of GnRHa injections vs GnRHa implants, which could 

not be implemented during Y2, was undertaken in Y3 (Mo 31-32) at the facilities of ARGO, 

demonstrating that GnRHa implants are much more effective in producing large numbers of eggs or 

good quality, with less handling and manipulation.  This is contrary to what has been observed in the 

Atlantic Ocean stock of greater amberjack, reported in the 1st Reporting Period by P2. FCPCT, and 

further examined here (see later).  These results prompted the consortium to consider undertaking a 

study (at no extra charge to the project) of examining the genetic makeup of different broodstocks in 

the Mediterranean Sea and the Atlantic Ocean, in an effort to identify the existence of genetically 

different strains of greater amberjack, something that could explain the differences in reproductive 

biology between some of the stocks from Mediterranean Sea and the Atlantic Ocean. 

In the following years, the experience acquired from the above experiments will be used to implement the 

planned work in order to optimize the spawning induction protocol in terms of time of application, method 

and effective dose of GnRHa. 
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Task 3.3  Development of an optimized spawning induction protocol for captive greater amberjack in 

the eastern Atlantic (led by FCPCT). 

Based on the results of the first reporting period, in which natural spawnings were more successful than 

induced spawnings and GnRHa injections were more effective than GnRHa implantations, the goal of the 

experiments carried out during the 2nd reporting period was to compare natural spawnings with GnRHa 

injection-induced spawnings.  

In the present study 17 individuals of a group of 22 greater amberjack, captured in May 2011 in the southeast 

coast of Gran Canaria (Islas Canarias, Espa¶a) were used.  Fish (mean weight at capture 3.41Ñ1.12 kg for 

females and 2.37Ñ1.07 kg for males) were acclimated in 10 m3 tanks (3 m x 3 m x 1,5 m in depth) located in 

the Planta Piloto de Producci·n de Alevines (AAPP) of Grupo de Investigaci·n en Acuicultura (GIA), 

located in the facilities of P2. FCPCT.  On January 2013, the fish (mean weight 8.27Ñ1.11 kg for females 

and 8.12Ñ1.82 kg for males) were transported to the new station of broodstock of the PCTM, where they 

were kept in round tanks of 40 m3 (5 m x 2,35 m) and were used in the expreiments described in the 1st 

Periodic Report (2014). 

Before the beginning of the experiments, at the end of March 2015, all fish were anesthetized with 50 ppm 

clove oil and body weight was determined.  The same broodstock (3 males and 2 females) that spawned 

spontaneously in 2014 was used in Tank 1, while the other fish used in this trial were distributed in three 

circular tanks of 40 m3 (Tanks 2, 3 and 4), at a ratio of 2 females and 2 males per each tank.  All females 

used in this experiment spawned in the year 2014 and, to avoid stress, they were not cannulated, and no 

abdominal pressure to males was applied.  The tanks of 40 m3 have an open water system with a water 

exchange of 600% day-1 and salinity of 37 ă.  The photoperiod was natural, using the day period of the 

geographical position of 27Ü 59ô 28ò N; 15Ü 22ô05ò W.  Temperature and oxygen was determined 

continuously, by means of a probe system controlled by a computer (Miranda, Innovaqua, Sevilla, Espa¶a).  

Fish in Tanks 2, 3 and 4, were injected intramuscular once a week with GnRHa (LHRHa, des-Gly10, [D-

Ala6]-; Sigma-Aldrich, St. Louis, MO, USA) at a dose of 20 Õg kg-1.  The first natural spawn (Tank 1) 

occurred on 18 May 2015, at a temperature of 20.8ÜC.  Tanks 2, 3 and 4 contained two pairs, which were 

induced on different days.  The first pairs in Tanks 2, 3 and 4 were induced to spawn on 02 June 2015, and 

the second pairs on 05 June 2015.  The last natural spawn (Tank 1) occurred on the 09 October 2015, at a 

temperature of 24.6ÜC.  The last spawns from induced fish occurred on 08 October (tank 2 and 3) and on 28 

October 2015 (tank 4), although three more inductions were done to each broodstock pair of each tank, and 

no spawns were obtained.  The mean temperature during the spawning season ranged between 20.5Ñ0.3ÜC in 

May and 24.5Ñ0.2 in October.  The parameters indicative of spawning quality are reported in Table 3.3.1.  

Twenty-two natural spawns occurred in tank 1; 33 spawns were obtained in tanks 2 and 3 after 43 inductions 

per tank; 32 spawns were obtained in tank 4, after 46 inductions.  

 

Table 3.3.1.  Quality of spawn indexes (the values corresponding to the injected spawns, are the mean of the 

3 induced tanks) 

*Different superscript letters in the same column indicate significant differences 

 

 

Spawn 

% Fertilization 

P < 0.01 

% Viable 24 h 

P > 0.05 

% Hatching 

P  > 0.05 

% 4d Live 

P < 0.01 

% 8d live 

P < 0.01 

Natural 76.36Ñ.19.89a 88.90Ñ20.69 86.79Ñ21.10 87.84Ñ8.79a 

7.80Ñ4.58a 

Injected 65.62Ñ17.39b 90.70Ñ7.78 88.40Ñ9.19 71.15Ñ15.67b 4.77Ñ5.60b 



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  63 

Significant differences between the natural and induced spawns were observed in the fertilization rate and in 

larval survival after 4 and 8 days.  No differences were found in the % of viable eggs at 24 h and at hatching.   

During all the spawning season, the total number of eggs was of 28.54 million in natural spawn and 

12.21Ñ7.66 million in the induced tanks, respectively.  In Figure 3.3.1 the number of eggs per spawn is 

reported, showing significant differences between the natural and the induced spawns (P᾽0.01).  In Figure 

3.3.2, the relative number of eggs per spawn and kg of female body weight is shown.  Significant differences 

(P < 0.01) were observed between the natural and the induced spawns. 

 

 

Figure 3.3.1.  Number of eggs per natural and induced spawn.  Different superscript letters indicate 

statistical significant differences (P ᾽ 0.01). 

 

 

 

Figure 3.3.2.  Number of eggs per spawn and female body weight.  Different superscript letters indicate 

statistical significant differences (P ᾽ 0.01). 
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Task 3.4  Development of an optimized spawning induction protocol for F1 greater amberjack in the 

eastern Atlantic (led by IEO).  

 

3.4.1  Experimental conditions 

The experiments carried out in the present task involved IEO and HCMR staff.  A group of 15 greater 

amberjack breeders born in captivity (average weight of 18.5Ñ9.2 kg) were maintained in an outdoor covered 

raceway tank of 500 m3 with continuous water supply (6 renewals dayī1) under natural photoperiod in the 

facilities of IEO in Tenerife, Canary Islands (Spain).  Broodstock (7 males, 7 females and 1 undetermined 

sex) were tagged with passive integrated transponders (PIT tags).  

All fish were sampled four times during the 2015 spawning season (May, June, July and September), and 

length and body weight were measured.  Ovarian biopsies for the evaluation of oocyte development were 

obtained and a wet mount of the biopsy was examined under a compound microscope to evaluate the stage of 

oogenesis and measure the mean diameter of vitellogenic oocytes.  A portion of the biopsy was fixed in a 

solution of 4% formaldehyde-1% glutaraldehyde for further histological processing.  Maturation of the males 

was examined by the release of sperm upon application of gentle abdominal pressure.  If this was not 

possible, a sperm sample was obtained by inserting a plastic catheter.  The collected sperm was stored at 4ÁC 

until quality evaluation.  In order to measure sex steroid hormone concentrations and biochemical 

parameters, blood was collected at each sampling from the caudal vessels using heparinized syringes and 

centrifuged at 1400 rpm for 20 min.  Plasma was then collected and stored at ī80 ÁC until analysis. 

Fish were treated with an EthyleneïVinyl acetate (EVAc) GnRHa implant loaded with Des-Gly10, D-Ala6-

Pro-NEth9-mGnRHa (H-4070, Bachem, Switzerland) in May, June and July.  At the time of GnRHa 

implantation, selected females were in advanced vitellogenesis and intra-testicular sperm was observed in 

males.  The selected females were administered the GnRHa implants to obtain an effective dose of ~50 Õg 

GnRHa kg-1 body weight (Table 3.4.1).  The dose of GnRHa implanted to males decreased from about 60 Õg 

GnRHa kg-1 body weight in May to about 40 Õg GnRHa kg-1 body weight in June and July (Table 3.4.1).  

 

Table 3.4.1.  Number of biopsied and treated fish (mean weight Ñ SEM) and dose of GnRHa kg-1 body 

weight implanted at each treatment sampling.  All fish were treated with an GnRHa implant, and variations 

in the effective GnRHa dose were due to the fact that implants were loaded with fixed amounts of GnRHa. 

Sex Females Males 

Sampling 

(Month) 

Treatment N Dose  

(µg kg-1) 

N Dose  

(µg kg-1) Biopsied Treated Biopsied Treated 

May First  7 4  

(29.1±5.1) 

53.9 ± 10.9 7 7 

(14.9±1.9) 

67.9 ± 20.3 

June Second* 7 7  

(23.3±4.1) 

54.4 ± 8.5 7 5 

(16.9±1.9) 

38.5 ± 4.1 

July Third  7 6  

(23.9±3.6) 

52.7 ± 4.6 7 6 

(13.9±1.9) 

39.9 ± 14.5 

Septemb.  6     5     

  

 

 

Sperm quality parameters that were evaluated included (a) sperm concentration (number of spermatozoa mlī1 

of sperm), (b) initial percentage of spermatozoa showing forward motility immediately after activation 

(sperm motility, %), (c) duration of forward sperm motility of Ó5% of the spermatozoa in the field of view 

(motility duration, min) and (d) survival of sperm during storage at 4ÁC (sperm survival, days).   

At the expected onset of the spawning season (May 2015), a passive egg collector was placed in the outflow 

of each spawning tank and checked daily, in order to collect the spawned eggs.  Eggs were collected every 

morning and their number (fecundity) was estimated by counting the total number of eggs.  Fertilization 
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success was evaluated by the presence of a viable embryo using a stereoscope.  The diameter of eggs and 

their lipid droplet were measured using a binocular microscope.  Each spawning was incubated in a 90 l tank 

with gentle aeration and a supply of filtered water.  

To monitor embryo and larval survival, eggs from each spawn were periodically placed individually in 96-

well microtiter plates according to the procedure of Panini et al. (2001), with some modifications.  The 

number of (a) live embryos, was recorded 1 day after egg collection (or ~36 h after spawning, day 1), (b) 

hatched larvae, was recorded 2 and 3 days after egg collection (>60 h after spawning) and (c) viable larvae, 

was recorded 4 and 5 days after egg collection (~ yolk sac absorption).  Embryo survival was calculated as 

the number of eggs having live embryos 1-d after egg collection / number of fertilized eggs initially loaded 

in the microtiter plates.  Hatching success was calculated as the number of hatched larvae / the number of 

live embryos, and 2-5-d larval survival was calculated as the number of live larvae 2-5 d after egg collection 

/ the number of hatched larvae.   

For the quantification of 17 alpha, 20 beta-dihydroxyprogesterone (17,20 DHP), testosterone (ɇ) and 17ɓ-

estradiol (E2) in females, as well as of 17,20 DHP, ɇ, and 11-Ketotestosterone (11-Ⱦɇ) in the plasma of 

males, already established and well described enzyme-linked immunoassays (ELISA) were used, with some 

modifications.  Total erythrocytes and leucocytes were determined by counting using a Neubauer 

haemocytometer.  Hematocrit count was carried out by capillary diffusion and centrifugation.  Plasma levels 

of protein, triglycerides, cholesterol, glucose, lactate and enzymes (Alanine transaminase (ALT)/Glutamic 

Pyruvic Transaminase (GPT), Aspartate transaminase (AST)/Glutamic Oxaloacetic Transaminase (GOT), 

Alcaline phosphatase, Cholinesterase and amylase) were measured in duplicates by enzymatic colorimetric 

assays (Biosystems, Spain).  Plasma concentrations of sodium (Mg-Uranylacetate Method) and potassium 

(TPB-Na Method) were determined using standard spectrophotometric assays (Spinreact, Spain).  Plasma 

cortisol level was analyzed by radioimmunoassay using ELISA kits (Arbor Assay, Michigan, USA). 

Mean sperm motility percentage was higher than 50% and remained unchanged throughout successive 

samplings while the duration of sperm motility was significantly higher in May (4.35 min) than in June (2.44 

min) (P<0.05).  The sperm density increased from 30.8 x 109 spermatozoa ml-1 in May to 78.0 x 109 

spermatozoa ml-1 in September, although with elevated individual variability in September.  Mean sperm 

motility was 58Ñ21% during the reproductive period and no differences were observed between the 

samplings.  On the contrary, motility duration was significantly higher at the 1st sampling (4.4Ñ1.1min) 

comparing to the following 3 samplings (Figure 3.4.1).  

The number of spawnings obtained in the successive post treatment periods decreased, as well as the number 

of eggs released (Fig. 3.4.2).  Moreover, the spawning events were concentrated immediately after the 

application of each treatment.  After the 1st treatment period of 31 days of duration, between the first and last 

spawning, the eggs were collected almost daily (29 spawning events).  However, after the 2nd treatment, a 

total of 15 spawnings were recorded during the first 16 days and no eggs were collected in the remaining 13 

days.  The eggs released after the GnRHa treatment were collected from 8 spawning events registered during 

the 9 days immediately after treatment. 

Mean fertilization and hatching exhibited similar trends during the three spawning periods, reaching their 

highest values in the second period (June to July) (Fig. 3.4.2).  However, no significant differences in 

embryo survival (1 day) were observed between periods after successive GnRHa treatment.   
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Figure 3.4.1.  Mean (Ñ SE) oocyte diameter and sperm quality parameters of greater amberjack at each 

sampling-treatment.  Statistically significant differences among months are indicated by different lower case 

letters (P ̓  0.05). 

 

 

 

Figure 3.4.2.  Daily number of eggs collected and fertilization and hatching rate registered during the 

experimental spawning period.  The black bars indicate the day of the implant treatment - sampling. 
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Female plasma E2 levels were high at the beginning of the spawning period (May), although with elevated 

individual variability as denoted by the high values of SE (Fig. 3.4.3).  Thereafter, E2 declined progressively 

until baseline values in July.  The level of T in the female plasma was low along the spawning season, 

increasing significantly (P<0.05) in the sampling performed in September.  The 17,20 DHP level remained at 

low values during all the experimental spawning period.  In males, both plasma11-KT and T levels decreased 

progressively until reaching the lowest values in July; a significant increase of these hormones was observed 

in September (P<0.05); 17,20 DHP showed very similar pattern along the spawning season, with the highest 

level detected in September. 

 

 

Figure 3.4.3.  Plasma levels (means Ñ SE) of E2, T and 17, 20 DHP in females (F) and plasma levels of 11 

KT, T and 17,20 DHP in males (M) amberjack broodstock.  Different letters indicate significant differences 

(P<0.05). 

 

 

All blood parameters studied remained constant along the study and only erythrocytes, protein, cholesterol 

and hematocrit were lower at the end of the spawning season (Table 3.4.4).  During chronic stress in fish 

culture, there are often characteristically high circulating levels of cortisol.  In the present study, no 

significant differences (P < 0.05) in cortisol levels were observed along spawning season, although a trend to 

diminish was observed at the end of the spawning season (September).  Furthermore, no differences were 

found in glucose and lactate, however, sodium showed lower values at the end of the spawning season. 



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  68 

 

Table 3.4.4.  Erythrocytes (x104), leucocytes (x103), hematocrit (%), triglycerides (mg/dl), cholesterol 

(mg/dl), protein (g/l), glucose (mg/dl), ALT/GPT (U/L), AST/GOT (U/L), alkaline phosphatase (U/L), 

cholinesterase (U/L), amylase (U/L), cortisol (ng/ml), lactate (mg/dl), sodium (mg/dl), potassium (mg/dl) 

along the spawning season. 

 
May June July September 

Erythrocytes  347.78 ± 118.50 a 275.62 ± 72.75 a 149.31 ± 79.41 b 128.07 ± 52.50 b 

Leucocytes 866.54 ± 475.47 
 

653.21 ± 341.54 
 

573.00 ± 260.08 
 

694.54 ± 247.66 
 

Hematocrit 45 ± 10 
 

52 ± 13 
 

35 ± 15 
 

37 ± 11 
 

Triglycerides 226.18 ± 58.52 
 

172.14 ± 129.94 
 

206.25 ± 104.28 
 

221.44 ± 147.89 
 

Cholesterol  226.18 ± 58.52 ab 336.33 ± 170.63 a 275.65 ± 93.44 ab 177.86 ± 90.10 b 

Protein 39.85 ± 10.41 ab 44.20 ± 12.60 a 49.93 ± 14.27 a 28.51 ± 8.68 b 

Glucose 94.57 ± 26.27 
 

74.94 ± 31.33 
 

100.39 ± 34.85 
 

107.84 ± 53.51 
 

ALT/GPT  12.92 ± 3.08 
 

14.72 ± 7.55 
 

13.53 ± 6.35 
 

21.60 ± 11.25 
 

AST/GOT 23.96 ± 16.48 
 

32.71 ± 27.36 
 

31.03 ± 24.76 
 

14.11 ± 4.33 
 Alcaline 

phosphatase 63.11 ± 12.60 c 89.74 ± 20.90 bc 105.22 ± 19.49 b 142.50 ± 31.62 a 

Cholinesterase 288.81 ± 235.19 

 

186.44 ± 42.00 

 

235.80 ± 125.87 

 

243.72 ± 40.21 

 
Amylase 10.97 ± 2.69 

 
15.09 ± 4.24 

 
13.26 ± 17.99 

 
1.98 ± 1.44 

 
Cortisol 10.82 ± 2.66 

 

11.89 ± 4.30 

 

32.79 ± 8.76 

 

7.69 ± 3.37 

 
Lactate 39.20 ± 9.71 

 
38.82 ± 7.34 

 
40.09 ± 13.15 

 
37.37 ± 11.84 

 
Sodium 435.57 ± 18.12 a 415.45 ± 11.67 a 516.06 ± 123.03 a 381.40 ± 10.11 b 

Potassium 22.92 ± 6.61 
 

15.98 ± 1.81 
 

20.53 ± 7.39 
 

14.41 ± 2.68 
   

Values are means Ñ SD.  Different letters indicate significant differences (ANOVA, P<0.05) 

 

 

Conclusions 

Hatchery produced greater amberjack (F1 generation) were able to finalize vitellogenesis and spermiation, 

and they underwent repeated spawning for 3 months with a total production of almost 15 million eggs after 

treatment with GnRHa implants.  These results, the first with successful reproduction of F1 greater 

amberjack broodstock, are a step towards the industrial aquaculture production of this valuable species. 

 

 

Task 3.5 Spawning induction of greater amberjack and egg collection in cages (led by HCMR, 

Constantinos Mylonas).  

As in 2014, egg collection in cages was tested in three different sites of ARGO, GMF and HCMR.  The egg 

collectors were placed in each site after the initial sampling for reproductive evaluation (as described in Task 

3.2), i.e. on 9/6/2015 in ARGO, 10/6/2015 in GMF and 23/6/2015 in HCMR.  This time, the egg collectors 

were placed to an increased depth of 5 m (Fig. 3.5.1) compared to 3.5 m of the 2014 spawning season (1st 

Periodic Report).  Also, the cage depth was reduced to 6-8 m to avoid loss of eggs from the bottom of the 

cage.  The evaluation of the reproductive stage of development, spawning induction experiments and egg 

collection data was described in detail above (Task 3.2). 
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Figure 3.5.1.  Egg collector in ARGO up to the depth of 5 m. 

 

 

Despite the different device setup, the egg collectors did not work properly, as only a very small amount of 

eggs was collected in 2015, and only in the ARGO site (16,000 eggs), compared to the millions of eggs 

produced in the tanks by a smaller number of females.  The failure to collect eggs in sea cages is perhaps due 

to low buoyancy of eggs immediately upon spawning (and until full hydration is completed) or strong 

currents in the cage facilities.  In order to confirm that the fish left in the sea cages did actually spawn in 

response to the GnRHa therapy, a test was held with the anaesthetic plastic bag in GMF.  After treating the 

fish with the GnRHa implants, the fish were put inside the anaesthetic bag for the few days after the 

spawning induction (Fig. 3.5.2).  The amount of eggs collected using this method was comparable to the 

produced amount of the tank (Fig. 3.2.5), confirming that the lack of egg collection from the cages was not 

because of failure of the fish to spawn, but of failure to collect the spawned eggs, as they were carried away 

by the current. 

 

 

Figure 3.5.2.  The anaesthetic bag used for sampling the fish at GMF.  At the conclusion of the sampling and 

GnRHa treatment, a small number of fish were placed in this bag and were left there for 4 days to verify that 

they would spawn. 
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The following spawning season of 2016, efforts were made in HCMR and GMF to improve the egg 

collecting capacity of the cage, using a different setting.  The egg collectors were mounted again to a depth 

of 5-m deep, as in 2015.  However, this year the bottom of the cages was lifted even more, so that all the 

vertical sides of the cage were covered with the egg collector.  At both the GMF and HCMR site, the bottom 

of the cage was covered with an extra fine mesh to reduce the possible currents that remove the eggs from 

the egg collector, and also prevent the eggs from passing through (Fig. 3.5.3).  At HCMR, the fish were 

allowed to spawn spontaneously without any hormonal treatment, as we saw in the previous year that at any 

time we sampled the fish to induce them to spawn, some females contained oocytes at OM, suggesting that 

some spontaneous spawning does take place without any hormonal therapies.  At GMF, the fish were 

induced to spawn and remained in the cage for spawning. 

 

 

Figure 3.5.3.  Underwater photo of the broodstock cage of HCMR, Souda Bay, at a depth of 5 m showing 

the new modified egg collection system.  The blue tarpaulin (egg collector) is covering the side of the cage 

until 0.5 m from the bottom, while the green shading mesh is covering the bottom of the cage.  A side section 

of about 0.5 m of the side of the cage is left unblocked to allow for water exchange in the cage. 

 

The experiments were undertaken during Mo 31-32 (outside the period covered by this report) and will be 

reported fully in the 3rd Reporting Period.  However, we can mention that again we did not succeed in 

obtaining the expected number of eggs, given the number of females induced to spawn, and further 

modifications are required to make this procedure applicable for commercial use. 
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Deviations from Annex I and their impact: 

1. The main deviation from the DOW regards the failure to implement the spawning induction experiment 

comparing GnRHa injections and implants in the tank-reared tank of HCMR, as planned for Y2 of the 

project.  This was not completed due to failure of the breeders to reach the appropriate reproductive stage to 

be treated with the hormonal therapy.  An attempt was made again during this Reporting Period (Mo 30-31), 

considering that after 3 years of acclimation to the tank system, the fish may perform better.  However, again 

the fish at the HCMR tank facilities, as well as at the FORKYS facilities failed to undergo gametogenesis to 

the point that they could be induced to spawn with exogenous hormones.  A contingency plan included the 

implementation of the same experiment using the sea cage-reared fish maintained in ARGO, which last year 

matured well and responded adequately to the hormonal therapy.  So, this experiment was indeed 

implemented during Mo 31-32 (outside the scope of this report) and is reported only briefly in this 2nd 

Periodic Report.  A full report will be included in the 3rd Periodic Report.  No negative impact on the success 

of the project is foreseen from this deviation. 

2. No new broodstock was acquired by ITTICAL and no effort was made by the company to examine the 

maturation status of their fish and induce spawning in Y3 (Mo 30 or 31).  So, it is the opinion of the WP 

leader and the PC that this partner is underperforming in the consortium and a motion will be made to the 

Steering Committee to discontinue their participation in the project and transfer their activities to another 

partner (either ARGO which is already a partner in the consortium or GMF which is not a member of the 

consortium, but which has dedicated their broodstock and facilities to the experiments of WP 3 for no charge 

to the Consortium).  This will be discussed with the EU Scientific Officer in the coming months.  No 

negative impact on the success of the project is foreseen from this deviation, and in fact we believe that there 

will be an improvement of the work implemented, due to the closer proximity of any of the above proposed 

substitutes (ARGO or GMF) to HCMR, which is leading this Task, as well as the greater interest and 

commitment that that these SMEs have demonstrated so far. 

4. Our observations made in the first 3 years of the project, lead us to believe that there are some significant 

differences in the reproductive biology of greater amberjack from the Mediterranean Sea (Italy, Greece) vs 

the Atlantic Ocean (Canary Islands).  Specifically, Atlantic Ocean broodstocks (1) adapt much more readily 

to tanks (even of small diameter) and undergo successful gametogenesis, (2) have a greater propensity to 

undergo spontaneous spawning without the use of any exogenous hormones, (3) respond better to GnRHa 

injections (i.e. pulsatile stimulation) than GnRHa implants (i.e. sustained stimulation) and (4) reproduce for a 

much longer period of time, from May to September.  So, we hypothesize that the greater amberjack 

populations in the Mediterranean Sea and the Atlantic Ocean, may not represent the same strain or stock, and 
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there may be significant genetic differences between them, which have not been examined so far.  So, we 

decided to undertake such a population genetic study for greater amberjack, taking advantage the existence 

of a large number of broodstocks from different geographic locations (both captive and sampled from the 

wild as part of Task 3.1), as well as the access of the consortium to other broodstocks through professional 

contacts.  This work will be undertaken at no extra charge to the project, and we already collected fin-clips 

from broodstocks of the various partners involved, such as FCPCT, IEO, UNIBA, HCMR, ARGO, FORKYS 

and other commercial hatcheries such as SAGRO Aquaculture (Cyprus) and KILIC FISHERIES (Turkey).  

