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2. Core of the report for the period:

Project objectives, work progress ad achievements, project
management
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2.1 Project objectives for the period

Reproduction & Genetics

Five objectives were completed during th& Reporting
Period as programmed in the DOW. The comple
objectives were, to develop a protocol for paired spaw
of meagre, compa genetic variability of pikeperch fol =
breeding programs, develop a protocol for mullet
transport and evelop CASA evaluatiofior grey mullet and
wreckfish sperm and cryopreservation protocols o
wreckfish sperm. Work on a total of 1Brogrammed
objectives was started or continued from the first reporti
period

oo

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

1 Sampling of tissues and blood to describe the reproductive cycle ofrguadierjack (wild and captive)
and wreckfish,

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

wreckfish

=

ard greater amberjack,

Development of techniques itmprove hormone induced spawning protocols for gneylet,
Development of SNP markers for fast and slow growing meagre,

Experiments oiin vitro fertilization for meagre and wreckfish

Assess the effects ohptivity on first sexual maturity in grey mullet.

il
)l
1
il

Nutrition

— Four types of feeds are used in aquaculture, differing in nutritional and
physical characteristics: enrichment products for live preys and dry
feeds for weaninggrow out and broodstock diets] differing in their
formulation and production technologirhe Project objectives for the
second year have focused in first feeding regimes (enrichment
products and weaning diets), growght diets and broodstock diets. In
those species with problemg bbtain 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 lanal enrichment products to enhance production of amberjack |&h&ad)evelop diets for grow

out of greater amberjack in order to maximize growth potenfidd, Development of an appropriate
broodstock diet to improve unreliable reproduction in ambeyja@K. Increase knowledge on the effect of
nutrients essential for first feeding of pikeperch, 1@&velop specific enrichment products and formulated
diets to improve pikeperch larval performandd.l. Development of a protocol for early weaning for
Atlantic halibut 11.2. Develop a production strategy forgnown Artemia and 11. 3. Improve growth in late
Atlantic halibut larval stages, and juvenile quality, through feeding witgrown Artemia,12.2 Determine

the influence of broodstock feeds orcdadity and spawning quality of wreckfish and 13lhprove
enrichment products, weaning, grow out and broodstock diets for grey mullet.

2" Periodic Report (13-30 month) 4
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Larval husbandry

In meagre the objective wés reduce costs by early weaning in meagre larvae and improve grawttrab
and larval quality.

In greater amberjack the objectives werestady the
effects of different feeding regimes in intensive syste
and compare the performance of séménsive and
intensive rearing methods, looking also at the effectf
environmental parameters such as light and cur
These studies were also associated with an evaluatio
the growth endocrine axis. '

intensity, water renewal rate, water flow direction, ta;'_ Rl e s
cleaning time) on the effectiveness of rearing of pikeperch larvae. In addition, a second experiment aimed at
the determination of the effect of four féegtrelated factors on the effectiveness of pikeperch larviculture.

The studied factors were feeding frequencyfeming or not, weaning timing and weaning duration.

In Atlantic halibut, the objective was tmprove larval survival and quality duringrgadevelopmentduring

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 nthod for producing oigrown Artemiaas a means to provide older Atlantic halibut larvae
with a larger prey of a higher nutrient content.

In wreckfish, the objective was to develofaaval rearing protocol based on the most effective prey density,
successin 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 ragrewere 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 relatedo the size dispersion that is
frequently observed in juveniles will be provided.

For the greater amberjacthe objectives of the work during the
second periodic report werdl) the avelopment of feeding
methods for fry and juveniles by identifyingilyarhythms and
feeding frequency(2) to define optimal ranges of temperature and stocking density.

For pike perch the objectives were (1) to characterizestfeets of multiple variables on stress, immune
response and growth performances by a multifedt@pproach and (2) to establish recommendations of
optimal husbandry and environmental conditions for improwuimg welfare and yield of ongrowing of
pikeperch juveniles in farm conditions.

Finally for grey mullet the olegctives for the period wet® evaluae the geographic range for gresut of
grey mullet in the Mediterranean basamd to e@termine the codtenefit of different weaning diets on the
performance and health status of juvenile grey mullet

2" Periodic Report (1330 month) 5
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Fish Health

There were several objectives dgrithis period, to enable future deliverables to be nketr meagre these
included:

1. Continuation of the study of different nutritional parameters,
order todentify the causes of systemic granulooss (SG)
and chronic ulcerative dermatopaft@UD),

. Investigatefurtheranti-parasite treatments in juvenile meagre,

. Complete theharacterisation of immune genes,

. Contrinue the effort to isolate and/aduate the occurrence o
Nocardia infections in meagre and develop an autogeng
vaccine, _

5. Monitor the occurence of different diseases and infections in (RS GG

maintained stocks

In greater amberjack, the objectives in this scientific discipfinkided the following:

AOWN

1. Further work on mesocoms larval rearimgorder to isolate andrpvide early diagnosis toofer
Epitheliocystis,

2. Morphological studyof the incicence of monogenean parasites including edemnination of
environmenthconditions that can modulate greaterkerjack resistance to parasitic infectiand
formulation of a diet supplemented with mustimulation products

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

4. Develop antimonogenean parass infection rearing protocols,

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

Finally in Atlantic halibut, the objective for this period was to complete the worlassess the two
eukaryotic systemsnicroalgae and a protozodn tarentolag for the production of nodavirus (Viral Neural
Necrosis, VNN) capsid proteitg be used for the development of anl @eccine for Atlantic halibut

Socioeconomics

The main objectives of this period were to finish t
organizational and institutional context analysis by:

1. giving insight in the competitive field of and marks
developments in the European aquaculture mar
with a focus on the species selected in DIVERSIF
(meagre, greater amberjack, pikeperch, Atla
halibut, wreckfish and grey mullet),

2. assessing the obstacles for growth in the cur = R ¥ |
aquaculture production eins and for these selecte @ e
species, and =2 ~

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 @elop new product concepts from selected spebies,
incorporating consumer and expert inpamd (b) elect product ideas and develop physical new products
from the selected species

Finally, we focused in work planned to (a)atyse and understand overall value perceptions of consumers
with regard to cltured 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
DI VERSI FY speciesd product s.

2" Periodic Report (13-30 month) 6
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2.2 Work progress and achievementiiring the period

Please provide a concise overview of the progress of the work in line with the structure of Annex | to the
Grant Agreement.

For each work packageexcept project management, which will be reported in section 3.2.3, please provide the
following information:

f
f

A summary of progress towards objectives and details for each task;
Highlight clearly significant results;

If applicable, explain the reasons for deviations from Annex | and their impact on other tasks as well as on
available resotces 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 th declaration by the project coordinator) ;

a statement on the use of resources, in particular highlighting and explaining deviations between actual and
planned persomonths per work package and per beneficiary in Annex 1 (Description of Work);

If applicable, propose corrective actions.

2" Periodic Report (1330 month) 7
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Group Work Packages

Reproduction & Genetics

Work continued to develomols for meagre breeding program
Task 2.2provided a protocol for the paired spawning of meag
The efficacy of spawning pairs with maletation was 76% and
a total of 61 familieswere produced Work in Task 2.3
describedneagrespermcharacteristics (motility initiated at 609
and lasted 60 s) and provided protocols dperm storage and
cryopreservation. The protocols were used in Task42 to
developin vitro fertilization methodsand eggs stripped 39
after treatment with GnRHavere fertilized successfully. In Task 2.5,the DNA was extracted fron400
meagre thahadvarying growth rateand analysiss underway to associate SNP magke/ith growth

In Task 3.1, the effects of confinement on greater amberjack reproduction were demon3tiatstlidy of
reproductive and nutritional state of wild and captigared fish showed that a severe impairment of
gametogenesis occurred in tap-reared greater amberjack that exhibited low pituitary gonadot{GiH)
expression, lowGtH and sex steroid plasma concentrations, extensive atresia of vitellogenic follicles, high
levelsof male germ celbpoptosis and lower gonad content of spedifiid classes and fatty acidajor
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 m 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 #itléhask 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 collectaiesegn will be made to retain more eggs.

Work onpikeperch in Tasks 4.1 and sas been completaahdall deliverableshave been submittedThe
captive broodstock populationsresented different levels of genetic variability that ranged from wide
variability that is greater than observed inilév populations to broodstocks that had reduced genetic
variability due toinbreeding. Hatcheries witbuch broodstocksvere recommended tiake measures to
introduce greater variation into the base populdtoruture breeding programs.

Work with Atlantic halibut in Task 5.1did not find significant differences ifecundity, fertilisation,
hatching, egg size and hormone content between eggs frontaui@thtand cultured femals However,
wild-caught females were more predictable spawners that gaee bewlarger batches of high qualiéggs
(>85% fertilization). In Task 5.2,a GhnRHa implant therapyinducedand synchroised ovulationswithout
any effecton egg quality or quantifyand provides an approach to ensure predictable ovulations.

Despitethe scarcity of wild wreckfishtwo juvenile wreckfish were capturéa Task 6.1 In Task6.2, four
broodstocks are being sampleddescribethe reproductive cycle Males exhibiékd good sperm qualityTask
6.4) with large amounts of expressible speruaring the reproductive period amdproportionof maleshad
sperm throughout the year.Cryopreservation of wreckfish spermffered a good solution for the
management of sperm for vitro fertilization (Task 6.4).In Task 6.3tank spawning of wreckfish ctinued
to be unpredictable, but fertilisation is improving and wtakardsin vitro fertilisation foundthat GnRHa
inducedoocyte maturation and ovulatioeliably.

Grey mulletrecombinantfollicle stimulating hormongr-FSH) was produced with th@ichia expression
systemand the bioactivity of the hormone was demonstrated. TR8H was used in hormoimsed
treatmentdo enhance andynchroniz gametogenesidask 7.1). In Task 7.2 treatmentavere developed
for inducing grey mullespawning Millions of fertilized eggswere producedluring natural and shifted
reproductiveperiods Neverthelessyork continues onwo problems: (i) failureof somefemalesto ovulate
and (ii) episodic fertilizatio rates ranging between 0 to 98%A protocol was develomefor theshippingof
grey mullet egg¢Task 7.5.

2" Periodic Report (13-30 month) 8
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WP 2 Reproduction & Genetigsneagre

WP No: 2 WP Lead beneficiary: P3. IRTA
WP Title (from , :
DOW): Reproduction and Genetiesneagre
Other beneficiaries
(from DOW): P1. HCMR P2. FCPCT P14.IFREMER

Lead Scientist preparing the

Report (WP leader): Neil Duncan

Other Scientists| Juan Manuel Afonso (P2), Costas Tsigenopoulos (P1), Christian Fauvel
participating: | Constantinos Mylonas (P1)

Objectives

Evaluate the genetic variation in the avaiéabaptive broodstocks of meag@ofmpleted),
Genetic characterization of fast and slow growers,

Development of tools that facilitate the implementation of genetic selection programs,
Develop protocols for the paired crossing of breeders with spontaneswsisg Completed),
Describe sperm quality and cryopreservation techniques,

Developin vitro fertilization protocols to provide planned genetic crosses,

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

eoowhE

Summary of work reported in the previous Reporting Period (212 Mo):

All tasks planned for this period have started and made good progiess.2.1,Evaluation of the genetic
variation in captive meagre broodstockshas been completed with the associated Deliverable D2.2. Over
435 breeders were sampled from broodstocks in 13 centres and 7 countries and studiedhigitbsagllite
markers (STRI & SRTS) The broodstocks originated from 3 populations or groups. One broodstock that is
held in Turkey was uniquely different froail other broodstocks. The other 12 broodstocks originated from
two populations or groupsAs a whole, thecombined broodstocks appear to have sufficient variation for
breeding program(s). However, the majority of broodstocks appear to require asériortide 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 broodstockFurther 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 spawnitgs shown that
sucessful 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 wegkawned multipleimes 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 growersnitiated with the samplign 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 foeach task (3-30 Mo):

During the 29 Reporting Period all tasks have again progressed. The three deliverables that were due during
the first and second reporting periods have been submiftadk 2.2, The developmat of protocols for

2" Periodic Report (13-30 month) 9



&
DIVERSIFY - GA 602131 i

paired crossing in spontaneous spawninas been completed, with the associated deliverable D2.3. A
total of five experiments were completed for the tdsie efficacy of spawning pairs with male rotation was
high (76%) and atotal of 61 familiesout of 84(full and haltsib) were produced that had >200,0ifys of

>80% fertilization success.However, a decline in spawning succéBat was observed with repeated
induced spawning with male rotation wepossible drawback that is higglited in the deliverabl&Vork in

Task 2.3 Description of sperm characteristics and cryopreservation method$ias been completed using
ImageJ CASA system to describe meagre sperm characteristics. Sperm motility was approximately 60% at
10 sec after actation, and both speed and percentage motility declined to 0 in approximately 60 seconds.
Different mediums tested to use for sperm storage and cryopreservation techaligaely used for
European seabasBi¢entrarchus labrax were modified to provide ptocols for meagre sperm. Fodask

2.4, Development ofin vitro fertilization methods for planned crossestrials have been made to induce
ovulation, and sperm management protocols fiiaaak 2.3have been used fam vitro fertilisation. More

work is neéed, but initial results indicate that ova stripped 39 hours after the application of GnRHa to
induce ovulation were successfully fertilised with sperm storedniodified Leibovitz medium (identified

in Task 2.3. Task 2.5, Development of Single Nuclemte Polymorphisms (SNP) marker tools for the
genetic characterization of fast and slow growerss advancing towards completion. During the second
reporting period, Bliverable D2.1 was completed and submitted. The DNA has been extracted for 400
meagre tht were grown to harvest size with varying growth rates. The genetic marker library from
Deliverable D2.1 is being used to geneticallyaracterie fast and slow growersithin the population.
There has been little deviation in the planned tasks aneth&ning 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 taskhas been completed with the associated dedivle D2.2. Over 435 breeders were sampled from
broodstocks in 13 centres and 7 countries and studied withick®satellite markers (STRI & SRTS)The
broodstocks originated from 3 populations or grolfig.(2.1.D. One broodstock that is held in Tuykeas
uniquely different from all other broodstocks. The other 12 broodstocks originated from two populations or
groups. As a whole thecombined broodstocks appear to have sufficient variation for breeding program(s).
However, the majority of broodstoglappear 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
e ‘ broodstocks had the same
sr-0s population of origin and
s sample size as 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).

Ghal GhO2
oral ora

Figure 2.11. Graph of Factorial Correspondence Analysis from 18 locl 876 fish distributed in 13
Mediterranean populations of meagre.

The full description of the work and resultd this Task wasprovided in Deliverable 2.2 Genetic
characterization of different meagre captive broodstocks and evaluation of available viityab

2" Periodic Report (13-30 month) 10



DIVERSIFY - GA 602131

Task 2.2 Development of protocols for paired crossing in spontaneous spawning (led by IRTA, Neil
Duncan).

This taskhas been completed with the associated deliverable O=v@. paired spawning experiments were
completed to determine the poatiahof paired spawning inductions with male rotation to perform a dialled
cross mating design as the basis of a breeding progiamo. experiments were completed during the first
reporting period.In one experiment the same pairs were induced repedtedpawn on a weekly basis. In
the second experimemine 6 x 6 (experiment Il) dialled crosses of pairs with weekly male rotation and
induced spawning as completed. During the second reporting period three further experiments were
completegdeach with4 x 4 (experiments 1y llla and llIbdlialled crosses of pairs with weekly male rotation
and induced spawningFecundity and percentage fertilization were determined végga were collected
and percentage hatching and %day) larval survival were detemed by incubatingeggs from each spawn

in replicated96-well microtiter plates. In the samgair experimentthe 4 pairs spawned up to 17 weeks in
succession with high fecundity (>400,0@6ys kg' spawn') andegy quality (> 80% fertilization). The

" efficacy of spawning pairs with

~ 120000 - 100 male rotation was high76%
"8 100000 | 7/1— % P08 (Experiment 1, 14 pairs spawned
) : 90 = out of 16 (87%); experiment I,
T e ? % 22 pairs out of 37 (59%);
T 60000 -0 = experiments llla and b, 25
G | € pairs out of 27 (93%)) and
"E - |0 & across the three experiments a
£ 20000 = total of 61 familiesout of 84
2 0 . ! / J /5/ L - (full and halfsib) were produced
Ist 2nd  3rd  4th 1st 2nd 3rd  4th that had >200,00@gys of >80%

T T —— fertilization succesgFig 2.2.1).

Figure 22.1. Mean (NSEM) daily batch relative fecundity
after each GnRHa injection (n=4, @nevery 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
oneway ANOVA statistics. Different letter superscripts indicate significant diffees between means.

Data from experiment 2 completed in.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 predlegevite oocytes and
could not be induced as planned in the dialled cross

- 100% =1 design (Fig. 2.2.2. This failure to spawn or
£ g 0% || 1 T maintain maturity status after successive successful
z é — spawning inductions appeared to represent a change
22 600 in spawning kinetics from therglonged (up to 17
EL_’ weeks) induced spawning period observed in the
a‘ﬂ% 40% +—| [ samepair experiment angrevious studies. This
E 5 change in kinetics may be attributed to the stress of
58 20% || male rotation and consideration should be made that
~ - 4 4 4 4 as the number of rotations incregsgpawning pairs

0% st ' >nd ard ' ith " may fail or induced spawning may not be possible.

Figure 22.2. Me a n ( NeScEnkaye of pairs that spawned after GnRHa injection in the four experiments
(experiment, 1, II, llla and IlIb) completed in P3 IRTA and P1 HCMR.

2" Periodic Report (13-30 month) 11
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However, together these experiments have shown that paired spawning of nmeggvssible for the
production of known families from parents with known phenotypes. Obtaining a large number of families
with adequate fecunditiehat can be used on a commercial sdaden crosses of selected breeders with
desired phenotypes is a prerequisite for a breedi

BN

concepto for this approach, hi ghlighting bost h the

The full description of the work and resutifthis Taskhas beeprovided inDeliverable 2.3Development
of protocols for paired crossing in spontaneous spawning

Task 2.3 Description of sperm characteristics and cryopreservation methods (Id@RENMER, 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 testablish the routine methods which can be applied to productive broodstocks. Due to
the utilization of broodstocks of DIVERSIFgarticipating institutes for genetic and husbandry purposes
during this period, we took profit of the geographic proximitgd good relations between P14. IFREMER

and a private companthat does not participat@ DIVERSIFY, Les Poissons Du Soleil (LPDS) to get
adequate samples without any seasonal consideration.

Sperm characterization

Sperm of 8 males was sampled in LPDS &nought 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 mwere anaesthesized, 8 males were chosen at random and sperextiaated

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 dilutedhiconservation media before being stored on ice. Finally, after transportation to
P14. | FREMER, the diluted sperm was &either stored
for European seabass (Fauvel et al 1999).

The concentration of spmatozoa 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 0.1 ( wi t h 400 sZ%uares
0.1 mm depth). After 10 min sedimentation, a picture of each sawgd 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 thresholdingF{g. 2.3.9). In

May 2015, the mean concentration of
male semen in LPDSwas 4.11 18
(sd=0.7 1¢&°) spz mfi. 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 trséigageJsoftware (NIH, USA).

2" Periodic Report (13-30 month) 12
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The motility of meagre sperm was assessed A& with an adapted macro developed in ImageJ system,
which takes it account the quality of the recorded movies. In order to record motility, sperm samples were
prediluted in a noractivating medium, video record was launched just wherdiweed sperm was mixed

with seawater for activation. Finally activated spernrswad eposi ted into a speci al
already settled and focused on the videioroscope. This procedure allows to assess first motility
parameters within 10 seconds after sperm activation. The general pattern of motility featuresealidatot

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 lagiihges0

(Fig. 2.3.2). As expected, a progsive decrease of the mean speed of spermatozoa (Average path velocity)
from ar ounAdbwntd0MWasdisensed within 1 minuked. 2.3.2.

100
S
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E 0

T 10 20 30 40 50 60
& Time after activation (sec)

=%=]eibo D0 male 5 ==]eibo D1 male 5 male 5

o
o
o
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o

10 20 30 40 50 60
Time after activation (sec)
=#=|eibo DO male 5 ==]eibo D1 male 5 male 5

Figure 2.3.2.Motility of meagre sperm illustrated by the percentage of taapermatozoa (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 2062010), but also on the results acquired by DIVERSIFY team on wreckfish
Deliverable D2.5.2 and amberjack Deliverable D2.2.4 (to beveteld 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 desigad by P14 IFREMER both for short term storage and cryopreservatamj 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 fbeatisperm survival at 24
h than the 2 other media. The initial motility was decreased by 60% in both commezdiacompared to

2" Periodic Report (13-30 month) 13
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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 mtlity decreased much faster than that of fresh sperm whatever the meigm2(3.3,
however, this quick decrease of motility may not be deleterious for fertilization, something that must be
tested.