This deviation will have a positive impact on the further contribution of the project to the knowledge of 

greater amberjack population structure and reproductive biology. 
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WP 4 Reproduction & Genetics - pikeperch 
 

WP No: 4 WP Lead beneficiary: P1. HCMR 

WP Title (from 

DOW):  
Reproduction and Genetics ï pikeperch 

Other beneficiaries 

(from DOW):  
P1. HCMR P9. UL   

Lead Scientist preparing the 

Report (WP leader): 
Costas Tsigenopoulos 

Other Scientists 

participating:  
Pascal Fontaine (P9), Dimitris Tsaparis (P1) 

 

Objectives 

1. Evaluate the genetic variability of captive broodstock in commercial RAS farms in Europe. 

2. Compare this variability with the variability of wild individuals and define how a future genetic 

breeding program should be established for sustainable optimal performances through domestication of 

pikeperch. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

In the 1st Reporting Period, the evaluation of the genetic variation in captive pikeperch broodstocks (Task 

4.1) has been completed and the Deliverable 4.1 Genetic analysis of domesticated pikeperch broodstocks 

was completed and submitted to the EU. We initially optimized two microsatellite multiplexes with seven 

and four loci and more than 400 breeders sampled from 6 countries were genetically screened. Genetic 

analysis of domesticated pikeperch broodstocks, provided a first assessment of the genetic diversity of 

captive pikeperch stocks and because there are only a few (around 10) commercial hatcheries that produce 

pikeperch in Europe, the genetic diversity was expected to be relatively lower compared to the genetic 

variability of natural populations (Saisa et al., 2010). In principle, each pikeperch farm uses its own stock, 

captured either from the wild or supplied by another farmer. Therefore, pikeperch populations differ from 

one farm to another depending upon the geographical origin of the captured wild populations, which were 

used as the starting base of the captive stocks.  

The results have indicated that some broodstocks have adequate genetic variation and few of them originate 

from few fish and attention should be paid in the future to establish breeding programmes. In general, there 

was agreement with the stock origin and Finnish and Hungarian stocks from different companies are 

clustered together.  

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

The objectives to evaluate the genetic variability of captive pikeperch broodstocks and make a comparison 

with wild individuals to define future breeding programs have been completed and the two associated 

deliverables have been submitted.  A total of 21 populations / broodstocks were sampled and analysed, 

which included 13 captive broodstocks analysed in Task 4.1 Evaluation of the genetic variation in 

available domesticated broodstocks of pikeperch, and eight wild origin population analysed in Task 4.2  

Evaluation of the genetic variation in non-domesticated broodstocks of pikeperch.  The different stocks 

were grouped into three populations that were of Hungarian origin, Scandinavian origin and other origins 

(German, Polish and Tunisian).  The different captive broodstock populations presented different levels of 
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genetic variability that ranged from wide variability greater than observed in wild populations to broodstocks 

that had reduced genetic variability that may have been the result of loss of variability through inbreeding.  

These broodstocks with reduced genetic variability should take measures to introduce greater variation into 

the base population for future breeding programs.   

 

Task 4.1  Evaluation of the genetic variation in available domesticated broodstocks of pikeperch (led 

by UL, Pascal Fontaine)  This Task has been completed and reported during the 1st Reporting Period.   

Briefly, DNA extractions were done for all domesticated samples following standard protocols (salt 

precipitation, Miller et al., 1988).  The PCR amplifications have been focused in the 

Aquaculture/domesticated samples in order to first fulfill D4.1 (Month 12, i.e. end of November).  In total, 

DNA was extracted and analyzed from 439 fish samples (Table 4.1.1); a wild population of 53 fish from 

Hungary was used as a reference for all population genetics parameters. 

 

Table 4.1.1.  List of domesticated pikeperch samples and number of fish per sample that were genotyped and 

analyzed; the first population marked in red is of wild origin. 

A/a Population Sample size 

1  Gyori Elore, HTSZ, Hungary 53 

2  Szabolsi, Halaszati Kft, Hungary 50 

3  VanMecklen, Holland, Aquapri A/S, Danemark  54 

4  Czech Rep., Aquapri A/S, Danemark  38 

5  Excellence fish, Hollande, Aquapri A/S, Danemark  14 

6  Hungary, Aquapri A/S, Danemark  74 

7  Mosso, Aquapri A/S, Danemark  19 

8  IfB, Potsdam, Germany 48 

9  FGFRI Kainuu fisheries research station, Finland 31 

10  FGFRI Laukaa Fish Farm, Finland 20 

11  ASIALOR, France 31 

12  INAGRO, Belgium (German origin) 30 

13  INAGRO, Belgium (Dutch Origin) 30 

 

 

The microsatellite loci were chosen from other studies in pikeperch.  Multiplex optimizations were 

performed for 22 loci (grouped into two multiplexes) that were reported in: Leclerc et al. (2000) for the 

yellow perch (Perca flavescens ï Code: Pfla), Borer et al. (1999) and Wirth et al. (1999) in walleye 

Stizostedion vitreum ï (Code: Ȼvi), and Dubut et al (2010) in the Rhone streber (Zingel asper ï Code: Za).  

Those reported in pikeperch by Kohlmann & Kersten (2008) have shown low number of alleles (2-6 alleles 

in a population of 25 fish) and low expected heterozygosity (0.334 ï 0.777) and have not been used 

previously in a multiplex to genotype populations.  Microsatellite loci were first ordered by increasing size in 

base pairs (bp) and the size range (reported in the species described), and in each range one of the primers for 

each microsatellite locus the reverse (code: R) was fluorescently labelled with the dyes that conformed to the 

P1. HCMRôs sequencing technology (ABI 3730).  

The number of alleles per locus ranged from 6-7 (PflaL3 and PflaL9, respectively) to 20 (Za138).  Therefore, 

microsatellite loci showed relatively high levels of polymorphism even though some samples were 

monomorphic (exhibited only one allele) for some loci like for Za199 and PflaL9 in the Excellence fish of 

Aquapri A/S (population 5), locus Za237 in Kainuu fisheries research station (population 9), and Za144 in 

Laukaa Fish Farm (population 10).  For the thirteen populations analyzed, the least number of alleles was 

encountered in Aquapriôs VanMecklen (2.64), Aquapriôs Excellence fish and Laukaa Fish Farm (2.73) and 
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the greatest in Hungarian Aquapriôs (7.91) and Halaszati Kft (7.55) stocks, which were greater than that in 

wild Hungarian stock (6.00).  Likewise, expected heterozygosity (HE) ranged from 0.3198 (in Aquapriôs 

Excellence fish) to 0.7163 (in Aquapriôs Hungarian fish). 

A wide range of FIS values were observed in the 13 populations analyzed. In principle, positive FIS values 

indicate that individuals in a population are more related than you would expect under a model of random 

mating, whereas negative FIS values indicate that individuals in a population are less related than you would 

expect under a model of random mating.  The FIS values are high and significant for Halaszati Kft (0.068), 

Aquapriôs Mosso (0.0455) and ASIALOR (0.0658) samples.  Such deviations from Hardy Weinberg 

equilibrium (HWE) may be due to i) the Wahlund effect, i.e. the reduction in the overall heterozygosity of a 

population as a result of subpopulation structures (that means if two or more subpopulations have 

independent allele frequencies then the overall heterozygosity is reduced, irrespective of whether those 

subpopulations are in Hardy-Weinberg equilibrium), ii) non-panmixia (inbreeding, groupings of relatives, 

selection against heterozygotes) or iii) to genotyping errors (null alleles and other scoring errors). 

Inbreeding seems an explanation in domesticated and non-random mating is also likely in our case, as 

deficits were homogeneous among loci (all significant and all non-significant FIS values).  Selection against 

heterozygotes cannot be demonstrated from our results; although microsatellite loci are typically recognized 

as neutral genetic markers, it is possible that one or more loci are linked to genes or gene groups under 

selection.  The Walhund effect could also explain the deficit of heterozygotes due to the mixing of 

genetically variable populations to form a new domesticated stock, which might be the case in some 

aquaculture companiesô practices.   Moreover, one of the above microsatellite loci (PflaL3) showed 

significant probability (P > 0.05) of ñlarge allele dropoutò or ñstutteringò.  However, when this locus is 

excluded from the analysis the FIS values are slightly changed but remain significant in any case. 

Finally, FST values are frequently used as a summary of genetic differentiation among groups.  It depends on 

the allele frequencies at a locus, showing specific properties linked to genetic diversity: higher values for 

biallelic single-nucleotide polymorphisms (SNPs) than for multi-allelic microsatellites, low values among 

high-diversity populations viewed as substantially distinct, and low values for populations that differ 

primarily in rare alleles.  Due to these reasons, several authors argued that FST measures may be poor 

measures of genetic differentiation when the level of diversity is high.  Estimated population differentiation 

across samples using the FST estimate by Weir & Cockerhamôs (1984) showed that the smallest values were 

between Hungarian samples (wild-1 and domesticated-2) and also showed (as expected) a close relationship 

(FST <0.11) between the above two populations with the Aquapriôs Hungarian one (population 6).  There was 

also a close relationship of Aquapriôs VanMecklen (population 6) with the Czech population from the same 

company and that from IfB Potsdam (FST <0.15).  Lastly, a close relationship was found between ASIALOR 

and INAGROôs Belgian samples (FST =0.14) and Aquapriôs Mosso sample with that from INAGROôs Dutch 

samples (FST =0.16). 

The full description of the work and results with domesticated broodstocks has been provided in Deliverable 

D4.1 Genetic analysis of domesticated pikeperch broodstocks. 

 

Task 4.2  Evaluation of the genetic variation in non-domesticated broodstocks of pikeperch (led by 

HCMR, Costas Tsigenopoulos).   

The primary objective of this task was to use the microsatellite multiplex tools developed previously for the 

species in task 4.1 and evaluate the genetic variability of some wild pikeperch populations.  Population 

genetics parameters from wild stocks are compared to those of captive broodstock in commercial RAS farms 

around Europe with the objective to define how a future genetic breeding program should be established for 

sustainable optimal performance through domestication of pikeperch.  In addition to the thirteen cultured 

populations analyzed in D4.1, eight more populations were genotyped of which one was domesticated 

(Sweden).  Therefore, current results refer to a total of 21 populations and more than 950 fish (Table 4.2.1).  

The Qiagen multiplex PCR kit was used for PCR with the two multiplexes (7-plex and 4-plex). 
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Table 4.2.1  List of the 21 domesticated and wild pikeperch populations, and number of fish per sample that 

were genetically analyzed; populations marked in blue were of wild origin and in red were cultured origin. 

Population Sample Size

1 Gyori Elore, HTSZ, Hungary 53

2 Szabolsi, Halaszati Kft, Hungary 49

3 Aquapri A/S Denmark, VanMecklen, Netherlands 54

4 Aquapri A/S Denmark, Czech Rep. 38

5 Aquapri A/S Denmark, Excellence fish, Netherlands 14

6 Aquapri A/S Denmark, Hungary 73

7 Aquapri A/S Denmark, Mosso, Denmark 19

8 IfB Potsdam,  Germany 46

9 FGFRI Kainuu fisheries research station, Finland 31

10 FGFRI Laukaa Fish Farm, Finland 20

11 ASIALOR,  France 63

12 INAGRO Belgium, German origin 100

13 INAGRO Belgium, Dutch origin 100

14 Tunisia 59

15 Svensk Fiskodling AB, Hjalmaren Lake, Sweden 30

16 Dom de Lindre, France 51

17 URAFPA-DAC, Czech Rep. 70

18 Sarag L., Poland 14

19 Wymoj L., Poland 11

20 Oulujarvi L., Finland 32

21 Hiidenvesi L., Finland 31  

 

Basic population genetics parameters & Cross-species microsatellite transferability 

Considering a long term breeding program, it is fundamental to ensure sufficient genetic variation within 

populations, as this determines the potential for selection of desired traits or of adaptation to hostile changes 

in environmental /rearing conditions.  In domesticated stocks, caution is required because the loss of genetic 

variability within the first generations of breeding practices limits the potential for future genetic 

improvement from selection practices.  

Basic population genetics parameters (allelic richness, heterozygosity indices, inbreeding coefficients) were 

calculated for both wild and domesticated stocks.  The total number of alleles per locus ranged from 8-9 

(PflaL3 and PflaL9, respectively) to 23 (Svi4) (Table 4.2.2).  Therefore, microsatellite loci showed relatively 

high levels of polymorphism even though some samples were monomorphic (exhibited only one allele) for 

some loci such as for Za199 and PflaL9 in the ñExcellence fishò of Aquapri A/S (population 5), locus Za237 

in Kainuu Fisheries Research Station (population 9), Za144 in Laukaa Fish Farm (population 10), Za024 in 

the Tunisia (population 14) and Pfla3 in Sweden (population 15).  The Tunisian population (population 14), 

was the only wild population that appeared to have one allele at a locus (Za024).  Moreover, the 

microsatellite loci used were developed in other phylogenetically close species and the polymorphism 

appeared to be related to the species from which the microsatellite originated.  The most polymorphic were 

the loci from Stizostedion vitreum (Ȼvi, 2 loci average 21 alleles), followed by those from Zingel asper (Za, 7 

loci average 14.85 alleles) and last from Perca flavescens (Pfla, 2 loci average 8.5 alleles).  This was 

consistent with recent trends in taxonomy that proposed Stizostedion to be grouped into Sander genus and 

that Zingel species are the closest to this Stizostedion-Sander group, before the perches of the genera Perca 

(P. fluviatilis, P. schrenkii etc) and Gymnocephalus (GenBank taxonomy sequence sources). [Sander 

lucioperca was first described as Stizostedion lucioperca by Linnaeus, 1758] 

For the 21 populations analyzed, the least number of alleles was encountered in Aquapriôs VanMecklen 

(2.6), Aquapriôs ñExcellence fishò and Laukaa Fish Farm (2.8), Aquapriôs ñMosso fishò (3.1), and the 

greatest in Hungarian Aquapriôs (8.2), Halaszati Kft (7.8) and Inagroôs German (7.2) stocks, which were 

greater than that in all wild stocks (3.7 to 6.2).  Likewise, expected heterozygosity (HE) ranged from 0.3408 

in Aquapriôs Excellence fish to 0.7194 in Aquapriôs Hungarian fish; the later population showed higher 

values than those in the wild populations (Table 4.2.3).  
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Table 4.2.2  Number of alleles per locus; populations numbers follow those in Table 4.2.1.   

Population Locus

PflaL3 Svi18 Za199 Za138 PflaL9 Svi4 Za024 Za038 Za144 Za207 Za237

1 4 6 5 9 3 7 7 6 8 4 7

2 5 12 5 14 4 6 6 8 8 6 9

3 3 3 2 3 2 4 2 3 3 2 2

4 3 4 3 3 3 5 3 4 3 3 2

5 2 4 1 2 1 5 2 4 4 3 2

6 5 13 6 13 3 8 7 9 8 6 9

7 2 4 3 2 4 5 2 3 3 3 2

8 2 4 4 7 5 6 6 4 9 7 5

9 3 4 4 4 3 5 4 4 4 4 1

10 2 3 3 2 5 4 3 3 1 2 2

11 5 7 7 6 4 5 4 4 8 6 3

12 4 9 10 9 6 7 5 5 9 6 6

13 5 5 7 7 5 5 3 3 4 4 4

14 3 5 6 4 2 3 1 3 6 4 3

15 1 3 7 4 4 7 4 6 3 3 3

16 5 6 5 5 4 6 3 4 6 4 3

17 3 5 4 6 3 5 3 4 3 3 2

18 5 6 7 4 4 4 4 5 5 4 3

19 3 4 7 4 4 3 4 4 4 5 3

20 4 5 8 5 4 6 5 4 3 4 4

21 5 5 5 6 5 7 5 4 4 3 3

Total No. Alleles 9 19 16 20 8 23 14 13 17 11 13  

 

 

Table 4.2.3  Basic population genetics parameters for all populations analyzed: mean number of alleles per 

locus, observed (HO) and expected heterozygosity (HE), and FIS calculated in GENETIX v. 4.05 (Belkhir et 

al., 2004). Asterisks indicate significance at p=0.05.  Populations marked in blue were of wild origin and in 

red were cultured origin. 

Population Sample SizeMean Nb of alleles HE HO FIS

1 Gyori Elore, HTSZ, Hungary 53 6.2 0.6826 0.7472 -0.08424

2 Szabolsi, Halaszati Kft, Hungary 49 7.8 0.7182 0.6759  0.06962*

3 Aquapri A/S Denmark, VanMecklen, Netherlands 54 2.6 0.4675 0.6796 -0.44607

4 Aquapri A/S Denmark, Czech Rep. 38 3.3 0.4616 0.4882 -0.04401*

5 Aquapri A/S Denmark, Excellence fish, Netherlands 14 2.8 0.3408 0.4100 -0.16229

6 Aquapri A/S Denmark, Hungary 73 8.2 0.7194 0.7165  0.01110*

7 Aquapri A/S Denmark, Mosso, Denmark 19 3.1 0.4169 0.3985  0.07185*

8 IfB Potsdam,  Germany 46 5.7 0.5567 0.5502  0.02343*

9 FGFRI Kainuu fisheries research station, Finland 31 3.7 0.5257 0.5819 -0.09055

10 FGFRI Laukaa Fish Farm, Finland 20 2.8 0.4743 0.6032 -0.24757

11 ASIALOR,  France 63 5.4 0.5940 0.5913  0.01261

12 INAGRO Belgium, German origin 100 7.2 0.7224 0.8099 -0.11621*

13 INAGRO Belgium, Dutch origin 100 4.7 0.6156 0.6465 -0.04510

14 Tunisia 59 3.7 0.4013 0.3585  0.11512*

15 Svensk Fiskodling AB, Hjalmaren Lake, Sweden 30 4.4 0.5250 0.5817 -0.08989

16 Dom de Lindre, France 51 4.6 0.5923 0.6706 -0.12237

17 URAFPA-DAC, Czech Rep. 70 3.8 0.4692 0.4382  0.07357*

18 Sarag L., Poland 14 4.6 0.5763 0.5643  0.05780*

19 Wymoj L., Poland 11 4.2 0.6149 0.6764 -0.05217*

20 Oulujarvi L., Finland 32 4.8 0.5946 0.5995  0.00787*

21 Hiidenvesi L., Finland 31 4.7 0.6034 0.5340  0.13148*  
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On average, domesticated populations exhibited a slightly higher number of alleles (2.634 versus 2.58, not 

significantly different with an F-test) (Fig. 4.2.1) and amongst the domesticated samples there were 

populations that were more polymorphic than any wild population [population 2 (from Szabolsi, Halaszati 

Kft, Hungary), population 6 (Aquapriôs Hungarian) and population 12 (INAGROôs from Germany)].  

Likewise, unbiased Expected Heterozygosity Estimates were slightly higher in wild population (0.573 versus 

0.553, but again not significantly different with an F-test) (Fig. 4.2.2); values for wild populations were 

lower than 0.69 (in the first Hungarian one), whereas the three above mentioned domesticated stocks 

(populations 2, 6 and 12) showed values above 0.70.  
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Figure 4.2.1  Mean number of alleles for domesticated and wild populations (A) and for each one separately 

(B & C). 
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Figure 4.2.2  Estimates of Unbiased Expected Heterozygosity (uHe) for domesticated and wild populations 

(A) and for each one separately (B & C). 
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A wide range of FIS values were observed in the 21 populations analyzed (Tables 4.2.3 and 4.2.4). In 

principle, positive FIS values indicate that individuals in a population were more related than expected 

under a model of random mating, whereas negative FIS values indicate that individuals in a population are 

less related than expected under a model of random mating.  The FIS values were high and significant for 

Hiidenvesi L. in Finland (0.131), in Tunisia (0.115), Halaszati Kft (0.069), Aquapriôs Mosso (0.071) and 

almost all wild samples.  Such deviations from Hardy Weinberg equilibrium (HWE) may be due to i) the 

Wahlund effect, i.e., the reduction in the overall heterozygosity of a population as a result of subpopulation 

structures (that means if two or more subpopulations have independent allele frequencies, then the overall 

heterozygosity is reduced, irrespective of whether those subpopulations are in Hardy-Weinberg equilibrium), 

ii) non-panmixia (inbreeding, groupings of relatives, selection against heterozygotes) or iii) to genotyping 

errors (null alleles and other scoring errors). 

 

Table 4.2.4  FIS values per locus for the 21 pikeperch populations genotyped for 10 loci (locus PflaL3 is 

excluded due to null alleles); populations numbers follow those in Table 4.2.1. 

Population Svi18 Za199 Za138 PflaL9 Svi4 Za024 Za038 Za144 Za207 Za237 All 

1 -0.409  0.064 -0.032 -0.242  0.003  0.022  0.024 -0.116 -0.161  0.010 -0.084

2  0.199 -0.202  0.330  0.038 -0.061  0.038 -0.057  0.069  0.017  0.230  0.070

3 -0.105 -0.377 -0.615 -0.293 -0.341  0.057 -0.603 -0.640 -1.000  0.000 -0.446

4  0.078  0.641 -0.091  0.395 -0.110  0.193 -0.341  0.037 -0.289 -0.158 -0.044

5 -0.305     NA  0.000     NA -0.368 1.000 -0.051 -0.300 -0.189 -0.048 -0.162

6 -0.045 -0.013 -0.015  0.021  0.133  0.049 -0.075  0.007  0.088 -0.021  0.011

7 -0.003 -0.094  0.000  0.344 -0.485  0.000  0.402  0.465 -0.138 -0.029  0.072

8 -0.302 -0.001  0.271  0.182  0.150  0.100 -0.005 -0.114 -0.056 -0.161  0.023

9 -0.091 -0.192 -0.211  0.150 -0.122  0.117 -0.291  0.094 -0.230     NA -0.091

10 -0.137 -0.238 -0.440 -0.080 -0.526 -0.109 -0.302     NA -0.188 -0.166 -0.248

11 -0.389  0.013  0.303  0.206  0.644 -0.309  0.138 -0.103  0.022 -0.007  0.013

12  0.140 -0.199 -0.060 -0.175 -0.192  0.006  0.109 -0.043 -0.336 -0.471 -0.116

13 -0.217  0.024 -0.177  0.125 -0.004  0.121 -0.109 -0.008 -0.019 -0.186 -0.045

14 -0.169  0.121  0.022  0.269  0.064     NA -0.056  0.273  0.316  0.172  0.115

15 -0.357 -0.108 -0.102  0.354 -0.306 -0.093 -0.111 -0.211  0.254  0.156 -0.090

16 -0.093 -0.220 -0.042  0.072 -0.130 -0.234 -0.172 -0.196 -0.085 -0.091 -0.122

17 -0.139  0.211  0.186  0.673  0.126  0.096  0.024  0.078 -0.095  0.056  0.074

18  0.227  0.167 -0.111  0.343 -0.324  0.150 -0.167 -0.087  0.122  0.328  0.058

19 -0.119 -0.087  0.209  0.259 -0.500  0.104 -0.240 -0.224  0.080 -0.022 -0.052

20 -0.060 -0.130  0.056  0.243  0.028 -0.133  0.055  0.222 -0.019 -0.221  0.008

21  0.077  0.251  0.005  0.235  0.057  0.221  0.105  0.024  0.128  0.223  0.131  

 

 

Inbreeding seems an explanation in domesticated and non-random mating is also likely in our case, as 

deficits were homogeneous among loci (all significant and all non-significant FIS values).  Selection against 

heterozygotes cannot be demonstrated from our results; although microsatellite loci are typically recognized 

as neutral genetic markers, it is possible that one or more loci are linked to genes or gene groups under 

selection.  The Walhund effect could also explain the deficit of heterozygotes due to the mixing of 

genetically variable populations to form a new domesticated stock, which might be the case in some 

aquaculture companiesô practices.  

Finally, FST values are frequently used as a summary of genetic differentiation among groups.  It depends on 

the allele frequencies at a locus, showing specific properties linked to genetic diversity.  Population 

differentiation was estimated across samples using the FST estimate by Weir & Cockerhamôs (1984) (Table 

4.2.5).  The smallest FST estimate values were between the two wild Finnish samples (0.021) and the Finno-

scandinavian (wild and domesticated) samples in general (FST <0.18).  Next, a close relationship was 
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observed (FST <0.11) between the two Hungarian populations with the Aquapriôs Hungarian one (population 

6) (Table 4.2.5).  Also a close relationship was observed between the two Czech populations (FST =0.03 

between Aquapriôs population and the wild one) and that the two German ones (FST =0.16 between IfB 

Potsdam and Inagroôs).  Lastly, a close relationship was observed between the wild sample of Domaine de 

Lindre and INAGROôs German samples (FST =0.11) and Aquapriôs Mosso sample with the wild from 

Wymoj L. in Poland (FST =0.087). 

All results mentioned above based on FST values can also be visualized based on a Factorial Correspondence 

Analysis graph using the GENETIX v. 4.05 (Belkhir et al., 2004) software (Fig. 4.2.3).  
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Figure 4.2.3  Factorial Correspondence Analysis (FCA) for all twenty-one populations and ten loci using the 

GENETIX v. 4.05 (Belkhir et al., 2004) software; populations numbers follow those in Tables 4.2.1. 

 

Structure Analysis 

Admixture analysis with STRUCTURE suggested a k value of two as the most likely number of existing 

clusters based on the ȹȾ criterion (Fig. 4.2.4).  The first cluster comprises all the populations from 

Netherlands/Denmark/Poland and northwards to Sweden/Finland (light blue in Fig. 4.2.5 for K=2) and the 

second one all the remaining populations (red in 4.2.5 for K=2).  If we progressively take into account three 

and four clusters groupings in Fig. 4.2.5, the two above mentioned clusters are further divided to a 

Scandinavian Sweden/Finland cluster (dark blue for K=4) and a Hungarian one (red for K=4), respectively. 
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Figure 4.2.4  Admixture analysis revealed two genetic clusters as the most likely number, as indicated by a 

decrease in likelihood (A) and an increase in variance of calculated probabilities ȹ(Ⱦ) (ȸ) Determination of 

the number of clusters (K) including all 10 repetitions for each K without geographical area as a prior.  The 

highest peak denotes the most likely number of clusters according to the Pritchard Bayes formula. PD: 

probability of data. 
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Figure 4.2.5  Bayesian individual assignment implemented in STRUCTURE for K = 2, 3 and 4 clusters 

without using geographical area as a prior.  The y-axis represents the probability of assignment of an 

individual to each cluster and each colour.  Population numbers follow those in Tables 4.2.1. 

 

   

Figure 4.2.6  Map of Europe showing the major pikeperch genetic groups; colours follow those in Fig. 4.2.5. 

  

 

 Hungary  

Scandinavian  



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  82 

 

The full description of the work and results with identified broodstocks is provided in the Deliverable D4.2 

Population genetic analysis of wild and comparison with domesticated pikeperch populations to be applied 

in future breeding programs of the species. 

 

Deviations from Annex I and their impact: 

There were no deviations during the second reporting period. 

 



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  83 

 

WP 5 Reproduction & Genetics ς Atlantic halibut 
 

WP No: 5 WP Lead beneficiary: P7. IMR 

WP Title (from 

DOW):  
Reproduction and Genetics ï Atlantic halibut 

Other beneficiaries 

(from DOW):  
P1. HCMR P17. NIFES P22. SWH  

Lead Scientist preparing the 

Report (WP leader): 
Birgitta Norberg 

Other Scientists 

participating:  
Constantinos Mylonas (P1), Kristin Hamre (P17), Borre Erstad (P22) 

 

Objectives 

1. Improve fecundity and gamete quality in F1/F2 broodstock. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

Task 5.1 Documentation of reproductive performance in wild-captured vs cultured female Atlantic 

halibut 

¶ Established wild caught broodstock had more regular ovulatory cycles and a higher fecundity than 

F1 broodstock.   

¶ The F1 fish were first time spawners, which may have contributed to their poor performance.   

Task 5.2  GnRHa implant therapy as a means to improve spawning performance 

¶ A pilot study of GnRHa implantation in F1 breeders showed that 50 Õg kg-1 GnRHa was sufficient to 

induce final maturation and ovulation.  

¶ Most of the GnRHa implanted fish ovulated earlier and gave more eggs than sham-implanted 

(control) females. However, due to a low number of individuals (n value), results were not 

determined to be significant.  

Task 5.3 Fecundity regulation 

¶ Initial samples were taken by ovarian biopsy for analysis of fecundity regulation. 

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

During the second reporting period, advances were made in all tasks.  In Task 5.1 Documentation of 

reproductive performance in wild-captured vs cultured female Atlantic halibut there were actually few 

differences between fecundity, fertilisation, hatching, egg size and hormone content between eggs from wild-

caught and farmed females.  However, although there were no significant differences, wild-caught females 

appeared to be more predictable spawners and gave fewer but larger batches of eggs of very high quality 

(>85% fertilization).  Farmed females also produced eggs of high quality when their ovulatory cycles were 

identified correctly and stripping was carried out close to ovulation ïthus reducing or eliminating over-

ripening.  Identifying potential high-quality breeders and concentrating the strip-spawning effort on those 

females may be useful in order to reduce the very considerable workload connected with spawning and egg 

collection in Atlantic halibut.  Another approach explored in Task 5.2 GnRHa implant therapy as a means 

to improve spawning performance would be to ensure (and regulate) ovulation using a GnRHa implant.  

The GnRHa implants did ensure and synchronize ovulations of the treated females and were found not to 
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affect egg quality or quantity.  During this reporting period no work was done in Task 5.3 Fecundity 

regulation.  Samples were collected during the first reporting period and will be analysed during the third 

reporting period. This deviation from the DOW has been approved by the PC and is explained in the report 

below.  

 

Task 5.1  Documentation of reproductive performance in wild-captured vs cultured female Atlantic 

halibut (led by IMR, Birgitta Norberg)   

Introduction  

Even though empirical data suggest a significant difference in spawning performance between wild-captured 

and farmed Atlantic halibut females, there currently is a lack of systematic documentation.  The Atlantic 

halibut is a group-synchronous, periodic spawner and in captivity wild-captured females will release 6-12 

batches of eggs during a period of 2-4 weeks in the spawning season, which lasts from late February to late 

April  in southwestern Norway.  In order to obtain eggs with high viability, females have to be stripped 

according to their individual ovulatory rhythms, to prevent over-ripening and deterioration of the eggs 

(Norberg et al., 1991).  While wild-captured females generally adapt well in captivity, displaying high 

fecundity with egg batches spawned at regular intervals, hatchery-produced F1/F2 females appear to suffer 

from a reproductive dysfunction, releasing small batches of eggs at irregular intervals.  There is, however, a 

lack of thoroughly documented evidence to support the hypothesis of such a reproductive dysfunction in 

farmed females.  Consequently, reproductive performance of domesticated, wild-caught halibut and farmed 

(F1) females was compared.  In addition, performance was documented and compared in four groups of F1 

broodstock that were photo-manipulated to spawn at four different times of year. 

 

Materials and methods 

2015 

Based on the information gathered in the first year of the project, one group of domesticated, wild-captured 

breeders, held in captivity for at least four years (n=4), and one group of farmed females (F1; n=5) were 

closely monitored during the spawning season of 2015 (February-April).  All individual females were 

measured in January, before the start of the breeding season.  Their weights were estimated based on our 

previous measurements of length and weight in farmed female Atlantic halibut (Fig. 5.1.1) and the weight-

length chart provided for Pacific halibut by the International Pacific Halibut Commission 

(http://www.iphc.int/publications/bulletins/lenwtmet.pdf).   

Eggs were stripped and fertilized according to 

previously described procedures (e.g. Norberg et 

al., 1991).  The following parameters were 

recorded: egg batch volume, fertilization rate, 

batch interval (hours between ovulations), number 

of batches, total and relative fecundity.  

Fertilization rate was calculated on a subsample of 

~200 eggs, using a dissecting Microscope (Leica 

Wild M10).  Egg yolk content of cortisol and 

testosterone was analysed by Enzyme-linked 

immunoassay (ELISA) (Cuisset et al., 1994) in 

unfertilized eggs from all collected batches.  Egg 

samples were frozen and kept at -80ÁC until 

analysis. 

 

Figure 5.1.1.   Weight-length relationship in female Atlantic halibut of the 2007 year-class at P7. IMR, 

Austevoll Research Station (r2=0.925; P<0.0001) 

http://www.iphc.int/publications/bulletins/lenwtmet.pdf
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2016 

Based on the results obtained in 2015, egg characteristics (fertilization, diameter, cell division symmetry) 

and hatching success were compared in selected egg batches from the same three domesticated and five 

farmed females that were used the previous year.  

Female Atlantic halibut, either wild-caught and domesticated for at least five years (n=3), or farmed, F1 

generation individuals (n=5) were monitored for ovulation, strip-spawned and fertilized during the spawning 

season of 2016 (February-April) , as described above.  As the timing of stripping of the first two batches may 

not be optimal, the third or fourth egg batch was used in order to ascertain a high fertilization rate.  Egg size 

and dry weight has been documented to decrease over time in batch spawners, so that eggs from the last 

batches are smaller than eggs from the first (Kjesbu et al., 1996).  This made it necessary to use eggs from 

similar batch numbers, in order to make a valid size comparison.  

Fertilized eggs were photographed at the 8-16 cell stage using a dissecting microscope and dark field (Leica 

MS5; 113.23 pixels/mm), for measurements of egg diameter and blastomere symmetry.  Egg diameters were 

measured automatically in ImageJ (http://rsb.info.nih.gov/ij/) using custom made plug-in and macros 

http://simon.bio.uva.nl/ObjectJ/objectj.html).  Eggs were classified according to the following scale:  

1. Fertilized, OK  

2. Dead  

3. Asymmetric cell division  

4. From previous batch  

5. Unfertilized 

Hatching rate was determined in the third or, in three cases, fourth egg batch collected from each female.  

Eggs were incubated at 6ÁC under standard hatchery procedures (Mangor-Jensen et al., 1998) for 72 day-

degrees (11 days at 6ÁC).  For calculation of hatching percentage, 300 eggs were collected and divided into 

three beakers containing 500 ml of sterile-filtered seawater (salinity 35ă, temperature 6ÁC) and incubated in 

darkness at 6ÁC for 72 hours.  Hatched larvae and dead eggs were counted in a binocular microscope (Leica 

MS5).  Larvae were also photographed in a dissecting microscope (Leica MS5, dark field), in order to 

document any possible aberrations from normal development.  

 

Validation of ELISA for analysis of halibut egg yolk concentration of cortisol and testosterone 

Samples of unfertilised eggs were collected from all batches, and were frozen and stored at -80ÁC until 

extraction.  For steroid extraction, 500 Õg of eggs were homogenized by ultrasonication.  The homogenate 

was centrifuged at 14000xg for 2 min.  Steroids were extracted from 200 Õl of the supernatant as described 

by Pankhurst and Carragher (1992) and Kleppe et al. (2013).  Extraction efficiency was determined by 

addition of a known amount of 3H labelled steroid to the egg homogenate and was 67% for cortisol and 68% 

for testosterone.  Final steroid concentrations were corrected in relation to extraction efficiency.  Logit-log 

binding curves of serial dilutions of steroid standards and plasma samples were parallel showing that 

extracted egg samples were suited to the assay conditions.  The ED80 and ED20 were 0.004 ng ml-1 and 0.08 

ng ml-1 for testosterone (T), and 0.07 and 1.2 ng ml-1 for cortisol.  Detection limits of the assays were 0.008 

ng ml-1 for testosterone, and 0.07 ng ml-1 cortisol.  Intra-assay variation was 6.3% for testosterone (n=6) and 

5.4% for cortisol (n=7).  Inter-assay variation was 3.4% for testosterone (n=2) and 6.4% for cortisol (n=3).  

Testosterone and cortisol antisera, acetylcholine esterase-labelled tracers and microplates precoated with 

monoclonal mouse antirabbit IgG were supplied by Cayman Chemicals (USA).  Standard steroids were 

purchased from Sigma Aldrich (Sigma reference standards).  Cross-reactivity for testosterone and cortisol 

antisera are described by the manufacturer. 

 

 

http://simon.bio.uva.nl/ObjectJ/objectj.html
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Results and Discussion 

Monitoring of spawning cycles, fecundity and egg viability 

The broodstock females consisted of 9 individuals -4 domesticated, wild-caught individuals and 5 farmed 

females of the F1 generation.  The farmed females were second-time spawners, i.e. they matured and 

spawned for the first time in 2014.  One domesticated female (named ñFridaò) developed a large skin lesion 

and was left undisturbed after the third stripping, due to animal welfare concerns.  This individual was not 

included in the calculations of spawning performance.  Biometric data and details on spawning performance 

are summarized in Table 5.1.1.  Overall, the wild-domesticated females appeared to spawn fewer, larger egg 

batches with higher and more stable fertilization success.  Relative fecundity, measured as amount of eggs in 

relation to body weight, did not differ between the two groups.  Careful monitoring and timing of stripping, 

as close to ovulation of the whole batch as possible, was necessary in order to obtain high fertilization of 

eggs (by avoiding over-ripening).  In cases where the whole egg batch could not be strip-spawned, 

domesticated females generally released the remaining eggs into the tank.  Farmed females, in apparent 

contrast, tended to leave a small ñresidueò of eggs, typically 100-250 ml, which were held in the ovary.  

These eggs had to be stripped 6-12 hours after the main batch so that the overripe residue would not have a 

negative impact on the viability of the next, maturing cohort.  Once this was established as an additional 

routine in strip-spawning eggs from farmed females, the fertilization success stabilized at levels above 75-

80% in most individuals, with occasional batches having up to 90-94% fertilization. 

 

Table 5.1.1.  Biometric and spawning performance data of domesticated and farmed halibut breeders at 

IMR, Austevoll. 

 

*  One domesticated female was left undisturbed for most of the season, due to a large skin lesion, and was not included 

in calculations. 

 

 

Egg size and cell division symmetry 

Egg diameters were in the range of 2670 to 3700 Õm, with average diameters from 3013 to 3104 Õm.  There 

were no significant differences in egg diameter between any of the individual fish.  When eggs were 

characterized according to development, most were either in category 1 (Fertilized, OK) or 2 (dead).  Very 

few of the fertilized eggs showed signs of asymmetric cell division, and most eggs appeared to be cleared 

from the ovarian cavity when the batch was spawned (Fig 5.1.2).  

 

Hatching percentage and development 

Fertilization and hatching percentages are summarized in Table 5.1.2.  Overall, eggs from wild-domesticated 

females appeared to have higher fertilization and hatching percentages, with less individual variation than 

farmed females.  Due to high variation between egg groups from farmed females and a small number of 
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females used, this was not considered to be statistically significant.  One farmed female, in particular, 

spawned eggs consistently with high (>90%) fertilization and hatching success (data not shown). 

 

 

Figure 5.1.2 Fertilized eggs at the 8-16 cell stages from domesticated (A-C) and farmed (D-H) Atlantic 

halibut. 

 

 

Table 5.1.2  Fertilization and hatching of eggs from domesticated and farmed Atlantic halibut females. 

 

 

 

Some differences were observed between eggs from the different females.  eggs from farmed females 

generally appeared heavier, and would sink to the bottom of the incubator/beaker, while eggs from 
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domesticated females remained buoyant near the surface.  In addition, dead or deformed larvae were 

observed more frequently when eggs from farmed females hatched (Fig. 5.1.3).  It is not clear what caused 

the deformities, but one possible cause may be mechanical damage of the heavy eggs, that sank and rested at 

the bottom of the beaker for two days.  Further work is needed, however, in order to establish whether this is 

the cause or if there are genetic/epigenetic factors that may contribute to a higher rate of deformities in larvae 

from those females. 

 

 

Figure 5.1.3 Newly hatched larvae from domesticated (A-C) and farmed Atlantic halibut females. Note 

spinal deformities in E, F and G. 

 

 

Egg steroid content 

No significant difference was found in average egg steroid content between domesticated and farmed female 

Atlantic halibut (Fig. 5.1.4.).  There was a general trend towards decreasing egg content of steroids through 

spawning.  Testosterone levels were low, in the range of 0-11 pg.egg-1, especially towards the end of 

spawning (Fig. 5.1.5.A).  Egg cortisol content varied between females, but also between egg batches (Fig. 

5.1.5.B).  Overall, egg cortisol content was high, especially in farmed females, ranging from 110 to 450 

pg.egg-1. 
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Figure 5.1.4.  Average content of testosterone (A) and cortisol (B) in eggs from domesticated and farmed 

Atlantic halibut broodstock.  Domesticated females: Black symbols, solid lines.  Farmed females: Open 

symbols, dashed lines. 

 

 

 

Fig 5.1.5 Individual profiles of testosterone (A) and cortisol (B) content in eggs from domesticated and 

farmed Atlantic halibut. Domestic females: Black symbols, solid lines. Farmed females: Open symbols, 

dashed lines. 

 

 

The decrease in egg T content observed in most females through the spawning season is in accordance with 

previously reported changes in plasma concentration of the breeders (Methven et al. 1992, Bjºrnsson et al., 

1998).  As spawning progresses, the capacity for sex steroid synthesis also becomes lower due to a reduced 

number of steroid-producing follicle cells.  A decrease in egg T content over time would suggest that there is 

a passive influx of steroids during oocyte maturation, rather than an active sequestration.  

Overall, cortisol content was high in Atlantic halibut eggs, but appeared to decrease towards the end of 

spawning.  In a recently published study (Skaalsvik et al., 2015), a similar pattern was found and 

furthermore, high cortisol content was correlated with high occurrence of yolk sac edema.  Cortisol implants 

in female Atlantic cod (Gadus morhua) resulted in increased cortisol concentrations in plasma, oocytes and 

eggs, but did not affect fertilization, cell division or hatching (Kleppe et al., 2013).  However, genes linked to 

important developmental processes were differentially expressed in oocytes and blastula embryos in 

response to cortisol.  Although no effects were detected in cod egg/embryo viability up until hatching, effects 

may appear later in development.  Our study was limited to egg quality parameters and hatching rate, but 
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future work should address the possible impact of high egg concentrations of cortisol on Atlantic halibut 

larval development. 

  

Commercial application at P22. SWH 

Materials and methods 

Sterling White Halibut (Partner 22. SWH) no longer uses wild-caught broodstock, but only farmed females.  

All females used were established spawners 

between 12 and 20 years of age.  Data was 

collected from four spawning groups that were 

held at different photoperiods and spawned 

from December 2014 (C4) to August 2015 (C3) 

(Fig. 5.1.6). Individual spawnings were 

recorded, and females strip-spawned 

accordingly, although for practical purposes 

night-time stripping was not carried out.  Total 

and relative fecundity, number and size of 

batches and fertilization rates were individually 

recorded in all females. 

Fig 5.1.6. Spawning periods in the four broodstock groups (C1 ï C4) followed in the DIVERSIFY study. 

 

 

Results and Discussion 

Biometric data and data on fertilization success are summarized in Table 5.1.3, and fecundity, average and 

median fertilization are presented in Fig. 5.1.7.  Fish used in the experiments for Task 5.2 were chosen from 

group C1, based on the information obtained in the present task.  

Overall, total and relative fecundity was similar in all groups except C4, where fewer egg batches were 

obtained from each female.  Individual batch size was, however, similar in all groups.  Relative fecundity of 

the SWH females in groups C1-C3, 355-385 ml.kg-1, was similar to that of females held at IMR, which was 

347 and 349 ml.kg-1 in domesticated and farmed females, respectively (Table 5.1.1). 

Fertilization success did not differ between the four groups, and was highly variable between batches, as well 

as between individual females.  However, groups C2 and C3 had a larger proportion of high quality eggs, i.e. 

eggs with more than 80% fertilization.  Overall, the lowest fertilization success, as well as lowest proportion 

of high quality eggs were found in group C1, which was chosen for treatment with GnRHa.  

 

Table 5.1.3 Biometric data and fertilization success for broodstock held at SWH and used in Task 5.1. 
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In all, 412 egg batches, with a total volume of 714.6 l, were strip-spawned at SWH in 2015.  Of those, ~139 l 

had >80% fertilization and were classified as high quality eggs.  A few females in each group had 

consistently higher fertilization success than the others.  The two groups that had the oldest fish also had a 

lower proportion of <80% fertilization.  It was not possible to directly relate high age with low egg quality in 

the present study.  However, concentrating on high-quality breeders may be useful in order to reduce the 

very considerable effort connected with spawning and egg collection of halibut. 

 

 

Fig 5.1.7 A. Total fecundity (eggs.female-1, number in bars=n (females)), B. Relative fecundity (eggs.kg-1), 

C. Average batch size (ml; number in bars=n (batches)) and D. Average (white bars Ñ SD) and median (grey 

bars) fertilization in four broodstock groups with different spawning periods at Partner SWH. 

 

 

Conclusions 

Wilddomesticated females were predictable spawners that consistently gave eggs of very high quality (>85% 

fertilization).  Farmed females also produced eggs of high quality when their ovulatory cycles were 

identified and stripping carried out close to ovulation.  However, for commercial, as well as breeding 

purposes, it is not practical to rely on wild-caught females.  As at both IMR and SWH, relatively few farmed 

females produced eggs with fertilization rates >80-85% consistently, it may be necessary to include wild-

caught broodstock also in future breeding groups in order to ensure a broad enough genetic material.  

Identifying potential high-quality breeders and concentrating the strip-spawning effort on those females may 

be useful in order to reduce the very considerable workload connected with spawning and egg collection of 

Atlantic halibut. 
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Task 5.2 GnRHa implant therapy as a means to improve spawning performance (led by HCMR, 

Constantinos Mylonas) 

Two commercial trials were run at the SWH hatchery (Reipholmen) during the reporting period.  Both were 

performed on broodstock that were photo-manipulated and had a spawning period that was advanced by 1-2 

months.  Experimental fish for the second trial were chosen based on the data collected in Task 5.1, and were 

spawners that had performed below average in the previous season.  The employed GnRHa implants were 

prepared as described in the 1st Periodic Report and in the submitted Deliverable 5.2 An optimized GnRHa 

therapy protocol to improve spawning performance of F1/F2 Atlantic halibut, and to increase availability 

of eggs of stable and predictable quality.   

The release from the implants was evaluated using an in vitro release system, incubated at 6ÁC.  The release 

kinetics were similar in both GnRHa doses, and as expected the implants begin with a high release as soon as 

they come into contact with the in vitro assay buffer (and hence the fish body fluids when administered in 

vivo (Fig. 5.2.1)).  Thereafter, the release was reduced significantly and after 3-4 days it stabilized to about 

3-4 % of the total loaded amount per day.  In the in vitro assay, the implants continued to release GnRHa for 

a period of at least 32 days, which was the duration of the assay.  The total amount of GnRHa released from 

the implants during this period was estimated at between 75 ï 118% of the estimated loaded hormone (data 

not shown).  The two implants (i.e. 500 and 750 ɛg GnRHa) were used in combination depending on the 

weight of the treated fish, in order to give an effective dose of ~50 or 100 ɛg GnRHa kg-1. 
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Figure 5.2.1.  Mean (ÑSD) GnRHa released in vitro from the GnRHa implants (n = 4) loaded with 500 or 

750 ɛg GnRHa and maintained at 6ÁC. 

 

 

Commercial trial 1 (SWH, Reipholmen) 

In order to test GnRHa implantation in a commercial system, two trials were run at the Reipholmen hatchery 

of P22. SWH.  Eight females with an average weight of 26 ° 1.3 kg were chosen for implantation based on 
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outer signs of maturation: ovary visible on exterior of fish but not enlarged near the ovipore, degree of 

swelling and color of ovipore.  In the first pilot trial, 4 females were implanted on Jan 16 2015, with 100 mg 

GnRHa kg-1 and 4 females were sham-injected as Controls.  All fish were held in the same tank, with a 

diameter of 11 m and a volume of 76 m3.  The water supply was from 150 m depth and the temperature 

throughout the year fluctuated between 7.8 and 8.2C̄.  One month prior to expected start of spawning, the 

water temperature was lowered to 5.5-6ÁC and held constant until all females were spent. 

All implanted females and two Control females ovulated within three weeks of treatment.  The remaining 

Control females did not ovulate during the observation period, which lasted until March 1.  There was no 

difference in start or end date of spawning between implanted females and Control females that spawned.  

Spawning periods lasted for 17Ñ3.3 days in GnRHa-treated fish and for 17Ñ1.4 days in Control females.  

Realized relative fecundity was 294 ° 163 ml.kg-1 in implanted fish (n=4) and 403 ° 218 ml.kg-1 (n=2) in 

Control females, respectively.  Average fertilization rates were 36.8 ° 18.8% and 24.6 ° 30.8%, respectively.  

Of the two Control females that spawned, one consistently gave eggs with fertilization rates <4%, while the 

other had >55% fertilization in 5 out of 7 egg batches.  Implanted females spawned between 5 and 8 batches, 

while the Control females each gave 7 egg batches. 

 

Commercial trial 2 (P22. SWH, Reipholmen together with P7. IMR) 

Ten females were chosen using the same criteria as in the pilot trial, and based on documented spawning 

performance (see Task 5.1).  All females chosen had given average to low amounts of eggs in previous 

seasons.  On 14 January 2016, five females, with an average size of 27 ° 1.4 kg, were implanted with 75 Õg 

GnRHa kg-1.  Five females, with an average weight of 32 ° 6.1 kg, were sham-injected as Controls.  The fish 

had not been treated previously, but were held in the same tank and under the same conditions as in the pilot 

experiment.  One Control female died 8 days after treatment and is not included in calculations of fecundity 

and egg viability (fertilization success). 

GnRHa-implanted females ovulated between January 25 and February 17, a period of 23 days and were 

stripped of eggs for fertilization.  The ovulation period in treated females lasted for 16°3.5 days.  Measured 

relative fecundity of stripped eggs was 187°72 ml eggs .kg-1 and average fertilization success was 

46.9°0.3%.  However, actual realized fecundity may have been higher, as the presence of ovulated eggs in 

the water indicated at least one of the females spontaneously released several egg batches in the tank.  

Control females ovulated and were stripped between February 8 and March 16, or during a period of 37 

days.  The spawning period lasted for 25°9.7 days in Control females.  Measured relative fecundity was 

311°176 ml.kg-1 and average fertilization success was 53.0°0.3%.  

Although GnRHa implantation did not advance spawning time significantly in Atlantic halibut females, there 

was an apparent synchronization in spawning time between individuals in experiment 2, as all treated 

females had completed spawning 1 month before all Control fish were spent.  Spawning in Atlantic halibut 

normally occurs during a period of 2 to 3 months both in captive broodstock and in natural populations 

(Norberg et al, 1991; Haug 1990).  This is most likely an adaptation that will ensure production of viable 

offspring independent of year-to-year fluctuations in temperature and feed availability for larvae.  In a 

commercial production, however, synchronization between individuals can be an advantage as staff efforts 

can be concentrated to a relatively short period.  Atlantic halibut females ovulate and release their eggs (i.e. 

spawn) in captivity, but fertilization of eggs released in the broodstock tank happens only occasionally.  

Therefore, Atlantic halibut breeders need to be monitored for ovulation and stripped on a regular basis, and 

eggs are fertilized in vitro.  As a consequence, the use of GnRHa implantation offers a logistic advantage to 

the commercial broodstock management of the species, by reducing the duration of the spawning season. 

On the other hand, spawning performance in terms of fecundity per female and fertilization success was not 

significantly affected by GnRHa treatment in Atlantic halibut females.  At this stage the use of GnRHa 

therapy to increase fecundity and/or fertilization success is not confirmed.  Apparently, spontaneously 

maturing and ovulating females may produce as many eggs as GnRHa treated individuals.  However, GnRHa 

was demonstrated to be highly effective in ensuring that all females matured and ovulated, as all treated 

females ovulated at least 3 to 4 egg batches, whereas in all trials some of the Control fish did not ovulate and 
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appeared to resorb their ovaries.  These results indicate that GnRHa implantation may be a useful tool to 

ensure that all females in a broodstock group reach maturation and ovulation, increasing parentage 

contribution to the next generation and increasing overall broodstock fecundity, without having deleterious 

effects on egg viability. 

The full description of the work done in Task 5.2 has been described in Deliverable 5.2: GnRHa implant 

therapy as a means to improve spawning performance. 

 

Task 5.3  Fecundity regulation (led by IMR, Birgitta Norberg ). 

No work done during the reporting period. See explanation under ñDeviationsò. 
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Deviations from Annex I and their impact: 

Due to a prolonged sick leave for the WP leader Dr Birgitta Norberg from May to December 2015, some of 

the work in Task 5.1 was moved from 2015 to 2016.  As a consequence, Deliverable 5.1 will be delayed by a 

maximum of three months.  All the data collection in Task 5.1 is done, as is reported here, but statistical 

analyses remain and will be completed shortly.  Sterling White Halibut no longer keeps wild-caught 

broodstock and the collected data are from farmed females only.  They were compared to the results obtained 

by IMR, and also used when Task 5.2 was planned. 