60

50 -+

40 -

30 -+

® cryo M4

20 - m leibo M4

Sperm motility (%)

store M4
10 -

10 20

Time after activation (sec)

Figure 2.3.3. Comparison of motility of sperm sudijt 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 Leibovitseemed 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 dAddified Leibovitz and final addition of

10% dimethyl sulfoxide, and sperm of 6 malessstored only chilled. A total of 6 meagre females were
stimulated by heterologous GnRH analog, of which 5 responded with ovulation.

Thein vitro fertilization of the femalesvasperformed 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 400,006 syas@ébgwed 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 eggmskept separaty 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 oheble 2.3.). Moreover, in each female the
fertilization rate decreased along the sequence of insemin&ip2.3.4. The decrease of fertilization with

time may be due the progressive overripgnaf 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 langdimited 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 particaliarfctice

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.

2" Periodic Report (13-30 month) 14
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Table 2.3.1.Fertilization peformances of 33 cryopreserved (Crya)d 6 chilledstored (Fresh) meagre

sperm obtained in fall 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 494 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
100
. OF3 OF4 OF5
90
80 |8
20 g v Q © Q ;e00 ¥ =-0,1193x + 74,546
R?=10,01105
60
8x+ 72,833
50 0,2712
40
30
20
=il 7x + 58,082
10 e R?=0,51771
0 -0
0 5 10 15 20 25 30 35 40 45

Figure 2.3.4.Individual fertilization success of cryopreserved sperm (mai@3)land chilled stored sperm
(males 3440) showing the decreasethvitime of fertilization within females with a higher slope in fentale

Conclusion

This second reporting period allowed characterizing meagre sperm, which presents expected characteristics
on the basis of common knowledge about marine fish semen. “uorebe use of analytical tools provided

good means to assess the effect of sperm storage protocols both in chilled and frozen condition, which
proveduseful 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 experiamceshareresults between
partners. These results will be reported in tHé8rbdic Report.

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

The task was initiated during the*Reporting Period and is progressing towards the developmhentitro
fertilization methods foplanned crossesA 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
selectedemales had ovaries with vitellogenic oocytes >&8D@and magshadspermiatiorindex of 2 or 3

2" Periodic Report (13-30 month) 15
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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 caireitly fish and females had a mean

weight of 21 24 N3 .69 kg and mal es ovilétionlahd eRhancesspernk graduction] o i
GnRHa (desGly10, [D-Ala6l-gonadotropin releasing hor mone, Sigm
sel ected br eede risofemaleschmdsnales. Bheceders wef@ glackddiD-16 nd 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 tdeknoperaturava s mai nt ai ned cons
A surface wateegg collectorwas used to determine if any floating eggs were liberafeanales 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 (& 08: 3¢
were checked for ovulated ova by
applying abnominal pressure. The
procedure of checking for and
stripping ova fom the females was
repeated every 2.5 h
13:30, 16:00 and 18:30) until three

four batches of ova had been
obtained Photo 2.4.).

Photo 2.4.1 Stripping ovulated ova from a meagfggyrosomusegus) breeder.

Males were held under a nadiiphotoperiod. The GnRHa was applied to males at approximately 24 hours
before female ovulation was anticipated (a 08: 30
motility and density was checked when GnRHa was appliedbefute the colleded sperm was being used

for fertilisation. Sperm quality was checked using the Imaga$A system,and during the day when
females were stripped, sperm was s t-activaipgenddifigdu s t (o
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 durin@240Bhe results and
data that have been collected are being

100% processd and no firm conclusions
—_ . . towards the development of methods
R 80% m29-jun. m6jul. ghouid be drawn until the work is
2 60% completed. However, some general
> observations can be made. The highest
> 40% percentage fertilisation of ova has been
I= 0 . . . .
= obtained with ova stripped approximately
2 509 39 haurs after the application of GnRHa
% (Fig. 2.4.1).

) _ mm

Q
2

36,5-37,5 39-40 415-425 44-45 465-475
Hours from hormone application to stripping

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 mdintaiatant
quality during the period.
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Fertilisation capacity of fresh sperm and sperrmivdified Leibovitz medium was similar. Sperm quality
before and 24 hours after GnRHa application was similar. The application of GnRHa maintained or
increased thepermiation index.Work planned for the'8Reporting Period (M3B2) aims to determinthe
minimum number of sperm required for fertilisation, and to make a small isceitgo fertilisation trial in
collaboration with P14IFREMER to make a dialled crgsbetween 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) markerstdoi the genetic
characterization of fast and slow growers (led by HCMR, Costas Tsigenopaulos)

Thefirst objective of thigaskwas to identify SNPs in the genomemeagreusing RNASegwhich could be

then used tgenetically characterizedividualsor to implement QTL analysis and marker assisted selective
breeding programs; results have been reportddeiiverable 2.1 In this deliverable, the muscle and liver
transcriptome of meagre was sequenced and characterizéd. outcome from meagre trariptome
sequencing is twold. First, it provides information on meagre gene content and sequence global

scale allowing the further study of any gene family or genetic pathway of the species. Second, it allowed a
transcriptomevide scan for geneti marker discovery. A thorough marker discovery pipeline was
implemented that led to thousands of SNP and STR markers that can be useful in futureassistest
selection or other analyse®ur current work, in combination with the fortloming SNP inbrmation that

will be produced from the planned linkage analysis using &ultl halfsib families in the next monthaill
establisha 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 productiothiss occurrence o¥ariable growth rates, causing
uncertainty in the prediction of total yield from eachgnowing cycle. Fast and predictable growth is an
important and highly desired trait, which affe the profitability of food animal production, since feed costs
account for the largest proportion of production costhie SNPs explain the greatest part of the genetic
differences between individuals and are suitable for genetic evaluation ardestrétat employ molecular
genetics for selective breeding.herefore, this task aims at using SNPpaotentiallyidentify markers and
genes associated with genetic variation in growth through Next Generation Sequencing (NGS) of the whole
transcriptome ofL6 fish from different families and phenotypic size (of the same age) that will provide a
dataset of thousands of markersThe SNP and Short Tandem Repeaf{STR or microsatellite)markers
identified by RNASeqthat will presumablybe associated with greth traitsin future studies aresported

and catalogued.

Biological material

Sixteen meagre individuals were selected from four groups of fish (Lsetl, IMet21 and Mset2, see

Table 2.1.]). The groups were from two spawning dates that were one wiek set 1 consisted of two

families spawned on the 24/04/2014 and set2 of three families spawned on the 01/09/281%0 sets

were graded and fish for RNA extraction were sele
(gr oups deérNohave thenhigleest chances to sample #rdamilies (1 & 4 plus & 5, respectively

Table 2.1.]). Selection was based on the expected kinship of individuals targeting on fish that are
theoretically not closely relatedzor this purposdijsh wereselected from the four groups that contained five
different meagre crosses (families) that resulted mostly frddhoutbred parentsi@ble 2.1.9. Muscle and

liver tissues were dissected and preserved in RNAlater (IRTA, Spain).
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Table 2.11 Details for the meagreused for RNA extraction and transcriptome sequencing from the six
families initially formed and sto@d in twosetsaccording to spawning dafset 1 on 24/04/2014 and set 2
on 01/05/201 % &fter sizegrading for small (S)medium (M) and lage (L) fish.

Proportion of each family at start

2 4 5 6

RearingTank Number of fi sh

(L-setl) 12 38% 62%
(M-set1) 46 61% 39%

(S-setl) 224 51% 14% 33% 3%
(L-set2) 19 26% 74%
(M-set2) 49 83% 17%
(S-st2) 66 83% 17%

Table 2.12 Characteristics of the six families formednreagre spawning dates, ID humber of breeder and
origin (wild or cultured) of the breeders used.

Family Tank (Spawning Date) Female Male
1 V8-1 (2404/2014) 5-wild 19-wild
2 V8-1 (0105/2014) 5-wild 20-wild
3 V8-2 (0105/2014) 1-wild 19-wild
4 C2 (2404/2014) 16-cultured 21-wild
5 C1 (0105/2014) 2-wild 22-wild
6 V6 (0105/2014) 13-cultured 17-wild

RNA extraction, Library preparation and Sequencing

Muscle and liver samples wefierther processed iR1.HCMR, Greece.The RNA extraction protocols have
been completed faheliver and musclaissues of 16 sampled individuals (four fish/familygor both tissue
types, RNA was extracted after grinding the tissue with liquid nitrageng pestle and mortain the case

of l i ver ti ssues, tot al RNA was extracted with Q
were homogenized in TRIlIzolE reagent (Il nvitrogen,
the manfact ur er 6s iThe s quantitg tof dhe sisolated total RNA was measured

spectrophot omet r i c allodoyThewrio Sdientifick and Guality vds tedtddl on an agarose
gel (electrophoresis in 1.5% w/(Figure 2.1.1).

Following extraction, R 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 lllumina TruSeq
protocols. The two libraries were loadedto one lane ofrallluminaHiSeq2500 instrument (2x100bp).

Sl S Gl St — o)

S o el e R

Figure 2.1.1 Total RNA extraction profile from meagre liver tissueBhe size marker on the right side of
the gel is the 1Kb DNA laddé€*TU from Nippon Genetics GmbH.
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Raw read preprocessing

Raw read quality was asses with FASTQC Http://www.bioinformatics.babraham.ac.pkdjects/fastqc/).

Raw data quality control took place in four step#st, sequence contaminatiarasremoved from Illlumina
adapter sequences with Scythe (https://github.com/vsbuffalo/scyBugihe recognizes adapter sequences

by taking into account quality information and thus increasing the efficiency of removing them especially at
the 36 end of the r e adcnd%dckle (https:/gitbud.dom/gajoshi/sickiegtootl r o p s .
that uses sliding windows to identify reads with lgqwality eg ons e s peci a ledogs offttktr 506
reads,was usedo trim the lowquality ends of the readsThe next step wastuse the general quality
control software Trimmomatic (Bolger et &014) that removes low quality reads applying various filters,
including cuttingadapter and othelumina-specific sequences from the read, performing a sliding window
trimming, cutting once the average quality within the window falls below a threshdldwting bases off

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

to remove any remaining sequences that are the result of adapter contamirzdicm.of the applied
software tools appliesltarnative methodologie® remove errors. The combination of all foupieces of
softwarehas led to aefficient quality control.

Transcriptome assembly and annotation

To build the transcriptome assembly, quafitiered reads were input in the softwaifrinity (version
trinityrnaseq_r20140717; Grabherr et al. 2011) and ran with default settifigeity is specialized in
assembling Illumina reads amlconsidered one of the most efficient assembly soft(daas et al. 2013).

The assembly processgidgred ~ 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 througastxagainst Swis#rot protein dataase ¢-value threshold 1).
blastxwas 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 sequenaesre scanned foBTRswith Phobos (Mayer 2008010). Non-exactSTRswere
detected witha 21 10 repeat unit length and a minimum length of 20 nucleotidesustom Perl script was
used to parse the outputhe SNP discovery took place using SAMTOOLS (Liakt2009), one of the most
efficient SNP discovery tools for next generation dast, quality-filtered readsrom both muscle and
liver samplesvere mappeanto the transcriptome assemhiging the mapping softwabmwtie2 (Langmead
and Salzberg 2032 Then the alignment fils (.sam file)were analyzed with samtoolsipileup function.
The SNP calling was conducted withcftools callcommand and then quality filtered witkcftools filter
commandkeeping only SNPs with the above a strict quality tho&si(Q>19) Finally, SNPs were further
filtered based othe number of high quality reaveraggDP>9).

Raw data quality control

lllumina sequencing led to the production of 523,137,020 raw redelftering steps reduced this to
341,439,304 (65%) highuality 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 seqdencesm t he r eadresad en d s
qguality was significantly i mproved after the appl
ends of the read§(g. 2.12).
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Figure 2.1.2 Quality filtering for the muscle sampl@ntopt he f@Aper based)agduemd2i ty c
(B) of theraw data is shown;rothe bottomt he fAper b as e @) amuead2l) bfyhe qulityr e ad 1
filtered dateare presentedQuality is measured itllumina 1.9Phred scorePlots were made with FASTQC

toolkit.

Table 2.1.3 lllumina reads surviving in pairs (excluding orphans) after each gudtésing step.

Filtering step Softw are Muscletissue  Liver tissue Total
1 Scythe 280,804,390 242332630 523137020
2 Sickle 250526,202 216487756 467,013958
3 Trimmomatic 183041,946 158882592 341,924538
4 Prinseq 182802502 158636802 341439304

Meagre Transcriptome

The transcriptome of meagrevas reconstruatd with the 341,439,304 paired téred reads thapassed
throughall quality control filtersapplied The assembly consestof 95,964 transcripts belonging to 80,824
loci or genegTable 2.1.4. It has a average length of 1,058.83 bp, and N50 statistic (i.e. the length N for
which halfof all basedn the sequences are in a sequence of length L < N) of A830 understand the
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basic function of the assembled transcrgtdastxsimilarity searchwvas madeagainst Swis#rot. Out of
95,964 transcriptapproximately37% (35,888) had significant hit against Swid3rot -value 10'%) and in
particular againsiNile tilapia (Oreochromis niloticus proteins. The produced assembly provides an
excellent reference for future needs in terms of meagre coding sequences.

Table 2.14 Meagretranscriptome assembly statistics.

Assembly Stati stic Value
Number of Sequences 95,964
Total Length 101,609879
Average Length 1,05883
Median 472
Min 201
Max 25,456
% GC 46.19
N25 3,771
N50 2,183
bpsat N50 50,805,786
N75 932
N90 365

*All statisticslength is in bp

Genetic markers discovery

Genetic marker discovery was tMold. First, the transcripts wersearched for neexactshort tandem
repeatSTRs)of 2- up to 10nucleotides at the assbted transcriptome of meagrelhe search revealed
20,582 totalSTRslocated in 16,517 transcripts belonging to 12,565 génaeamarized imable 2.1.5.

Table 2.15 Short Tandem Repeats (83or microsatellitesyliscovered in meagre transcriptome.

Number of STRs

STR type found
2-nudeotide 3,856
3-nudeotide 4,439
4-nudeotide 1,444
5-nudeotide 1,222
6-nudeotide 2,838
7-nudeotide 1,242
8-nudeotide 1,129
9-nudeotide 2,229
10-nudeotide 2,183

Total 20,582

The next step included a search for SNPs in the transcripts of meAgtetal of 133,613 SNPsvere
discovered Quality filtering led to elimination of 46,259 SNPs and resulted to 87,354 high quality SNPs.
Finally, furtherdepth filtering resulted in 7236 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. oTbe able in the future to use markers not linkedgemeic applications (e.g.
SNPR-chip construction, parentage analysis, QTL identificatiett.), indirect linkage information was
extracted based on sequence similarity against Nile tilapia. The gene with the highestystmiéatilapia

gene (top hit) watracked 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 aedsinat 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 empetal 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 m@pping approach, which is in progress and expected to be delivered by Month
36, this will greatly expand the SNP catalogue for meagree full description of the above work and
resultshas beerprovided in Deliverabldd2.1. Development of Single Nucledg Polymorphisms (SNP)
marker tools for the genetic characterizatiaf fast and slow growers

On January20th 2016, 400 meagre fish were sampled from a large-fiape that formed part of a
commercial farm site on the Spanish coast in the community afn¢a. 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 juvenikgg.(2.1.3. The juveniles were from

the largest gade 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.
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DNA was extracted from all fish using standard protocols and genotyped for the 10 locus multiplex used in
Task 2.1 (Loci: Camicl4, UBA054, UBAO50, UBAO53, Soc431 UBAO42, UBA853, UBAODO5, Soc405%
andUBAOQO06) using the @agen multiplex PCR kit. Results were evaluated with FAP softweaggart, J.

B. 2007. FAP: an exclusidbased parental assignment program with enhanced predictive functions.
Molecular Ecology Notes 7:41215) to infer parentage of those 400 fish basedhe 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 matchesFishbelongedo 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. Likewiseytsof 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 (SEable 2.1.6.
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Table 2.16 Parentage assignment in the meagre stock

Males
388M | 397M | 398M | 401M | 402M | 405M | Total
391F 10 3 3 7 10 25 58
% 394F 1 1
£ 403F 77 3 24 104
i 404F 29 6 95 130
406F 1 8 3 40 52
Total 40 88 3 7 22 185

The fifteen families were rankedccording to their median weight and body lengthble 2.1.7; the two

families with only one offspring were excluded.

Table 2.17 Ranking of the 15 meagre families for body weight (kg) and total length (cm)

Codegl Dam Sire bwt len bwt rank| len_rank|Nb of Fis
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 abovdish, 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 successfppied 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 @nome Through RAD Sequencihd.inkage Mapping in Common PandoRagellus erythrinus

and Comparative Genomic Analysis. G3: Genes|Genomes|Ge®@d&519). This work is currently in
progress and will be reported in thé Beporting Period.

Deviations from Annex | and their impact:
There were no deviations from the Annex | in this. WP
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WP 3Reproduction & Genetiasgreater amberjack

WP No: 3 WP Lead beneficiary:| P13. UNIBA
e e (from Reproduction and Geneticgreater amberjack
DOW):
Other beneficiaries
(from DOW): P1. HCMR P2. FCPCT P4.I10LR P8. IEO
P14.IFREMER P15 ULL P23 ARGO P24 ITTICAL

Lead Scientist preparing the

Report (WP leader): Aldo Corriero

Constantinos Mylonas (P1), loannis Fakriadis (Plipokto Fernandez Palaciq

OtS:r':[ii’i(;zt?:;S (P2), Hanna Rosenfeld (P4), Salvador Jerez Herrera (P8), Christian Fauvel
" | Covadonga Rodriguez (P15), Tasos Raftopoulos (FR8&jano Carbonar@?24)

Objectives

1. Describe the endocrine control of reproduction in captigdistocks, 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 inductiomethods for captiveeared 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 aneqg collector to obtain fertilizedggs,

5. Dewelop 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 (:12 Mo):

1 A wild-caught broodstock wasstablishedn ITTICAL, but after two months an infestation of the parasite

Amylodiniumocellatumcaugd a massive mortalityConsequentlyit was decided to move the sampling
activity of captivereared greatesmberjacko ARGO. Sampling of wild greater amberjackarted in Y1
with 17 individuals caught around Lampedusa (Pelfands, Sicily, Italy).

Wild-caught fish were acclimatized to captivity BRGO (tanks) andHCMR (tanks and cage). Other
wild-caught individuals were aintained ai TTICAL, FORKYS and GalaxidiMarine Farns (GMF, a
collaborator from outside the consortium

Preliminary experiments the Mediterranean stoddy using a single dose of GnRHa controltetkase
delivery systems (implantsyesulted in the mduction of eggs for larval rearing experiments and
providedvaluableinformation for thefurtherdevelopment of spawning induction protocols.

Greater amberjackf the Atlantic stockvere keptat FCPCT in order to investigate the occurrence of (a)
natural spawning, (b) spawning induced by GnRHa injection and (c) spawning inducé&hRira
controlledrelease delivery systems (implantsNaturally spawningindividuals produed the highest
amount ofeggs compared to the treated ones. Moreowggs obtainedy 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.
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1 A greater amberjack broodstoakthe Atlantic stockorn in captivity (F1 gegration)at IEO was divided
betweenan outdoor 500n® raceway and &0-m? circular tank. The fish werehormonallyinduced for
spawning. The broodstockin the raceway tank spawned from August till September whemeas
spawningevent was recorded the crcular tank.

9 Egg collection devices were mounted in cages ofiperimeterat HCMR, ARGO andGalaxidi 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 deptm @ngea section hanging
from the rails of the cagand draping dowithe cage over the lower sectiofollowing the s@wning
inductionwith GnRHa implantsegg collection was successfoilit limited in numbers. Presumabigpst
of eggs were swept outside of the cage by the currdme$pre they could rise to the surface where the
collectorwould haveprevenedthem from scaping

Summary of progress towards objectives and details fogach task (3-30 Mo):

Major improvements of our understanding of confinement effects on greater amberjack reproductive activity
were obtained during the second reporting period. Moreouenglthis period, largscale 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 rekelts for
setup of optimized spawning induction protocols. Large amounts sfwegyg also obtained after hormonal
treatment of greater amberjack hatchprgduced generationDuring Mo 31 (although outside the scope of

this report, and the results will be oeted fully in the 3' 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 fingegd for the implementation of

grow out studies in the Mediterranean region (See also a brief mention in WP 15 larval huskzaedtgr
amberjack.

In Task 3.1 Description of the reproductive cycle of greater amberjacksampling of wild and captive
rearedgreater amberjack was accomplished and the comparative analyses of fish reproductive and nutritional
state were carried out. Results showed that a severe impairment of gametogenesis occurredtieacaftive
greater amberjack that were manipulated a fames during the reproductive season, since these fish
exhibited poor gonadal development, low pituitaygnadotropin expressipiow gonadotropin and sex
steroid plasma concentrations, extensive atresia of vitellogenic follicles and high level of maleefje
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 3.2Development of an optimized spawning induction protocol for captie 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 spawninghe appliedGnRHa treatmentaere more effective ifemales maintained

in cages during gametogenesis and moved to tanks after the hormonal ,théttamy better fecundity and
fertilization successompared to females maintained in tanks throughoutehe y

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 parfances of natural spawning in termsfeftilization 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 witlitcheryproduced greateemberjack (F1
generationjnduced spawning. épeated spawning for 3 montasdalmost 15 millionegys were obtained
after treatment witlthree consecutiv&énRHa implants

In Task 3.5 Spawning induction of greater amberjack andgg collection in cagessmall amount oeggs
was collected in cageequipped with thead hocdesignedegy collectorprobablydue to low buoyancy of
eggs immediately upon spawrmgjrand loss of the eggs through the bottom and side of the cage, before eggs
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could betrappedby the colector 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 captivereared greater amberjack was carried out by UNIBA, HCMR, ULL, IORL and ARGO. Part of
the work carried out within the present task has babmgted in Deliverables D3.1 ariaB.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 captivereared greater amberjack sampling

According to the DOW, it was scheduled to undertake samplaigwild and captivereared greater
amberjack in three different periods of the reproductive cycRBased on the available data on the
reproductive biology of the species in the Mediterraneant8edpllowing phases of the reproductive cycle
were identified early gametogenesisEARLY; late Apritearly May), advanced gametogenesis
(ADVANCED; late Mayearly June) and spawningRAWNING; late Juneluly).

The sample collection of wild greater amjaek started in Y1 and was finalisddring 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, centrifugedsiods in dry ice
Subsequently, the following samples were takemags, liver, muscle brain, pituitary first spiniform ray

of the first dorsal finscales, otoliths and caudal vertebragom each fish, the followingiometric data

were recordedfork length, FL.in cm; body mass, Bivin kg; gonad mass, GMn g (Table. 3.1.). Once

the sampling was finalisedliifferent shipments were arranged in order to provide the samples to the
relevant Partners (HCMR, IOLRhd ULL).

Due to the loss of the bodstock in ITTICAL in Y1 and the following vain attempts to reconstitute a new
one, a wildcaught broodstock was made available for the present task by ARGO (Salamina Island, Greece).
Greater amberjack juveniles were captured in 2011 in the area of Aqiakian 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 feml@mmercial diet\(italis Cal, Skretting).

In Y2, the sampling programf captivereared greater amberjack took place, and involved HCMR, UNIBA
IFREMER and ARGO. 04 April, 4 June and 2 July 2015, a total of 24 fish (4 malesddiethales per
sampling) were sampled. The fish were confined in a small cage area usingaufA/iC and anesthetized
lightly with about 0.01 ml+ clove oil. Then, they were gently directed into a PVC stretcher, brought on
board of a service vessel, and anesthetized deeply with 0.08atolVe oil. Subsequently, fish were sexed
using a gonaal 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 farmviaeititybiometric

data were recordeable. 3.1.2 and the same biological sples as for wild fish were taken. In addition,
sperm was collected for quality evaluation (see Task 3.1.8 below). The shipment of-egotivke fish
samples to the relevant PartnelOSL(R and ULL) was managed by HCMR, whereas samples destined to
UNIBA and IFREMER were takehy the relevant staffoon after each samplindduring each sampling,
Sea Surface Temperature (SST, in CA) 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).

Body Gonad

SamplingDate  Sex F?:;II(_ Iinm%th Mass Mass (yggres)
’ (BM,kg) (GM,9
Early gametogenesis period
m 111 14 300 6
m 112 20 450 6
m 112 15 300 6
m 117 19 550 6
01/05/2015 m 113 19 400 6
(SST=181/C) 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 period
m 124 22 1900 7
m 102 13 650 5
31/05/2014 m 115 19 2200 6
(SST = 1. m 99 14 1150 5
f 117 22 1650 6
f 114 21 1600 6
Spawning period
m 100 12 650 5
m 102 14 700 5
29/06/2015 m 104 16 950 5
(SST=238/C) f 101 14 500 4
f 114 19 1000 6
f 109 16 700 6
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
30/06/2014
ST = 23 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 captixgégred greater amberjack from ARGO
(Salamina Island, Greece).

Body Gonad

Sampling Date Sex F?lr:t Itznmg)th Mass Mass (yégres)
i (BM.kg (GM.9
Early gametogenesis period
m 101 15 95 4
m 94 12 60 4
m 92 12 65 4
24/04/2015 m 94 13 60 4
(SST = 17.5/C) f 87 10 85 4
f 97 14 155 4
f 96 14 125 4
f 100 14 160 4
Advanced gametogenesis period
m 90 9 370 4
m 97 14 295 4
m 98 13 600 4
04/06/2015 m 103 15 690 4
(SST = 2090.0 f 97 13 335 4
f 97 13 920 4
f 106 17 305 5
f 101 12 660 4
Spawning period
m 96 13 140 4
m 95 11 155 4
m 91 10 70 4
02/07/2015 m 96 12 130 4
(SST = 26,5 £C) 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, thalss(Fig. 3.1.] proved to be the easiest to be processed and
read, and were therefore used for aggermination The scales were rinsed in tap water and in 70%
ethanol, placed between two microscope slided observed with a binocular lens microscope under
transmitted light, connected through a digital camera (DC 300, Leica, Wébkdamany) to the image
analyser (Quantiment 500 W, Leica, Wetzlar, Germany). The estimated ages are repbatddsr8.1.1
and 3.1.2
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Figure 3.1.1. Images of greater amberfascales. (a) Scale from a-8h 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 assesnent

The assessment of the reproductive state was carried out through the calculation of the gonadosomatic index
(GSI=100 GM BM?) and the histological analysis of the gonfmtsboth sexes For histological analysis, one

cm thick gonad slices were tcand fixed in Bouin's solution, dehydrated in ethanol, clarified in xylene and
embeddedn paraffin wax. Five m t hi ck sections wer-eositrm, nedd wMa h |
trichrome.

Females

Significant seasonal changes occurred in GSI of both wild and captived femake with an increase from
EARLY to ADVANCED, followed bya derease duringgPAWNING. Wild fish showeda trend towards
higher GSI than captiveeared individuals in all the examined perio@dthough the difference was
statistically significant only inSPAWNING (Fig. 3.1.2.

8 - FEMALES mwild

O captive

GSI

b

14
s
0

Early gametogenesis Advanced gametogenesis Spawning

Figure 3.1.2.Me an ( N S Espmdig indea(631) of wild and captiveeared 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 mgigaificant differencebetween

wild and captive individuals in the same period of the reproductive cycle (ANOVA, P < 0.05).
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Femalereproductive state was assessed by recording the most advanced oocyte stage for each specimen.
Moreover, the presence pbstovulatory andatretic follicles was recordedduring EARLY, among the wild

fish analysed one had perinucleolar oocytég.(3.1.33, two showed oocytes at cortical alveoli stagig(

3.1.3b and two had early vitellogenic oocytes as the most addastege Fig. 3.1.39. The two females

sampled durinpADVANCED had late vitellogenic follicles along with pestulatory follicles (sign of

recent spawning) in their ovarieBig. 3.1.3d. Among the 12 females sampled during 8RRAWNING

period, 10 showetlate vitellogenic follicles along with paest/ulatory follicles and two had hydrated oocytes

(Fig. 3.1.3¢.

Among the captiveeared femalkesampled duringeARLY, one showed ovaries with perinucleolar oocytes

and three had few early vitellogenic oocyteBuring 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 atreticFig. 3.1.3). During SP, three females had oea with late
vitellogenic follicles undergoing extensive atresia and one showed only perinucleolar oocytes. All these fish
were considered to be in @gessing condition.

- -
: -

3. ;

- > 0 "

Figure 3.1.3. Micrographs of ovary sections from female greater amberjagiplsa 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 0layl 2015. (c) Early vitellogenic oocytes from the ovary of a wild individual
sampled on 01 May 2015. (d) Late vitellogenic oocytes together withopakitory follicles from a wild
spawning fish caught on 31 May 2014. (e) Hydrated oocyte from a spawitihfish sampled on 30 June
2014. (f) Extensive atresia of late vitellogenenic follicles in a captaeed specimen sampled on 04 June
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2015. Haematoxyli® 0 s i n staining i n (a), (c), (d), (e)
Magnificaton bas = 300 Om i n ( a(f). Aarowteadl &rétic I&tenvitéllageni¢ mlicle;
asterisk: posovulatory follicle; dashed arrow: cortical alveoli stage oocyte; ev: oocyte in early vitellogenesis
stage; ho: hydrated oocyte; Iv: oocyte in late ioggnesis stage.

Oocyte yolk accumulation

In order to compare oocyte yolk accumulation in wild and capgaeed individuals, oocytes at early and

late stage of vitellogenesis, having a large and centrally located nucleus were selected. Oocyte diameter
( Om) and surface occ 8pererdeashrgd frgno midcophptogeaphs takes with & m
digital camera (DFC 420; Leica, Cambridge, UK) connected to a light microscope (DIAPLAN; Leitz,
Wetzlar, Germany), using an image analysis software (Leigdiggpion Suite, version 3.3.0; Cambridge,

UK). No differencein oocyte yolk accumulatiobetween wild and captiveeared specimensas found
(ANOVA P > 0.05).

Males

The GSI of both wild and captiveeared male greater amberjack increased significdrily EARLY to
ADVANCED, andthendecreased during the B®/NING. GSI was significantly higher in wild males in all
the three considered periodsd. 3.1.9.

12 1 MALES mwild
Ocaptive
10 | a P
8 4
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L
0 ‘ ‘
Early gametogenesis Advanced gametogenesis Spawning

Figure 3.1.4. Me an ( NS Espmaticondex ¢G&I) of wild and captive adult male greatereajabk
sampled in three periods of the reproductive season. Asterisks indicate statistically significant differences
versus the preceding period within the same grdbifferent letters indicate significant differergieetween

wild and captive individual 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 evatudjedtively During

EARLY, the testes of the five wild malesalysedccontained germ cells in all the spermatogenic stages and
spermatozoa in the lumen of seminiferous lobigg. 3.1.59. All the four wild males sampled during

the ADVANCED period andour out of five fish sampled during tt8P AWNING period showed all stages

of spermatogenesis in the germinal epithelium as well as large amount of luminal spermBigzoa (
3.1.5h. One of the fish sampled in tI®"PAWNING period was partially spent, sling seminiferous

lobules with residual spermatozoa.
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Figure 3.15. 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 ghoadng

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 wellaage amount of luminal spermatozoalaematoxylireosin staining.
Magni fi cat i onsp:lhminaspermatdz@a0 Om.

The four captiveeared males sampleéd EARLY had all stages of spermatogenesis in the germinal
epithelium and only rare luminapermatozodFig. 3.1.63. 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 seminiferowessi¢tgl 3.1.61. All four

males sampled durinGPAWNING period had ceased their spermatogenic activity still showing only a
moderate amount of spermatozoa in the lumen of seminiferous lobige$.(1.69.
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Figure 3.16. Micrographs of tessisectiors of captivereared greater amberjack sampled®RGO inthree

periods of the reproductive seasomn) Testis section from an individual sampled in early gametogenesis
period showing the presence of all stages of spermatoger{b}isestis section from 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 lofe)léests sections

from a specimen caught dog the spawning period showing a moderate amount of spermatozoa in the
lumen of seminiferous lobuledHaematoxylireosin stainingMa gni f i cati on bars = 10
in (b) and (c).sp: spermatozoa in the lumina of seminiferous lobules.
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3.1.4 Sexsteroid plasma level measurement

For the quanti f i ca tKetotestostefonet(lf ¢ } o a t &-dihgdiogyprén@on3- 1 1

one (-P)in the plasma, already established and -dedicribed enzymbinked immunoassays

(ELISA) were usedvi t h some modi fi cat i on s-estradi®l (ER), ah BLE4SA gitu ant i |
was used. For steroid extraction, 200 ¢l of pl as
was done by vigorous vortexing for 3 min. After vortexisgmples were frozen for 10 min-80 AC an d

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, Exnh d 1 7P, idceésed significantly fronEARLY to
ADVANCED, while in the case of T thegignificantly decreased duringPAWNING Fig. 3.1.9. In
captivereared females, both T and E2 increased significantly fEgkRLY to ADVANCED and then

decreased durin§PAWNING Fig. 3.1.7a,), whi | e p {Paid moadectedse Righificantly at the
SPAWNING stage(Fig. 3.1.7¢. Significantly higher T and E2 plasma levels were found in wild compared

to captivereared animals at theDVANCED and SPAWNING stage(Fig. 3.17a,b). Pl as#a 17, -
levels were significantly higher in wild compared to captigared fish during the iIfEARLY and
ADVANCED (Fig. 3.17¢).
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Figure 3.1.7.Mean ( NSE) pl asma ( ab Ersetsrtaodsitcelr o(nFe@agmag n d ((bo))
wild and captivereared greater amberjack females at three phases of the reproductive gestenisks

indicate statistically significant differences versus the preceolangd within the same group Different

letters indicate significant differenedetween wild and captiveared individuals in the sarperiodof the
reproductive cycle (ANOVA, P < 0.05).
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In wild males, T and LKT plasma levels increased significantly froBARLY to ADVANCED and

decreased thereafter in case of onlyKIOl(Fig. 3.18ap) . Pl as ma -Pshoveetl ssigaficantl 7, 2 0
increase fronEARLY to ADVANCED, and the same trend was observed inesen though a significant
difference was not found={g. 3.1.8¢. In captivereared fish, both T and KT plasma levels showed

decreasing trend frolBARLY to SPAWNING (ig. 3.18a,b), wher eas Plleactsmowed d , 20 b
significant increase froPADVANCED to SPAWNING (Fig. 3.18c). In general, plasma levels of all the

three analysed steroids were higher in wild than in eejpéared fish.
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Figure 3.18. Mean ( NSE) pl as ma ( aRetot@stosterones(tkerr) o rmen d( ¥)c,) (1br),
in wild and captivereared greater amberjack males at thpegodsof the reproductive seasom\sterisks

indicate statistically sigificant differences versus the precederiod within the same group Different

letters indicate significant differences between wild and capégeaed individuals in the sarmperiodof the
reproductive cycle (ANOVA, P < 0.05).

3.15 Seminiferous Idbule diameterand male germ cell proliferation and apoptosis

At least 50 sminiferous lobules were selected randomly from-iven t hi ck testi s secti o
proliferation and apoptosis analyses (see below), and measured byusirage analysis software used for
oocyte yolk accumulation.The diameter of seminifeus lobules of both wild and captiveared greater
amberjack showed significant changes, with an increase EARLY to ADVANCED, followed by a
decrease during thEPAWNING period. The diameter of seminiferous lobules was significantly larger
(ANOVA,PO 0. 05) i n wirédacd grehter amberjack dusng bothBARLY (May-Jun)and
SPAWNING (JunJul) periods(Fig. 3.1.9.
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Figure 3.19. Mean ( NSE) semini ferous | o breated gredter amberfjaekr s 0
sampled in threperiods 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 these sampling period (ANOVA, P < 0.05).

The identification of proliferating germ cells was performed on-§iven t hi ck testi s secti
greater amberjack wild and captiveared males sampled by using the immunohistochemical localization

of PCNA (Proliferating Cell Nuclear AntigenQuantification of germ cell proliferation was performed by
measuring: (a) the density of affCNA positive spermatogonia (number of cells Amstis tissue), and

(b) the density of arPCNA positive spermatocysts (i.e. number of cysts containing spEjoraa or

primary spermatocytes mmmtestis tissue), on 5 randomly selected fields of esstis section.
Measurements were performed by using the samépmentused for oocyte yolk accumulation. The

density of antPCNA positive spermatogonia and aBRtCNA positive spermatocysts were compared
between wild and captive greater amberjack individuals by usinggagng ANOVA (P O 0. 05) .

Anti-PCNA immungositivity was detected in single spermatogonia, as well as in cysts containing
spermatogonia and prima spermatocytegFig. 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 captivereared
greater amberj&c anttPCNA positive spermatogonia
were stable fromEARLY to ADVANCED and

' decreased significantly during tI®PAWNING period

(Fig. 3.1.113. A constant, statistically significant
decrease of arBPCNA positive spermatocysts density

" was observed in captweared specimens throughout
the examined periods of the reproductive cydig.(
3.1.11h. The density of amPCNA positive
spermatocysts was higher in wild than in capteared
specimens both during theEARLY and the
SPAWNING periods Fig. 3.1.11H.

\% FRA o
Figure 3.110. 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.

Magni ficat i o rArrowkeadssinglespdratogomum; dashed arrow: spermatocyte cysts; single
arrow: spermatogonial cysts.
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Figure 3.111. Changes i n mRCNA posgitNeSgErNN cell density during three periods of wild
and captivereared greater amberjack reproductive cy¢i. Anti-PCNA positive single spermatogonia. (b)
Anti-PCNA positive spermatocysts.Asterisks indicate statistically different mean density versus the
preceding perioavithin the same groupDifferent letters represent significant differeadetween wild and
captive individuals within the same sampling period (ANOVA, P < 0.05).

Detection of apoptotic germ cells wasrried outby using the terminal deoxynucleotidyl transferase
medi ated dOUTP nick end | abeling ( TitdiNeH widh anmniresitth o d .
Cell Death Detection Kit, AP (Roche Diagnostics, Mannheim, Germany) used in accordance with the
manufacturerds instructions. Quanti fication of a
by TUNEL positive apoptotic cels 2(marfitestis tissue), measured on 5 randomly selected fields of each
tests section. All these measurements were performed by using theespnpenent usedbr oocyte yolk
accumulation. Surface occupied by apoptotic germ cells, was compared betilde@and captive greater
amberjack individuals by usingomeay ANOVA (P O 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 spermatagamd primary spermatocytdsid.

3.1.12. In wild greater amberjack, the surface occupied by apoptotic germ cells increased significantly from
EARLY to ADVANCED and remained stable thereaftéig. 3.1.13. In captivereared individuals, the
surface ocupied by apoptotic cells was stable during the three sampling periods and comparable to the
highest levels of the wild specimersd. 3.1.13.
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a bei ot

Figure 3.112. TUNEL-stained testis sections from wild (a) and capteared (b) greater amberjack
sampledduring the early gametogenesis phase. Apoptotic cells appear as dark blue dots. Magnification bar
= 150 Om. Arrowhead: spermatogoni al cyst; sin
spermatocyte cysts
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Figure 3.1.13. Changes urface moeuiad by dp&Btjc gesm cells in wild and captazed
male greater amberjack sampled in three peri@E8RLY, ADVANCED and SPAWNING) of the
reproductive cycle. Asterisk indicates statistically significant difference versus the previousvariod
the same group. Different letters indicate significant differermdween wild and captive individuals
sampled in the same period (ANOVA, P < 0.05).

3.16 Comparative analysis ofgonadotropins, liver vitellogenins, vitellogenin receptor and I@tin in
wild and captive-reared greater amberjack

Comparative analyses of FSHB and LHb, vitellogeni
and leptin (Lep) gene expression between wild and captmeed greater amberjack were performed by
gRT-PCR established in the preuis year (see Deliverad 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 LEHH{r 2.4 ng per well) and inculted
overnightat ACThe pl ates were then washed with PBST and
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well) for 0.5 h at 3A C The primary antibody (anstriped bass LH) was diluted 1:80,000 in PBST
containing 2% normal goat serum (NGSamples andtandards were serially diluted in PBST, mixed with

the primary antibody solution (v:v in 1.5 ml tubes) and incubated overnight &fhen the content in each

tube was dispensed into the antigew at ed wel |'s (100 (rbllowngan ingubakion i n
(overnight at A I AffiniPure Goat antRabbit IgG (H+L) in 1% NGBS T was added (10
for 0.5 h at 3A C The wells were washed and SureBlueTM Tifcrowell peroxidase substrate- (1
component) was ad dhedactond Wad stapped giter 2O tardd mih at RT by the addition

of 1000l of 1N phosphoric acid and the absorbance

The FSHDb expr es s i -oearedgreaterf ambegaskpecimensdealiped isteadily with the
progression of the repductive period, yet revealed no significant variations during the equivalent period in
the wild fish Fig. 3.1.14). Conver sely, the LHb -eargdamberjack didmotiaeyv el s
significantly throughout the reproductive period, yet welevated upon spawning in the wild fisRid.