Due to the delay in Task 5.1, Task 5.3 and Deliverable 5.3 Fecundity regulation, have been postponed by 

one year (sampling starting in August 2016) and the Deliverable will be submitted in M48.  We do not 

expect any impact on the overall work and achievements of the WP. 
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WP 6 Reproduction & Genetics - wreckfish 
 

WP No: 6 WP Lead beneficiary: P8. IEO 

WP Title (from 

DOW):  
Reproduction and Genetics - wreckfish 

Other beneficiaries 

(from DOW):  
P1. HCMR P3. IRTA P14. IFREMER P15. ULL  

P19. CMRM P32. MC2    

Lead Scientist preparing the 

Report (WP leader): 
Tito Peleteiro 

Other Scientists 

participating:  

Constantinos Mylonas, Ioannis Fakriadis, Maria Papadaki and Irini Sigelaki (P1), 

Christian Fauvel (P14), Fatima Linares, Jos® Luis Rodr²guez (P19), Antonio Vilar 

(P32), Blanca Ćlvarez-Bl§zquez, Pedro Domingues, Rosa Cal, Montse P®rez,  

Evaristo P®rez, Nuria Lluch (P8), Neil Duncan (P3). 

 

Objectives  

1. Increase the availability of wreckfish broodstocks in captivity, 

2. Describe the reproductive cycle in captivity at the level of the pituitary and gonad, 

3. Develop spawning induction procedures for in vitro fertilization, as well as spontaneous tank spawning,  

4. Develop a CASA for evaluation of wreckfish sperm and establish cryopreservation protocols for use in in 

vitro fertilization applications. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

During the 1st Reporting Period, work was completed in all of the proposed areas.  Regarding Task 6.1 

Collect wild fish to establish new bloodstocks, three wreckfish were captured.  Morphometric 

measurements were performed and fin clip samples were taken for future genetic identification.  For Task. 

6.2 Describe reproductive cycle, bi-monthly (August-January) and monthly (February-July) samplings of 

gametes and blood were made from the 4 breeding stocks (P1. HCMR, P8. IEO, P32. MC2 and P19. 

CMRM).  The samples, oocytes from females and sperm from males were described to provide a description 

of the annual changes in oogenesis and spermatogenesis for this species.  Biometric, histology and 

biochemical samplings of 60 wild caught animals from the fish market allowed the calculation of 

weight/length relationship and other important parameters and biometric index, as a starting point for the 

culture of this species.  Regarding Task 6.3. Development of spawning induction procedures, an induction 

trial with GnRHa implants was made using different doses and different developmental oocyte stages to 

obtain optimization of spawning.  Natural and artificial spawning were also obtained from the two stocks 

(P1. HCMR and P14. IEO) with interesting results.  Finally, in Task 6.4. Evaluation of sperm 

characteristics and cryopreservation protocols, experiments allowed establishing the assessment method 

for concentration and motility of sperm.  

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

During this 2nd Reporting Period, the work continued and advances were made with all tasks and objectives.  

Task 6.1 Collect wild fish to establish new bloodstocks has been complicated by the scarcity of wild 

wreckfish.  Despite of these problems, new contacts have been established to catch wreckfish and two 

juvenile wreckfish were captured, increasing the number of available fish for broodstock development.  

Continuing the work started in the first reporting period, a total of four broodstocks are being sampled for 

Task. 6.2 Describe reproductive cycle.  The accumulation of data has shown that males exhibit good sperm 
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quality with large amounts of expressible sperm during the reproductive period, and there is a proportion of 

males that spermiate throughout the year.  The females increase oocyte size during the months March to July.  

In Task 6.3. Development of spawning induction procedures further trials to induce tank spawning with 

GnRHa were not successful and work began on combining GnRHa induced ovulation with in vitro 

fertilisation procedures.  Initial work indicated that GnRHa is very effective in inducing oocyte maturation 

and ovulation consistently, and that stripped ova can be fertilised.  All objectives in Task 6.4. Evaluation of 

sperm characteristics and cryopreservation protocols have been completed and Deliverables 6.1 and 6.2 

have been submitted.  The work in the second period demonstrated the feasibility of cryopreservation of 

wreckfish sperm, while chilled storage did not appear to be a good solution for the short-term management 

of sperm for artificial fertilization.  The performance of frozen/thawed wreckfish sperm was half that of fresh 

sperm in terms of percentage of motile sperm and duration of swimming, while the velocity of sperm in 

modified Leibovitz was similar to that of fresh sperm. 

 

Task 6.1. Collect wild fish to establish new broodstocks (led by CMRM, F§tima Linares).  

During 2015 (on 7 and 14 of August) two wreckfish were captured using a hand net in a fishing area located 

5 miles West of Corrubedo Cape, A Coru¶a.  Fish were transported by sea on a ship with flow-through water 

until O Grove Aquarium facilities, where the fish were transferred to a quarantine tank.  A sample from the 

fin was also taken for genetic analysis.  These fish were transported to P14. IEO facilities in Vigo in March 

2016. These two juveniles (4.86 and 0.94 kg in body weight) will be maintained separated from the existent 

stock at the P14. IEO, until they become adults.  Simultaneously, we are following the growth and 

development of the three juvenile specimens captured during 2014, two held at the P14. IEO (Fig. 6.1.1.), 

and the third at the Acuario de O Grove.  Furthermore, we are monitoring the development of the Acuario O 

Grove wreckfish broodstock, which is constituted by 7 fish: 2 females, 3 males and 2 undetermined with an 

average weight of 11.57Ñ1.86 Kg. 

 

 

Fig. 6.1.1. Wreckfish captured in 2015 in the fishing area 5 miles to the West of Corrubedo Cape, La Coru¶a. 

 

Although increasing effort has been made to contact Galician fishermen, it is important to note that the 

decline in catches of wreckfish in Galicia makes it difficult to obtain specimens of wild wreckfish to 

establish new wreckfish broodstocks. 

  

Task 6.2  Describe reproductive cycle (led by IEO, Tito Peleteiro).   

HCMR:   The broodstock of P1. HCMR is constituted by three fish, two males of 7.2 kg and 11.0 kg, and a 

female of 13.1 kg.  In continuation of the sampling that began and was reported in the 1st Periodic Report, 

these breeders were followed during Y2-3 of the project (between 25/2/2015 and up to the 9/5/2016) and 

blood, sperm and ovarian biopsies were collected as described in the 1st Periodic Report.  

In February 2015, the female was undergoing vitellogenesis (Vg), having oocytes of 1,025 Õm in diameter 

(Fig. 6.2.1.A).  In March, most of the oocytes were in Vg, with the maximum oocyte diameters between 950 

and 1075 ɛm.  There were some more developed oocytes with clear lipid coalescence (lc), which were 
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between 1125 and 1250 ɛm in diameter.  In addition, there were very few oocytes that looked much more 

clear, were larger (1,450 ɛm) and they looked at Oocyte Maturation (OM) (Fig. 6.2.1.B).  The same situation 

was observed during April, but the number of Vg oocytes had increased.  On 24/4/2015, the female started 

spawning spontaneously a small number of dead eggs (Fig. 6.2.2).  On the morning of 1/5/2015, the female 

had spawned spontaneously 82,000 eggs with 56% fertilization success, while 35,000 eggs were stripped 

manually from the fish and were inseminated artificially.  Eggs were transferred to incubators and photos 

were taken from floating eggs every day (Fig. 6.2.3).  Eggs from the spontaneous spawn were floating for 4 

days, while from stripped spawning were floating/viable for 2 days.  At this time (1/5/2015), the female fish 

also contained many Vg and early OM oocytes (Fig. 6.2.1.C, D) and was induced to spawn using GnRHa 

implants (see below in Section 6.3 for details).  In response to this therapy, the fish spawned up to 22/5/2015 

(Fig. 6.2.2) and an artificial insemination was also performed on 4/5/2015 (see Section 6.3 for details).  The 

biopsy taken on 25/5/2015 showed the presence of apoptotic oocytes and overripe eggs, while no Vg oocytes 

were found.  In July 2015, the occurrence of atresia was high and some early Vg oocytes were found (Fig. 

6.2.1.E).  In October 2015, fish started the vitellogenic cycle for the next spawning season with Vg oocytes 

of 630 ɛm in 

diameter, having also 

leftover yolk in its 

ovaries (Fig. 

6.2.1.F).  The same 

situation was 

observed in 

December 2015 with 

Vg oocytes of 900 

ɛm in diameter. 

 

 

 

 

Figure 6.2.1.  Microphotographs of histological sections (A, Fb) and wet mounts (B,C,D,E, Fa) from the 

ovary of the wreckfish maintained in P1 HCMR. A: In February 2015, in vitellogenesis (Vg).  B: In March ï 

mid April 2015, with oocytes in Vg, lipid coalescence (lc) and Final Oocyte Maturation (FOM).  C,D:  

Female on 1/5/2015, with Vg, OM and FOM.  E:  In July 2015, with early Vg (eVg).  Fa,b:  In October 2015, 

with Vg and leftover yolk (ly).  Bar = 500 ɛm. 

 

 

Fig. 6.2.2.  Fecundity from a wreckfish maintained by P1. HCMR.  The black arrow indicates the date of 

spawning induction during 2015.  * Fecundity on 1/5/2015 was the sum of spontaneous and stripped spawns.  

** eggs on 4/5/2015 were obtained with stripping. 
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Figure 6.2.3.  Development of wreckfish eggs from spontaneous or stripped spawning on 1/5/2015. 

 

 

In January 2016, the female was undergoing Vg, having oocytes of 1,075 Õm in diameter (Fig. 6.2.4.A), 

while the same situation was observed in March 2016, with slightly increased oocyte diameters in March 

(1,125 Õm) and April 2016 (1,175 Õm), respectively.  In 9/5/2016, the fish was observed to spawn 

spontaneously after a GnRHa treatment on 2/5/2016 (see below in Section 6.3 for details), and the number of 

eggs was estimated to be ~1,000. 

Unfortunately, due to their small number the 

eggs were discarded by mistake before being 

evaluated.  The female had Vg and post 

Ovulated (pOV) eggs (Fig. 6.2.4.B), but an 

effort to strip her did not result in any egg 

release. 

 

Figure 6.2.4.  Microphotographs of wet mounts from the female wreckfish maintained in P1 HCMR. A: In 

January-April 2016, showing oocytes in vitellogenesis (Vg).  B: In May 2016, with oocytes in Vg and post 

Ovulated eggs (pOV).  Bar = 500 ɛm. 
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The two males were in full spermiation (Spermiation 

Index =3, copious sperm released with very gentle 

abdominal pressure) during the whole year, even in the 

summer and fall when the female was regressed.  This 

was not the case at March ï April 2016, where the 

produced sperm of one of the males was reduced 

(Spermiation index 0 or 1), probably because of an 

infection, which was treated with injectable antibiotic 

once a month for two months.  Sperm quality 

parameters were evaluated as described in the 1st 

Periodic Report.  Sperm quality was fairly high during 

the whole season and no significant variations were 

observed in different parameters (ANOVA, PÒ0.05) 

(Fig. 6.2.5), even though the sperm from one male 

seemed to be a little yellowish and containing clumps 

(probably due to the before mentioned infection). 

 

 

 

Figure 6.2.5.  Sperm quality parameters of the wreckfish at P1. HCMR during the 2015-2016 reproductive 

season.  No significant differences were observed. (ANOVA, P < 0.05). 

 

 

Overall, from the monitoring during the season 2015 - May 2016 in Y2-3 and adding to the results of the 1st 

Periodic Report, it was possible to draw some conclusions as to the reproductive capacity of wreckfish in 

captivity:   

1. Males produce large volumes of good quality sperm for a very long period of time, perhaps throughout 

the year, under constant 16ÁC of water temperature. 

2. Females do undergo vitellogenesis --and they may even undergo oocyte maturation spontaneously in 

captivityðand remain in fully vitellogenic stage for at least 3 months (under constant 16ÁC water 

temperature). 

3. Fertilized eggs could be produced both from spontaneous and stripped spawning (see later for details). 

4. Spawned eggs were not of good quality, since their fertilization success was either 0 or very low, and 

their survival was limited to 4 days post spawning. 

 

IEO, MC 2 and CMRM: 

The broodstocks were sampled every month, since February until July, and bi-monthly until December 2015 

(Fig. 6.2.6). 

 

 

Figure 6.2.6. Broodstock sampling at the P14. IEO, P19. CMRM and P32. MC2. 
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This study on morphometric parameters indicates that animals stabilized their growth (size and weight), with 

weight increase during the reproductive season (Fig. 6.2.7).  The feeding rate was varied between 0.2 y 0.5 

% for fish fed the semi-moist diet (formulated by P14 IEO), and between 1 and 1.8 % for fish fed dry pellets 

(newly - formulated, WP 12).  Low feeding rates were recorded during the spawning season (since March 

until July) and high feeding rates occurred during autumn (Fig. 6.2.8).  To determine the sex of the 

specimens from which biopsy could not be obtained, as the gonopore was completely closed, ultrasound was 

used (Fig. 6.2.10). 

 

 

 

Figure 6.2.7. Size and weight changes of the P14. IEO and P19. CMRM broodstocks, with detailed 

information for 2015. 

 

 

Figure 6.2.8. Food intake of the P14 IEO broodstocks between January 2015 and March 2016. 

 

 
Figure 6.2.10. Gonad echography pictures of two wreckfish, to identify sex of breeders held at P32. MC2 

and P19. CMRM .  
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During sampling, blood was extracted from some animals in each stock to determine steroid levels (P1. 

HCMR).  The sex steroid plasma level evaluation will be done in the fall of 2016, when 2 years of sampling 

will have been completed from all available broodstocks.  Sperm and biopsies of oocytes were also obtained 

to determine the stage of gametogenesis of the different fish.  Average oocyte size throughout the year 

showed an expected variation with high values during the spawning season (Fig. 6.2.11).  Biopsies of 

oocytes from immature females indicate that these females did not reach vitellogenesis.  Oogenesis sequence 

from primary oocytes to post-maturation 

was described with both fresh samples and 

through histology (Fig. 6.2.12).  Sperm 

quality parameters -concentration, motility 

and duration of forward spermatozoa 

motility- were evaluated during the period 

from March 2015 to May 2016.  The 

males produced large volumes of good 

quality sperm during the entire year.  

Sperm concentration during the spawning 

season was between 2.64 and 16.5 x109 

for the males in the P14. IEO broodstock. 

 

 

Fig. 6.2.11. Oocyte size variation from females of the three stocks throughout the year (P14 IEO, IGAFA-

P19 CMRM and P32 MC2).  

 

 

 

Figure 6.2.12. Oogenesis sequence:  LV=lipid vesicle, Vg (mid) = mid vitellogenesis, eOM = lipid 

coalescence, Ovul = ovulation, Athresic = atresia. 

 

 

Figure 6.2.13. Sperm concentration from March 2015 to May 2016 for the males in the broodstocks held in 

P14. IEO and P32. CM2.  The P19. CMRM male was transferred from P32. MC2 in January 2016. 
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Task 6.3  Development of spawning induction procedures (led by IEO, Tito Peleteiro).   

HCMR Stock:  As described in the 1st Periodic Report, during Y2-3 the main goal was to produce eggs 

using artificial insemination, based on the results so far.  On 1/5/2015 (as described in Task 6.2 above), the 

femaleôs ovaries contained not only Vg oocytes (1,250-1,350 ɛm), but also some oocytes in early OM (lipid 

coalescence) with diameters of 1,500-1,750 ɛm (Fig. 6.2.1), while some eggs (82,000) were also released in 

the tank and some (35,000) were stripped from the fish (Fig. 6.2.2).  The female was given a GnRHa implant 

(600 ɛg) and was placed together with one of the males, which was also given a GnRHa implant (300 ɛg).  

On 4/5/2015, the female contained oocytes in OM 

(1,525 ɛm in diameter), as well as ovulated eggs (2,250 

ɛm) (Fig. 6.3.1).  The female was stripped ïalthough 

the ovipore of the fish seemed to be blocked- and 

10,000 eggs were artificially inseminated with 2 ml of 

freshly obtained sperm from the males.  Eggs were kept 

in the incubator for 3 days and later the floating, viable 

eggs (around 6,000 eggs) were transferred to the larval 

rearing facility (Fig. 6.3.2).  On 8/5/2015, 190,000 eggs 

were spawned spontaneously, having 12% fertilization 

success but the embryos survived for only 5 days (Fig. 

6.3.2). 

 

Fig. 6.3.1.  Histological sections or wet mount of ovarian biopsies from wreckfish during the 2015 

reproductive season (dates on each photo).  AT = atresia, Vg = vitellogenic, OM  = early Oocyte Maturation, 

FOM = Final OM, Ov = Ovulated, po = primary oocyte OR = Overripe. Bar = 500 ɛm 
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Figure 6.3.2.  Floating wreckfish eggs from spontaneous or stripped spawning on 8/5/2015 or 4/5/2015, 

respectively, after spawning induction with GnRHa. 
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In 2016, a first GnRHa treatment was given on 18/4/2016 both to the female and males.  At that time Vg 

oocytes (1,150 ɛm) were 

observed while few oocytes were 

in AT (Fig. 6.3.3).  The female 

was almost in the same situation 

after 4 days, with a small 

increase of the diameter of the 

Vg oocytes (1,250 ɛm) (Fig. 

6.3.3).  Some signs of early 

maturation were observed on 

2/5/2016, with oocytes 

undergoing lipid coalescence (lc) 

stage with no further change in 

oocyte diameters (Fig. 6.3.3).  At 

that time, a second GnRHa 

treatment was given to the 

female.  After 7 days (9/5/2016) 

the fish spawned spontaneously 

~1,000 eggs (as described in 

Section 6.2 above).   

 

 

Fig. 6.3.3. Wet mount of ovarian biopsies from wreckfish during 2016 (dates on each photo).  AT = atresia, 

Vg = vitellogenic, lc = lipid coalescence, pOV = post Ovulated eggs. Bar = 500 ɛm. 

 

 

To sum up the work at HCMR, the results of the 2015 ï May 2016 spawning induction experiments in 

addition to the results of Y1 of the project demonstrated that: 

1. A GnRHa implant treatment of the female induced OM and ovulation consistently. 

2. The exact timing of the ovulation after the hormonal treatment and the post-ovulation survival of the 

eggs is currently not known.  Lack of this information may be the reason for the low fertilization and 

egg quality of the obtained eggs. 

3. Spontaneously spawned fertilized eggs could be produced after spawning induction, but these are low in 

fecundity and fertilization success and cannot be relied upon. 

4. Even though some fertilized eggs were produced during the reproductive season of 2015, an earlier 

induction of spawning and artificial insemination should be applied, before the spontaneous spawning 

starts.  This plan was followed during the spawning season 2016, which is still in progress, so final 

results will be presented in the next periodic report. 

 

IEO, CM2 and CMRM Stock:  During the spawning season of 2015, a total of 21 spawns were obtained 

(10 at the P8. IEO and 11 at the P32. MC2) between March and June (Fig. 6.3.4).  The majority of spawns 

were spontaneous, except one artificial at the P8. IEO (10/04/2015) and two from P32 MC2 (16 and 

28/05/2015).  There were no spawns from females of P19. CMRM.  During 2016, since April until the end of 

May, 7 spontaneous spawns at the P14 IEO were obtained, and new spawns are expected.  Twelve 

spontaneous spawns and two by stripping from P32 MC2 stock, were also obtained (Fig. 6.3.5).  More 

spawns are expected during June 2016 until the end of the spawning season (July). 
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Figure 6.3.4. Spontaneous spawn (A) counted volumetrically from the egg collector and (B) in the egg 

collector of tank S-2 at the P14. IEO. 

 

 

 

 

Figure 6.3.5. The volume of viable eggs (cubic centimetres cc) (floating) and non viable (on the bottom) 

obtained from spawns from wreckfish held in P14. IEO (A) and P32. MC2 (B) from March 2015 to May 

2016.  A number of spawns were incubated and larvae were obtained (see WP 12). 
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A female of 16.5 kg from P14. IEO with oocyte size 

of 1.3 mm was implanted in Jun 09, 2015 with 500 

ɛg of GnRHa.  No response was obtained from this 

treatment, possibly due to low hormone dose (less 

than 50 ɛg kg-1).  On June 2015, two females 

weighing 27.4 and 33.2 Kg were implanted with 

500 ɛg of GnRHa.  Oocyte sizes were 1.12 and 1.09 

mm respectively.  None of these implanted females 

spawned (Fig. 6.3.7), presumably because the 

oocytes had not completed vitellogenesis, which in 

this species occurs when the oocytes reach a 

diameter of >1.2 mm. 

 

Figure 6.3.6.  Oocyte size changes for an implanted female from the P32 MC2 stock  

 

 

Task 6.4  Evaluation of sperm characteristics and cryopreservation protocols (led by IFREMER, 

Christian Fauvel).   

Sperm characteristics and CASA development 

One of the objectives of this WP was to provide a tool for an objective assessment of sperm quality of male 

wreckfish, subject to captivity during the full reproductive season, by establishing a Computer Assisted 

Sperm Analysis (CASA) for the evaluation of wreckfish sperm.  The best adapted CASA parameters for 

wreckfish sperm analyses were determined and reported to end users to optimize their abilities to check 

fertility potential of the semen in the course of their future spawning induction experiments. Moreover a 

movie describing the procedure of sperm activation and CASA was uploaded on the website of the project. 

The analysis of wreckfish 

sperm took place in the 

spring of 2014 in Galicia 

(NW Spain) using gametes 

collected from three 

different locations and in 

the winter of 2015 from 

two locations of the same 

area.  From 8 to 13 April 

2014, sperm was collected 

from 6 males from 

P32.MC2 (Acuarium 

Finisterrae) facilities, from 

2 males of Luso Hispana de 

Aquicultura (LHA) and 

finally from 2 males from 

the facilities of P8.IEO 

(Center of Vigo).  

 

 

Figure 6.4.1. Motility parameters of wreckfish sperm: A) schematic representation of spermatozoa 

movement illustrating the three parameters of velocity generated by CASA; B) Variations of the percentage 

of swimming spermatozoa (spz) with time; C) average path velocity decrease with time after activation; D) 

decrease of linearity of spermatozoa trajectories after activation.  
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The laboratory methods of analysis were shared between researchers of the different partners and the P14. 

IFREMER researcher in charge of this task at the IEO laboratories.  In January 2015, some of the males of 

P32.MC2 and P8.IEO were sampled again and a complementary transfer of know-how about sperm quality 

assessment was performed at the Acuarium Finisterrae facilities.  Concomitantly, taking profit of regular 

maturation monitoring during 2014, P1. HCMR analyzed sperm quality of several wreckfish males according 

to its own usual routine field methods. 

The fresh sperm showed a high initial percentage of mobile spermatozoa at activation, which had regularly 

decreased with time for 5 minutes. The mean initial VAP or mean velocity along smoothed trajectory was 

around 230Õm per second, which progressively decreased to 0 after 5 minutes (Fig. 6.4.1). The velocity of 

spermatozoa was one of the highest reported for marine fish and the trajectories vary from straight forward at 

activation to progressive circling as the speed decreased as illustrated in Fig. 6.4.2. This illustration is 

corroborated by the decrease of linearity of the trajectories calculated by the ratio between the average path 

velocity and straight-line velocity (Fig. 6.4.1D). 

 

 

Figure 6.4.2.  Spermatozoa path tracks of 2 s, generated by Computer Assisted Aperm Analysis (CASA 

plug-in of ImageJ) at 10 sec after activation, and at every minute for 5 min (starting from the upper left to the 

right) after sperm activation in wreckfish using the setting described above.  

 

 

As programmed in the DOW, a method for the objective assessment of sperm quality through the analysis of 

motility was implemented for wreckfish that complemented and confirmed field assessment usually 

implemented in broodstock rearing facilities.  The preliminary analyses demonstrated that sperm of captive 

wreckfish shares a common pattern of motility with both marine and freshwater fish, based on a general 

activation of all the sperm at the same time of ejaculation in activating environment, then a decrease with 

time down to zero in a rapid lapse of time from 30 sec to more than 20 min due to exhaustion of energetic 

stores badly compensated by respiration. 

Wreckfish males produced a high volume of easily expressible milt with a concentration considered as 

medium range for marine fish and of course much higher than that of flatfish.  On the top of those general 

features, the setup of a CASA protocol adapted to wreckfish sperm demonstrated that wreckfish sperm 

exhibits a high percentage of motile cells at activation and one of the highest initial speeds recorded for fish 
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sperm.  This high speed was associated with a long swimming duration compared to other marine fish. The 

long duration exhibited a double trajectory shape.  The first trajectory was straight (associated with the 

search of target eggs) and then the trajectory began bending, which was interpreted as a phase of searching 

for the micropyle on the egg surface.  Moreover, the results obtained by CASA are in agreement with field 

observations obtained by human inspection under the microscope, and complement them by objective data 

that can be more easily statistically analyzed. 

The full description of the work and results from this Task has been provided in Deliverable D6.1 Computer 

Assisted Sperm Analysis (CASA) for wreckfish sperm. 

 

Cryopreservation methods 

The undertaken work showed the feasibility of wreckfish sperm cryopreservation, while chilled storage does 

not seem to be a good solution for the short-term management of sperm for artificial fertilization.  The 

performance of frozen/thawed wreckfish sperm was overall half than of fresh sperm in terms of percentage 

of motile spermatozoa and duration of forward motility, while the velocity of sperm in modified Leibovitz 

was similar to that of fresh sperm (Fig. 6.4.4).  Since wreckfish produce large volumes of high quality sperm 

in terms of concentration, velocity and duration of motility, the losses of sperm quality due to freezing may 

be compensated by increasing the number of spermatozoa per egg as is usually practiced in other species.  