3.1.1%).
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Figure 3.1.14. Relative transcript levels of pituitafySH (a) and LH (b) b-subunits in wild and captive
greater amberjack fish undergoing reproductive cytlee v e | s SEnaeeaxpredSeds relative units,
normalized to the amount of 18S rRNMIfferent letters above bars indicate significant differermtween

meangP< 0.05).
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Transcript levels o¥/gs incaptivereared females were higher than those of wild fiskarly gametogessis
(eg; late Apritearly May)and lower inadvanced gametogesis (AG; late Mayearly June)and spawning
(SP; late Junduly). In particular, VgA, VgB and VgC levels dramatically dropped in captdared
individuals duringSPAWNING (Fig. 3.1.15. The low \gs levels in these specimens were congruent with
the cessation of the reproductive state, which was shown by the histological analysis of the Mgiies.
MRNA relative levels in captiveeared greater amberjack ovaries were higheEARLY and lower in
ADVANCED, compared to the wild counterparig. 3.1.16.
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Figure 3.1.55. Mean ( NSE) t r a rfajMyA, (bpvgB amd(c) Vg€ dueny treeopkriods of the
reproductive cycle of wild and captiveared greater amberjack. Asterisks indicasistically 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 eggaireel specimens within

the same samplingeriod (ANOVA, P < 0.05).
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Figure 3.1.6. Mean (NSE) transcription |levels of vitello
reproductive cycle of wild and captiveared greater amberjack. Asterisks indicate statistically different
transcrigion levels compared with the previous sampling period within the same group. Different letters
above bars indicate statistically different transcript levels between wild and eegaireel specimens within

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

Quantitative reatime PCR (qRTPCR) analysis of liver leptin mRNA demonstrated that transcript levels in
both wild and captiveeared fish were minimal duringDVANCED and maximal aSPAWNING (Fig.
3.1.17. Interestingly, durindcARLY, liver leptin mRNA levels were significantly higher in captive females
than in cognate wild female&if. 3.1.179. Nonetheless, the equivalent gene expression levels in captive
and wild males did not significantly differ from each otheig( 3.1.178).
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Figure 3.1.17.Mean ( NSE) transcription levels of liver |e
of wild and capwve-reared greater amberjadkmales (upper) and males (lower). Asterisks indicate
statistically different transcript levels between wild and iv@pteared specimens within the same sampling
period.(ANOVA, P < 0.05).
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In order to test the possibility of using the heterologsitipedbassMorone saxatiligstb)LH ELISA for LH
measurement in the greater amberjack, displacement

() curves obtained witlserial dilutiors of pituitary and
100 plasma extracts from greater amberjack were
" Lt | compared with the-tH standard curveHig. 3.1.19.
# &0 “‘-1 \ * Seriest On log logit transformed data, linear responses were
5 40 \ STl found in the serial dilutions of greater amberjack
—Log. (Series)

20

pituitary extract Fig. 3.1.183 and plasma Kig.

0 e ke (G 31,180 corresponding to alrH response (1.2%80
Log [r-LHingimi) . ng/ml). The ELISA was established with a sensitivity
' (IC50) and limit of detectiomf 19.6 ng/ml and 0.625
(b) ng/ml, respectively.
" T,
&0 : . * Seriesi
_ &0 * \:\:x\I . W27
£ 0 = Wwig
E 20 \ Log. (Series1)
o ] Log. (W2T
1 10 100 1000 —Log. (W18)
Log [r-LH (ngimij]

Fig. 3.1.18. Displacement curves forastdard +LH and serial dilution of pituitary extracf)(and plasmab)
samples from wild greater amberjack specimens (W19 and WZHe LOGIT function was utilized to
transform standard curve to a linear pl&&ach point is a mean of two determinations.

Pituitary LH content in wild Fig. 3.1.193 and captive
(a) reared Fig. 3.1.19Y greater amberjack broodstock
»remaies Steadily  increased  with the progression of the
1 . Ml reproductive season reaching maximal levels during late
June coinciding with th&&PAWNING period. At that
) period of time, the pituitary LH level$n both wild and
: i m captive broodstockexhibited sex dimorphic pattern and

§

L

were2f ol d higher in females (w
capti ve: 5 3pitloky?! BW, réspedtiely)na
compared with cognae mal es (wi | d: 122.
(b capti ve: 2ngpid Kg! BW, 3espedively).
Nonetheless,during spawning timethe pituitary LH

= levelsin wild fish (regardless of their sgxwere 5fold

BE — higherthan those measured in tb&ptiveones

i
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Figure 3.1.19 Pituitary LH content in wild § and captived) mature greater amberjack males and females
duringreproductive cycle (from early May to late Juné)e vel s (mean N SE) are ex|
(ng) per pituitary per kg body mas®ifferent letters above bars indicate significant (P<0.05) diffesence
between means.
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Plasma LH levels did not vary significantly between the sexes, and were therefore, combined to increase the
statistical powerKig. 3.1.20. Plasma LH levelsin both

150 wild and captivereared fishwere maximal (wild: 76.56

B Wil [ Capive N 26.83; captivml) a@éninthd N 8
(wil d: 24. 41 N 5.ng@l}) duirgpt i ve
4 EARLY and ADVANCED, respectively. Yet, the

100+ detected levels were appimately 1.5-fold higherin the

wild fish as compared with the captive ones.

Plasmes [LH {ng'mi)
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Eaurly mimis speiens AdvancrEl DA EpEisan Sy

Figure 3.1.20. Plasma LH levels in wild and captive mature greater amberjack spectineng the
reproductive cycleL evel s (mean N SE) are expr es Diffetentleterst ot al
above bars indicate significant (P<0.05) differerfoetween means.

3.17 Nutritional state assessment
Gonads, muscle, and liver proximate and fatty acid composgmmads carotenoid contents

To evaluate broodstock nutritional status, piesegonad, muscle and liver from captive and wild greater
amberjack, were immediately frozen and kept-&t0 U C, u ne$ thdt weeenparfoymed in ULL
laboratories Dry matter, and protein contents were calculated using the methods of analysis of the
Association of Official Analytical ChemistAQAC, 2019. 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 perforoethin lgyer chromatography (HPTLC; Merk, Darmstadt,
Germany), and quantified by scanning densitometry using awhualength flying spot scanner Shimadzu
CS9001PC (Shimadzu, Duisburg, Germany) (Olsen & Henderson, 1989). To determine the fatty acid
profiles, TL extracts were subjected to addtalysed transmethylation and purified by TLC system
(Christie, 1982). Fatty acid methyl esters were separated and quantified using a -GRACHra gas
chromatograph (Thermo Electron Corp., Waltham, MA, USA) equippedasitbircolumn 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 Im;
SigmaAldrich, Madrid, Spain). Helium was used as carrier gas and temperature programming Svés A

at 40AGImipr, then from £50t a 02 120/06aCadat1fAChGitmyn t
4 0 A C . nindimidual FAME and DMA were identified by reference to authentic standards, and further
confirmation of FAMEs and DMAs identity was carried out by -GS (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 comtengsquantified by spectrophotometry at

470 nm.

Tissues biochemical analyses are reported as nféatandard deviation (SD). All values presented as
percentage were arcsine transformed. Normal distribution was checked for all data with-faenplee
Kolmogorov Smirnoff test and homogeneity of thariances with the Levene test. Differences between
pairs of means wer destt Boscongpare nmoee ithangtwoSrteans] the graus dath were
statistically tested using orveay ANOVA. When variances were not homogenate, a-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 15.0M8R3Pss.com
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The rearing onditions were not associated to any significant change in the general proximate composition of
ovaries, with the exception of moisture content of captive fish, whizh slightly higher than that of wild
gonads duringspawningperiod (SPAWNING; late Juneluly) (Fig. 3.1.2h). 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@ntkins, associated to a significant incremenipifi$
atadvanced gametogesis ADVANCED; late Mayearly Junefompared tearlygametogeesis EARLY;

late April-early May)andandSPAWNING (Fig. 3.1.21a,b,&

The rearing conditions did not seem to be associated to any change in the general proxipasgion of
testes, with the exception of nstire content of captive fish that was slightly lower than that of wild fish
during ADVANCED and SPAWNING (Fig. 3.1.224. The evolution pattern of testes proximate
composition of wild and captive individualduring 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 duril§DVANCED compared toEARLY (Fig. 3.1.22b,§. Proximate
composition was more variable in ovaries than in testes, withdiidients ranging from-8% to 20%.
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Figure 3.1.21 Mean ( NSD) Il evels of ovaries (a) Moi stur e,

and captivereared greater amberjadkoodstock at three periods of the reproductive cyclasterisks
indicate statistical differences between wild and cap®@aged specimens within a specific sampling period
(Student's-Test, P < 0.05).Different uppercase and lowercase letters indicatessital differences among
the three periods for wild or captive fish, respectively (ANOVA, P < 0.05).
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Figure3.1.22 Mean (NSD) | evels of testes (a) Moisture, (
captivereared greater amberjack broamtdt at three periods of the reproductive cychssterisks indicate
statistical differences between wild and captigared specimens within a specific sampling period
(Student's-Test, P < 0.05).Different uppercase and lowercase letters indicate titatiglifferences 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

g 38 - The dietary egme of captivereared fish, which consisted of a
£ 2] o e commecial extruded broodstock diet (Vital®al, Skretting SA,
g 9 * Norway) provided a significantly higher mean level of carotenoids
g8 201 than in wild specimensF(g. 3.1.23. Surprisingly, carotenoid
§ content in testes from captiveared fish was the reverse of the
2 1o wild fish where ovaries were significantly richer than testes in
g o5 “ these antioxidant pigments.
v Ovaries Testes
Figure 3.1.23 Mean ( NSD) l evel s of car ot e ncaptidescaredmgreaber ar i e
amberjack sampled during the spawning perigdterisks ndicate statistically different levels between wild
andcaptivr eared specimens; (A) denot eFestPi<l0D®r ences be
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Gonad lipid classes and fatty acid composition

The main lipid classes and fatty acid compositions vasimdngst the gonads from wild and captive adult
greater amberjack males and females and across the three different periods of the reproductivabéycle (
3.1.3 and 3.1.% The rearing conditions failed to provide the nutritional requirements to thes test
captivereared 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 (T¥ 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 decred3kewas evident

from EARLY to ADVANCED in wild testes and ovaries. On the contrary, Pl levels exhibited a significant
increase from EARLY to SPAWNING in captireared testes.

Table 3.1.3 Mean values of main lipid classe$ gonads from wild and cape adult greater amberjack
males and females sampled at three different periods of the reproductive cycle.

Early gametogenesis

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.¢ 20.5+1.€" 21.6+1.Eb18.4+22  258+1.1 229+3(  182+1.(al7.7xle  27.8+0& 23.1+0.¢*  17.2+1.1a17.3%0.
PS 7.8+1.2a 4.6+0.6%8 45+1.2b 45+1.7b 123+0Shb 8.8+1.2*b 1.8+#0.fa 15:03a  9.7¢1.7a 88:08 b 1.4+0.4a 3.0:0.9%b
PI 5.9:04b 5.0:1.1 a 4.920.€b 3.8:0.7 1.7t0.6a 6.8£0.7*b 2.4+0.4a 2.920.4 56#3.1b 7.120.32 b 24:0.3a 3.420.7*
PE 20.0+0.€a 14.1#2.(*,a 12.2+1.(c 11.8#2.5c  22.1+0.Eb21.2+2€ b 7.0¢0.1b 59+0.5*a 21.4+0.7a21.9+1.4 b 6.1#0.8a 7.9t15 b
TPL  64.6t4.7ab47.4+5.3%a 47.8+2.6b43.8+7.1c  63.5¢+0.5a 63.8+7.£ b 32.3+1.7a 30.80.6*,a 67.6+3.4b 65.7+1.€ b 28.6+3.1a 35.6£3.8 b
Chol  18.7#1.Ca 16.5£2.7 a 16.2+1.1b 15.1#2.1ab 22.5+1.4b22.5+2.2 b 13.0¢0.Ca 14.6+0.6*,a 18.4+8.5a22.9+1.4 b 12.8+0.7a 19.2+4.2*,b
TG 8.7+1.c 28.948.6*b 21.0+1.Fa26.3x8.6b  3.020.8b 2.8+0.6 a 24.7+0.Eb26.4+1€ b 1.8#0.7a 4.4+1.€*a 222+1.£a21.3#2€ b
TNL  35.4#43ab52.65.2%b 52.2+2.£a56.2¢7.1a 36.5:t0.5b 362¢74 a 67.7t1.2b 69.2:0.6*b 32.4+3.4a 34.3t1€ a 71.4+3.1b 64.4£3.8a

Asterisk indicates significant differences for a particular lipid class and period between wild and-rzgrtdebroodstock -(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 pol@hbpids;
Cholesterh TG, triacylglicerides; TNL, total neutral lipids.

Table 3.1.4 Mean values of main fatty acid$é gonads from wild and captive adult greater amberjack males
and females sampled at three different periods of the reproductive cycle.

Early gametogenesis Advanced gametogenesis Spawning period

Male Female Male Female Male Female

wild Captive Wwild Captive Wwild Captive wild Captive Wwild Captive wild Captive
16:0 229+1.0 19.6+1.C*,a 203+09b 17.9+0.E*,b 23.1+04 22.1+0.2 b 16.3+18a 152+09a 22.6+1.2 222+23 b 17.4+0.7 al75+34 b
18:1 196429 23.7#3.1 b 179+21a 22.1+3.( a 164+2.3 18.3+2.3 a 248+16c 267+13b 17.2+0.€ 18.8419 a 22.1+1.1 b23.4+4.2ab
18:2n6 1.1+02b 7.1+0.S*b 1.0+02a 6.5+0.€*,a 0.8+0.1a 50+1.2*a 1.0+03a101+05* 1.0£0.1b 58+20*a 1.8+0.2b 81+21*a
20:4n6 41+08 2.3x0.4*,a 5.9£10b 3.4+1.2*b 4.3+04 2.7+0.t*,a 37+05a 21+04*a 5.4%1.C 5.0+1.4*b 4.9+0.€ b 4.0£0.6b
20:5n3 3.7+04b 4.6x0.€ 39+04ab 5.3+0.5* 29+04a 4.8+1.C* 3.3#0.6a 51+13* 2.8+0.5ab 3.8+0.8 4.3+0.E b 4.3+x06
22:6n3  262+36a18.113.0%,a 27.3t1.8b 19.4+3.¢* 32.9%19b 26.9+3.E*b 31.2¢+35b211+16* 26.9+2.za 24636 b 22.9+1.¢ a233+2.9

DHA/EPA 7.1+06a 3.9+0.2*a
ARA/EPA 1.1+02a 0.5+0.C*a

7.1+1.2b
1.6x04

3.6+0.5*,a
0.6£0.2*,a

11.3310b 5.7#0.7*b 9.4+0.9c 4.4+13* ab10.0+1.Cb 6.7+0.7*b 5.4+0.€ a 5.8+0.6b

15+#03ab 0.6x0.1*,b 1.1+0.2

0.4+0.1*,a

2.0£0.7b 15+08 c¢ 1.2#0.2 1.0+02 b

Asterisk indicatessignificant differences in fatty acids between wild and captdared broodstock -Btudent, P<0.05).

Letters

within a row denote significant differences along the reproductive cycle for each sex (P<0108)nly n9 isomer. DHA,
docosahexaenoic aki22:6n3; EPA, eicosapentaenoic acid, 26EnARA, arachidonic acid, 20:46.
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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 figdpldying around 3@0% less
docosahexaenoic ac{fdHA) and arachidonic acid (ARA), and clearly higher conteniiofeic acid18:2n

6. As a consequence, DHA/eicosapentaeonic acid (EPA) and ARA/EPA ratios, also suffer marked
decrements in the gonadstbé captive fish. Among the three sampled periods, the most evident differences
were a significant increase in DHA froBARLY to ADVANCED displayed by the testes of wild and
captivereared specimens. However,SRAWNING the DHA content did not return tealues observed at
EARLY in the captive males, as it did in the wild fisBimilarly, the wild ovaries displayed an increase in
DHA betweenEARLY and ADVANCED, returning atSPAWNING to EARLY levels. This DHA
increment betweeBARLY andADVANCED was notobserved in the captiveared females.

Liver and muscle proximate and fatty acid composition

Lipid content in liver and muscle of greater amberjack is showhaibles 3.1.5and 3.1.6 respectively.
Lipid content wasigher for the captive fisin both tssues and as a consequence, moisture was generally
lower. Whereas in the liver of the wild fish there was a progressive decrement of lipidADYANCED

to SPAWNING, in the muscle the most evident change was a marked depletion of lipid&\MNERG.
None of these changes were evident for the captive fish.

Table 3.1.5. Lipid content in liver of wild and captiveeared greater amberjack sampled during the
reproductive seasditARLY, EG; ADVANCED, AG,; and SPAWNING, SPin the Mediterranean Sea.

EG AG SP

Female Female Female

wild Captive wild Captive wild Captive
Moisture (%) 69.5+4.8 62.2+29 * 73.6x0.6 65.9+4.3 * 741+08 66.2+38 *
TL (%DM) 254+62b 352+3.0* 207+0.2 ab 30.0+6.4 * 152+18a 29.0+74*

EG AG SP

Male Male Male

Wild Captive Wwild Captive wild Captive
Moisture (%) 636+5.3a 56.1+9.9 730+10b 586+45* 736+x15b 66.246.9
TL (%DM) 344+9.9b 458+12.3 19.24¢6.0a 37.1+8.7* 189+2.6a 259+13.0

Table 3.1.6. Lipid content in muscle of wild and captiveared greater amberjack sampled during the
reproductive seasqiEARLY, EG; ADVANCED, AG; and SPAWNING, SPin 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+5.0 188+95b 184+52 50+24a 189+51*

EG AG SP

Male Male Male

wild Captive wild Captive wild Captive
Moisture (%) 713+2.0a 659+4.2 729+15ab 70.6+2.0 760+14b 712429*
TL (%DM) 13.2+29b 282+3.6b,* 15.4+45b 176+6.1a 4.7+08a 304+4.4b*
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Differences in terms of fatty acid composition, from liver andscleof greater amberjackre shown in
Tables.3.1.7and3.1.8 respectively.As for gonads, compared to the wild counterparts, captive fish tissues
are characterized by higher contents of 181and 18:2r6, relatively lower contents of 16:0 and 20:3n
(EPA) and much lower contents of 20:8r(ARA) and 22:6r3 (DHA), which also affect the DHA/EPA and
ARAEPA ratios. All these differences were more evident in the liver than in the musal@ consequence,

the evolution of tissue fatty acid compositialong the reproductive season clearly differs among the wild
and captive fish.In this sense, the decrements of 189labserved in liver and muscle of wild fish from
EARLY to SPAWNING are not displayed by the captive fisBimilarly, the increments 0ARA and DHA
achieved by the wild fish also froBARLY to SPAWNING are much less evident in the captive
counterparts.

Table 3.1.7. Fatty acid composition in liver of wild and captiveared greater amberjack sampled during
the reproductive season in thtediterranean Sea.

EG AG SP
Female Female Female
wild Captive wild Captive wild Captive
16:0 21.6+2.0 16.3+06 * 19.7+1.8 18.9+2.2 21.52.3 19.3+0.8
18:1* 23.333.4a 38.A#25* 239+5.0a 344+£3.1* 131+19b  345+4.5*
18:2n6 15+0.3 10.3+1.8* 1.9+0.2 9.8+1.0* 1.1+0.1 10.0£15*
20:4n6 46t14a 0.8t01* 38+12a 14405 * 7.0+1.3b 1.6+0.3*
20:5n3 4.4+1.2 3.4+0.6 6.3+0.8 3.5+0.7* 44+1.0 3.8£1.6
22:6n3 216+32a 54#004ar 193+08a 9.2+30b* 264+27Db 9.0+25b*
DHA/EPA 52+1.3ab 1.6+0.2* 3.1+05a 2.8+1.3* 6.3+t1.8 b 25+08 *
ARA/EPA 11+04a 02+00* 0.6+0.3 a 0.4+02 * 1.7+0.5b 0.4+0.1*
EG AG SP
Male Male Male
Wwild Captive wild Captive Wwild Captive
16:0 195+2.4 153+09 a* 22.8+2.1 16.6+0.8 ab,* 20.4+£1.5 183+14b
18:1 293+26b 339+2.1 215+6.1a 319+0.7* 16.4+29a 28.2+4.0*
18:2n6 2.2+04 124+0.4* 1.9+0.7 119+19* 18+04 104+1.3*
20:4n6 3.0+0.4a 0.9+0.2a,* 45+10a 1.1+0.1 ab,* 5.7£11b 2.0£1.1b*
20:5n3 5.9+0.6b 45+06 * 3.9+05a 44+09 49+11a 4.0+11
22:6n3 164+24a  6.8t0.5a,* 231+65ab 7.6+0.3 ab,* 234+39b 125+5.8b*
DHA/EPA 28+05a 15+0.1a 59+13b 1.8+0.3ab,* 5.0£1.6 b 3.4+19b,*
ARA/EPA 0.5#0.1a 0.2+0.0* 1.240.2b 0.3+0.0* 1.3t06 b 0.5+£0.4*

Asterisk indicates significant differences in fatty acids between wild and captived broodstock. Letters within a row denote
significant differences along the reproductive cycle for each sex (P<8.0@inly n9 isomer. DHA docosahexaenoic acid, 22:6n
3; EPA, eicosapentaenoic acid, 26FnARA, arachidonic acid, 20:46.
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Table 3.1.8. Fatty acid composition in muscle of wild and captieared greater amberjack sampled during
the reproductive season in the Mediterraneaa S

EG AG SP
Female Female Female
wild Captive Wwild Captie Wild Captive
16:0 21.7¢10  172+10* 214+1.2 17.3+0.7 * 21.6+1.2 16.8+0.7 *
18:1* 283+23b 29.5+35 29.9t1.1b 30.6x1.5 151+53a 321+20*
18:2n6 1.3+05 9.3+x1.9* 1.6+0.2 9.5+0.6 * 16+0.4 9.6+1.1*
20:4n6 21+05a 09+0.2* 2.0+0.1a 0.8+0.0 * 3.8+08b 0.8+0.2 *
20:5n3 4.0£0.3 3.8+05 3604 35204 3.620.2 3.3105
22:6n3 178+32a 14.0£35 154+0.6 a 12.1+1.4 268+75b 110+£35*
DHA/EPA 45+10a 3.7405 4.3+0.6a 3.5+05 75+2.3b 3.3+0.7 *
ARA/EPA 05+0.1a 02+0.0* 0.6+0.0 a 0.2+00* 1.1+03b 0.2+0.0 *
EG AG SP
Male Male Male
wild Captive Wild Captive Wild Captive
16:0 21.9+03 16.5+0.2 * 22.0+2.1 175+05* 20.5£05 16.5+04 *
18:11 310+11b 31.0+£12 258+89b 302+13 176+5.3a 323+t08*
18:2n6 15+0.1 10.1+08* 1.6+04 9.3x09 * 2.1+0.7 10.1+0.7 *
20:4n6 15+01a 0.7+00* 21406 b 0.8+0.1* 3.6£0.4c 0.7+0.1 *
20:5n3 4.1+0.2b 3.9+0.2 33+05a 35+0.2 2.8#0.2a  3.4+0.7
22:6n3 17.8+1.6 11.8+1.1* 19.7+99 12.3+37 24.8+8.9 101+10*
DHA/EPA 4.4+04a 3.0£0.2 * 5.8+22ab 35t1.0* 7.6£3.1b 3.0£06*
ARA/EPA  0.4+00a 0.2+0.0* 0.6£0.1 b 0.2+0.0* 1.1+02¢c 0.2+£0.1 *

Asterisk indicates significant differences in fatty acids between wild and captived broodstock. Letters within a row denote
significant differences along the reproductive cycle for each sex (P<8.0&inly n9 isomer. DHA, docosahexaendicid, 22:6n
3; EPA, eicosapentaenoic acid, 20FrARA, arachidonic acid, 20:46.

3.1.8 Evaluation of captivereared greater amberjack sperm quality

Sperm quality was assessed through physical and biological features. In order to make a egediem b
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 eveampling session (April 285", June 38" and July2

4" after a short training and intercalibration work held at the HCMR facilities ireGrging the broodstock
maintained there. After vain attempts to collect sperm by stripping the fish, sanipjesnetes 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 contentand viability assessments. The resulting dataset was complete and allowed studying

2" Periodic Report (13-30 month) 49



»
9

AY 74

DIVERSIFY - GA 602131

the variations of the different quality indexes between the 3 sampling times by AN@&k angular
transformation in the case of percentage analysis (mdtilitfhe CAR processing and statistical analysis

were ceperformed 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 418 4z mf, the usual range for sperm of marine fish. A
significant difference between April (EARLY gametogenesis period) and JUXWBPNG period) was
observedTabla 3.1.9.

Table 3.1.9. Crossed probabilities showing a significant difference in sperm concentration between April
and July in captiveeared fish (n=4).

Apr June July
Apr 0,193934 0,017906
June 0,193934 0,311706
July 0,017906 0,311706

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
maine 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 miyjlicalculated by the time when any movement ceased, was
between 1 and 11 minutes and also this parameter showed -selased significant differencesig.

3.1.29. Consequently, the swimming speed of spermatozoa showed significant variaigoi3s1(25).

Moyenne de motility

70
60

50

sampling date ~

April 24th

10

30 July3rd
Junedth

20

10

0
10 20 30 60 120 180 240 300 360 420 480 540 600 660

time after activation vY

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 n@Bperm.
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Figure 3.1.25 Mean (solid line) and maximum (dotted line) speed of spermat@oa {) st different

sampling times during the reproductive period.
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Figure 3.1.26. lllustration of greater amberjack spermatozoa tracks generated by C#®jing 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 lowespndariable 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 spegardless othe period

during the reproductive season.
excluded.

“Varl"; Moy. Moindres Carrés
Effet courant : F(2, 9)=,32790, p=,72869
Décomposition efficace de I'hypothése

Les barres verticales représentent les intervalles de confiance a 0,95
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However, a problem in sample conditioning or transportation cannot be

Figure 3.1.27 Mean ATP level fmol 10°sp2 with error bars showing 95% confidence interval (n=4) of

sperm collected during theadifferent 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 okficent markers of DNA with differential
penetration of the cell in relation to ltge/dead status showed the presence of three different categories: live
(green fluorescence), dying (green and orange) and dead (orkigge3.(.28. A Nested Design ANUA

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 sfgant difference (P<0.05)ig. 3.1.2).

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 allstivgjuishinglive (green),
dead (red) and dying (both colosg)ermatozoa

sample time(male id); Moy. Moindres Carrés sample time(male id); Moy. Moindres Carrés
Effet courant : F(8, 22)=18,962, p=,00000 Effet courant : F(8, 22)=9,3314, p=,00002
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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 intranale 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 imet 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

1 Gonadesomatic index of captivecared greater amberjack wsignificantly 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.

1 An extensive atresia affected late vitellogenic follicles of capteradies, thus preventing any further
oocyte developmentall captivereared males were spent during the spawning season of the wild
population.

1 A progressive decrease of germ cell proliferation occurred in camared individuals together with a
higher density of apoptotic germ cells during tl®ARLY compared to wild fish, indicating that
spermatogenesis in captiveared fish was already compromised at thgrming of the reproductive
season.

9 Captivereared fish showed impaired pituitary expressiondie gonadotropins (FSH
consequently lower concentration of LH in their pituitaries and plasma, compared to wild population.

i Captivereared fish showed lower concentration of main sex steroids in their plasma, compared to wild

population.

Liver expressiof VVgs were slightly lower in captiveeared compared to wild fish

A general decrease of crucial factors for reproductive success, sspieasc lipid classes and fatty

acids, were detected in gonalilger and muscles of captivearedgreateramberjack.

= =4

All these data clearly indicate the occurrermafesevere gametogenesis impairngeint greater amberjack
reared in captivityand theseadysfunctionsare possibly related to captivitinduced stresand husbandry
manipulation to the lackof 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, dung 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 thepapramaturation 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 FORK¥&ataakbroodstock,

which did not completeametogenesis 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 acclima&tiaur 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-32 (JuneJuly 2016) and could not be analysed and reported in time
for submision with this 2¢ Periodic Report. Therefore, the spawning induction activities reported during
the 29 Reporting Period were limited to the use of GnRHa implants only, to induce spawning of fish
maintained in sea cages at the different facilities aedatiquisition and shipment of eggs for the larval
rearing experiments (WP 15). Still, some of the breakthrough results obtained during-32owsil 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 indiockswere used for the spawning induction experimen&ble 3.2.1):

HCMR tanks: Breeders (n=27) were kept in two -85 tanks under simulated natural temperature and
photoperiod. Fish were fed on moist and then dhetse(Vitalis Repro/Cal, Skretting, Spain), supplemented
with raw fish fnackerel) three times a week.

HCMR cage: Breeders (n=13)vere kept in a 40n perimeter cage at the Souda Bay pilot cage farm, and
were fed on moist pellet¥ftalis Repro/Cal, Skreittg, Spain)

ARGO cage: Breeders (n=28) were kept i@ m perimeter cage at Salamina Island, Greece, and were fed
on moist and then dry pelletgifalis Repro/Cal, Skretting, Spairgupplemented with raw fish.

FORKYS tank: Breeders (n=21) were keptn25nit ank i n FORKYSO0 hatchery i
Fish were under natural temperature and photoperiod and fed with raw fish and squid.

GMF cage: Breeders (n=28) were kept in4®-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 9.918.4 moist pellet
ARGO cages 28 10.719.5 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 15.025.0 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 thadlREO f

(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:

1 Gonadal biopsy was taken from female fish to evaluaterepeoductive stage under an optical
microscope, and a portion of the biopsy was stored in fixative solution for histological evaluation.

1 Sperm sample was taken from male fish using a catheter (since it is difficult to obtain sperm with
abdominal pressuréd estimate quality parameters such as motility percentage, motility duration and
density.

21/4/2015HCMR tank: Nine fish from tankS1 were sampled5 males and 4 femalesijith the males

producing sperm, which was accessible only with a catheter; hewesdtassified asntra-testicular sperm
(IT sperm). Thefemaleshad oocytes in vitellogenesi¥d) with a diameter of 4B-650&m, but two of them
had increased occurrence of atresia (A¢).

8/6/2015HCMR tank: Fourteenfish from tankS1 were sampled5 males and 9 femalegijth the males

producing onIyiT sperm Three of hefemaleshadVg oocyteswith a diameter of 3B-650em (ore in early

Vg, one in mid Vg)b u t t wo of them had increased occurrenc
immature and had primagocyteg(po) Fig. 3.2.1.A.

9/6/2015 ARGO cage Male fish produced IT sperm, which was motile, having initial motility4680%.

Almost all females were in Vg with oocytes of 6680em i n di amet er, with | itt]l e
fish. Two female fish were found in Oocyte Maturation (OM) or just prior to Ovulation (Ov) stage with
oocytes in 100@m in diametefFig. 3.2.2.A,B).

10/6/2015 GMF cageAll females were at Vg with oocyte diameters of 68D em and occurrence of
limited AT in 30% of the female fisfFig. 3.2.2.0). Male fish produced IT sperm with initial motility of 50
85%.
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18/6/2015FORKYS tank: Only 1 fenale was in Vg with oocytes of 530n in diameterwhile others were
immature (containing only po) or in early Vg (eVg) having oocytes with a diameter e4@®DEm, but in
most of them AT was obvioy§ig. 3.2.1.B,3. Males produced IT sperm, but motilityas 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 64F080em in diameteFig. 3.2.2.Q. All sampled males produced IT
sperm with initial motility of75-100%, motility duration was 3.% 8.1 min and density was 1.563.04 x

10 szoaml ™.

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 bleasl also collected through the biopsy.
Sperm was of bad quality with initial sperm motility 85% and density 1.10 3.96 x 10° szoaml.
Duration was not possible to be recorded due to spermatozoa death.

1/7/2015 GMF cage Twenty fish were sampledFemales were again in Vg with oocytes of 58D em,

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 oocytemy( 3.2.3.B,9. Males had IT sperm of 480% initial

motility and motility duration of 4.078.97 min.

2/7/2015 ARGO cage Male fish had IT sperm of 385% initial motility and motility duration of 0.85
4.05 min. Females were in Vg stage of @80 em with some occurrence of AT. Some femalesenia
post ovulation stage with po and occurrence of(Rig. 3.2.3.A.

14/7/2015 ITTICAL tank: All fish were sampled. Five females were immature having only po -G080
em (Fig. 3.2.1.D. Male fishhad IT sperm.

17/7/2015 HCMR Souda cage Male fish fad IT sperm. Initial motility of spermatozoa was-3@®% and
motility duration 3.85 9.86 min, while density was 1.924.48 x 10° szoaml'. Females were immature
having only po, while one fish had occurrence of &ig( 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 printergytes (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 8 em diameter. Bar = 500m.
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Figure 3.22. Female greateamberjack maintained in sea cage¥ ¢ampling, June 2015). Histological
sections (A,D) and wemount photographéB,C) of greater amberjack oocytes obtained from ARGO

(A,B), HCMR (C), and GMFbroodstockgD). A: Female on 9/6/201% vitellogeness (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 ATBar =500em.

Figure 3.23. Female greater amberjack maintained in sea cadgésdepling, July 2015). Histological
sections (A,C) and wanount photographéB, D) of greater amberjack oocytes obtained from ARGO
(A), GMF (B,C) andHCMR (D) at the secongampling of the broodstocks, after an initial induction of
spawning with GnRHa implantsA: Female on 2/7/201% vitellogenesis (Vg) having also occurrence of
atresia (AT). B,C: Female on 1/7/2015 in Oocyte Maturation (OM) having also Vg oocytes mBleFen
17/7/2015 with primary oocytes (po) and occurrence of Bar =500&m.
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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 Y1s{Periodic Report), it was possible to draw some conclusions as to the
reproductive capacity of greater ambekjac captivity and their response to hormonal therapy with GnRHa
implants:

1. We found that reproductive maturation may occur in fish as smal6dgy in body weight. This
particular individual (from &MF) had oocytes at an advanced stag©Wbf during thereproductive
season

2. Thevastmajority of sampled femalavaintained in sea cages were undergoing full vitellogeiresis
May-June Post vitellogenc oocyte diametexr ranged between 65M0em (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 cl ose tonogvul at |
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
fistr i prpeiobtaingd 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 comparabletsasith remoistened (2014) or even
dry (2015) commercial extruded feeds

6. Fish maintained in cages had a significantly bettyat of reproductive maturation, compared to
fish maintained in tanks. In fact, only a small percentage of fish maintainadks nHCMR and
FORKYS completed vitellogenesisand upon spawning induction, fecundity was very low and
fertilization success was nilThis may be related with water quality characteristics since in all sites
well water is used, with a slightly lower p&hd probably higher CQOcontent. Another possible
explanation of this reproductive dysfunction could be the small volume of thditardtation with
the size of the fish) or its architecture since in HCMR and ITTICAL 40 and*@ctangular tanks
are used respectively, and in FORKYS 25 aircular tanks are usedPerhaps 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 Canadg I&ae later Sections).

7. A small percentage of fish maintainedthin tanks and in cages have the capacity of undergoing
maturation and ovulation spontaneously, without the use of any hormones, as scalaost
oocytes were found in some femalepid the GnRHa spawning induction therapy.

8. Overall, it is concluded that wildaught greater amberjack have the potential of undergoing
gametogenesis and completing vitellogenesis to the stage that could be induced to spawn with
hormonal therapies, depding 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 Tadkl B aitributed
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 vitellogsis 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 (Me32) and will be reported fully in the“Periodic
Report and the appropriate Deliverable.

3.2.3 Spawning induction

As explained above, a single dose of GnRHa contrafémhse 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 tppropriate stage of oocyte development, they were administered
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with GnRHa implants, depending on their size, to obtainfafi @ ct i v e ddGeRHa kjfbody 50 O
weight Similarly, mal es received GnRHgGnRjgileodyt s t o
weight. Tanks were fitted with passivagg collectors, which were monitored feggs every day. Fecundity

and fertilization success were estimated after transferringgdein a 10 | bucket, and taking a sub sample

of 10 ml. Also, the stag of eqy development was determined. When possible, a sampegefwas
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 st@ge 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:

8/6/2015and 29/6/201HHCMR tank, and 18/6/2013F-0ORKYS tank: A hormonal treatment was givém

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 waslpced 24 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 GnRhjgants. 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 warawning forl5 daysafter implantation In the cage only 16,000

eggs were collectednce, two days after treatment. In the tank, a total of 12,628,000 eggs were produced,
with fertilization success betweer72%

L (Fig. 3.2.9.

2/7/2015 ARGO tank: The fish that had
been maintained in the tank after the

* . previous spawning induction(9/6/2015)
1,500 . . 60 were evaluated for reproductive stage.
. Males had IT sperm, so they were treated
1,000 * 0 with GnRHa implants and transferred to
the tank 1 (see also
50 I 0 cageod bel ow) . theyhak mal e
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Figure 3.24. Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) from greater
amberjack stock maintained at the ARGEx 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 laAgiased taks 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 sgeening for5 daysafter implantation after
which they were returned back to the cage tank 1, a total of 3,000,00eggs were produced, with
fertilization success between -8D00%, while in tank 2, 2,250,000 eggs were produced, with fertilization
success between 8M0%(Fig. 3.2.5. In the sea cage no eggs were collected.

1/7/2015 GMF cage Eighteen fishwere treatd with GnRHa implantgor 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 theerest wer
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 suce9%0 In the anaesthetic bag, a total of
3,020,000 eggs were proddceith fertilization success-05% (Fig. 3.2.5.

23/6/2015 HCMR Souda cageThirteenfish were treated with GnRHa implants. No eggs were collected.

GALAXIDI tank 1 GALAXIDI tank 2

*
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1,000 40
500 20
[2)
(@]
g T
§ 0 - o 2
€ 01 23 45 6 701 2 3 4 56 17 =
= Y
2 o
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8> . 100 &
w *
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: II II Izo
O 0
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3 3
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0 -~ l
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Days after treatment

[ Fecundity (x 1000 eggs) ¢ Fertilization (%)
Figure 3.25. Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) from greater
ambejack stock maintained at the GMF sea cage facility, induced with GhnRHa 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 comparitgo

different methods of GnRHa treatnis, was done at the P23. ARGO facilities. Fish were evaluated for
reproductive maturation ori"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 eithbquid GnRHa solution
(INJECTION 1 & 2) or with GnRHa implants (IMPLANT 1 & 2F{gure 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 thoughht 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 6,208,006 @ggNJECTION 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 3.26. Fecundity (x1000 eggs, blue bars) and fertilization (%, black diamonds) themgreater
amberjack stock maintained at th83. ARGO sea cage facility, induced either with GnRHa in liquid form
(INJECTION) or withsolid GnRHa implants (IMPLANT). Black arrowimdicate the time of injection
treatmentswhile white arrows indicate the time of implant treatments.
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To sum up, the spawning results so far (2014 and ,2848 partly from 2016provide some promising
insights into the development of methods for thetam 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 mantained 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 aresponse 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 thachievement 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 tigitfecu
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 hame 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 béhe maintenance of the broodstock in sea cages during the year (gametogenesis) and
their transfer to landbased tanks for spawning after GnRHa treatment. This ensures collection of all
spawned eggs and thus higher effective fecundities. However, traosfiee tank affected the
il etnegr mé reproductive condition of the females
at the second revaluation all fish were undergoing atresia in their ovaries. Still, this method may
be an effective approachrfcommercial 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 tlé Reriodic Report), spawninigduction 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 significantumber 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
rearingexpertise, 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 Y2yas undertaken in Y3 (Mo 332) 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 obserged in th
Atlantic Ocean stock of greater amberjack, reported in tHeeporting Period by P2. FCPCT, and
further examind here (see later). These results prompted the consortium to consider undertaking a
study (at no extra charge to the project) of examiriieggenetic makeupf different broodstockin
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 ketween 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 terntsnef 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 difie first reporting periodin which natural spawimgs weremore successfuhan
induced spawings and GnRHa injections were more effective than GnRHa implantatitiesgoal of te
experiments carried out during théd 2eporting periodwas to compare natural spawgs with GnRHa
injectiorrinduced spawnings.

In the present study 17 individuals of a group ofjP2ateramberjack, captured in May 2011 in the southeast
coast of Gran Canaria (1| sl gmseanCrighaatrcaparss,. 4ElsNpla Tla2) kvge
f emal es a rkd formal@ Weelaclinated in10 n# tanks (3 m x 3 m x 1,5 im depth) located in

the Planta Piloto de Producci-n de Al evines (AAPF
located in the facilities oP2. FCPCT On January 2013, the figmeanwe i ght 8. 27 N1. 11 k¢
and 8. kgfdd naled Jere transported to the new station of broodstock of the PCTHdrenthey

were kept in round tanks of 406 m x 2,35 m)and were used in the expreiments described in the 1
Periodic Report (@14).