The short duration of rapid movement may not be harmful since generally fertilization occurs in the first 

seconds of contact between gametes of both sexes.  However, the current results only describe the movement 

of spermatozoa.  They are a good index of cryopreservation coping capacity of sperm.  Nevertheless, these 

results have to be confirmed in the future by a test of cryopreserved sperm ability to fertilize. 

The full description of the work and results is provided in Deliverable D6.2 Cryopreservation method for 

wreckfish.  

 

Deviations from Annex I and their impact: 

It has been so far proven more difficult to control ovulation (for in vitro fertilization) or spawning (for 

spontaneous tank fertilization) and production of fertilized eggs in response to hormonal therapy.  The small 

number of breeders available by some partners (especially P1. HCMR) has been limiting the ability of a 

large number of trials during every annual reproductive season.  Therefore, Milestones 34-36 Successful 

maturation and spawning of wreckfish to produce good quality eggs in Y1, Y2 and Y3, respectively, have 

been acomplisehed, but not to the complete satisfaction of the consortium.  This has, in turn, limited the 

progress made in the WP 18 Larval husbandry ï wreckfish.  Nevertheless, slow progress has been made and 

we expect that by the end of the project we will succeed in producing a large number of viable eggs, to 

enable the experiments with larval rearing to be implemented. 

 

 

 

 

 

(Next page) 

Figure 6.4.4. Wreckfish sperm status after cryopreservation in modified Leibovitz and Cryofish. A and B: 

Pictures of the sperm diluted in the different media (extracted from video records), Cryofish samples (B) 

show aggregations of sperm unlike modified Leibovitz (A). C and D: Mean velocity decrease and variations 

of the percentage of motile sperm with time in the different media. E and F: individual velocities of 

spermatozoa recorded in the different media showing that modified Leibovitz (E) allows a high recovery of a 

larger number of spz compared to Cryofish (F). G and H: illustration of tracks generated by CASA for the 

spz stored in the two media: Leibovitz (G) and Cryofish (H). 
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WP 7 Reproduction & Genetics ς grey mullet 
 

WP No: 7 WP Lead beneficiary: P7. IOLR 

WP Title (from 

DOW):  
Reproduction and Genetics ï grey mullet 

Other beneficiaries 

(from DOW):  
P1. HCMR P3. IRTA P13. UNIBA P14. IFREMER 

P15. ULL P24. ITTICAL P25. DOR   

Lead Scientist preparing the 

Report (WP leader): 
Hanna Rosenfeld 

Other Scientists 

participating:  

Constantinos Mylonas (P1), Neil Duncan (P3), Aldo Corriero (P13), Christian 

Fauvel (P14), Covadonga Rodriguez (P15), Fulvio Ceppolaro (P24), Hagay Sarusi 

(P25) 

 

Objectives 

1. Evaluate the effectiveness of hormone-based treatments on synchronizing gonadal development and 

improving gamete (eggs and sperm) quality in mature grey mullet, 

2. Develop hormone-based treatments for induced spawning of grey mullet, 

3. Optimize a scaled-up breeding of grey mullet in captivity under natural and manipulated photo-thermal 

regimes, 

4. Assess the effects of captivity on first sexual maturity and reproductive potential of captive-reared and 

hatchery-produced grey mullet broodstocks. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

Lacking the natural spawning environment, captive grey mullet fail to reproduce spontaneously, largely due 

to a failure to undergo complete gametogenesis.  Therefore, Task 7.1 Evaluated the effectiveness of 

hormone-based treatments on synchronizing gonadal development.  A combined treatment consisting of 

follicle stimulating hormone (FSH) and dopamine antagonist (metoclopramide) on spermatogenesis in males 

and follicle growth and maturation in females was tested.  The methylotrophic yeast (Pichia pastoris) 

expression system was used to produce large quantities of bioactive recombinant single-chain FSH, which 

was used in a series of in vivo assays.  Unlike the controls, the hormonally treated groups (injected with 

rFSH and metoclopramide during the onset of the reproductive season) demonstrated synchronized gonadal 

development within and between sexes, with higher rates, over time, of spermiating males and post-

vitellogenic females.  In Task 7.2 Development of hormone-based treatments for inducing spawning, 

spawning induction trials that timed the administration of GnRHa and metoclopramide with advanced stages 

of gamete maturation were relatively successful producing tens of millions of fertilized eggs.  Nevertheless, 

our results highlight two major problems: (i) female's failure to ovulate in 5 out of 12 spawning induction 

trials and (ii) episodic fertilization rate ranging between 0 to 98%, implicating the need to further fine tune 

and optimize the hormone-based breeding protocol for captive grey mullet. 

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

Task 7.1 Evaluation of the effectiveness of hormone-based treatments on synchronizing gonadal 

development.  The yeast expression system was used to produce large quantities of bioactive recombinant 

single-chain FSH (r-FSH), which was used in a series of in vivo assays.  According to the original workplan, 



DIVERSIFY  - GA 602131  

2nd Periodic Report (13-30 month)  110 

several hormonal treatments were tested in order to advance gametogenesis in captive grey mullet males and 

females.  Treatment consisting of r-FSH and dopamine antagonist (metoclopramide) performed best giving 

rise to enhanced spermiation in males and follicle growth and maturation in females was tested.  Unlike the 

controls, the hormonally treated groups demonstrated synchronized gonadal development within and 

between sexes, with higher rates, over time, of spermiating males and post-vitellogenic females.   

Task 7.2 Development of hormone-based treatments for inducing spawning, spawning induction trials 

that timed the administration of GnRHa and metoclopramide with advanced stages of gamete maturation 

were relatively successful producing tens of millions of fertilized eggs during natural (September-November 

2014, 2015) and shifted (January-February 2016) reproductive season.  Nevertheless, our results highlight 

two major problems: (i) female's failure to ovulate in 5 out of 12 spawning induction trials and (ii) episodic 

fertilization rate ranging between 0 to 98%, implicating the need to further fine tune and optimize the 

hormone-based breeding protocol for captive grey mullet.   

Task 7.5 Establish a shipping protocol for grey mullet eggs, a previously developed protocol available at 

the IOLR was found to be applicable to shipping grey mullet eggs.  Yet, further fine-tuning of the latter 

protocol will be carried out during the forthcoming grey mullet natural spawning season.  

 

Task 7.1 Evaluation of the effectiveness of hormone-based treatments on synchronizing gonadal 

development (led by IOLR, Hanna Rosenfeld). 

7.1.1 Means to evaluate grey mullet sperm quality  

As programmed in the DOW, a CASA method for the objective assessment of sperm quality through the 

analysis of motility was implemented for grey mullet and submitted in Deliverable D7.1 Analysis of sperm 

motility: General protocol and propositions for mullet sperm quality assessment.  

Briefly, during November 2014, sperm samples were collected from sexually mature mullet males held in the 

P4. IOLR facilities.  The sperm was diluted 1:1000 providing approximately 80 spermatozoa in the field of 

the microscope (X20 magnification).  Following activation in seawater the spermatozoa movement was 

recorded (10 sec after activation; frame rate of 100 

FPS).  The movies were either studied in situ or sent by 

Dropbox to IFREMER (Palavas, France) in order to 

inter-calibrate the analysis through mail exchanges.  

The motility of grey mullet sperm decreases with time 

and the duration is limited to 50 seconds.  The initial 

percentage of motile spermatozoa is around 50% and 

quickly decreases to zero after 70 seconds (Fig. 7.1.1).  

 

Figure. 7.1.1. Variation of grey mullet sperm motility assessed by the percentage of motile sperm with time 

after activation.  

 

 

Figure. 7.1.2 Modification of Average Path Velocity (VAP) of grey mullet sperm with time; error bars 

illustrate the standard deviation. 
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The number of motile sperm decreased and the mean speed of spermatozoa also dropped with time (Fig. 

7.1.2).  The variability of velocity remained 

high along the studied sequence, but the 

higher velocities decreased strongly.  The 

comparison of means by ANOVA revealed 

that the only significant difference in 

velocity was observed between the velocity 

at 10 s and all other time points.  The 

calculated linearity objectively assessed the 

variations of trajectories during the 

spermatozoa propulsive movement.  During 

the first 30 s after activation the majority of 

spermatozoa swam in straight line, then the 

track bend progressively as illustrated by 

the decrease of linearity (Fig. 7.1.3)  

 

Figure. 7.1.3. Modifications of the trajectories of grey mullet sperm expressed by the linearity. 

 

The analyses show that grey mullet sperm does not present a pattern of motility similar to that of seabass 

(Dicentrarchus labrax) or rainbow trout (Oncorhynchus mykiss) in terms of velocity as well as duration, 

which lasts less than one minute.  

 

7.1.2 Production of recombinant bioactive LH and FSH for grey mullet  

Despite the successful hormone-induced breeding of grey mullet in captive condition (Aizen et al., 2005), in 

most cases the treated males produced a very small volume of semen, which was highly viscous and failed to 

fertilize the eggs.  Therefore, to further enhance grey mullet sperm quality, herein we produced and 

characterized fish recombinant gonadotropins, FSH and LH, the most important pituitary hormones 

regulating testicular physiology.  This work was led by P4. IOLR and has been completed and submitted in 

Deliverable 7.2 Production of 

recombinant bioactive LH 

and FSH assay for grey 

mullet. 

Briefly, the recombinant 

gonadotropins, rLH and 

rFSH, were produced utilizing 

the yeast Pichia pastoris 

expression system, and the 

purity and integrity of the ~ 

37 kDa recombinant proteins 

were verified by SDS-PAGE 

and Western blot analyses 

(Fig. 7.1.4). 

 

Figure 7.1.4. Production of recombinant FSH (A) and LH (B).  The integrity and purity of the yeast (Pichia 

Pastoris) produced recombinant hormones were verified by SDS PAGE (left panel) and Western blot (right 

panel) analyses.  The immuno-detection was conducted with hormone specific polyclonal anti-FSH and anti-

LH.  M- Molecular size marker. 
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The in vitro bioactivity of the produced r-FSH and r-LH, was examined by their capacity to stimulate 11-

ketotestosterone (11-KT) secretion from grey mullet testicular fragments (Fig. 7.1.5).  Both r-FSH and r-LH 

stimulated 11-KT secretion 4-folds higher than the controls.  Nevertheless, the r-FSH effective dose (0.5 ng 

ml-1; Fig. 7.1.5A) was 200-folds lower than that of rLH (100 ng ml-1; Fig. 7.1.5B), indicating higher potency 

of the former hormone. 

 

 

Figure 7.1.5.  In-vitro effect of r-FSH (A) and r-LH (B) on 11-ketotestosterone secretion from testicular 

fragments.  Results are shown as Means Ñ SEM (n=16).  An asterisk indicates significantly different means 

(P < 0.05, Student's t-test). 

 

 

7.1.3  Hormonal acceleration of gonadal development  

To further improve grey mullet gamete quality in general and sperm quality in particular, the yeast produced 

recombinant gonadotropins (r-FSH and r-LH) were used as therapeutic agents.  Over two consecutive natural 

spawning seasons (2014 and 2015) we evaluated the effectiveness of several hormonal treatments on gonadal 

development and gamete maturation in captive grey mullet broodstock.  This work was led by P4. IOLR and 

has been completed and submitted in Deliverable 7.3 Comparative effectiveness of hormonal treatments for 

spawning induction in captive grey mullet . 

Grey mullet breeders, consisted of P4. IOLR hatchery-produced (G1) fish that were individually tagged and 

maintained in 4-m3 or 5-m3 tanks supplied with ambient seawater at 40-ppt salinity (Gulf of Eilat, Red Sea) 

and subjected to natural fluctuations of light and temperature conditions (elevation to 25ÁC in June, 28ÁC in 

August).  Fish were fed daily at the rate of 1-1.5% of their body weight using a 30% crude protein and 4% 

lipid commercial feed (Raanan, Israel).  Sex was predicted according to vitellogenin dotblot immunoassay as 

described in Aizen et al. (2005), and then validated during gametogenesis when gonadal biopsies were 

performed. 

 

Experiment 1 (2014) - Effects of recombinant LH and FSH on testicular development.  

This experiment evaluated the short-term (3-weeks post treatment) effects of recombinant gonadotropins, r-

LH and r-FSH (see D7.2), on testicular development.  During the onset of the natural reproductive season 

(6th of August), grey mullet males (n=12 per treatment) were injected intramuscularly with either: (i) saline 

(control group), (ii) r-FSH (5 Õg kg-1 BW), or (iii) r-LH (5 Õg kg-1 BW).  Three weeks later, all fish were 

sampled.  Body and gonad mass were recorded and the respective gonadosomatic index (GSI: gonad 
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weight/body weight*100) values were calculated.  Blood and tissues (pituitary and gonads) were collected 

for further analyses, including: gonadal histology, 11-ketotestosterone (11-KT) measurements, and 

quantification of pituitary LHɓ and FSHɓ mRNA levels. 

Results indicate no significant difference in BW across treatments (Table 7.1.1).  Nonetheless, the r-FSH- 

treated males exhibited significantly (P<0.05) higher GSI values and advanced stages of spermatogenic cells 

(Fig. 7.1.6) when compared to those treated with saline only.  The plasma 11-KT levels were higher in the r-

FSH treated-group than in the control (90.36 Ñ 20.21 and 54.24 Ñ 8.7 pg ml-1, respectively; Fig. 7.1.7).  

Lowest levels of 11-KT were measured in the r-LH treated males (43.38 Ñ 5.1 pg ml-1).  

 

Table 7.1.1. Treatment effect on body weight (BW) and Gonadosomatic Index (GSI).  Values are expressed 

as mean Ñ SEM, (n=12).  Different letters indicate significantly different means (P < 0.05, Student's t-test). 

Treatment 

Group

      BW           

     (g)

           GSI                

      (%)

C 950 ± 49 0.045  ± 0.010
a

r-FSH 863 ± 41 0.088  ± 0.012
b

r-LH 890 ± 52 0.072  ± 0.014
ab

 

 

 

 

Figure 7.1.6.  In vivo effect of rFSH on spermatogenic development in captive grey mullet.  Coronal section 

of gonads, H&E staining.  Organ is composed of mainly undifferentiated gonocytes.  Black triangle indicates 

early features of male differentiation of the gonad as appearance of a clustered organization (spermatocysts).  

The holes in the images indicate early lumen (L) formation. St = Spermatids; SG= Spermatogonias; SC= 

Spermatocytes 
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Figure 7.1.7.  Plasma levels of 11-KT in control, rFSH or rLH treated grey mullet males.  11-KT Values are 

expressed as mean Ñ SEM (n=11).  Different letters indicates significantly different means (P < 0.05). 

http://zfishtoxpat.comoj.com/tesdev.html
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Pituitary FSHɓ and LHɓ transcript levels in control groups sampled at the beginning of the experiment (C0; 

early-August, 2014) and 3-weeks later (C1; mid-September, 2014) indicate 3-fold and 5-fold increased 

expression over time for the FSHɓ and LHɓ genes, respectively (Fig. 7.1.8).  Nonetheless, the initial levels 

of LHɓ were approximately 3-fold lower 

as compared to the FSHɓ ones.  

Treatment effect on endogenous LHɓ and 

FSHɓ transcript levels was observed only 

in the r-FSH-treated fish (Fig. 7.1.9).  

These fish expressed significantly (P < 

0.05) higher LHɓ mRNA levels as 

compared to the r-LH and saline treated 

groups, which did not significantly (P > 

0.05) differ from one another.  

 

 

Figure 7.1.8.  Pituitary expression levels of FSHɓ and LHɓ genes in grey mullet males at early stages of the 

reproductive season.  The pituitary mRNA levels of FSHɓ and LHɓ were measured using relative Real time 

PCR method (RQ) at the onset of the reproductive season (C0; early August 2014) and 3-weeks later (C1; 

mid-September).  Levels (Mean Ñ SEM) are expressed as relative units, normalized to the amount of 18S 

rRNA.  Means with different letters were significantly different (P < 0.05).  
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Figure 7.1.9.  Effect of recombinant FSH and LH (r-FSH and r-LH, respectively) treatments on endogenous 

pituitary FSHɓ and LHɓ mRNA levels in grey mullet males.  The pituitary mRNA levels of FSHɓ and LHɓ 

were measured using relative Real time PCR method (RQ).  Levels (Mean Ñ SEM) are expressed as relative 

units, normalized to the amount of 18S rRNA.  Means with different letters differ significantly (P < 0.05) 

from one another.  

 

 

Experiment 2 (2014) - Effects of recombinant FSH and dopamine antagonist on gonadal development in 

grey mullet females and males.   

In a second series of trials, grey mullet females and males (n= 186; age: 5-year old) were treated during mid-

July (2014) with r-FSH (5 Õg kg-1 BW) combined with Metoclopramide (Metoc; dopamine antagonist) 
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dissolved in ddH2O (15 mg kg-1 BW).  The control fish were injected intramuscularly with saline only.  The 

experiment was conducted in triplicates.  Two weeks following the first injection (early August 2014), males 

received 17alpha-methyltestosterone (MT) loaded on EVAc slow-release implants, at 5 mg kg-1 BW 

produced by P1. HCMR.  Upon need, additional (1 or 2) MT injections were given to enhance spermiation.  

The state of ovarian development, as determined by oocyte diameter, was examined, during late September 

and through October (natural spawning season) by obtaining ovarian biopsies using a polyethylene canula.  

Females were considered post-vitellogenic when mean oocyte diameter was greater than 550 Õm (De 

Monbrison et al., 1997) and more than 50% of sampled oocytes exhibited germinal vesicle migration.  In 

parallel, males were checked for the presence of milt by applying gentle abdominal pressure. 

The relative abundance of fully mature grey mullet females and spermiating males in hormonally treated and 

control groups, at early- and mid-spawning season (mid-September and mid-October, respectively) are 

summarized in Table 7.1.2.  The hormonal treatment consisting of r-FSH and Metoc, appears to synchronize 

gonadal maturation in both females and males, giving rise to consistently higher percentages of fully mature 

specimens as compared to control groups.  The treatment effect was more pronounced in females (up to 4-

fold higher frequencies of fully developed specimens compared to controls) than in males (1.2-1.3 fold 

higher frequencies compared to controls). 

 

Table 7.1.2. Relative abundance of post-vitellogenic grey mullet females and spermiating males at early- and 

mid-spawning season (mid-September and mid-October, 2014) in control and hormonally treated fish. 

Mid September Mid October Mid September Mid October

Fully mature 

females (%) 29 20 91 75

Spermiating 

males (%) 70 50 86 67

Control Treatment

 

 

 

Experiment 3 (2015)- Effects of dopamine antagonist and GnRHa agonist on ovarian development.   

In a third series of trials (4 groups, each consisting of 25 specimens; age: 5-year old), grey mullet females 

were injected on July 29th (2015) with either Metoc (15 mg kg-1 BW) alone or its combination with GnRHa- 

EVAc (36 Õg per fish) produced by P1. HCMR.  Males in both treatment groups were injected with r-FSH (5 

Õg kg-1 BW).  One month later half of the males received MT-EVAc implant (5 mg kg-1 BW).  Two 

additional control groups were injected intramuscularly with saline only.  Gonadal biopsies were carried out 

at two consecutive months: September 2nd, and October 7th.  The relative abundance of fully mature females, 

and spermiating males were recorded.  Sperm quality was classified into one of four categories based on its 

quantity, fluidity and ability to spread in the water.  Additionally, treatment effects on sperm characteristics 

were evaluated using CASA adapted to grey mullet (see Deliverable 7.1).  

The added potential of GnRHa-EVAc was tested to complement the Metoc-stimulatory effect on captive 

grey mullet ovarian development.  During the early phase of the spawning period (September 2015) higher 

frequencies of females exhibiting advanced stages of vitellogenesis (i.e. oocyte diameter greater than 300 

Õm) were found in both treatment groups compared to controls (Fig. 7.1.10A).  Nonetheless, the combined 

treatment, consisting of Metoc and GnRH-EVAc, appeared to be more effective than the Metoc only.  The 

Metoc and GnRH-EVAc combined treatment synchronized and accelerated oocyte development, giving rise 

to over 70% vitellogenic females during September (Fig. 7.1.10A) and 50% post- vitellogenic females one 

month later, as the spawning season progressed (Fig. 7.1.10B).  Interestingly, relatively high frequencies of 

vitellogenic females were observed in the control groups (up to 50%) during September (Fig. 7.1.10A), 

however, only a minority (less than 18%) reached the post-vitellogenic stage (i.e. oocyte diameter greater 

than 550 Õm) during October (Fig. 7.1.10B).  
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Figure 7.1.10. Effects of Metoc and GnRH-EVAct on ovarian development in captive grey mullet females 

(JulyïOctober 2015).  Oocyte diameter profiles in control (C1, C2), Metoc (T1) and Metoc+GnRH-EVAc 

(T2) treatment groups (n=25), during September (A) and October (B). 

 

 

Experiment 4 (2015) - Effects of r-FSH and MT-EVAc implants on sperm production.  

The forth experiment tested the effect of a single r-FSH injection (5 Õg kg-1 BW) vs. double r-FSH (2.5 Õg 

kg-1 BW) injections given two weeks apart; August 5th and 19th) on sperm production over time.  Each group 

consisted of 25 fish.  Four weeks following the first rFSH injection, the non-spermiating specimens in each 

treatment group received MT-EVAc implant.  The females in both treatment groups received Metoc (15 mg 

kg-1 BW) injection on August 5th.  The relative abundance of fully mature females, and spermiating males 

were recorded, and sperm quality was evaluated as above.  

This experimentation with the grey mullet males evaluated the effect of r-FSH as a sole therapeutic agent vs. 

r-FSH use to prime the fish prior to the administration of MT-EVAc implants.  The r-FSH treatment showed 

no stimulatory effect on sperm production compared to controls neither during September (Fig. 7.1.11A) nor 

during October (Fig. 7.1.11B). However, all males that were primed with r-FSH and then subjected to MT-

EVAc implantation produced sperm (Fig. 7.1.11B).  Moreover, the latter group exhibited relatively higher 

percentages (66%) of fully spermiating males compared to rFSH-treated (33%) and control groups (24%). 
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Figure 7.1.11. Effects of rFSH and MT-EVAc on sperm production in captive grey mullet males (Julyï

October 2015).  (A) Abundance of spermiating males in r-FSH treated and control groups (n=25) 4 weeks 

post treatment (September 2015).  (B) Abundance of spermiating males in control, r-FSH, and r-FSH+MT 

treated groups (n=25) 4-weeks after the MT-EVAc implantation (October 2015).  0- no milt, 1- traces of 

viscous milt, 2-relatively small amounts of white milt, 3- fluid milt  4- flowing fluid milt, easily spread in the 

water. 
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A CASA analysis revealed no significant (P > 0.05) treatment-effect on spermatozoa concentrations.  

Regardless of the treatment group, all counts ranged between 50 to 70 million cells ml-1 (Fig. 7.1.12).  

However, males in the rFSH-treated group exhibited sperm with relatively prolonged motility compared to 

those in the rFSH+MT and control groups (Fig. 7.1.13). 

 

 

Figure 7.1.12. Effects of hormonal treatment (rFSH and rFSH+MT) on spermatozoa concentrations (n=27). 

 

 

 

Figure 7.1.13. Effects of hormonal treatment (rFSH and rFSH+MT) on spermatozoa motility (n=27). 
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Figure 7.1.14. Effects of rFSH and MT-EVAc on sperm production in captive grey mullet males (Julyï

October 2015).  (A) Abundance of spermiating males in groups (n=13 per group) treated with a fixed rFSH 

dose given either via a single or double injections (r-FSH[1] and r-FSH[2], respectively) 4 weeks after first 

injection (September 2015).  (B) Abundance of spermiating males in r-FSH, and r-FSH+MT treated groups 

(n= 6 per group) 4-weeks after the MT-EVAc implantation (October 2015).  0- no milt, 1- traces of viscous 

milt, 2-relatively small amounts of white milt, 3- fluid milt  4- flowing fluid milt, easily spread in the water. 
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In addition, this study evaluated the effectiveness of a fixed r-FSH dose (5 Õg kg-1 BW) administrated as a 

single injection or divided into two injections given 2-weeks apart.  Although of a preliminary nature, it 

appears that treatment based on two- r-FSH injections is more effective giving rise to prolonged spermiation 

over time compared with a single injection (Fig. 7.1.14). 

The full description of the work and results was provided in Deliverable D7.3 Comparative effectiveness of 

hormonal treatments for spawning induction in captive grey mullet. 

 

Conclusions  

¶ The CASA analyses show that grey mullet sperm does not present a pattern of motility similar to that 

of European seabass or rainbow trout in terms of velocity as well as duration which lasts less than one 

minute.  

¶ The employed methylotrophic yeast expression system produced a satisfying yield of recombinant 

gonadotropins.  

¶ Both, r-FSH and r-LH, were able to stimulate grey mullet gonadal steroidogenesis in vitro although 

with different bio-potencies.  In this respect, at the early stages of the reproductive season, r-FSH but 

not r-LH, enhanced steroidogenesis as well as somatic and germ cell proliferation in captive grey 

mullet males.  

¶ The r-FSH seems to be a potent initiator of gonadal growth and germ cell proliferation/differentiation, 

therefore, the timing of administration may solve the observed reproductive dysfunctions in male grey 

mullet giving rise to successful captive breeding of this species.  

¶ The combination of r-FSH injection and EVAc implant for sustained release of MT, was the treatment 

that both induced a further advance in spermatogenesis and a higher percentage of breeders to advance 

to spermiation among captive grey mullet males. 

¶ Treatment combining dopamine antagonist (metoclopramide) and r-FSH enhanced and synchronized 

ovarian development in captive grey mullet females, giving rise to 91% post-vitellogenic females 

within the treatment-group.     

 

Task 7.2 Develop hormone-based treatments for induced spawning of grey mullet (led by IOLR, 

Hanna Rosenfeld). 

Spawning induction trials were carried out during natural (2014 and 2015) and shifted (2016) spawning 

season.  Once identified, a reproductively mature female was stocked with either two or three spermiating 

males in a 1-m3 tank supplied with seawater at 24-27ÁC.  The selected fish were treated with GnRHa 

combined with Metoc.  Each treatment consisted of priming (GnRHa 10 Õg kg-1; Metoc 15mg kg-1) and 

resolving injections (GnRHa 20 Õg kg-1 ; Metoc 15 mg kg-1 ) given 22.5 h apart.  