Before thebeginning of theexperimens, at the end of March 2015, all fish were anesthetized with 50 ppm
clove oil and body weight was determine@he samebroodstock (3 males and 2 females) thpawned
spontaneouslyn 2014was used in Tank,while the otherfish used in this trial were distributed in three
circular tanks of 40 m(Tanks 2, 3 and 4)at a ratio of 2 females ar&lmalesper eachtank All females
used in this experiment spawned in the year 281id, to avoid stressthey were notcannulatedand no
abdominal pressure to males wasplied The tanks of 40 fhhave an open water system with a water
exchangeof 600 day!and s al i n i The phatoperiddl Was aatural, using the day period of the
geographical po2s8iot i M;n D5 U ZehheradseO0and Voxygen was determined

continuousy, by means of a probe system controllecaltyo mput er ( Mi r and a, l nnovagq
Fishin Tanks 2, 3 and 4yere injected intramusculance a weekvith GnRHa (LHRHa, de&ly10, [D-
Ala6]-; SigmaAl dr i ¢ h, St . Loui s, MKy!. TheSisst) natwral spavn fank ) o f

occurredon 18 May 2015,ata t emp er at uTaeks 2 3 an@ D cor8an&l.two pairs, which were
induced on different days. he first paisin Tanks 2, 3 and #vere induced to spawn on 02ne2015 and

the second pasron 05June2015 The kst natural spawn (Tank drcurredon the 09 October2015 ata

t emper at ur Ehe last spakvds.frénUi@luced fish occurred on 08 October Ztamkl 3) and on 28
October 2015 (tank)4although three more inductions were done to each broodstock pair of each tank, and
no spawns were obtainedhe mean temperature during the spawning season ranged betwgé®203 UC i n
May and2i2 @ctobeN The parameters indicativef spawning qualityare reported iTable 3.3.1.
Twentytwo natural spawnsccurred in tank 1; 38pawns were obtainégd tanks 2 and 3 aftet3 inductions

per tank 32 spaws were obtainedn tank 4 after46 inductions

Table 3.3.1. Quality of spawn indexes (the values correspontibirtpe injected spawns, are the mean of the
3 induced tanks)

% Fertilization % Viable 24 h % Hatching % 4d Live % 8d live
Spawn P <0.01 P >0.05 P >0.05 P <0.01 P <0.01

Natural 76.3@BR. 188.90RN2086. nadiz2 87 -84N8. 7 goR4.

Injected 65.62RK1790.70K7.88.40K9.71.15RK154. 77K5.

* Different superscriplettersin the same column indicate significant differences
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Significant differences between thatural and iduced spawns webserved in the fertilizatiorateandin

larval survival afted ard 8 days. No differencesverefoundin the% of viableeggsat 24 h andat hatching

During all the spawning season, theat number ofeggs was of 28.54 million in atural spawn and
12.21RK7.66 mil |l i o mespectively Ih Eiguie 8.8.Ltle enamber afuge per spawris
reported, showing significamtifferences between the natural and the indkgda wns (IRPFigure 0 1) .
3.3.2 therelativenumber ofegys per spawn and kg of femddedy weight is shown. ignificant differences

(P < 0.01)wereobservedetween the natural and the induspawns
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Figure 3.3.1. Number of eggs pernatural and inducedpawn. Different superscript letters indicate
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Figure 3.3.2. Number ofeggs per spawn anfemale body weight Different superscript letters indicate
statistical significant differences (P °~ 0.01).
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Task 3.4 Development of an optimized spawning indu@bn 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 #taffroup of 15 greater
amberjackoreederdorn in captivity (aerageve i g h't
raceway tank of 500 frwith continuous water supply (6 renewals 'dayinder 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 @gated transponders (PIT tags).

of

1 8 mdnkidied th arkogitiloorwaeveres

All fish were sampled four times durirthe 2015 spawning season (May, June, July and Septedoat)
length and body weight were measure@varian biopsies for the evaluation of oocyte development were
obtained and a wet mount of the biopsy was examined under a compound microscope to evalag&edhe st
oogenesis and measure the mean diameter of vitellogenic oo@ytesrtion of the biopsy was fixed in a
solution of 4% formaldehyd&% glutaraldehyde for further histological processiMaturation of the males
was examined by the release of sparpon application of gentle abdominal pressudé.this was not
possible, a sperm sample was obtained by inserting a plastic caffle¢ecollected sperm was storaidd A C
until quality evaluation. In order to measure sex steroid hormone concentratios biochemical
parametersblood was collected at each sampling from the caudal vessels using heparinized syrihges

centrifuged at 1400 rpm for 20 miflasma washenc ol | ect e d

and

stored at 180

Fish were treated with an Ethylénényl acetate (EVAc) GnRHamplant loadedvith DesGly10, D-Ala6-
ProNEth@mGnRHa (H4070, Bachem, Switzerland) in May, June and Jult the time of GnRHa
implantation, sadcted females were in advanced vitellogenesis andtigticular sperm was observed in

males. The selected females weaeministered th&nRHaimplantstoo bt ai n
GnRHa kg body weight(Table 3.4.). The dose of GnRHa implane d

GnRHakgbody

weight in

May

to

maJ es
-t body weight intJunelahd JOgAbléE34R)H a

an effegtive

decr eased
kg

Table 3.4.1 Number of biopsied and treated fish (mean weigl8EM) and dose of GnRHa &goody
weight implantecat each treatment samplingll 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 GhnRHa.

Sex Females Males

Sampling| Treatment N Dose N Dose

(Month) Biopsiad | Treaed (Mg kg") Biopsiad | Treated (Mg kg")

May First 7 4 539 | £ | 109 7 7 679 | + | 20.3
(29.145.1) (14.9+1.9)

June Second 7 7 544 +| 85 7 5 385|+ |41
(23.3+4.1) (16.9+1.9)

July Third 7 6 527 | x| 4.6 7 6 399 |+ | 145
(23.9+3.6) (13.9+1.9)

Septemb. 6 5

Sperm quality parameters that were evaluated includespéain concentration (number of spermatozda ml
of sperm), (b) initial percentage of spermatozoa showing forward motility immediately after activation

(sperm motility,
(motility duration, min) and (d) survivafo s per m duri ng

%) |

(c)

dur atii

on
stor

of

forward sper
age at 4AC (s

At the expected onset of the spawning season (May 2015), a pegsigellector was placed in the outflow
of each spawning tank and checked daily, in order to collect the spaggedEggs were cdécted every
morning and their number (fecundity) was estimated by counting the total numbgysof Fertilization
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success was evaluateg the presence of a viable embryo using a stereoscope. The diametgs @nd
their lipid droplet were measureging a binocular microscopd=ach spawning was incubated in a 90 | tank
with gentle aeration analsupplyof filtered water.

To monitor embryo and larval survivaggs from each spawn were periodically placed individually in 96

well microtiter plates amrding to the procedure d¢fanini et al. (2001)with some modifications. The
number of (a) live embryosvas recorded 1 day afterg collection (or ~36 h after spawning, day 1), (b)
hatched larvaewas recorded 2 and 3 days afegg collection (>60 hafter spawning) and (c) viable laryae

was recorded 4 and 5 days aféeg collection (~ yolk sac absorption). Embryo survival was calculated as

the number okggs having live embryos-d afteregy collection / number of fertilizedggs initially loaded

in the microtiter plates. Hatching success was calculated as the number of hatched larvae / the number of
live embryos, and-3-d larval survival was calculated as the number of live larvael Zfteregg collection

/ the number of hatched larvae.

For the quantification ofL7 alpha, 20 betdihydroxyprogesteron€l7,20 DHP)t e st o s ) andlo7rbe ( ¢
estradiol (i) in females, as well as of 17,20 DH®, and 11Ketotestosterone (I ¢ ) in tdofe pl a
males already established and well described enziinked immunoassays (ELISA) were us&dth some
modifications. Total erythrocytes and leucocytes were determined by counting usibpubauer
haemocytometerHematocrit count was carried out by capillary diffusion and centrifugattdasma levels

of protein, triglycerides, cholesterol, glucose, lactate and enzyAlasiiie transaminasALT)/Glutamic

Pyruvic TransaminaséGPT), Aspartate transaminagAST)/Glutamic Oxaloacetic Transaminag8OT),

Alcaline phosphatase, Cholinesterase and amylase) wegisuned in duplicates by enzymatic colorimetric
assays (Biosystems, SpainpPlasma concentrations of sodium (Mganylacetate Method) and potassium
(TPB-Na Method) were determined using standard spectrophotometric assays (Spinreact, Bpaina

cortiol 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 highéday (4.35 min) than in June (2.44

min) (P<0.05). The sperm density increased from 30.8 ¥ &permatozoa miin May to 78.0 x 10
spermatozoa milin Septemberalthough with elevated individual variability in Septembéviean sperm

mot i | ity 1%wduring tBe8rBp2oductive period and no differences were observed between the
samplings. On the contrary, motility duration was significantly higher at teslamp | i ng ( 4. 4 N1
comparing to the following 3 samplingsigure 3.4.1).

The number of spwnings obtained in the successive post treatment periods decreasedll as the number

of eqys releasedHig. 3.4.2. Moreover, the spawning events were concentrated immediately after the
application of each treatmenéfter the 1st treatment periodf 31 days of duratigrbetweerthefirst and last
spawning, theeggs were collected almost daily (29 spawning eventépwever, aftethe 2" treatment, a

total of 15 spawningwere recordedluring the first 16 days and mags were collected in thremaning 13

days. Theegys released aftéhe GnRHa treatment were collected from 8 spawning evegistered during

the 9 daysmmediately aftetreatment.

Mean fertilization and hatching exhibited similar trends during the three spawning periods, relaelting
highest values in the second period (June to Jiig. (3.4.9. However, no significant differences in
embryo survival (1 day) were observed between periods after successive GnRHa treatment.
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Female plasma Hevels were high at theegnning of the spawning period (May), although with elevated
individual variabilty as denoted by the high values of $tg( 3.4.3. Thereafter, Edeclined progressively
until baseline values in JulyThe level of T in the femalplasmawas low alongthe spawning season
increasing significantly (P<0.05) in the sampling perfornme8eptember.The 17,20 DHP level remained at
low values during allhe experimental spawning periodin males, both plasmailT and T levels decreased
progressively untireachingthe lowest values in Julwa significant increasef these hormonesas dserved

in September (P<0.05)7,20 DHPshowedvery similar pattern alonthe spawning seasomith the highest

level detected in September.
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Figure 3.4.3 Plasma levels (meam$SE) of E;, T and 17, 20 DHP in femal¢F) and plasma levels of 11
KT, T and 17,20 DHP in males (M) amberjack broodstobkfferent lettes 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 eoidthe spawning seasoiidble 3.4.4. During chronic stress in fish
culture, there are often characteristically high circulating levels of cortisol.the present study, no
significant differences (P < 0.05) in cortisol levels were observed along sgasgasonalthough a trend to
diminish was observed at the end of the spawning season (Septeribahermoreno differences were

found in glucose and lactate, howewsrdium showed lower values at the end of the spawning season.
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Table 3.4.4. Erythrocytes (x10), leucocytes (x13), 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 (mgatiglium (mg/dl), potassium (mg/dl)
along the spawning season.

May June July September
Erythrocytes 34778 + 11850 a 27562 = 7275 a 14931 + 7941 b 12807 + 5250 b
Leucocytes 866.54 * 47547 65321 * 34154 573.00 + 260.08 69454 + 247.66
Hematocrit 45 + 10 52 + 13 35 + 15 37 + 11
Triglycerides 226.18 + 5852 17214 + 12994 206.25 + 104.28 22144 + 147.89
Cholesterol 22618 + 5852 ab 33633 + 17063 a 27565 + 9344 ab 17786 + 9010 b
Protein 3985 + 1041 ab 4420 + 1260 a 4993 + 1427 a 2851 + 868 b
Glucose 9457 + 26.27 7494 + 3133 10039 + 34.85 107.84 + 5351
ALT/GPT 1292 + 3.08 1472 + 755 1353 = 6.35 2160 + 1125
AST/GOT 2396 + 16.48 3271 + 27.36 3103 + 2476 1411 + 433
Alcaline
phosphatase 6311 + 1260 c 89.74 + 20.90 bc 10522 + 1949 b 14250 + 3162 a
Cholinesterase 288.81 * 235.19 18644 + 42.00 23580 * 125.87 24372 = 4021
Amylase 1097 + 269 1509 + 424 1326 = 17.99 198 + 144
Cortisol 1082 + 266 1189 + 430 3279 + 876 769 = 337
Lactate 3920 +* 971 3882 + 734 40.09 + 1315 3737 + 1184
Sodium 43557 = 1812 a 41545 = 1167 a 516.06 * 12303 a 38140 + 1011 b
Potassium 2292 + 6.61 1598 + 181 2053 + 7.39 1441 + 268

Values are mearld SD. Di fferent | etters R<®M®)i cate significant
Conclusions

Hatchery produced greater amberjack (F1 generation) were able to finalize vitellsgamesipermiation,
and they underwent repeated spawning for 3 months with a total production of almost 15eugiiafter
treatment with GnRHa implants.These results, the first with successful reproduction of F1 greater
amberjack broodstock, are apstewards the industrial aquaculture production of this valuable species.

Task 3.5 Spawning induction of greater amberjack andegg collection in cages (led by HCMR
Constantinos Mylonas).

As in 2014 ,eqy collection in cages was tested in three diffestietsof 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.0n 9/6/2015 in ARGO, 10/6/2015 ®BMF and 23/6/2015 in HCMR.This time, the egg collectors

were placed to an increased depth of 5Hig.(3.5.]) compared to 3.5 m of the 2014 spawning seas®n (1
Periodic Report). Also, the cage depth was reduced&ar6to avoid loss of eggs from the bottom of the
cage. The evaluation of the reproductive stagf development, spawning induction experiments egd
collection data was described in detail above (Task 3.2).
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Figure 3.51. Egg collector in ARGO up to the depth of 5 m.

Despite the different device setup, the egg collectors did not work prppsrbnly 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 bwyancy 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 dtlanaesthetic 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 inductior(Fig. 3.5.9. The amount of eggs collected using this method was comparathle to
produced amount of the tanki¢. 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 3.52. 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 @016, 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 eneersanthat all the

vertical sides of the cageerecovered 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 curremisidvat the eggs from

the egg collector, andlso prevent the eggs from passing througig.(3.53). 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 femaleinedntecytes 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.

€gg
collector

shading
mesh

Figure 3.53. Underwater photo of the broodstock cage of HCNBRuda 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 Me321(outside the period covered by this report) and will be
reported fully in the 3 Reporting Period. Howevewe 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 | 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 tesdred tank of HCMRas 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 PerioeB{l)yJo 30
consideringhat 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 spawthweixogenous hormones. A contingency plan included the
implementation of the same experiment using the seareaged fish maintained in ARGO, which last year
matured well and responded adequately to the hormonal therapy. So, this experiment was indeed
implemented during Mo 332 (outside the scope of this report) and is reported only briefly in fRis 2
Periodic Report. A full report will be included in th€ Beriodic Report. No negative impact on the success

of the project is foreseen from this déion.

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 upddorming 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 whicl & member of the
consortium, but which has dedicated their broodstock and facilities to the experiments of WP 3 for no charge
to the Consortiutmn This will be discussed with the EU Scientific Officer in the coming montNs.
negative impact on the susseof 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 Taskwealf 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 greatatbarjack 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 gpeatsEtypt@

undergo spontaneous spawning without the use of any exogenous hormones, (3) respond better to GnRHa
injections (.e. pulsatile stimulation) than GnRHa implant®(sustained stimulation) and (4) reproduce for a

much longer period of time, frorfMay 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 begneskso 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), 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 colletiesl fin

from broodstocks of the various partners involved, sudfCGRCT, 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 ambegick population structure and reproductive biology.
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WP4 Reproduction & Genetiepikeperch

WP No: 4 WP Lead beneficiary:| P1. HCMR
WP Title (from : A
DOW): Reproduction and Geneticgikeperch
Other beneficiaries
(from DOW): P1. HCMR P9 UL

Lead Sdentist preparing the

Report (WP leader): Costas Tsigenopoulos

Other Scientists

participating: Pascal Fontain@9), Dimitris Tsaparis (P1)

Objectives
1. Evaluate the genetic variability of captive broodstock in commercial RAS farms in Europe.

2. Compare ths 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 Periad (1-12 Mo):

In the P! Reporting Period, thevaluation of the genetic variation in captive pikeperch broodstocks (Task
4.1) has been completed and fheliverable 4.1Genetic analysis of domesticated pikeperch broodstocks
wascompleted and submitted the EU We initially optimized two microsatellite multiplexes with seven
and four loci andmore than400 breeders sampled from 6 countries were genetically screGeedtic
analysis of domesticated pikeperch broodstpgkevided a first assessment of thenetic diversity of
captive pikeperch stocks and because there are only a few (aroucdnifdercial hatcheries that produce
pikeperch in Europe, the genetic diversity was expected to be relatively lower compared to the genetic
variability of natural poplations (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 afaghteired wild populations, which were
used ashestartingbase of the captive stocks

The resultshaveindicatal that some broodstocks have adequate genetic variation and few of them originate
from few fish and attention should be paid in the futurestaldish breeding programmes. In general, there
was agreementwith the stock origin and Finnish and Hungarian stocks from different companies are
clustered together.

Summary of progress towards objectives and details fogach task (3-30 Mo):

The objectves 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 populatidm®odstocks were sampled and analysed,
which included 13 captive broodstocks analysedTask 4.1 Evaluation of the genetic variation in
available domesticated broodstocks of pikeperchandeight wild origin population analysed irask 4.2
Evaluation of the genetic variation in nondomesticated 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 brimo#tspopulations 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 timonegiding.
Thesebroodstockswith reduced genetic variabilityhouldtake measures to introduce greater variation into
the base population for future breeding programs

Task 4.1 Evaluation of the genetic variation in available domesticated broodstoglof pikeperch (led
by UL, Pascal Fontaing This Task has been completed and reported during the 1st Reporting Period.

Briefly, DNA extractionswere donefor all domesticated sample®llowing 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 Novenibdotal,
DNA was extracted and analyzed from 439 fish sampleblé 4.1.1); a wild population of 53 fislirom
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.

Ala | 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, Danemg 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, Finlan| 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 pikeperbtultiplex optimizations were
performed for 22 loci (grouped into two multiplexes) that were reported in: Leclerc et al. (2000) for the
yellow perd (Perca flavescen$ Code: Pfla), Borer et al. (1999) and Wirth et al. (1999) in walleye
Dubut edingehdspe{ Qofel 4n) in
Those reported in pikeperch by Kohlmann & Kersten (2008) have shown low number of alélake(2s

in a population of 25 fish) and low expected heterozygosity 0i3®.777) and have not been used
previously in a multiplex to genotype populatiomdicrosatellite 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
each microsatellite locus the reverse (code: R) was fluorescently labelled with the dyes that conformed to the
HCMRO6s sequencing technology (ABI 3730).

The number of alleles per locus ranged frofh @flaL3 and PflaL9, respectivdlyo 20 gal3§. Therefore,
microsatellite loci showed relatively high levels of polymorphism even though samwles were
monomorphic (exhibited only one allele) for some loci like for Za199 and PflaL9 iExbellence fish of
Aquapri A/S population5), locus Za234n Kainuu fisheries research statiqgropulation9), and Zal44 in
Laukaa Fish Farmpppulation10). For the thirteen populations analyzed, the least number of alleles was

Stizostedion vitreum ( Code: €vi ) , and

P1.

encounterediMqguapri 6s

VanMeckl!| en

(2.64),

Ay Raenp(2.73)éasd E X C ¢
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the greatest in Hungari an Aqu a pwhictbveere gréateOtiah thaaind He
wild Hungarian stock (6.00).Likewise, expected heterozygositiid) ranged from 0.3198
Excellence fish)t0 0.7163(n Aquapri 6s. Hungarian fi sh)

A wide range offs valueswere observed in th&3 populations analyzedn principle, positive Fis values

indicate that individuals in a population ar®re related than you would expect under a model of random
mating, whereanegative Fis values indicate that individuals in a population lass relatedthan you would

expect under a model of random matinthe ks values are high and significant fblalaszati Kft (0.068),
Aquapri 0s Mosso (0.0455) a rbdch degdtiohd R Héardy . WeiBerg ) S i
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
independen allele frequencies then the overall heterozygosity is reduced, irrespective of whether those
subpopulations are in Hardi/einberg equilibrium), ii) nospanmixia (inbreeding, groupings of relatives,
selection against heterozygotes) or iii) to genotypimgre (null alleles and other scoring errors).

Inbreeding seems an explanation in domesticated angamolom mating is also likely in our case, as
deficits were homogeneous among loci (all significant and alsmgpmificant ks values). Selection agairts
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 s explain the deficit of heterozygotes due to the mixing of
genetically variable populations to form a new domesticated ,steblch might be the case in some
aquacul tur e c¢ o mpMoreoversdne gb the abbve anicrosatellite lo€iflaL3) showed
significant probability (P > 0. HéweverpWwhenitHisdocus s al |
excluded from the analysis the Falues are slightly changed but remain significant in any case.

Finally, Fst values are frequently used as amsuary of genetic differentiation among groupsdepends on

the allele frequencies at a locus, showing specific properties linked to genetic diversity: higher values for
biallelic singlenucleotide polymorphisms (SNPs) than for maltelic microsatellies, 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 arguedrFthaneasures may be poor
measures of genetic differgation when the level of diversity is higlEstimated population differentiation

across samples usingthere st i mate by Weir & Cockerhamds (1984)
between Hungarian samples (wildand domesticated) and also shovwie(as expected) a close relationship
(Fsr<0.11) between the above two popul ati otherewas t h t
al so a cl ose r elVanMecklen$dpilations) Wwith theyCrech popuatson from the same
companyand that from IfB Potsdant§r <0.15). Lastly, a close relationship was found between ASIALOR
and | NAGROO6s Beail=@i.alM )s aampdl eAsqu(alpri 6s Mosso sampl e
samples (Er=0.16).

The full description of the work and resuavith domesticated broodstocks has been providd2kiiverable
D4.1 Genetic analysis of domesticated pikeperch broodstocks

Task 4.2 Evaluation of the genetic variation in nordomesticated broodstocks of pikeperch (led by
HCMR, Costas Tsigenopoulos).

The primary objective of th taskwas to use the microsatellite multiplex tools developed previously for the
species intask 41 and evaluate the genetic variability of some wild pikeperch populati®agulation
genetics parameters from wild stocke aompared to those of captive broodstock in comnidRéi& farms
around Europeavith the objectiveo define how a future genetic breeding program should be established for
sustainable optimal performance through domestication of pikepdrcladdition tothe thirteen cultured
populations analyzed in D4.1jgat more populations were genotyped of which one was domesticated
(Sweden). Therefore, current results refer to a totaRafpopulations and morthan 950 fish Table 4.2.1).

The Qiagen multiplex PR kit was used for PCR with the two multiplexesp{éx and4-plex).
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Table 4.2.1 List of the21 domesticated and wild pikeperch populaticersd number of fish pesample that
weregeneticallyanalyzed; populations marked in blwereof wild origin andin red were cultured origin

Population Sample Sizqg
1 |Gyori Elore, HTSZ, Hungary 53
2 |Szabolsi, Halaszati Kft, Hungary 49
3 |Aquapri A/S Denmark, VanMecklen, Netherlandg 54
4 |Aquapri A/S Denmark, Czech Rep. 38
5 |Aquapri A/S Denmark, Excellence fish, Netherlahds 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, Finlandl 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 |Qulujarvi L., Finland 32
21 |Hiidenvesi L., Finland 31

Basic population genetics parameters & Crosspecies microsatellite transferability

Considering a long term breeding progrdtmis fundamental to ensurgifficient genetic variation within
populations as thisdetermines ta potentialfor selection of desired traits of adaptation to hostile changes
in environmental /rearing conditionsn domesticated stocksaution is required becauttee loss of genetic
variability within the first generations of breeding practicesits 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 stocK$e total number & alleles per locus ranged froBi9

(PflaL3 and PflaL9, respectivelyo 23 (Svid) (Table 4.2.9. Therefore, microsatellite loci showed relatively

high levels of polymorphism even though some samples were monomorphic (exhibited only one allele) for
some bci such ador Za199 and PflaL9 in théExcellence fisb of Aquapri A/S (population 5), locus Za237

in Kainuu FisheriesResearct3tation (population 9), Zal44 in Laukaa Fish Farm (population 28024 in

the Tunisia (population 14) and Pfla3 in Swedeamp(dation 15) The Tunisian population (population)14

was the only wild population that appeared to have one allele at a locus (ZaGf#eover, 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 fromStizostedion vitreur v, 2 loci average 21 allelgdollowed by those fronZingel aspe(Za, 7

loci average 14.85 allelegnd last fromPerca flavescengPfla, 2 loci average 8.5 alleles). This was
consistent with recent trends in taxonomy that prop&embstediorto begrouped intoSandergenus and

that Zingel species are the closest to tBiizostediorSandergroup, before the perches of the gerfeeaca

(P. fluviatilis, P. schrenkiietc) and Gymnocephalu§GenBank taxonomy sequence sourceSander
luciopercawas first described aStizostediohuciopercaby Linnaeus, 1758

For the21 populations analyzed, the least number of alleles was encountefedmapr i 6 s VanMe
(2.6), A=gcallanper fistbamd Laukaa Fish Farm @, A q u a pfirM odsésho (3.1), and the

great est i n Hunga) Haksrati Kftg(@apaomd 6sn g Gr. 26 sstockse whivtawere ( 7 . 2
greater than that iall wild stocks (3.7 to 6.3. Likewise, expected heterozygosityd) ranged from 0.208

i n Aquapri 6s Ex#8delnl eMmouea pfrii sdhs; theldate@paptilatiannshovead sigher

values than those in the wild populatidiigble 4.2.3.
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Table 4.22 Number of alleles per locus; populations numbers follow tho3alnte 4.2.1
Population Locus

PflaL3  Svil8 Zal99 Zal38 PflaL9 Svi4 Za024 Za038 Zal44 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

1 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 genies parameters for all populations analyzed: mean number of alleles per
locus, observedHp) and expected heterozygosityd], and ks calculated in GENETIX v. 4.05 (Belkhat

al., 2004). Asterisks indicate significancepat0.05 Populations marked iblue were of wild origin and in

red were cultured origin

Population Sample SizleMean Nb of alleles  He Ho Rs
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, Netherlandg 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, Netherlahds 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, Finlandg 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|Qulujarvi 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 differentwith an Ftes) (Fig. 4.2.) and amongst the domesticated saspieere were
populations that were more polymorphic than any wild population [population 2 @maholsi, Halaszati

Kft, Hungary), population 6 Aquaprb Hungaian) and population 12INAGRO6 s  fGemnaw)].
Likewise, inbiased Expected Heterozygositstimnateswvereslightly higherin wild population(0.573versus

0.553, but agaimot significantly differentwith an Ftest) Fig. 4.2.9; values for wild populationsvere

lower than 0.69 (in the first Hungarian one), whereas the three above mentionedicitetestocks
(populations 2, 6 and 12) showed values above. 0.70

Ne Ne wild B
4 [
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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 judedomesticated and wild populations
(A) and for each one separately (B & C).
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A wide range of [ values were observed in the 21 populations analyZedbl¢s 4.2.3and 4.2.4. In
principle, positive Fis values indicate that individuals in a populatismere more related than expead
under a model of random mating, whereasgtive Fis values indicate that individuals inp@pulation are
less relatedthan expe&d under a model of random mating.he ks valueswere high and significant for

Hiidenvesi L.in Finland (0.131), in Tunisia (0.115Hal as z at i
almost all wild samples.Such deviations from Hardy Weinberg equilibrium (HWE) may be due to i) the

Wahlund effectj.e., the reduction in the overall heterozygositiya population as a result of subpopulation
structures (that means if two or more subpopulations have independent allele frequiesicidse overall
heterozygosity is reduced, irrespective of whether those subpopulations are iiHanderg equilibrim),

Kft

(0.069),

Aqu

i) non-panmixia (inbreeding, groupings of relatives, selection against heterozygotes) or iii) to genotyping
errors (null alleles and other scoring errors).

Table 4.2.4 Fs values per locus for the 21 pikeperch populations genotyped for 10 locs (RfaL3 is

excluded due to null alleles); populations numbers follow tho3alite 4.2.1

Population Svil8 Zal99 | Zal38 | PflaL9 Svi4 Za024 | Za038 | Zaldd | 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 angamolom mating is also likely in our case, as
deficits were homogeneous among loci (all significant dhdaa-significant ks 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 gpseugder

selection. The Walhund effect could also explain the deficit of heterozygotes due to the mixing of

genetically variable populations to form a new domesticated ,steblch might be the case in some
ces.

aquacul ture

Finally, Fst values are frequently used as a summary of genetic differentiation among gitodggsends on
the allele frequencies at a locus, showing specific properties linked to genetic divePsipulation
Wei r

compani esb

pract.i

differentiationwas estimatedcross samples using there st i mat e
4.2.95. The smallest & estimate valueserebetween the two wild Finnish samples (0.021) and the Finno

scandinavian (wild and domesticated) samples in genegal <@.18). Next, a close relationshipwas

by

-

C

@ablEocker
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observedFst<0.11)betweert he t wo Hungarian populations with th
6) (Table 4.2.5. Also a close relationshipras observed betwedhe two Czech populations §=0.03

bet ween Aquapri 6s pop udlthatthedwo Garmah onedi(B=0.16 ibdtwken dof e ) a
Pot sdam an dastly, m&lgse relatisnshiyas observethetween the wild sample of Domaine de
Lindre and | NAGROOs =CGeflihanasdm@Plgaap(Fds Mosso se
Wymoj L. in Poland (kr=0.087).

All results mentioned above based a5 ¥alues can also be visualized based on a Factorial Correspondence
Analysis graph using the GENETIX v. 4.05 (Belkhktral.,2004) softwareKig. 4.2.3.

Scandinavian Populations

Finland

8 9+10+20+21

Figure 4.23 Factorial Correspatence Analysis (FCA) for all twergne populations and ten loci using the
GENETIX v. 4.05 (Belkhiret al.,2004) software; populations numbers follow those in Tables 4.2.1.

Structure Analysis

Admixture analysis with STRUCTURE suggested a k value of tsvtha most likely number of existing
clusters based on thg¥ criterion Fig. 4.2.4. The first cluster comprises all the populations from
Netherlands/DenmafRolandand northwarddo Sweden/Finlandlight blue inFig. 4.2.5for K=2) and the
second one all the remaining populations (red irb4d. K=2). If we progressively take into account three
and four clusters groupings iRig. 4.2.5 the two above mentioned clusters are further divided to a
Scandinaviarsweden/Finlandluster (dark blue for K=4) and a Hungarian one {oeK=4), respectively.
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Figure 4.24 Admixture analysis revealdsvo genetic clusters as the mdigely number, as indicated by a
decrease itikelihood (A) and an increase in varianoé calculated probabilitieg{¥) (dj Determination of

the number of clusterK] including all 10 repetitions for eadtwithout geographical area as a pridrhe

highest peak denotes the most likely humber of clusters according to the Pritchard Bayes formula. PD:
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Figure 4.25 Bayesian individual assignment implemented in STRUCTUREKfer 2, 3 and 4clusters
without usinggeographical area as a priofThe y-axis represents the probability of assignment of an
individual to each cluster and each coloBbpuation humbers follow those ifables 4.2.1

www.hist-geo.com

Figure 4.2.6 Map of Europe showing the major pikeperch genetic groups; colours follow thBgg #h2.5
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The full description of the work and resuktdth identified broodstdkcs is provided inthe DeliverableD4.2
Population genetic analysis of wild and comparison with domesticated pikeperch populations to be applied
in future breeding programs of the species

Deviations from Annex | and their impact:
There were no deviatioriuring the second reporting period.
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WP5 Reproduction & GenetigsAtlantic halibut

WP No: 5 WP Lead beneficiary: P7.IMR
WP Title (from : . .
DOW): Reproduction and Genetic¢sAtlantic halibut
Other beneficiaries
(from DOW): P1. HCMR P17 NIFES P22. SWH

Lead Scientist preparing the

Report (WP leader): Birgitta Norberg

Other Scientists

..~ .| Constantinos Mylonas (P1), Kristin Hamre (P17), Borre Erstad (P22)
participating:

Objectives

1. Improve fecundity and gamete quality in F1/F2 broodstock.

Summary of work reported in the previous Reporting Period (312 Mo):

Task 5.1 Documentation of reproductive performance in wilecaptured vs cultured female Atlantic
halibut

1 Established wild caught broodstock had maggular ovulatory cycles and a higher fecundity than
F1 broodstock.

1 The F1 fish were first time spawners, which may have contributed to their poor performance.
Task 5.2 GnRHaimplant therapy as a means to improve spawning performance

1 Apilotstudy of GnRKi mp| ant ati on i n F1 kgt@e&idawassuffisiamtdove d t
induce final maturation and ovulation.

1 Most of the GnRHK implanted fish ovulated earlier and gave meggs than shaamplanted
(control) females. However, due to a low number of individyalsvalue) results were not
determinedo besignificant.

Task 5.3 Fecundity egulation

1 Initial samples were takelny ovarian biopsyor analysis of fecundityegulation.

Summary of progress towards objectives and details fagach task (3-30 Mo):

During the second reporting period, advaneegse made in all tasks. [hask 5.1 Documentation of
reproductive performance in wild-captured vs cultured female Atlantic halibutthere were actually few
differences betweeiecundity, fertilisation, hatching, egg size and hormone content betweernreggsilid-
caughtand farmed females. However, although there were no significant differencesaugttfemales
appeared to benore predictable spawners and gave fewer but larger batches of eggs of very high quality
(>85% fertilization). Farmed femaledso produced eggs of high quality when their ovulatory cycles were
identified correctly and stripping was carried out close to ovulatibnis reducing or eliminating over
ripening. Identifying potential highuality breeders and concentrating the s$pawning 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 exploredask 5.2GnRHa implant therapy as a means

to improve spawning peformance would be to ensuréand regulatepvulation using aGnRHaimplant.

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 a@oin 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 wildcaptured vs cultured female Atlantic
halibut (led by IMR, Birgitta Norberg)

Introduction

Even though empirical data suggest a significant difference in spawning performance betweaptwited

and farmedAtlantic halibut females, there currently is a lack of systematic documentation. The Atlantic
halibut is a grougsynchronous, periodic spawner and in captivity wigghtured females will releasel@

batches okgys during a period of-2 weeks in the swning season, which lasts from late February to late
April in southwestern Norway In order to obtairegygs with high viability, females have to be stripped
according to their individual ovulatory rhythms, to prevent ey@ening and deterioration of theggs
(Norberg et al., 1991). While wildaptured females generally adapt well in captivity, displaying high
fecundity withegg batches spawned agular intervals, hatchergroduced F1/F2 females appear to suffer
from a reproductive dysfunction, releagismall batches afggs at iregular 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 domesticatedaudd halibut and farmed

(F1) females was compared. In addition, performance was documented and compared in four groups of F1
broodstock that were phetoanipulated to spawn at four different times of year.

Materials and methods
2015

Based on the informatibgathered in the first year of the project, one group of domesticatedcaptdred

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 (FebAjni}). 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 h&igub(1.D) and the weight

length cha provided for Pacific halibut by the International Pacific Halibut Commission
(http://www.iphc.int/publications/bulletins/lenwtmet.pdf

Eggs were stripped and fertilized accoglito

previously described procedures.d. Norberg et
18000 - 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 ratewas calculated on a subsample of
~200 eggs, using a dissecting Microscope (Leica
Wild M10). Egg yolk content of cortisol and
testosterone was analysed by Enzyinked
immunoassay (ELISA) (Cuisset et al., 1994) in
unfertilized eggs from all collected lohes. Egg
$ samples were frozen and kept ® 0 AC unt i |
analysis.
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Figure 5.1.1. Weightlength relationship in feale Atlantic halibut of the 200yearclass atP7. IMR,
Austevoll ResearcBtation (#=0.925; P<0.0001)
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2016

Based on the results obtained 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, #ier wild-caught and domesticated for at least five years (n=3), or farmed, F1
generation individuals (n=5) were monitored for ovulation, stgpwned and fertilized during the spawning
season of 201@-ebruaryApril), as described aboveé\s the timing ¢ stripping of the first two batches may

not be optimalthe 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 ftom the las
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.

Fertilizedeggs were photographed at thel 8 cell stage using a dissecting roscope and dark field (Leica
MS5; 113.23 pixels/mm), for measurement®gf diameter and blastomere symmetBgg diameters were
measured automatically in ImageJ (http://rsb.info.nih.gov/ij/) using custom madenphlugd macros

http://simon.bio.uva.nl/ObjectJ/objectj.himlEggs were classified according to the following scale:

1. Fertilized, OK
2. Dead

3. Asymmetric cell division

4. From previous batch
5. Unfertilized

Hatching rate wasleterminedn the third or, in three cases, fourth egg batch collected from each female.
Eggs were incubated at 6 AC un d-densersdt a.ni®IB) for 72hdayt ¢ h e |
degrees (11 days at 6AC). e, 800 eggsowark colletter tarid aividedifito h a t
three beakers containing 500 mlof stefile | t er ed seawater (salinity 35a,
darkness at 6AC for 72 hours. Hat ched | arvicae and
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 testostrone

Samples of unfertilised eggs were collected from all batches, and were frozen and st8ré@d/AC unt i |
extraction. For steroid extraction, 500 Og of ec
was centrifuged at 14000%or 2min. Ser oi ds wer e extracted from 200 C
by Pankhurst and Carragher (1992) and Kleppe et al. (2013). Extraction efficiency was determined by
addition of a known amount 8H labelled steroid to the egg homogenate and was 67%fftisal and 68%

for testosterone.Final deroid concentrations/ere corrected in relation textraction efficiency Logit-log

binding curves of serial dilutions of steroid standards and plasma samples were parallel showing that
extractedeggsamples wersuited to the assay condition§he ED80 and ED20 were 0.004 ng-hdnd 0.08

ng mi! for testosterone (T)and0.07 and 1.2g mi for cortisol Detection limits of the assays were 0.008

ng mf! for testosteroneand 0.0 ng mi* cortisol. Intraassg variation was6.3% for testosteronén=6) and

5.4% for cortisol (n=7). Interassayvariation was3.4% for testosteronén=2) and6.4% for cortisol (n=3).
Testosterone and cortisahtisera, acetylcholine esterdabelled tracers and microplates prdedawith
monoclonal mouse antirabbit IgG were supplied by Cayman Chemicals (UStandard steroids were
purchased from Sigma Aldrich (Sigma reference standar@spssreactivity fortestosterone and cortisol

antisera are described by the manufacturer
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Results and Discussion
Monitoring of spawning cycles, fecundity and egg viability

The broodstock females consisted of 9 individudlsilomesticated, wildaught individuals and 5 farmed
females of the F1 generation. The farmed females were séioomdpawners,i.e. they matured and
spawned for the first time in 2014. One domestic
and was left undisturbed after the third stripping, due to animal welfare concerns. This individual was not
includedin the calculations of spawning performance. Biometric data and details on spawning performance
are summarized ifable 5.1.1 Overall, the wilddomesticated females appeared to spawn fewer, larger egg
batches with higher and more stable fertilizatioocess. 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 ghtéamtitization of

eggs (by avoiding oveipening). In cases where the whole egg batch could not besptipned,
domesticated females generally released the remaining eggs into the tank. Farmed females, in apparent
contrast, tendedksi dueboawvwé @268 miawhichyweie tadl i thhe ovdan.0
These eggs had to be stripped®Bhours after the main batch so that the overripe residue would not have a
negative impact on the viability of the next, maturing cohort. Once thisegtablished as an additional

routine in stripspawning eggs from farmed females, the fertilization success stabilized at levels above 75
80% in most individuals, with occasional batches having up 194960 fertilization.

Table 51.1. Biometric andspawiing performancedata ofdomesticated and farmed halibuteedersat
IMR, Austevoll.

Domesticated Farmed (F1)

females females
n 3 (4%) 5
length (cm) 150.7+6.2 113439
weight (kg) 4857 192+23
mumber of batches -female ! 7306 94%17
spawning interval (hours) 82284 724£229
batch volume (mlL) 2300 = %00 700 £ 300
total fecundity (mL-female *) 16700 £ 420 6800 £ 130
relative fecundity (mL-kg *) 34770 349 £ 84
average fertilization (%a) 897 6129

* One domesticated femaleas left undisturbed for most of the season, due to a large skin lesion, and was not included
in calculations.

Egg size and cell division symratry

Egg di ameters were in the range of 26700mo 37Ther®
were no significant differences in egg diameter between any of the individual fish. When eggs were
characterized according to development, moseveither in category 1 (Fertilized, OK) or 2 (dea®ery

few of the fertilizedeggs showed signs of asymmetriellcdivision, and most eggs appeared to be cleared

from the ovarian cavity when the batch was spawh&gig.1.2.

Hatching percentage anddevelopment

Fertilization and hatching percentages are summarizédlie 5.1.2 Overall, eggs from wildlomesticated
females appeared to have higher fertilization and hatching percentages, with less individual variation than
farmed females. Due to highariation 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 syde¢asiot shown).

Figure 5.1.2 Fertilized eggs at the-86 cell stages from domesticated-CA and farmedD-H) Atlantic
halibut.

Table 5.1.2 Fertilization and hatching afggs from domesticated and farmed Atlantic halibut females.