 

7.2.1 Induced-spawning trials during natural spawning season (Mid -September - November, 2014, 

2015) 

First series of trials (n=31) were carried out with fish primed with the combination of dopamine antagonist 

and r-FSH (Ex. 2; Task 7.1.3) or saline (control).  Both hormonally-primed and control groups gave rise to 

candidates (n=14 and n=17, respectively; Table 7.2.1) fulfilling prerequisite criteria for the spawning 

induction trials.  However, spawning successes was improved in the pre-treated groups compared to controls 

(42.9% and 29.4%, respectively).  The overall successful spawns produced 42 million eggs in total.  Based 

on numbers of floating eggs a total of 75% of the spawned eggs were considered viable.  
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Table 7.2.1.  Summary of the spawning data obtained from hormonally induced grey mullet females during 

September-November 2014.  Relative fecundity is expressed as means Ñ SEM.  Spawning ratio signifies the 

number of females that ovulated after injection, divided by the total number of injected females.  Relative 

fecundity stands for total number of eggs kg-1 body weight of treated females. 

  

 

 

Second series of trials (n=23) were carried out with hormonally-primed and control fish (Ex. 3; Task 7.1.3) 

during 2015.  The spawning data is summarized in Table 7.2.2.  Twenty three females were induced to 

spawn resulting to the production of about 35 million eggs.  However, the vast majority of the eggs were non 

fertile.  It seems that the conserved spawning induction treatments, consisting of GnRHa and Metoc were 

most effective in inducing final oocyte maturation and ovulation.  Following the priming and to a greater 

extent the resolving injection, the ovulating females can be easily recognized by their swollen belly (Fig. 

7.2.1A).  However, many of the females with swollen bellies (over 40% during the 2015 spawning induction 

trials) did not advance to spontaneously release the eggs, and frequently (30%) died (Fig. 7.2.1B).   

 

Table 7.2.2.  Summary of the spawning data obtained from hormonally induced grey mullet females during 

September-November 2015.  Priming treatment refers to hormonal treatments administered prior to or during 

gametogenesis to accelerate gonadal development in captive grey mullet females and males.  Group structure 

indicates the number of female and males in each spawning unit. 

Females Males #Females #Males

9.9.2015 Metoc+GnRH FSH + MT 1 2 640 no

9.9.2015 Metoc+GnRH FSH + MT 1 2 The female has died 0

10.10.2015 Metoc FSH + MT 1 3 930

10.10.2015 Control Control 1 3 650 no

10.10.2015 Control Control 1 3 The female was stripped 350 10%

14.10.2015 Metoc FSH + MT 1 4 The female has died 0

14.10.2015 Metoc FSH + MT 1 3 370

14.10.2015 Metoc FSH + MT 1 3 650 20% 11.60%

14.10.2015 Metoc FSH + MT 4 5 2 out of 4 females spawned 520 20%

14.10.2015 Metoc FSH + MT 1 3 0

21.10.2015 Metoc FSH + MT 1 3 1930 5% 0.20%

31.10.2015 Metoc FSH + MT 2 3 1105

31.10.2015 Metoc FSH + MT 3 4 1  female died and 1 spawned 1900 15%

31.10.2015 Metoc FSH + MT 1 3 0

31.10.2015 Metoc FSH + MT 2 3 710

11.11.2015 Metoc FSH + MT 1 1

Total number 

of induction 

trials

23
Total volume/ number of 

spawned eggs 

9755 ml = 

35.12 million 

eggs

Priming treatment 
Date

Group structure Fertilization 

rate

Hatching 

rate
Remarks

Total volume 

of  eggs (ml)
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Figure 7.2.1. Spawning of captive grey mullet.  (A) Hormonally-stimulated grey mullet female exhibiting 

swollen belly prior to egg release.  (B) Hormonally-stimulated female that failed to release the eggs and died.  

(C) Grey mullet female and male (big and small specimens, respectively) courtship prior to spawning. 

 

 

Nonetheless, despite of the successful spawning season, two major problems were highlighted: (i) female's 

failure to ovulate (70% and 57% in control and hormonally-treated groups, respectively) and (ii) variable 

fertilization rate ranging between 0 to 100%. 

 

7.2.2 Induced-spawning trials during a shifted-spawning season (January ïFebruary, 2016) 

Four-year-old grey mullet broodstock (Females: n=19, BW= 1.64 Ñ 0.08 kg; Males: n=16, BW=1.02Ñ0.07 

kg) were acclimated to a 4-month shifted photoperiod.  During December 3rd the fish were primed with the 

Methoc and r-FSH combination, which appears to be the best performing protocol (see paragraph 7.1.4).  

 

Table 7.2.3.  Summary of the spawning data obtained from hormonally induced grey mullet females during 

January-February 2016.  Group structure indicates the number of females and males in each spawning unit. 
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The selected fish were hormonally induced to spawn using GnRHa analogue with the combination of 

dopamine antagonist (see Task 7.2.1).  The spawning data is summarized in Table 7.2.3.  Five females were 

induced to spawn, out of which one female died while the other four successfully spawned.  Fertilization rate 

ranged between 50-95%. 

 

Conclusions  

¶ A spawning unit consisting of 1 female and 3 males appears to improve spawning success. 

¶ The femaleËs failure to spawn the eggs and the low fertilization rate suggest that there were male to 

female communication problems during the spawning event.  

 

Task 7.3 Optimization and scale-up of a breeding protocol for grey mullet in captivity (led by IOLR, 

Hanna Rosenfeld).   

No work done during this period. 

 

Task 7.4  Assessment of the effects of captivity on first sexual maturity of wild-caught and hatchery-

produced fish (led by IOLR, Hanna Rosenfeld) 

Hatchery produced (G2; spawning date at IOLR: 31.10 2014) and wild caught grey mullet fingerlings were 

stocked in concrete ponds (30 m3; 20 m2) at two different densities (0.7 and 1 kg m-2).  These fish will be 

monitored until sexual maturity.  In addition, a stock of wild fingerlings obtained by P26. GEI for the Grow 

out experiments (WP 23) will be maintained for at least 3 years or until sexual maturity, and will be used for 

this task.  This is done at no extra charge for the project. 

 

Task 7.5 Establish a shipping protocol for grey mullet eggs (led by DOR, Gilad Safran) 

This task is aimed at establishing procedures for handling grey mullet eggs in order to allow transport to 

various larval rearing facilities.  The development of the protocol was based on methodology developed 

earlier by P4. IOLR for shipping Atlantic bluefin tuna (Thunnus thynnus BFT) eggs to different 

Mediterranean partners (Greece, Spain, Malta, Italy) in the EU 7th framework projects SELFDOTT (212797) 

and TRANSDOTT (311904) (De la G§ndara, 2012; Bridges, 2014).  In brief, this protocol recommends the 

stocking of 10 l of filtered (10 Õm) seawater with 10-15,000 gastrula-stage bluefin tuna eggs l-1 in 20 l 

cubitainers (stiff plastic 6 sided, square bottom cubitainers used in the wine industry), which is placed in a 

Styrofoam container (Fig. 7.5.1A).  Pure oxygen is added to supersaturate the container seawater, as well as 

flushing the air layer in the upper part of the cubitainer.  One to two ice packs, wrapped in cardboard, are 

placed adjacent to the air-oxygen layer (not against the water layer) and the package closed (Fig. 7.5.1B).   

The eggs were temperature acclimated in the tanks, pH was incrementally increased by dripping a solution of 

0.1 N NaOH into the cubitainers to reach a pH of 7.5 to 8.0, the percent of dead sinking and live floating 

eggs was calculated and the eggs stocked in the experimental system.  The following day the percent (%) 

hatching and survival to 1 day after hatching was high (ca 79-90 %) provided good quality eggs were sent.  

Based on the success of this methodology it was also tested when transporting grey mullet eggs within Israel 

(ca 10-11 h in transit) and a simulated transport for longer periods (23 h) was attempted.  Importantly, higher 

grey mullet egg densities (55,000-84,000 eggs l-1) were sent compared to the BFT egg (10-15,000 eggs l-1) 

shipments. 
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(A)       (B) 

   

Figure 7.5.1.  (A) 20 l cubitainer and (B) Styrofoam box with ice pack in cardboard, used for the shipping of 

fish eggs. 

 

Experiment 1 (2014)-Deliveries to P25. DOR Fish Farm 

During 2014, three shipments of grey mullet eggs were made to P25. DOR Fish Farm from P4. IOLR and 

one shipment was made from the kibbutz Maôagan Michael to the P4. IOLR.  A modified BFT protocol was 

employed where the final volume of the water in the 20 l cubitainer was 15 l and egg density was 55-84,000 

gastrula-stage eggs l-1.  Pure oxygen was added to supersaturate the container seawater, as well as flushing 

the air layer in the upper part of the cubitainer.  One to two ice packs, wrapped in cardboard, were placed 

adjacent to the air-oxygen layer (not against the water layer) and the package closed.  Table 7.5.1 lists 

shipping conditions, as well as oxygen content and hatching results at final destination for grey mullet eggs 

in 2014 from the P4. IOLR facility to the P25. DOR fish farm.  Shipment results of eggs sent from kibbutz 

Maôagan Michael to the IOLR were also included, which has a slightly longer transit time of 11h.  In 

contrast, the eggs shipped from the Maôagan Michael hatchery to P4. IOLR utilized similar high egg 

densities (66-110,000 eggs l -1), but were sent using thick plastic bags filled with pure oxygen.  Domestic 

shipments necessitated only one internal flight and vehicle transport to the destination. 

 

Table 7.5.1.  Shipping conditions as well as percent oxygen and hatching results of grey mullet eggs sent 

from P4. IOLR to P25. DOR in 2014 using the SELFDOTT protocol, as well as eggs sent from Maôagan 

Michael (approximately the same transit time as shipments sent to DOR, ~10 h), which were sent in plastic 

bags in Styrofoam boxes with no ice packs.  

         

Spawning 
date 

Box 
no. 

Egg vol . 
sent (ml ) 

Egg 
number 

Total  Vol . 
sent (l ) 

Eggs/l % 
O2 *  

Time in 
tr ansit (h) 

% 
hatching*  

 Eggs sent from IOLR to DOR 

16.8.14 1 350 1.26 x10
6
 15 84000 272 9.0 85 

16.8.14 2 250 0.825x10
6
 15 55000 280 9.0 85 

3.10.14 1 250 1.6x106 15 55000 330 10.5 90 

3.10.14 2 250 1.6x10
6
 15 55000 330 10.5 90 

16.10.14 1 350 1.26 x10
6
 15 84000 265 9.0 85 

 Eggs sent from Kibbutz Maôagan Michael to IOLR 

14.8.14 1 500 1.65 x10
6
 15 110000 270 11 96 

14.8.14 2 300 99000 15 66000 265 11 97 

	  

*Measured at destination 
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The results of Table 7.5.1 show that despite higher egg densities in the cubitainers, compared to the BFT egg 

shipping protocol, the shipments arrived at their domestic destinations in 9-10 h where oxygen levels (265-

339 %) and hatching rates (85-90 %) were very good.  In fact, eggs that were sent in plastic bags from 

Maôagan Michael to the IOLR arrived in excellent condition after 11 h and also demonstrated hatching rates 

of 96-97%.  Taken together, these results suggest that short term shipping of gastrula stage grey mullet eggs, 

provided that egg quality is very good, can be readily carried out using cubitainers or strong plastic bags as 

long as pure oxygen is added and that the shipment does not encounter temperature extremes. 

 

Experiment 2 (2015)- Testing longer transit times 

In order to test longer transit times and to monitor water quality more closely, a controlled simulation trial 

was set up.  Two gastrula-stage egg densities (10 and 15,000 eggs l -1) were tested in replicates of 4 and 3 

Styrofoam containers for each treatment, respectively, over a period of 23 h (Table 7.5.2).  Pure oxygen was 

added to the cubitainer, followed by securely closing the container.  The cubitainers were then placed into 

Styrofoam containers (30x30x39 cm) where two icepacks, wrapped in cardboard were placed on the upper 

part of the container next to the air pocket.  The Styrofoam boxes were placed in a temperature controlled 

room (24ÁC) for 23 h.  During this period all boxes were gently shaken every few hours. A data logger was 

placed in Styrofoam container 7 to measure temperature variability throughout the trial (Table 7.5.2).  

 

Table 7.5.2.  The effect of transit simulation on water quality (pH, O2, NH3) in cubitainers, 23 h after trial.  

Poor quality eggs with low fertilization rates were used and no hatching was observed. 

T0    23 h   

Box no. pH O2 NH3 (mg/l) pH O2 NH3 (mg/l) 

1  
 

 

8.02 

365  
 

 

<0.05 

8.01 285  
 

 

<0.05 

2 390 8 290 

3 287 8 297 

4 314 7.98 235 

5 257 7.96 242 

6 307 8.01 256 

7 296 8 290 

	  

 

 

Figure 7.5.1.  Temperature (ϊC; black line) and Light intensity (Lux; blue line) measurements (data logger) 

in Styrofoam container 7 during the 23 h simulation of transporting grey mullet eggs. Temperature decreased 

from approximately 24 to 20 ϊC during the simulation.  

 

 

Single eggs from the same batch were taken and carefully placed in each of 12 wells (3 ml) in each of 3 

plastic plates to determine hatching success, after incubation in a controlled temperature incubator.  
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Unfortunately, this batch of eggs was poorly fertilized and hatching did not occur either in any of the 12-well 

plates nor in the Styrofoam containers.  In fact, this study was repeated, but egg quality remained poor and 

no hatching was observed in the second trial either.  Nevertheless, the pH, oxygen and ammonia were 

measured at the end of the trial in order to determine if water quality was compromised during the 23 h 

simulation. 

Despite the failure of the eggs to hatch due to poor fertilization, Table 7.5.2 shows that water quality was 

conserved, in terms of pH, O2 and NH3 over the 23 h test period while temperature fluctuated between 20-24 

ÜC (Fig. 7.5.1).  This suggests that implementing the BFT transport protocol in sending eggs to the other 

partners would be sufficient at the two egg concentrations tested.  

 

Experiment 3 (2015)- Nitrofurazone treatment of eggs at destination. 

A further step of reducing the bacterial load of transported eggs upon arrival was investigated in 2015.  

Polydine disinfectant treatment of eggs, which was the selected disinfectant with the eggs of other species, 

was not successful in treating grey mullet eggs as this approach frequently resulted in >70% mortality of live 

and highly buoyant eggs.  On the other hand, no disinfection commonly leads to the development of a red 

bacteria on the tank walls, which has recently been identified at the IOLR as a potential cause of newly 

hatched larval mortality.  Consequently, a number of preliminary toxicity trials were conducted with 

nitrofurazone, an antibiotic that appears to successfully treat this bacterial strain.  In Israel, it is not legal to 

use nitrofurazone to treat fish during grow-out for the market, but this antibiotic can be used to treat eggs.  

These studies were carried out by stocking 1-2 gastrula-stage grey mullet eggs in each well of three 24 well 

plastic plates for the control (no antibiotic) and two nitrofurazone concentration treatments (2.5 and 5.0 mg l-

1 of ambient 40 ă seawater).  All nine 24 well plastic plates were placed in an incubator at 25.5 ϊC.  After 

33 h, hatching occurred where the percent (%) hatching and the survival of the pre-larvae immediately 

following hatching were noted.  The latter parameter was measured as grey mullet larvae frequently die upon 

hatching.  In addition, survival of the pre-larvae following a further 3 h exposure to the antibiotic was 

determined.  Although the use of nitrofurazone is not true disinfection, as its action is only bacteriostatic, it 

was hypothesized that the reduced bacterial activity might be beneficial. 

Exposing the eggs for 33 h to a 2.5 mg l-1 nitrofurazone concentration significantly (P<0.05) increased the 

hatching success of grey mullet eggs compared to the control and the 5 mg l -1 concentration (Figs. 7.5.2 and 

7.5.3). In addition, there was no difference in the percent (%) of surviving larvae following hatching 

(P>0.05).  On the other hand, if the pre-larvae continued to be exposed to the antibiotic for a further 3 h, 

mortality was total (Fig. 7.5.4).  Nevertheless, further studies are necessary on nitrofurazone due to the use 

of poor quality eggs in these studies, as well as the need to examine shorter exposure times (<33 h) and other 

antibiotic candidates.  Having said that, the preliminary results suggested that nitrofurazone may be an 

effective egg treatment approach that can markedly improve hatching rate after transport from the spawning 

tank or to another facility.    
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Figure 7.5.2.  The effect of nitrofurazone treatment concentration on percent (%) hatching in grey mullet 

eggs following 33 h of immersion.  Values having different letters were significantly (P<0.05) different. 
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Figure 7.5.3.  The effect of nitrofurazone treatment concentration on percent (%) larval survival following 

hatching in grey mullet eggs.  Values having the same letter were not significantly (P>0.05) different. 
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Figure 7.5.4.  Survival of larvae after a further 3 h exposure to nitrofurazone following the 33 h of exposure 

up to hatching.  Values having different letters were significantly (P<0.0%) different. 

 

 

Conclusions 

¶ Short term shipping (Ò11 h) of gastrula stage grey mullet eggs, provided that egg quality is very good, 

can be readily carried out using cubitainers or strong plastic bags together with the addition of pure 

oxygen.  One or no Freezer packs may be sufficient as long as the shipment does not encounter 

temperature extremes.   

¶ Water quality, in terms of temperature (20-24ÁC), pH, O2 and NH3,, was stable after 23 h of simulated 

egg transport, even when eggs of poor quality were used. 

¶ Exposure of eggs only to nitrofurazone (2.5 mg l-1 sea water) is a promising treatment to reduce 

bacterial load and improve hatching rate.  However, further studies to determine the most effective egg 

exposure times to this and other antibiotics are necessary.  
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Deviations from Annex I and their impact:  

Due to poor egg quality and fertilization rates in 2015, the egg shipment protocol that was submitted as 

Deliverable D7.4 Protocol for shipping grey mullet eggs, was not thoroughly tested during the present 

reporting period and these studies should be repeated, and a new deliverable will be submitted.  

Nevertheless, the data collected so far does indicate that the SELFDOTT transport protocol can be readily 

adapted to shipping grey mullet eggs to the partners in DIVERSIFY.  An updated version of the Deliverable 

will be submitted in Mo 36. 

For P24. ITTICAL, it was planned to obtain a stock of wild grey mullet fingerlings (0+ year class) and 

maintain them until sexual maturity, to implement Task 7.4.  In 5 December 2014, we were informed by the 

PI (Dr. Fulvio Cepollaro) that they acquired 5,000 fingerlings of 0.2 g in average size.  However, upon 

examination of the stock maintained in the facilities of P24. ITTICAL in the Spring of 2016 by P13.UNIBA, 

it was found that the stock consisted of about 200 fish having a body weight ranging between 70 and 750 g, 

suggesting that this stock consisted of fish from different year classes (certainly no 1+ year class), and 

certainly not fish obtained as fingerlings in 2014 as reported by P24. ITTICAL.  Therefore, this stock cannot 

be used for the purpose of Task 7.4 (as we do not know their real age) and contingency plans were made, by 

using a stock of wild fingerlings obtained by P26. GEI for the Grow out experiments (WP 23).  This fish will 

be maintained for at least 3 years or until sexual maturity (as opposed to only 1 year to perform the WP 23 

grow out study), and will be used for this task.  This is done at no extra charge for the project. 
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Group Work Packages  
 

Nutrition 
To improve meagre larval current feeds and the optimum level of n-3 HUFA, 

six weaning diets containing two levels of HUFA, two of vitamin E and two of 

vitamin C were fed to meagre larvae. Weaning diets for meagre must be 

optimized increasing high HUFA levels up to 3% and vitamins E and C over 

1500 and 1800 mg kg-1 to spare these essential fatty acids from oxidation. The 

importance of supplementation of meagre weaning diets with 2.4 mg kg-1 vit K 

has been pointed out, since the absence of this vitamin markedly reduced larval 

survival. Meagre seemed to be very sensitive to hypervitaminosis D and A, 

since supplementation with these vitamins leaded to a growth reduction. On the 

contrary, taurine supplementation did not have any effect in meagre larvae 

performance.  

Maximum growth of greater amberjack larvae was achieved in the range of dietary EPA concentrations 

between 8-16 %TFA, when low dietary DHA were provided. The effect of combinations of PUFA-rich lipids 

and carotenoids were assessed on greater amberjack larval performance, welfare and body composition. To 

this purpose the rotifer enrichment commercial protocol (C) was compared with three experimental 

emulsions.  Rotifers enriched with polar rich emulsion containing a marine natural lecithin LC60 combined 

with 10 ppm of Naturose resulted in a significant advantage in larval growth, survival and welfare compared 

to rotifers enriched with other emulsions.  For broodstock nutrition histidine supplementation increased the 

number of eggs, percentage of fertilization, hatching rate and survival of 3 days post hatching larvae.  

Six experimental diets with similar levels of protein and lipid, and increasing levels of phospholipids, EPA 

and DHA were examined for pikeperch larvae.  The combination of high phospholipid (PL) content and high 

DHA content improved larvae growth.  Digestive enzyme activity was enhanced by dietary inclusion of PL 

and LC PUFAs, and trials have shown that pikeperch larvae require both high dietary inclusion levels of 

phospholipids in terms of soya lecithin and LC PUFAs to perform optimally.  From 10 dph, larvae were fed 

Artemia enriched by an emulsion with high levels of n-6 fatty acids (sunflower oil), by a high level of n-3 

fatty acids (rape seed oil) or by a commercial DHA enrichment medium.  Three salinity levels were used (0, 5 

and 10 ppt). Different patterns for EPA and DHA esterification into different lipid classes were observed, but 

were independent of the dietary or salinity regime. EPA was the most incorporated substrate, followed by 

arachidonic acid (ARA). There is also an apparent effect of salinity and dietary regime, with a decreasing 

incorporation of EPA with the increasing salinity for diets based on sunflower oil, and an opposite trend 

being observed for diets based on rapeseed oil. Adding saline water to rearing conditions did not improve 

growth, but changed the ability of pikeperch larvae to elongate and desaturate different fatty acids and PLs. 

A protocol for weaning of Atlantic halibut at 28 days post first-feeding has been developed and almost 100% 

of the larvae fed Ottohime were filling up their guts with formulated feed after a five days adaptation period.  

A production strategy for ongrown Artemia has been established, which improves the nutritional value of 

Artemia with respect to protein, lipid and micronutrient contents. Growth and juvenile quality was excellent 

in larvae fed Artemia nauplii in this experiment and was not improved by feeding ongrown Artemia.  

For wreckfish larvae, PUFA, SAFA and MUFA values (% of total fatty acids) have a little variation in the 

first 10 days of life.  Muscle of wild fish has a large amount of proteins and low lipid levels, with DHA+EPA 

representing more than 30% of total fatty acids, whereas cultured fish have more lipids in muscle and liver. 

Diets for wreckfish broodstock should increase the amount of proteins and decreased the level of fat.  

For grey mullet, a significant effect of taurine enrichment of rotifers on larval and juvenile growth from 12 to 

44 dph has been described, while there appears to be no added benefit of feeding taurine enriched Artemia on 

larval weight.  Six month juvenile grey mullet have a significant requirement for 0.5% taurine DW diet, 

while levels above this did not elicit further benefit. This suggests that the capability to synthesize taurine is 

still insufficient so this nutrient must be provided in the diet.  
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WP 8 Nutrition ς meagre 
 

WP No: 8 WP Lead beneficiary: P2. FCPCT 

WP Title (from 

DOW):  
Nutrition ï meagre 

Other beneficiaries 

(from DOW):  
P15. ULL P20. SARC P21. DTU  

Lead Scientist preparing the 

Report (WP leader): 
Izquierdo, M. 

Other Scientists 

participating:  
Lund, I. (DTU) and Rodr²guez, C. (ULL) 

 

Objectives 

1. Improve current larval weaning feeds for meagre, 

2. Determine nutritional requirements to promote feed utilization, consistent growth rates and fish welfare to 

reduce size variation. 

 

Summary of work reported in the previous Reporting Period (1-12 Mo): 

Despite the interest of meagre for aquaculture diversification, there is a lack of information on nutrition 

during larval development.  The importance of highly unsaturated fatty acids (HUFA) and the antioxidants 

vitamin E and vitamin C has not been investigated in this species, despite the fact that the oxidative risk is 

particularly high in fast growing larvae.  To improve current larval feeds and the optimum level of these 

nutrients, six weaning diets containing two levels of HUFA (0.4 and 3% dw), two of vitamin E (150 and 300 

mg 100g-1) and two of vitamin C (180 and 360 mg 100g-1) were fed to 15 days after hatching (dah) 36,000 

meagre larvae in triplicate. Low HUFA/vitamin E/vitamin C diet reduced larval growth, lipid absorption and 

HUFA contents.  Dietary HUFA levels of 3% improved larval growth and lipid absorption and deposition.  

Besides, among fish fed 3% HUFA, increase in vitamin E and vitamin C significantly improved body 

weight, as well as lipid, 22:6n-3 and n-3 fatty acids contents in the larvae.  Thus, the results demonstrated 

that weaning diets for meagre must be optimized increasing high HUFA levels, up to 3% and vitamins E and 

C over 1500 and 1800 mg kg-1 to spare these essential fatty acids from oxidation.  

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

Task 8.1. Improvement of larval weaning feeds (led by FCPCT, Marisol Izquierdo). 

The results from this Task have been completed and submitted as Deliverable 8.1. Improvement of larval 

weaning diets.  A brief description is provided below. 

 

1. Optimum essential fatty acids and related micronutrients levels in weaning diets for meagre 

Materials and methods 

Experiment 1. A trial was conducted to test six microdiets in triplicates. Larvae were previously fed enriched 

rotifers (DHA Protein Selco; INVE, Dendermonde, Belgium) until 14 days after hatching (dah). Meagre 

larvae (initial total length 4.07Ñ0.26 mm, meanÑSD; dry body weight 0.06Ñ0.01 mg) were randomly 

distributed into 18 experimental tanks at a density of 2500 larvae per tank and were fed one of the 

experimental diets tested in triplicates for 14 days, at an average water temperature of 23.2Ñ0.20 ÁC.  To 
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avoid the nutritional contribution of Artemia with essential fatty acids and vitamins, this live prey was not 

added to the rearing tanks. Despite that complete weaning from 14 dah could reduce growth or survival, it 

was required to determine more accurately the effect of the levels of essential fatty acids and antioxidant 

vitamins in the weaning diets. Six isonitrogenous and isolipidic experimental microdiets (pellet size <250 

Õm & 250-500 Õm) were formulated using fish oil (peruvian anchovy) as source of high n-3 HUFA contents 

only for diets containing 3% n-3 HUFA (Table 8.1.1).  

The desired lipid content was completed with a non-essential fatty acid source, oleic acid (Oleic acid 

vegetable; Merck, Darmstadt, Germany). The protein source used (squid meal) was defatted (three 

consecutive times with chloroform (i.e. chloroform: squid meal ratio of 3:1) to allow a better control of the 

fatty acid profile of the microdiet. Two different dietary levels of n-3 HUFAs were formulated: 0.4% (low) 

and 3% (high) combined with three combined levels of vitamin E+C (Vitamin E: DL-Ŭ-tocopherol acetate; 

Sigma-Aldrich, Madrid, Spain. Vitamin C: ROVIMIX Stay-C-35) levels vitamin E/ vitamin C: 1500/1800, 

3000/1800 and 3000/3600 mg kg-1 (Table 8.1.1). Therefore six experimental diets (0.4/150/180, 0.4/300/180, 

0.4/300/360, 3/150/180, 3/300/180, 3/300/360) were tested according to HUFA, vitamin E and vitamin C 

levels respectively. To determine larval performance and morphometry, growth was determined by 

measuring dry body weight and total length (Profile Projector; Nikon V-12A, Tokyo, Japan) of 30 fish per 

tank at the beginning, at 24 (dah) and 20 fish per tank at the end of the trial. To determine gut occupancy and 

digestive activity, 30 min after feeding, larvae were photographed under a binocular microscope and gut 

content was studied by image analysis. To determine the welfare status a stress resistance test was conducted 

at the end of the trial with 30 larvae that were handled out of the water in a scoop net for 30 sec. Final 

survival was calculated by individually counting all the larvae alive at the beginning and at the end of the 

experiment. 

 

Table 8.1.1. Variable ingredients and proximate composition (g 100 g-1dw) of early weaning diets containing 

several n-3 HUFA, vitamin E and vitamin C levels fed to meagre (A. regius) larvae from 14 to 28 dah. 

 Diets 

 0.4/150/180 0.4/300/180 0.4/300/360 3/150/180 3/300/180 3/300/360 

Ingredients       

Peruvian 

anchovy oi l 

0.00 0.00 0.00 10.00 10.00 10.00 

Oleic acid
a
 10.00 10.00 10.00 0.00 0.00 0.00 

Vitami n E*  150.00 300.00 300.00 150.00 300.00 300.00 

Vitami n C* 180.00 180.00 360.00 180.00 180.00 360.00 

Proxi mate 

composition 

      

Lipid  16.01 17.09 17.06 17.52 17.34 17.44 

Protein  65.14 64.72 64.97 65.43 65.45 64.88 

Moisture  10.32 10.59 9.38 9.67 9.39 9.35 

Ash  5.47 5.55 5.70 5.88 5.73 5.81 

	

 

 

 

Results 

Gut occupancy, larval performance and morphometric parameters 

The image analysis studies of the larval photographs of larvae fed the different diets denoted no significant 

differences in gut occupancy among fish fed the different diets. Daily weight gain in this study was ranging 

between 17.48Ñ2.57% (treatment: 0.4/300/360) and 24.64Ñ2.62% (treatment: 3/150/180); so being higher in 

larvae fed 3% (n-3 HUFA) (22.43Ñ2.01%) compared to 0.4% (n-3 HUFA) larvae (18.80Ñ1.60%). However, 

after only 10 days of feeding (24 dah), growth in terms of total length and dry body weight was significantly 
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lower in larvae fed diet 0.4/150/180 (Table 8.1.2), which contained the lowest HUFA, vitamin E and vitamin 

C levels. Larger growth was obtained in meagre fed diets 3/150/180, 3/300/180 and 3/300/360 (Table 8.1.3).  

 

Table 8.1.2. Total length (mm), dry weight (mg), and survival of meagre larvae fed early weaning diets 

containing two levels of n-3 HUFA, vitamin E and vitamin C from 14 dah (initial total length 4.07Ñ0.26 mm 

and dry body weight 0.06Ñ0.01 mg). 

 Diets 

 0.4/150/180 0.4/300/180 0.4/300/360 3/150/180 3/300/180 3/300/360 

Total  length   

24 dah 

28 dah 

 

4.75Ñ0.44
b 

5.15Ñ0.46
ab 

 

5.00Ñ0.39
a 

5.20Ñ0.43
ab

 

 

4.91Ñ0.40
ab 

5.14Ñ0.51
ab

 

 

4.96Ñ0.45
a 

5.29Ñ0.44
a
 

 

4.96Ñ0.48
a 

4.97Ñ0.31
b
 

 

5.06Ñ0.38
a 

5.34Ñ0.59
a
 

Body weight 

24 dah 

28 dah 

 

0.19Ñ0.04
c 

0.23Ñ0.02 

 

0.21Ñ0.02
bc 

0.21Ñ0.04 

 

0.20Ñ0.03
bc 

0.21Ñ0.03 

 

0.21Ñ0.02
bc 

0.27Ñ0.05 

 

0.22Ñ0.02
ab 

0.23Ñ0.05 

 

0.24Ñ0.03
a 

0.24Ñ0.04 

Survival  (%) 12.09Ñ4.96 8.04Ñ5.20 15.12Ñ4.14 14.16Ñ8.29 16.68Ñ3.45 15.16Ñ7.67 

	

 

 

 

Table 8.1.3. Results of two-way ANOVA analysis on total length (mm) and dry body weight (mg) of meagre 

(A. regius) larvae fed two dietary levels of HUFA, vitamin E and vitamin C. 

 Total length  Dry weight 

24 dah 28 dah P  24 dah 28 dah P 

HUFA 
0.4 4.85Ñ0.05 5.18Ñ0.05 < 

0.05 

 0.20Ñ0.01 0.22Ñ0.01
b
 < 0.05 

3 4.95Ñ0.05 5.24Ñ0.05  0.22Ñ0.01 0.25Ñ0.01
a
 

Vitamin E 
1500 4.85Ñ0.06 5.22Ñ0.06 < 

0.05 

 0.20Ñ0.01 0.25Ñ0.11 < 0.05 

3000 4.96Ñ0.04 5.20Ñ0.04  0.21Ñ0.01 0.23Ñ0.01 

Interaction 
 

NS NS < 

0.05 

 NS NS < 0.05 

HUFA 

0.4 4.89Ñ0.05 5.19Ñ0.05 < 

0.05 

 0.20Ñ0.01 0.21Ñ0.01
b
 < 0.05 

3 4.98Ñ0.05 5.25Ñ0.05  0.22Ñ0.01 0.25Ñ0.01
a
 

Vitamin C 

1800 4.89Ñ0.04 5.17Ñ0.04 < 

0.05 

 0.20Ñ0.01 0.24Ñ0.01 < 0.05 

3600 4.98Ñ0.06 5.28Ñ0.06  0.22Ñ0.01 0.23Ñ0.01 

Interaction 
 

NS NS < 

0.05 

 NS NS < 0.05 

	

 

 

 

Thus, regardless the dietary vitamin E and vitamin C levels, the increase in dietary HUFA from 0.4 to 3%, 

significantly (P<0.01) improved larval growth in terms of total length (4.89Ñ0.42 and 5.00Ñ0.43 mm for 0.4 

and 3% HUFA, respectively) and dry weight (0.20Ñ0.03 and 0.22Ñ0.03 mg for 0.4 and 3% HUFA, 

respectively). Among fish fed 0.4% HUFA, elevation of dietary vitamin E from 1500 to 3000 mg kg-1 

significantly improved total length in 24 dah larvae (P<0.01) (Table 8.1.3). Among fish fed 3% HUFA, 

increase in both vitamin E and vitamin C significantly improved body weight (P<0.05) (Table 8.1.3) and a 

significant positive linear correlation was found between dry body weight and dietary vitamin E+ vitamin C 

levels (y=9E-05x+0.18 RĮ= 0.995).  Similar trends were observed at the end of the feeding trial (28 dah). 

Thus, the two-way ANOVA analysis comparing the effect of dietary HUFA and vitamin E showed an 

improvement in growth, particularly body weight, when dietary HUFA levels were raised from 0.4 to 3%, 

whereas the effects of vitamin E or the interaction between both nutrients were not significant (Table 8.1.4). 
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Similarly, the two-way ANOVA analysis comparing the effect of dietary HUFA and vitamin C showed the 

significant positive effect of dietary HUFA on fish weight, whereas the effects of vitamin C or the interaction 

between both nutrients were not significant (Table 8.1.3). 

 

Table 8.1.4. Main fatty acid composition (%dw) of the early weaning diets containing several n-3 HUFA, 

vitamin E and vitamin C levels used to fed larval meagre from 14 to 28 dah. 

 Diets 

 0.4/150/180 0.4/300/180 0.4/300/360 3/150/180 3/300/180 3/300/360 

14:0 0.09 0.09 0.08 0.60 0.63 0.63 
15:0 0.01 0.01 0.01 0.08 0.09 0.08 
16:0 2.41 2.17 2.00 3.29 3.84 3.26 

16:1n-7 0.03 0.03 0.03 0.69 0.64 0.76 
16:1n-5 0.00 0.00 0.00 0.03 0.03 0.00 
16:2n-4 0.00 0.00 0.00 0.05 0.05 0.06 

16:3n-1 0.01 0.01 0.01 0.01 0.01 0.02 
16:4n-3 0.00 0.00 0.00 0.06 0.05 0.06 
18:0 0.28 0.58 0.52 0.80 0.94 0.79 

18:1n-9 9.85 10.08 10.12 3.43 3.16 3.29 
18:1n-7 0.09 0.15 0.15 0.43 0.42 0.47 
18:1n-5 0.00 0.00 0.00 0.02 0.02 0.02 

18:2n-9 0.00 0.00 0.00 0.01 0.01 0.01 
18:2n-6 2.51 3.16 3.28 2.60 2.30 2.70 
18:3n-6 0.00 0.00 0.00 0.05 0.05 0.05 

18:3n-3 0.14 0.18 0.20 0.41 0.37 0.43 
18:4n-3 0.00 0.00 0.00 0.15 0.14 0.16 
20:0 0.04 0.03 0.03 0.05 0.06 0.05 

20:1n-9 0.02 0.01 0.00 0.06 0.05 0.06 
20:1n-7 0.12 0.13 0.13 0.48 0.67 0.53 

20:1n-5 0.00 0.00 0.01 0.03 0.04 0.04 
20:2n-9 0.00 0.00 0.00 0.01 0.01 0.01 
20:2n-6 0.00 0.01 0.01 0.06 0.05 0.06 

20:3n-6 0.01 0.00 0.00 0.02 0.02 0.02 
20:4n-6 0.01 0.02 0.02 0.13 0.12 0.15 
20:3n-3 0.03 0.01 0.01 0.04 0.03 0.04 

20:4n-3 0.00 0.00 0.00 0.08 0.07 0.08 
20:5n-3 0.09 0.10 0.11 0.95 0.86 0.99 
22:1n-11 0.03 0.01 0.01 0.34 0.56 0.39 

22:1n-9 0.03 0.01 0.02 0.07 0.09 0.07 
22:4n-6 0.00 0.02 0.00 0.02 0.02 0.02 
22:5n-6 nd 0.01 0.01 0.06 0.05 0.06 

22:5n-3 0.00 0.01 0.00 0.18 0.16 0.19 
22:6n-3 0.17 0.22 0.27 1.64 1.52 1.67 
Saturated 2.82 2.89 2.65 4.87 5.60 4.86 

Monoenoic 10.18 10.42 10.47 5.59 5.70 5.66 
n-3  0.45 0.52 0.60 3.54 3.22 3.64 
n-6 2.54 3.22 3.32 2.94 2.62 3.06 

n-9 9.91 10.10 10.14 3.58 3.33 3.44 
n-3HUFA 0.29 0.34 0.39 2.89 2.64 2.97 

n-6HUFA 0.02 0.06 0.04 0.29 0.26 0.31 
(n-3+n-6)HUFA 0.31 0.4 0.43 3.18 2.9 3.28 
18:1n-9/n-3 HUFA 5.27 5.18 4.37 0.20 0.21 0.19 

n-3/n-6 0.18 0.16 0.18 1.2 1.23 1.19 
EPA/ARA 1.10 1.02 1.06 1.22 1.19 1.18 
DHA/EPA 0.31 0.38 0.41 0.30 0.31 0.29 

	

 

 

Larval organ and skeleton development  

Histological study of larval foregut showed that larvae fed 0.4% HUFA presented condensed enterocytes 

with scarce accumulation of lipid vacuoles (Figure. 8.1.1.A and B). However, larvae fed higher levels of 

dietary HUFA, such as in 3/150/180, showed enterocytes with large lipid vacuoles around the nucleus and in 

the basal part of the enterocyte (Figure 8.1.1.D and E), reflecting the higher lipid absorption activity. 

Similar features were observed in guts of larvae fed diets 3/300/180 and 3/300/360. Regarding the liver, 

larvae fed low HUFA diets showed very condensed hepatocytes with centered nucleus and marked 

cytoplasm staining, observing a scarce deposition of lipid reserves (Figure 8.1.1.C). On the contrary, larvae 
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fed higher HUFA levels showed hepatocytes with a higher accumulation of lipid vacuoles (Figure 8.1.1.F). 

No other alterations were found in larval organ development. Moreover, no significant differences were 

found in skeleton development.  

	 

Figure 8.1.1. Sections of intestine and liver of meagre (28 dah) from different treatments. H&E. 

 

 

Survival and welfare status  

At the end of the feeding trial (28 dah), larval survival was not significantly different among the different 

groups of larvae, being in average 13.45Ñ3.08% (meanÑSD). In agreement, no significant differences were 

found in larval welfare status.  

 

Biochemical composition  

The diets without fish oil and containing oleic acid (0.4/150/180, 0.4/300/180 and 0.4/300/360) were 

characterized by a high level of monoenoic and n-9 fatty acids, particularly oleic acid (OA: 18:1n-9), as well 

as n-6 fatty acids, such as linoleic acid (LA) (Table 8.1.4). Accordingly, a high ratio OA/n-3 HUFA was 

obtained in these diets (Table 8.1.4). On the contrary, diets containing fish oil (3/150/180, 3/300/180 and 

3/300/360) were high on saturated fatty acids, specially lauric (14:0), palmitic (16:0) and stearic (18:0) acids, 

as well as on n-3 fatty acids, including ALA, eicosatetraenoic (20:4n-3), EPA, n-3 docosapentaenoic (DPA, 

22:5n-3) and DHA acids. Fish oil inclusion also raised the levels of n-6 HUFA, such as 20:2n-6, 20:6n-6, 

22:5n-6 and 20:4n-6 ARA, but in a lower extend than n-3 fatty acids, and subsequently the n-3/n-6 ratio was 

high. All the diets kept constant proportions of the ratios among the essential fatty acids EPA/ARA and 

DHA/EPA (Table 8.1.4). 
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Despite dietary lipids levels were similar among diets, elevation of dietary HUFA tended to increase larval 

total lipid contents (Table 8.1.5). Moreover, lipid contents in larvae fed 3% HUFA were increased by dietary 

vitamin E+ vitamin C levels, and a significant positive correlation was found between the two parameters 

(y=0.0151x+13.26, RĮ=0.91) (Figure 8.1.2).   

 

	

 

Figure 8.1.2. Effect of dietary vitamin E and C on lipid and n-3 contents (dw) in meagre (A. regius) larvae 

after 14 days of feeding 3% HUFA diets.  

 

 

The n-3 HUFA contents in larvae fed diets with the low HUFA levels were even lower than those of the 

initial larvae, whereas feeding the high HUFA levels increased larval n-3 HUFA even over the initial levels 

(Table 8.1.5). T-student analysis showed that larval contents of n-3 HUFA were significantly (P<0.05) 

higher in larvae fed high n-3 HUFA than low n-3 HUFA. Accordingly, higher contents of DHA, EPA and 

ARA (P<0.05) were found in larvae fed high dietary n-3 HUFA. However, the total amount of saturated fatty 

acids was similar among larvae fed the different diets regardless dietary contents. Besides, only slightly 

higher values were found in larvae fed 0.4% HUFA for monounsaturated and n-6 polyunsaturated fatty acids. 

Despite EPA/ARA and DHA/EPA ratios were similar among the different diets, their values were higher 

(P<0.05) in larvae fed fish oil, particularly when vitamin E or vitamin E+ vitamin C were increased in the 

diet. 

In larvae fed 3% n-3 HUFA, inclusion of vitamin E increased LA, ARA, EPA, 22:4n-6, 22:5n-6, DPA, DHA 

and, accordingly, the n-3, n-3 HUFA, n-6 contents and n-3/n-6 ratios (Table 8.1.5), regardless that similar 

levels were found in the respective diets (Table 8.1.2). Particularly, increase in dietary vitamin E+ vitamin C 

levels led to a significant linear increase in the DHA (y=0.008x-0.45, RĮ=0.97) and n-3 fatty acid 

(y=0.009x+0.084, RĮ=0.99) contents in the larvae. In larvae fed either 0.4 or 3% HUFA diets, the combined 

elevation of vitamin E and vitamin C, tended to raise larval lipid contents by increasing 14:0, 15:0, 16:0, 

16:1n-7, 16:1n-5, 18:0, 18:1n-7, 20:0, 20:1n-7 and 22:1n-11, end-products of non-essential fatty acid 

synthesis in marine fish, as well as the levels of 20:2n-6, 20:3n-3, EPA, DPA and DHA, suggesting an 

antioxidant protection by these vitamins (Table 8.1.5). 

 

2. Importance of dietary vitamins A, K and D in weaning diets for meagre 

Materials and methods 

A trial was conducted to test five microdiets in triplicates. Larvae were previously fed enriched rotifers 

(DHA Protein Selco; INVE, Dendermonde, Belgium) until they reached 20 days after hatching (dah). 

Meagre larvae (initial total length 7.2Ñ0.7 mm; dry body weight 0.5Ñ0.1mg) were randomly distributed in 15 

experimental tanks at a density of 2100 larvae per tank and were fed one of five experimental diets tested in 

triplicates for 14 days, at an average water temperature of 24.5Ñ0.5 ÁC.  
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Table 8.1.5. Total lipid content (mg/g dw) and fatty acid composition (%dw) of whole body meagre, after 14 

days of feeding several n-3 HUFA, vitamin E and C dietary contents. 

 
14 dah 

28 dah 

0.4/150/180 0.4/300/180 0.4/300/360 3/150/180 3/300/180 3/300/360 

Lipids 19.49Ñ2.81 17.54Ñ2.12b 17.63Ñ3.79b 21.11Ñ1.12ab 18.72Ñ1.71b 19.59Ñ0.13ab 23.61Ñ0.86a 
14:0 0.17 0.08 0.07 0.21 0.14 0.12 0.14 

15:0 0.10 0.05 0.05 0.09 0.08 0.07 0.08 
16:0 4.86 3.82 3.88 5.24 4.50 4.21 4.67 

16:1n-7 1.10 0.14 0.13 0.24 0.24 0.29 0.34 

16:1n-5 0.12 0.04 0.04 0.05 0.05 0.05 0.06 

16:2n-4 0.20 0.10 0.09 0.12 0.17 0.17 0.20 
16:3n-1 0.50 0.32 0.34 0.29 0.35 0.34 0.43 

16:4n-3 0.09 0.14 0.14 0.10 0.07 0.09 0.11 
18:0 1.81 2.43 2.36 3.16 2.95 2.46 2.81 

18:1n-9 3.85 4.87 5.00 5.54 3.01 2.58 3.12 

18:1n-7 0.72 0.38 0.37 0.47 0.54 0.49 0.59 
18:1n-5 0.04 0.02 0.01 0.01 0.03 0.02 0.04 
18:2n-9 0.17 0.03 0.03 0.02 0.01 0.02 0.03 

18:2n-6 1.46 2.45 2.55 2.65 1.70 1.83 2.31 
18:3n-6 0.06 0.05 0.05 0.06 0.07 0.06 0.07 

18:3n-3 0.19 0.10 0.07 0.24 0.42 0.12 0.17 
18:4n-3 0.02 0.02 0.01 0.06 0.02 0.01 0.02 

20:0 0.12 0.14 0.13 0.21 0.14 0.12 0.14 

20:1n-9 0.04 0.01 0.01 0.01 0.02 0.02 0.03 
20:1n-7 0.36 0.40 0.41 0.42 0.34 0.33 0.42 
20:1n-5 0.08 0.03 0.03 0.03 0.04 0.04 0.05 

20:2n-9 0.05 0.00 0.01 0.01 0.01 0.02 0.02 
20:2n-6 0.13 0.11 0.11 0.17 0.13 0.12 0.16 
20:3n-6 0.08 0.04 0.04 0.03 0.04 0.05 0.06 

20:4n-6 0.51 0.28 0.29 0.21 0.41 0.55 0.70 
20:3n-3 0.04 0.01 0.01 0.02 0.03 0.03 0.04 
20:4n-3 0.05 0.03 0.01 0.05 0.05 0.04 0.06 

20:5n-3 0.27 0.14 0.14 0.21 0.36 0.65 0.85 
22:1n-11 0.03 0.01 0.01 0.02 0.09 0.07 0.10 
22:1n-9 0.09 0.24 0.22 0.25 0.29 0.28 0.24 

22:4n-6 0.04 0.02 0.02 0.02 0.03 0.04 0.06 
22:5n-6 0.09 0.04 0.04 0.02 0.09 0.14 0.18 
22:5n-3 0.13 0.06 0.06 0.06 0.17 0.31 0.43 

22:6n-3 1.44 0.67 0.66 0.64 1.94 3.51 4.50 
Saturated 7.09 6.53 6.51 8.93 7.84 6.99 7.87 

Monoenoic 6.49 6.16 6.24 7.09 4.67 4.19 5.00 
n-3 2.26 1.19 1.11 1.38 3.08 4.79 6.20 
n-6 2.37 2.99 3.09 3.17 2.47 2.79 3.54 

n-9 4.22 5.16 5.27 5.83 3.35 2.92 3.45 
n-3HUFA 1.93 0.92 0.89 0.97 2.55 4.55 5.88 
n-6HUFA 0.85 0.49 0.5 0.45 0.7 0.9 1.16 

(n-6+n-3)HUFA 2.78 1.41 1.39 1.42 3.25 5.45 7.04 
18:1n-9/n-3HUFA 0.39 0.93 1.00 1.21 0.22 0.11 0.13 

n-3/n-6 0.19 0.07 0.06 0.09 0.23 0.34 0.41 

EPA/ARA 0.11 0.09 0.09 0.21 0.17 0.23 0.29 
DHA/EPA 1.02 0.83 0.84 0.65 1.00 1.06 1.25 

	

 

 

 

Five isonitrogenous and isolipidic experimental microdiets (pellet size <250 Õm & 250-500 Õm) were 

formulated using squid powder non defatted as source of protein and lipid, and were completed with Krill-PL 

as source of marine phospholipids, and level of vitamin E (1.500 mg kg-1), vitamin C (3.600 mg kg-1), gelatin 

(3.0), mineral premix (4.5 g/100 g), vitamins premix (6.0 g/100g) without menadione, ergocalciferol and 

retinol acetate (Table 8.1.6).  Additionally, menadione as source of vitamin K was added to the vitamin mix 

(175 mg kg-1) in all diets except C-Vit K (diet without vitamin K supplementation diet), ergocalciferol as 

source of vitamin D was added to the vitamin mix (37 mg kg-1) in all diets except C-Vit D (diet without 

vitamin D supplementation) and retinol acetate as source of vitamin A was added to the vitamin mix (3 mg 

kg-1) in all diets except C-Vit A (diet without vitamin A supplementation). Taurine (2.000 mg kg-1) was 

added only to C+Taurine diet (diet with taurine addition diet). The diet with vitamin K, D and A 

supplementation and without taurine addition was considered as a control diet (C) (Table 8.1.6).  
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Table 8.1.6. Ingredients and proximate composition of early weaning diets fed to meagre larvae from 20 to 

33 dah (C control diet; C+Taurine control with taurine supplementation; C-Vit K control without vitamin K 

supplementation; C-Vit D control without vitamin D supplementation; C-Vit A control without vitamin D 

supplementation). 

Diets 

 C C+Taur ine C-Vit K  C-Vit D C-Vit A  

Ingredients      

Taur ine
i
 0.0 200.0 0.0 0.0 0.0 

Vit K
j
 17.3 17.3 0.0 17.3 17.3 

Vit D
k
 3.7 3.7 3.7 0.0 3.7 

Vit A
l
 0.3 0.3 0.3 0.3 0.0 

Proxi mate 

composition (%) 
     

Crude lipids 16.4 16.2 16.5 17.1 17.9 

Crude protein 76.0 75.9 76.4 76.4 76.1 

Moisture 13.7 13.6 13.6 13.8 13.8 

Ash 6.5 6.5 6.5 6.6 6.5 

Taur ine
1
  4.0 5.8 4.0 4.0 4.0 

Vitami n K
2
 2.4 2.4 0.0 2.6 2.2 

Vitami n D
3
 28.9 29.0 30.4 2.3 27.4 

Vitami n A
4
 4.2 4.3 4.2 4.3 4.1 

	

 

 

 

Results 

Gut occupancy, larval performance and morphometric parameters  

The image analysis studies of the larval photographs of larvae fed the different diets denoted no significant 

differences in gut occupancy among fish fed the different diets. After only 7 days of feeding (26 dah), 

growth in terms of total length and dry body weight was only significantly (P<0.05) higher in larvae fed diet 

C-Vit D (8.9Ñ1.0 mm) (meanÑSD) (Table 8.1.7). However, at the end of the feeding trial (33 dah), the larvae 

feeding diets without supplementation of vitamin K (C-Vit K), vitamin D (C-Vit D) and vitamin A (C-Vit A) 

increased significantly (P<0.05) growth in terms of total length (12.8Ñ1.6; 12.6Ñ1.3; 12.2Ñ1.7 mm, 

respectively). This same trend was found in body weight (3.2Ñ0.2; 3.3Ñ0.2 mg for C-Vit K and C-Vit D, 

respectively) except for larvae fed C-Vit A (2.5Ñ0.3 mg) that did not show significant differences with larvae 

fed Control (Table 8.1.7).  

 

Survival and welfare status  

Larval survival at the end of the experiment was not significantly different among the different groups of 

larvae, being in average 16.6Ñ5.1% (Table 8.1.7), except for the group of larvae fed C-Vit K that presented 

low survival (7.1%) with 100% of mortality in two tanks. No significant differences were found in larval 

welfare status. 
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Table 8.1.7. Total length (mm), dry weight (mg) and survival of meagre larvae fed early weaning diets from 

20 to 33 dah (initial total length 7.2Ñ0.7 mm and dry body weight 0.5Ñ0.1mg). (C control diet; C+Taurine 

control with taurine supplementation; C-Vit K control without vitamin K supplementation; C-Vit D control 

without vitamin D supplementation; C-Vit A control without vitamin D supplementation). 

Diets 

  C C+Taur ine C-Vit K  C-Vit D C-Vit A  

Total  length  26 dah 8.3Ñ1.0
 a 

8.5Ñ0.9
 a
 8.5Ñ1.0

 a
 8.9Ñ1.0

 b
 8.6Ñ1.0

 a
 

 33 dah 11.5Ñ1.7
 a
 11.7Ñ1.3

 a
 12.8Ñ1.6

 b*
 12.6Ñ1.3

 b
 12.2Ñ1.7

 b
 

Body weight 26 dah 0.7Ñ0.1
 a
 0.8Ñ0.1

 a
 0.7Ñ0.1

 a
 0.9Ñ0.2

 b
 0.8Ñ0.2

 a
 

 33 dah 2.4Ñ0.6
 a
 2.3Ñ0.4

 a
 3.2Ñ0.2

 b*
 3.3Ñ0.2

 b
 2.5Ñ0.3

 a
 

Survival  (%)  16.7Ñ6.5 12.9Ñ1.2 7.1*  17.7Ñ12.3 19.0Ñ0.5 

	

 

 

 

Larval organ and skeleton development  

By histopathological examination, granulomas were detected in the liver of some larvae of the different 

experimental diets. Granulomas displayed different stages of growth and morphology: initial granulomas or 

ñStage Iò, granuloma of 0.5 mm composed of a central cluster of voluminous macrophages (Figure 8.1.3a). 

Late granulomas or ñStage IIò, granuloma of 

1.8 mm composed of an eosinophilic necrotic 

central area surrounded by several concentric 

layers of macrophages that presented 

vacuolized cytoplasm, observing more flattened 

in the outer layers. Hepatic cells around of the 

granulomas were compressed (Figure 8.1.3b).  

At 33 dah high incidence of Stage I and II 

granulomas was found in larvae fed without 

supplementation of vitamin K (C-Vit K) 

(12.5%) (Figure 8.1.3c and d), followed by 

larvae fed without supplementation of vitamin 

A (C-Vit A) and without supplementation of 

vitamin D (8.3% and 3.3%, respectively) 

(Table 8.1.8). Larvae from control and taurine 

diets did not show granulomas. Larvae with 

granulomes were stained with Ziehl-Neelsen 

technique for Mycobacteria detection being 

negative for all cases (absence of alcohol-acid 

resistant bacillus, Figure 8.1.3. e1 and e2).  

 

 

Figure 8.1.3. a. Initial or ñStage Iò granuloma in the liver (40x). b. ñStage IIò granuloma in the liver (40x). 

c. ñStage Iò granuloma in the liver of larvae fed without vitamin K supplementation diet (C-Vit K) (10x). d. 

ñStage IIò granuloma in the liver of larvae fed without vitamin K supplementation diet (C-Vit K) (10x). e1. 

(40x) and e2. (10x) staining with Ziehl-Neelsen technique, granuloma in the liver of larvae fed without 

vitamin K supplementation diet (C-Vit K).  
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Osteological study  

No significant differences on frequency of severe anomalies of the total anomalies were found among the 

groups of larvae, accounted for 40% for larvae fed Control, C+Taurine and C-Vit A diets, 45% for larvae fed 

C-Vit K diet and 38% for larvae fed C-Vit D diet. The index of severe anomalies among groups varied from 

1.5% for larvae fed C+Taurine diet, 1.4% for larvae fed C-Vit D diet, 1.3% for larvae fed C-Vit K and C-Vit  

A diets to 1.2% for Control larvae, 

but without significant differences 

among groups.  

Severe anomalies of hemal vertebra 

were quite common among groups 

(32.7%), followed by pre-hemal 

(13.7%) and caudal vertebra (9.6%) 

(Figure 8.1.4). Anal fin (12.5%) 

showed higher anomalies than 

caudal fin (0.1%). Malformations 

involving spines and rays were very 

common in all groups of larvae, 

being up to 46.8% for spines of arch 

and 26.9% for branquiostegal rays 

(Figure 8.1.4).  

 

Figure 8.1.4. Frequencies (%) of larvae with different anomalies in each experimental diet (33dah). (C 

control diet; C+Taurine control with taurine supplementation; C-Vit K control without vitamin K 

supplementation; C-Vit D control without vitamin D supplementation; C-Vit A control without vitamin D 

supplementation). Data are referred to the total of individuals of each group.  

 

 

Biochemical composition  

The fatty acid composition of the diets was not different among diets, being high in saturated acids (SAFA) 

(5.8%DW), specially lauric (14:0) (1.4%DW) and palmitic acid (16:0) (3.9%DW) acids (Table 8.1.8) and 

high in monosaturated acids (MUFA) (4.1%DW), particularly oleic acid (18:1n-9) (1.5%DW). The levels of 

n-3 PUFA (5.9%DW) were highest than n-6 PUFA (0.4%DW) for all diets, and subsequently the n-3/n-6 

PUFA ratio was high (13.4%DW).  Standing out the fatty acids eicosapentaenoic acid (EPA, 20:5n-3) and 

docosahexanoic acid (DHA, 22:6n-3) as the n-3 fatty acids found in highest levels (2.6 and 2.6 %dw, 

respectively) for all diets (Table 8.1.8).  

Despite dietary lipids levels were similar among diets, larvae fed without supplementation of vitamin K (C-

Vit K) and vitamin D (C-Vit D) tended to increase larval total lipid contents (Table 8.1.9), and a significant 

positive correlation between larvae lipids and body weight at 33 dah (y=0.3814x-2.4621, RĮ=0.83) was 

found.  

The total saturated fatty acids, specially stearic acid (18:0), total monounsaturated acids, specially oleic acid 

(18:1n-9) were higher in the initial larvae than those of the experimental groups (Table 8.1.9). Regarding the 

diets, total amount of SAFA, specially 16:0 was higher in the larvae fed without supplementation of vitamin 

K (C-Vit K) and vitamin D (C-Vit D) (3.2%DW and 3.0%DW respectively) than those found in larvae fed 

C+Taurine and C-Vit A (2.5%DW), although without significant differences with the control larvae.  

Similarly, total amount of MUFA, especially 18:1n-9 were highest in the larvae fed without supplementation 

of vitamin K (C-Vit K) and vitamin D (C-Vit D) than those of C+Taurine and C-Vit A.  
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Table 8.1.8. Main fatty acid composition (% dw) of the early weaning diets used to feed larval meagre from 

20 to 33 dah. (C control diet; C+Taurine control with taurine supplementation; C-Vit K control without 

vitamin K supplementation; C-Vit D control without vitamin D supplementation; C-Vit A control without 

vitamin D supplementation). 

Diets 
 C C+Taur ine C-Vit K  C-Vit D C-Vit A  

14:0 1.3 1.4 1.4 1.4 1.5 
16:0 3.7 3.9 3.8 3.8 4.1 
18:0 0.5 0.5 0.5 0.5 0.5 
Total  SAFAa 5.7 5.4 5.7 5.9 6.2 
16:1n-7 0.8 0.9 0.9 0.9 0.9 
18:1n-9 1.5 1.5 1.5 1.5 1.6 
20:1n-7 0.5 0.5 0.5 0.5 0.5 
22:1n-9 0.1 0.2 0.1 0.1 0.2 
Total  MUFAb 3.9 4.0 4.1 4.2 4.5 
18:2n-6 0.2 0.2 0.2 0.2 0.2 
20:4n-6 0.1 0.1 0.1 0.1 0.1 
Total  n-6 PUFAc 0.4 0.4 0.4 0.5 0.5 
18:3n-3 0.2 0.1 0.2 0.2 0.2 
18:4n-3 0.4 0.4 0.4 0.5 0.5 
20:3n-3 0.1 0.1 0.1 0.1 0.1 
20:4n-3 0.1 0.1 0.1 0.1 0.1 
20:5n-3 2.6 2.4 2.6 2.7 2.9 
22:5n-3 0.1 0.1 0.1 0.1 0.1 
22:6n-3 2.5 2.3 2.5 2.6 2.7 
Total  n-3 PUFAd 6.0 5.3 5.9 6.2 6.4 
Total  n-3 LC PUFAe 5.3 4.8 5.3 5.6 5.8 
Total  PUFA 6.3 5.8 6.3 6.6 6.9 
n-3/n-6 PUFA 15.4 11.9 13.2 13.3 13.0 

	

 

 

 

Table 8.1.9.  Total lipid content and fatty acid composition (% dw) of whole body meagre larve (33 dah) 

feeding on diets (C control diet; C+Taurine control with taurine supplementation; C-Vit K control without 

vitamin K supplementation; C-Vit D control without vitamin D supplementation; C-Vit A control without 

vitamin D supplementation). 

Diets 

 
Initial 
larvae 

C C+Taur ine C-Vit K  C-Vit D C-Vit A  

Lipids 14.8Ñ2.8 13.3Ñ2.1 12.6Ñ0.8 15.2Ñ0.7 14.4Ñ0.8 12.7Ñ1.1 
14:0 0.1Ñ0.0 0.3Ñ0.0abc 0.1Ñ0.1c 0.4Ñ0.0a 0.3Ñ0.0ab 0.2Ñ0.0bc 

16:0 2.7Ñ0.1 2.8Ñ0.1ab 2.5Ñ0.2a 3.2Ñ0.2b 3.0Ñ0.0b 2.5Ñ0.1a 
18:0 1.8Ñ0.2 1.0Ñ0.1 1.0Ñ0.1 1.0Ñ0.1 0.9Ñ0.0 0.9Ñ0.1 
20:0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 

Total  SAFAa 4.9Ñ0.3 4.2Ñ0.2ab 3.7Ñ0.4a 4.7Ñ0.3ab 4.3Ñ0.1b 3.7Ñ0.3a 
16:1n-7 0.6Ñ0.0 0.4Ñ0.0ab 0.3Ñ0.1a 0.5Ñ0.0b 0.5Ñ0.0ab 0.3Ñ0.1ab 

18:1n-9 2.2Ñ0.1 1.3Ñ0.0ab 1.2Ñ0.0a 1.5Ñ0.1c 1.4Ñ0.0bc 1.2Ñ0.0a 

20:1n-7 0.3Ñ0.0 0.3Ñ0.0ab 0.2Ñ0.0a 0.3Ñ0.0b 0.3Ñ0.0b 0.2Ñ0.0a 
22:1n-9 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 

Total  MUFAb 4.2Ñ0.1 2.8Ñ0.1ab 2.5Ñ0.1a 3.2Ñ0.1c 3.0Ñ0.1bc 2.5Ñ0.2a 
18:2n-6 1.7Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 
20:4n-6 0.4Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 

Total  n-6 PUFAc 2.5Ñ0.0 0.5Ñ0.1 0.6Ñ0.0 0.6Ñ0.0 0.5Ñ0.0 0.5Ñ0.0 
18:3n-3 0.3Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 
18:4n-3 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.2Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 

20:4n-3 0.1Ñ0.0 0.1Ñ0.0 0.0Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 0.1Ñ0.0 
20:5n-3 0.4Ñ0.0 1.5Ñ0.1a 1.4Ñ0.1a 1.9Ñ0.1b 1.8Ñ0.1b 1.5Ñ0.2ab 
22:5n-3 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 0.2Ñ0.0 

22:6n-3 1.6Ñ0.1 3.3Ñ0.0 3.4Ñ0.2 3.6Ñ0.4 3.6Ñ0.1 3.4Ñ0.2 
Total  n-3 PUFAd 2.5Ñ0.2 5.3Ñ0.1ab 5.2Ñ0.2a 6.1Ñ0.2b 6.0Ñ0.1ab 5.4Ñ0.3ab 
Total  n-3 LC PUFAe 2.1Ñ0.0 5.1Ñ0.1a 5.1Ñ0.3a 5.8Ñ0.5b 5.8Ñ0.2b 5.2Ñ0.4ab 

Total  PUFA 5.1Ñ0.2 5.8Ñ0.1a 5.8Ñ0.2a 6.6Ñ0.2ab 6.5Ñ0.1b 5.9Ñ0.3a 
n-3/n-6 PUFA 1.0Ñ0.1 9.7Ñ0.1 9.0Ñ0.2 10.5Ñ0.2 11.1Ñ0.1 10.3Ñ0.3 
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Total n-6 PUFA contents, especially linoleic acid (18:2n-6) were highest in the initial larvae and 

consequently higher than those of the experimental groups (Table 8.1.9).  Levels were but similar among 

larvae fed the different diets at 33 dah.  On the contrary, the total n-3 PUFA content was lowest in initial 

larvae (2.5% DW) mainly by reduction of levels of EPA (0.4% DW) and DHA (1.6% DW), and 

subsequently the n-3/n-6 PUFA ratio was lower (1.0% DW) than those of the experiment groups.  Among 

larvae fed experimental diets, those feeding the C-Vit K and C-Vit D diets increased significantly the level of 

EPA (1.9% DW and 1.8% DW, respectively), and additionally these feeding groups tended to increase total 

n-3 PUFA, n-3 LC PUFA and n-3/n-6 PUFA ratio, although for this ratio without significant differences.  

Nevertheless, an increase of larvae 22:6n-3 content (å3.5% DW) compared with the initial larval level (1.6% 

DW) was found regardless of the different diets.  

 

Deviations from Annex I and their impact: 

There were no deviations from the Annex I  
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WP 9 Nutrition ς greater amberjack 
 

WP No: 9 WP Lead beneficiary: P2.FCPCT 
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DOW):  
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Other beneficiaries 

(from DOW):  
P1. HMRC P8. IEO P15. ULL P20. SARC 

P28. CANEXMAR     

Lead Scientist preparing 
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Yannis Kotzamanis (P1), Jerez Salvador (P8), Covadonga Rodriguez (P15), Ramon 

Fontanillas (P20), Rafael Guirao (P28), Hip·lito Fern§ndez-Palacios (P2) 

 

Objectives 

1. Improve of larval enrichment products to enhance production of larvae and juvenile, 

2. Develop diets for grow-out in order to maximize growth potential, 

3. Development of an appropriate broodstock diet to improve unreliable reproduction in amberjack.  

Summary of work reported in the previous Reporting Period (1-12 Mo): 

To improve larval enrichment products for greater amberjack, an experiment was conducted with larvae fed 

Artemia enriched with five levels of the essential docosahexaenoic acid (DHA) (Task 9.1.1).  

¶ The lowest DHA content in the emulsion lead to poor survival, total length and body weight.  

¶ DHA levels in the Artemia up to 1-2% produced the highest survival total length, body weight and 

fish welfare.  

¶ Excess levels of DHA were toxic for amberjack larvae and reduced growth.  

¶ Increase in DHA content in Artemia lead to improved utilization of dietary lipids, as well as increase 

in DHA contents in Artemia, but it did not affect other fatty acids.  

¶ Increased DHA content over 2% in Artemia increased cranial anomalies. 

The results demonstrated the importance of adequate levels of DHA in enrichment products for Artemia (1-

2% DHA) to prevent bone malformations and promote maximum growth and survival in greater amberjack.  

 

To examine the combined effect of PUFA-rich lipids and carotenoids (Task 9.1.2), rotifers were enriched 

according to the lipid composition of wild greater amberjack eggs, testing four lipid enrichment treatments 

and one commercial product combining different times of enrichment with different sources and levels of 

LC-PUFA rich lipids.  A range of lipid sources mainly rich in polar lipids (PL) (E1), triacylglycerols (TAG) 

(E3), or a mixture of them (E2) was used.  

¶ Treatments E1 and E3 produced similar survival than the commercial product (C), whereas treatment 

E2 produced lower survival.  

¶ Overall, the experimental treatment E1 showed the best results in terms of survival and ovigerous 

females in the rotifer population.  

¶ Longer enrichment protocols and higher total lipid levels in rotifers increased the proportions of 

TAG.  
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The results indicate that rotifer enrichment treatment E1 (100% marine lecithin) is the best protocol for LC-

PUFA enrichment according to the lipid composition of wild greater amberjack viable eggs.  To achieve 

objective 3, information on the nutritional requirements and spawning quality determination in greater 

amberjack and related species were collected in order to define a basal diet formulation for amberjack 

broodstock (Task 9.3).  

 

Summary of progress towards objectives and details for each task (13-30 Mo): 

During the present reporting report, this WP has addressed three of the main bottlenecks identified in greater 

amberjack: Limited production of larvae and juvenile, scarce information on nutritional requirements during 

grow-out and the lack of reliable reproduction and egg availability.  Specifically, enrichment products were 

improved by determining the optimum EPA levels, a trial on the effect of nutritionally enhanced grow out 

diets on juvenile performance has been conducted and another one tried to improve broodstock feeding 

regimes to boost reproduction. 

 

Task 9.1 Improve larval enrichment products to enhance production of larvae and juveniles (led by 

FCPCT, Marisol Izquierdo).  

The objective of this task was to determine the optimum levels of specific nutrients that have been suggested 

to be particularly important for the larvae of this and other Seriola species such as essential fatty acids and 

carotenoids. The results of the task allowed to produce a list of the optimum levels and ratios of essential 

fatty acids and carotenoids that should be included in enrichment products for rotifers to be fed to greater 

amberjack larvae. During this period, the effects of essential fatty acids and carotenoids on larval 

performance, welfare, fatty acid analysis, lipid classes, and carotenoid profiles of enrichment products, live 

preys and larvae were studied. These results have been complied in Deliverable 9.1 where full description of 

the work and results is provided. 

Sub-task 9.1.1  (FCPCT, Marisol Izquierdo)  

During this reporting period the optimum levels in enrichment products for live preys for greater amberjack 

of eicosapentaenoic acid (EPA), an essential fatty acid, was investigated. Larvae were fed different levels of 

essential fatty acids and ratios prepared by P2. FCPCT, in order to determine the requirements for these 

nutrients during early larval development. For that purpose, larval performance in terms of survival, growth 

and welfare (survival to handling stress test) was studied. Proximate and fatty acid composition of 

enrichment products, live preys and larvae was analyzed.  

At 17 days post hatching (dph), a total of 1000 larvae per tank (mean total length 6.39Ñ 0.44 mm; mean fresh 

weight 2.94 Ñ 0.57 mg) were randomly distributed in 15 experimental tanks of 200 l capacity. Water 

exchange was gradually increased from 0.80 l minī1 at 19 dph to 1.6 l minī1 at 25 dph and finally to 3.3 l 

minī1 from 30 dph to the end of the feeding trial. Average seawater temperature and dissolved oxygen during 

this period were 24.15 Ñ 0.35ÁC and 6.55 Ñ 0.41 ppm. From 17 to 22 dph, there was an overlap between 

rotifers (unenriched) and Artemia with a gradual reduction in the amounts of rotifers from 5000ï0 

individualôs lī1 and a progressive increase on enriched Artemia from 125ï500 individuals lī1.  From 23 to 35 

dph, larvae were fed exclusively with enriched Artemia from one of the five dietary treatments.  

In order to determine the optimum dietary EPA requirement for greater amberjack larvae during Artemia 

feeding stage, five experimental emulsions, which varied in the EPA contents (0-60%), were formulated. 

Experimental emulsions were prepared, mixing increasing amounts of high EPA content commercial 

triglycerides oil (Incromega EPA 500 TG, Croda, Barcelona, Spain) containing 63% of Total Fatty Acid 

(TFA) as EPA, 8% as DHA and 3% as ARA; Oleic Acid oil (Sigma-Aldrich; Madrid, Spain) including 77% 

of TFA as oleic acid and soya lecithin (SL, Korot SL, Alcoy, Spain) containing mainly 54% of TFA as 
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linoleic acid (18:2nī6, LA) and trace amounts of EPA and DHA.  In addition, to prevent the oxidation of 

high DHA levels, experimental emulsions were fortified with 3000 mg kg-1 vitamin E (DL-Ŭ-tocopherol 

acetate, Sigma-Aldrich, Madrid, Spain) and 2500 mg kg-1 vitamin C (L-ascorbic acid, Asc, Sigma-Aldrich) . 

Once prepared, emulsions were stored in a fridge at 4Ü C until used.  Three samples of each experimental 

emulsion collected along the experimental test were analyzed to determine fatty acid composition (Table 

9.1.1).  For Artemia enrichment, 1.1 ml of each experimental emulsion was mixed with 100 ml of fresh water 

with a stirrer for 1 minute and added to a 10-l beaker filled with seawater and provided with aeration and 

oxygen supply.  Enrichment time (18 hours) and density (150 indv ml-1) were equal for all the experimental 

emulsions assayed. Temperature and salinity during enrichment were 28ÜC and 37g l-1. 

Table 9.1.1. Selected fatty acid contents (percentage of total fatty acids, % TFA) of total lipids in the 

experimental emulsions. 

 EPA-0 EPA-1 EPA-2 EPA-3 EPA-4 

Fatty acid content (%TFA) 

Saturated 15.21 12.66 11.46 9.27 2.61 

Monoenoics 74.63 58.63 50.00 36.95 7.60 

n-3  2.16 20.48 30.11 45.09 79.52 

n-6 7.93 7.43 7.16 6.95 7.65 

n-9 72.17 56.07 47.47 34.57 5.56 

Total n-3HUFA 1.37 17.35 25.60 38.74 70.62 

14:00 0.02 0.12 0.20 0.27 0.35 

16:00 11.45 9.21 7.99 6.01 0.95 

16:1 n-7 0.76 0.81 0.88 0.89 0.87 

18:00 3.14 2.54 2.25 1.72 0.41 

18:1 n-9 72.13 55.84 47.13 34.06 3.94 

18:1 n-7 1.40 1.46 1.33 1.16 0.94 

18:2 n-6 7.80 6.14 5.16 4.05 1.96 

18:3 n-3 0.67 0.65 0.64 0.66 1.18 

20:1 n-9 0.02 0.01 0.01 0.02 0.41 

20:4n-6 (ARA) 0.06 0.82 1.25 1.83 3.53 

20:5n-3 (EPA) 0.84 14.28 21.18 31.97 60.16 

22:6n-3 (DHA) 0.30 2.36 3.34 5.11 6.79 

ARA/EPA 0.07 0.06 0.06 0.06 0.06 

DHA/EPA 0.36 0.17 0.16 0.16 0.11 

DHA/ARA 5.41 2.89 2.68 2.80 1.92 

Oleic/DHA 240.20 23.67 14.13 6.66 0.58 

Oleic/n-3HUFA 52.71 3.22 1.84 0.88 0.06 

n-3/n-6 0.27 2.76 4.21 6.49 10.40 

 1 
 

 

All larval samplings were carried out randomly from the experimental tanks. Total length was measured 

using a profile projector (Mitutoyo PJ-A3000, Kanagawa, Japan) and fresh body weight of 30 larvae/tank 

was determined initially (17 dph) and at 35 dph.  

Larval survival was calculated by daily counting of dead larvae from 17 dph and by counting all the 

remaining alive larvae at the end of the experiment. Thirty larvae per tank at 35 dph were submitted to acute 

stress, handling them out of the water for 30 and 60 seconds and returning them to a bucket with aerated 

seawater. Survival rate was determined 24 hours later, counting all the surviving larvae. To determine the 

skeletal anomalies incidence, 100 larvae were collected per tank at 35 dph. Fixed larvae were stained with 

alizarin red and immediately photographed to evaluate skeletal anomalies occurrence. Different regions of 

the axial column were identified and divided. Observations were performed on the right side of the stained 

samples under a stereomicroscope. The numerical data set obtained was processed to calculate incidences for 

each descriptor (anomaly typology) and treatment. 
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One final sample of larvae was collected from each experimental tank at 35 dph. Besides, 5 g of each 

experimental emulsion of recently hatched Artemia and enriched Artemia were stored. All samples were 

flushed with N2 and kept frozen at -80 ÁC until analysis was carried out. Total lipids were extracted and fatty 

acids prepared by trans-etherification. Separation and identification of the fatty acids was realized with gas 

chromatography (GC) (GC TERMO FINNIGAN FUCUS GC, Milan, Italia). Dry matter, ash and protein 

content were also calculated. 

 

Results 

Artemia enriched with different experimental emulsions (Fig. 9.1.1) resulted in five enriched Artemia 

treatments (Figure 9.1.2). The EPA content in Artemia was directly correlated to EPA content in the 

experimental emulsion ranging from 1.08 to 22.9 %; (Table 9.1.2), other fatty acids such as DHA (range 

0.14-3.01 % TFA), ARA (range 0.39-1.72 % TFA) and total n-3 HUFA (range 3.24-29.07 % TFA) were also 

directly correlated with their emulsion content. 
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Figure 9.1.1. Fatty acids content (percentage of total fatty acids) in the experimental emulsions. 

 

 

Figure 9.1.2. Increase in fatty acids composition (EPA, DHA, ARA and total n-3 HUFA; in %TFA) of 

Artemia nauplii after 18h enrichment with five experimental emulsions. Data represent means and error bars 

are standard deviation (n=3). Treatments means for each FA, with different superscripts indicate significant 

differences (ANOVA (P Ò0.05); Tukeyôs HSD). 