Domesticated Farmed females
females
n 3 5
Average fertilization (%0) 913+57 T84 +£137
Average hatching (%) 97306 760109

Some differenes 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 additionprddafbrmed larvae were
observed more frequently when eggs from farmed females hatélgedb(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 a
the bottom of thdeaker 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 hatcled larvae from domesticated &) 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 @eneral trend towards decreasing egg content of steroids through
spawning. Testosterone levels were low, in the range-bf @Pgegg', especially towards the end of
spawning Fig. 5.1.5.A. Egg cortisol content varied betwekamales, but also between egg batchég. (

5.1.5.B. Overall, egg cortisol content was high, especially in farmed females, ranging from 110 to 450

pgegg’.
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Fig 5.15 Individual profiles of testosteron@) and cortisol (B)content ineggs 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 coneenti 0 n

of

the breeders (Met hver

1998). As spawning progresses, the capacity for sex steroid synthesis also becomes lower due to a reduced
number of steroigproducing follicle cells. A decrease in egg T content over timedwudgest 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 publishestudy (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@adus morhupresulted in increased cortisol concentragiam plasma, oocytes and
eggs, but did not affect fertilization, cell division or hatching (Kleppe et al., 204@Never, genes linked to
important developmental processe®re differentially expressed in oocytes and blastula embryos in
response to codol. Although no effects were detecteddad egy/embryo viability up until hatching, effects

may appear later in developmen®ur study was limited to egg quality parameters and hatching rate, but
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future work should address the possible impact of higgh @ncentrations of cortisol on Atlantic halibut
larval development.

Commercial application at P22. SWH
Materials and methods

Sterling White Halibui{Partner 22. SWHho longer uses wildaught broodstock, but only farmed females.
All females used wer established spawners
between 12 and 20 years of age. Data was
collected from four spawning groups that were

g & held at different photoperiods and spawned
> c3 from December 2014 (C4) to August 2015 (C3)
E - — (Fig. 5.1.6. Individual spawnings were
& —_— recorded, and ferhes  stripspawned
c1 accordingly, although for practical purposes
N

nighttime stripping was not carried out. Total
‘ ; . ‘ and relative fecundity, number and size of
B oy S i i batches and fertilization rates were individually
Spawning period .
recorded in all females.

Fig 5.1.6 Spawning perioslin the four broodstock groups (CIC4) followed in the DIVERSIFY study.

Results and Discussion

Biometric data and data on fertilization success are summarizeabie 5.1.3 and fecundity, average and
median fertilization are presentedhfig. 5.1.7 Fish used in the experiments for TdsR 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 femaldndividual batch size was, however, similar in all groups. Relative fecundity of
the SWH females in groups €13, 355385 mlkg?, was similar to that of females held at IMR, which was

347 and 349 nkg? in domesticated and farmed females, respegti{fdble 5.1.J).

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,
eggs with more thaB0% 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 5.1.3Biometric data and fertilization success for broodstock &EBWH and used in &sk 5.1.

Cl C2 Cc3 C4
n 25 12 21 13
1995/96 + 1998 + 1995/96 +
Age (vear class) . S 2002 .
Average weight (kg) 273+£49 333£63 306+47 247+44
Number of batches spawned 7£3 62 61 32
Average fertilization (%) 446£280 595258 570£270 480+£306
Eggs >80% fertilization (%) 13 25 24 18

2" Periodic Report (13-30 month) 90



5 »
>
A

DIVERSIFY - GA 602131

In all, 412 egg batches, with a total volume of 714.6 |, were-sp@wned at SWH in 2015. Of those, ~139 |

had >80% fertilization and were classified as high quality eggs. A few females in each group had
consistently higer 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 aivguality breeders may be useful in order to reduce the
very considerable effort connected with spawning and egg collection of halibut.
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Fig 5.1.7A. Total fecundity (eggemale!, number in bars=n (femalespB, Relative fecundity (egdsy™), N
C. Average batch size (ml; number in bars=n (batches)land Aver age (white bars N
bars) fertilization in four broodstock groups with different spawning periods at Partner SWH.

Conclusions

Wilddomesticated females wepeedictable spawnethat 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 asngreedi
purposes, it is not practical to rely on widdught females. As at both IMR and SWH, relatively few farmed
females produced eggs with fertilization rates 8806 consistently, it may be necessary to include-wild
caught broodstock also in future breegligroups in order to ensure a broad enough genetic material.
Identifying potential higkquality breeders and concentrating the sspawning effort on those females may

be useful in order to reduce the very considerable workload connected with spamwtiegg collection of
Atlantic halibut.
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Task 5.2 GnRHaimplant therapy as a means to improve spawning performance (led by HCMR,
Constantinos Mylonas)

Two commercial trials were rust the SWH hatchery (Reipholmen) during the reporting period. Both were
peformed on broodstock that were phat@nipulated and had a spawning period that was advance@ by 1
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 averageenprevious season. The employed GnRHa implants were
prepared as described in the 1st Periodic Report and in the subbetieerable 5.2 An optimized GnRHa
therapy protocol to improve spawning performance of F1/F2 Atlantic halibut, and to increaselalvitity

of eggs of stable and predictable quality

The release from the implants was evaluated usirig eiror e | ease syst em, i ncubate
kinetics were similar in both GnRHa doses, and as expected the implants begin with eelhgghaslsoon as

they come into contact with the vitro assay buffer (and hence the fish body fluids when administered

vivo (Fig. 5.2.0). Thereafter, the release was reduced significantly and afteiays it stabilized to about

3-4 % of the totaldaded amount per day. In timevitro 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 betw&én118% of the estimated loaded hormone (data

not shown). The two implants.€. 500 and 75&g GnRHa) were used in combination depending on the
weight of the treated fish, in order to give an effective dose of ~50 e BhRHa kd-.

25 500 &y GnRHa

% daily release

0'||||||=||||||=||||||=||||||=||||||=

0 7 14 21 28 35

Days (cumulative)

750 &y GnRHa

% daily release

Days (cumulative)

Figure 5.2.1. Mean ( NSD) G nnRiHafrom thé @nRHadnplants (n = 4) loaded with 500 or
750eg GnRHa and maintained at 6AC.

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 263 kg were choserof 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, witg 100
GnRHa kgt and4 females were shainjected as Controls. All fish were held in the same tank, with a
diameter of 11 m and a volume of 76.mThe water supply was from 150 m depth and the temperature
throughout the year fluctuated between 7.8 and@.20ne month prioto expected start of spawning, the

water temperature was lowered to-BAC and hel d constant wuntil all fe

All implanted females and two Control females ovulated within three weeks of treatment. The remaining
Control females did not olate 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 | ast etdr eaotre dl 7fN 3s.4%ayalimd@ostroti femaléS/niR H a
Realized relative fecundity was 294163 mlkg? in implanted fish (n=4) and 403 218 mlkg?! (n=2) in

Control females, respectively. Average fertilization rates were 3&83% and 24.6 30.8%, respectively.

Of the twoControl 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 amourgs of pgevious
seasons. On 14 January 2016, five females, with an average sizé af2Zkgwer e i mpl ant ed w
GnRHa kg. Five females, with an average weight of°3&2.1 kg,were sharvinjected as Controls. The fish

had not been treated preusly, 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).

GnRHaimplanted femkes 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°f8i51days. Measured

relative fecundity of stripped eggs was 182 ml eggs'kg! and aerage 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 femals ovulated and were stripped between February 8 and March 16, or during a period of 37
days. The spawning period lasted for 2% days in Control females. Measured relative fecundity was
311°176 mlkg! and average fertilization success was 58.8%.

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 befdr€ahtrol 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 prodictiable
offspring independent of ye#n-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 relativehort period. Atlantic halibut females ovulate and release their eggs (
spawn) in captivity, but fertilization of eggs released in the broodstock tank happens only occasionally.
Therefore, Atlantic halibut breeders need to be monitored for ovalatid stripped on a regular basis, and
eggs are fertilizeth 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 fertilizatisnccess 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, atedll tre
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 lastock 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 hasrbdescribed iDeliverable 5.2:GnRHa implant
therapy as a means to improve spawning performance.

Task 5.3 Fecundity egulation (led by IMR, Birgitta Norberg ).
No work done during the reporting period. See exp

References ded

Kjesbu O S, Kryvi Hand Norberg B(1996) Oocyte size and structure in relation to blood plasma steroid
hormones in individually monitored, spawning Atlantic c@&h@us morhud..) J. Fish Biol.49(6):
11971215.

Kl eppe, L., K a r, R. 8 eNorbergl, B.,, AndErssonak., drsrmaamek, T., Taranger, G. L., and
Wargelius, A. (2013)Cortisol treatment of prespawning female cod affects cytogenesis related
factors ineggs and embryossen. Comp. Endocrinol89 84-95.

MangorJensen, A Harboe, T, Henr3, J.S., and Troland, R. (1998Design and operation of Atlantic
halibut, Hippoglossus hippoglossis, eqy incubatorsAquaculture Re29(12):887892

Pankhurst, N. W. & Carragher, J. F. (1992). Oocyte maturation and changes in plasmaestdsoid
snapperPagrus (chrysophryy auratus (Sparidae) following treatment with human chorienic
gonadotropinAquaculturel0l, 337347.

Skaalsvik, T. H., Bolla, S. L., Thornqvist;®. andBabiak, I. (2015). Quantitative characteristics of Atlantic
halibut (Hippoglossus hippoglossuegg quality throughout the spawning seasbimeriogenology
83, 3847.

Deviations from Annex | and their impact:

Due to a prolonged sick leater the WP leader Dr Birgitta Norberg from May to December 2015, some of

the work inTask 5.1 was moved from 2015 to 2016. As a consequBetigerable 5.1will 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. SitgriWhite Halibut no longer keeps witthught
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 @mwliverable5.3 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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WP6 Reproduction& Genetics wreckish

WP No: 6 WP Lead beneficiary: P8. IEO
WP Title (from , : ,
DOW): Reproduction and Genetiesvreckfish
Other beneficiaries
(from DOW): P1. HCMR P3. IRTA P14. IFREMER P15. ULL
P19. CMRM P32. MC2

Lead Scientist preparing the

Report (WP leader); | |0 Peleteiro

Constantinos Mylonas, loannis Fakriadis, Maria Papadaki and Irini Sigelaki

Other Scientists| Chr i sti an Fauvel (P14), Fatima Lin
participating: | ( P32) , B | aPlc&z,qfedre Homengues, Rs a Cal , M

Evari sto P®rez, Nur (P8 Ll uch (P8),

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 spawnig induction procedures fam vitro fertilization, as well as spontaneous tank spawning,

4. Develop a CASA for evaluation of wreckfish sperm and establish cryopreservation protocols fanuse in
vitro fertilization applications.

Summary of work reported in the previous Reporting Period (212 Mo):

During the 1st Reporting Period, work was completed in all of the proposed areaggaRling Task 6.1

Collect wild fish to establish new bloodstocks,three weckfish were captured. Morphometric
measurements wereegiormed and fin clip samples were taken for future genetic identification.Task.

6.2 Describe reproductive cycle bi-monthly (Augustlanuary) and monthly (Februadyly) samplings of
gametes and blood were made from the 4 breeding st®ksHCMR, P8. IEO, P32. MC2 and P19.
CMRM). The samples, oocyté®m females and sperifnom maleswere described to provide a description

of the annual changes inogenesis and spermatogenesis for this speciBiometric, histology and
biochemical samplings of 6@vild 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 speciesRegardingTask 6.3. Development of spawning inductionecedures an induction

trial with GnRHa implants was made using different doses and different developmental oocyte stages to
obtain optimization of spawningNatural and artificial spawning were also obtained from the two stocks
(P1. HCMR and P14. IEO) with interesting results. Finally, in Task 64. Evaluation of sperm
characteristics and cryopreservation protocolsgxperiments allowed establishing the assessment method
for concentration and motility of sperm.

Summary of progress towards objectives andetails for each task (3-30 Mo):

During this2"® ReportingPeriod, the work continued and advances were made with all tasks and objectives.
Task 6.1 Collect wild fish to establish new bloodstockhas been complicated by the scarcity of wild
wreckfish. Despite of these problems, new contacts have been established to catch wrecktisio and
juvenile wreckfishwere captured, increasing the number of available fish for broodstock development
Continuing the work started in the first reporting period, altof four broodstocks are being sampled for
Task. 6.2Describe reproductive cycle The accumulation of data has shown thales exhibit good sperm
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guality with large amounts of expressible sperm during the reproductive period, and there is a proportion
males that spermiate throughout the year. The females increase oocyte size during the months March to July.
In Task 6.3. Development of spawning inductioproceduresfurther trials to induce tank spawning with
GnRHa were not successful and work began combining GnRHa induced ovulation with 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 objeictiVask 6.4. Evaluation of
sperm characteristics and cryopreservation protocolfiave beertompletedandDeliverables 6.5and6.2

have been submittedThe workin the second period demonstratibg feasibility of cryopreservatioof
wreckfish spermwhile chilled stoage did not appear foe a good solution for thehortterm management

of sperm for artificial fertilization.The performance dfozen/thawed wreckfish spermwashalf thatof fresh
sperm in terms of percentage of motile spexrma duration of swimmingwhile the velocityof spermin
modified Leibovitz was similar to that éfesh sperm.

Task 6. 1. Coll ect wild fish to establi.sh new broo

During 2015 (on 7 and 14 of August) two wreckfish were captured using a hamdangthing area located

5 miles West of Corrubedo Cape, A Cor utheoughwaker s h w
until O Grove Aquarium facilities, where the fish were transferred to a quarantine Aas&mple from the

fin was also ta&n for genetic analysisThese fish were transported Rd4.IEO facilities in Vigo in March
2016.These twguveniles (4.86 and 0.94 kg in body weighit)l be maintained separated from the existent

stock at theP14. IEO, until they become adults.Simulkaneously, we are following thgrowth and
developmenbf the three juvenile specimens captured during 2014, two held &lthelEO(Fig. 6.1.1),

and the third at the Acuario de O Groveurthermore, we ammonitoringthe development of the Acuario O

Grove wreckfish broodstogkvhich is constituted by 7 fish: 2 females, 3 males and 2 undetermined with an
average weight of 11.57N1.86 Kg.

Fig. 6.1.1.Wreckfishcapturedn 2015inthef i shi ng area 5 miles to the Wes

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 Desidbe reproductive cycle (led by IEO, Tito Peleteiro)

HCMR: The broodstock oP1. HCMRis 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 thegalm and was reported in th& Periodc Report,
these breeders were followed during-32f the project (between 25/2/2015 and up to the 9/5/2016) and
blood, sperm and ovarian biopsies were collected as described kRleeiddic Report.

In February 2015, the female was undergoing vitegdkon e si s ( Vg) , having oocyte:
(Fig. 6.2.1.A. In March, most of the oocytes were in Vg, with the maximum oocyte diameters between 950
and 1075 ¢&m. There were some more developed o00C¢C
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bet ween 1125 and 1250 em in diameter. In addi ti

clear, were | arger (1,450 em) &nd2LB ehesame sithaticch at

was observed during April, but the numbervyf oocyteshadincreased. On 24/4/2015, the female started

spawning spontaneously a small number of d=gd Fig. 6.2.9. On the morning of 1/5/2015, the female

had spawned spontaneously 82,@f)s with 56% fertilization success, while 35,08@)s wee stripped

manually from the fish and were inseminated artificiallgggs were transferred to incubators and photos

were taken from floatingggs every dayRig. 6.2.3. Eggs from the spontaneous spawn were floating for 4

days, while from stripped spawry were floating/viable for 2 days. At this time (1/5/2015), the female fish

also contained many Vg and early OM oocyter(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 théragish spawead up to 22/5/2015

(Fig. 6.2.9 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 @ggsipehile no Vg oocytes

were bund. In July 2015, the occurrence of atresia was high and some early Vg oocytes wer€&ifpund (

6.2.1.B. In October015, fish started the vitellogenic cycle for the next spawning season with Vg oocytes
. - ' of 630 em [
diameter, having also

leftover yok in its

ovaries Fig.

6.2.1.H. The same
situation was
observed in

December 2015 with
Vg oocytes of 900
em 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 matained inP1 HCMR A: In February 2015, in vitellogenesis (Vg). B: In Maich

mid April 2015, with oocytes in Vg, lipid coalescence (Ic) and Final Oocyte Maturation (FOM). C,D:
Female on 1/5/2015, with Vg, OM and FOM. E: In July 2015, with early Vg)e Fa,b: In October 2015,
with Vg and | eftover yolk (ly). Bar = 500 & m.
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Fig. 6.2.2. Fecundity from a wreckfish maintaindy P1. HCMR The black arrow indicates the date of
spawning induction during 2015. * Fecundity on 1/5/2015 was the sunopfas@ous and stripped spawns.
** ecgs on 4/5/2015 were obtained with stripping.
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Spontaneous Stripped

Day 1

Day 2

Day 3

Day 4

Figure 6.2.3. Development of wreckfisbggs from spontaneous or stripped spawning on 1/5/2015.

I n January 2016, the femal e was munnddreetegfai 62gt.A,V g , h
while the same situation was observed in March 2016, with slightly increased oocyte diameters in March
(1,125 Om) and April 2016 (1,175 Om), respectiyv
spontaneously after a GnRHreatment on 2/5/2016 (see below in Section 6.3 for detalls) and the number of
eggs was estimated to be ~1,000.
Unfortunately, due to their small number the

egys were discarded by mistake before being
evaluated. The female had Vg and post
 Ovulated (pOV ews Fig. 6.2.4.B, but an

L effort to strip her did not result in arggy

release.

Figure 6.2.4. Microphotographs of wet mounts from the female wreckfish maintain€d iRiCMR A: In
JanuaryApril 2016, showing oocytes in vitellogenesis (Vg). B: InyM2016, with oocytes in Vg and post
Ovulatedegs ( pOV) . Bar = 500 ¢&m.
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The two males were in full spermiation (Spermiation

rerto p0.27 Index =3, copious sperm released with very gentle
1.5e+10 abdominal pressure) during the whole year, even in the
1e+10 summer and fall when thermale wasegessed. This

Se+z ' was not the case at MardhApril 2016, where the

s p087 produced sperm of one of the males was reduced

10.0 (Spermiation index 0 or 1), probably because of an
Zj infection, which was treated with injectable antibiotic
25 once a month for two mom.  Sperm quality

00 059 parameters were evaluated as described in the 1

" Periodic Report. Sperm quality was fairly high during
the whok season and no significant variations were
observed in different par an
(Fig. 6.2.9, even though the sperm from one male

seemed to be a little yellowish and containing clumps

I i i i I i I I I I I i (probably due to the before mentioned infection).

Date

Figure 6.2.5. Sperm quality parameters of the wreckfisiPat HCMRduring the 20158016 reproductive
season. No significant differences were observed. (ANOVA, P < 0.05).

Survival (days)  Density (szoa ml™")

7 S T
S W

Motility (%)

~

S=NW AN S O

Duration (min)

25 Feb '15

26 Mar '1

14 Apr '15
1 May '15

25 May '15
15 Jul '15
1 Oct '15
1 Dec '15
26 Jan '16
8 Mar '16
4 Apr '16
9 May '16

Overall, from the monitoring during the season 20May 2016 in Y23 and adding to thresults othe 15
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
theyear,undet onst ant 16AC of water temperature.

2. Females do undergo vitellogenesiand they may even undergo oocyte maturation spontaneously in
captivityd and remain in fully vitellogenic stage for
temperature).

3. Fertilizedeggs could be produced both from spontaneous and stripped spawning (see later for details).

4. Spawnedeggs 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,-anmhtbily until December 2015
(Fig. 6.2.6.

Figure 6.2.6.Broodstock sampling at the P1EO, P19 CMRM and P32MC2.
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This study on morphometric parameters indicétas animals stabilized their growth (size and weight), with
weight increase during the reproductive sea$og. (6.2.7. The feeding rate was varied between 0.2 y 0.5

% for fish fed the seminoist diet (formulated by P14 IEO), and between 1 and 1.8 %isfofed 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 autyfig. 6.2.8) To determine the sex of the

specimens from which biopsy ddunot be obtained, as the gonopore was completely closed, ultrasound was
used Fig. 6.2.10.

~+=7923FcmaleT2 ~@=1779FemaleT1  ~%—9658 Female T-1
—4—9/03Female |-1  —=-0931 female -2 ———9/11Male |-1
0902 MaleT-1 -=—-0821.7.T-2 9827772

27

9631 FemaleT-2
~9-9775Male -2

17 + ==TW (Kg) IEO ==TW (Kg) CMRM

|

4
Meaan (kg)
I
|
\,|

females
é% 12 B e
2 . ——= + | males
=
e sep-14 dic-14 abr-15 jul-15 oct-15 ene-16
]
=

Figure 6.2.7. Size and weight chnges of the P14. IEO ardl9 CMRM broodstocks with detailed
information for 2015.

Food intake

59 -+Wet feed -=Dry feed
3000
2500
2000
1500
1000
500
0
\eJ \e) 2] (7] ) v} o o
b > Y Y oy i oY Y
& & & ¥ & ¢ &

Figure 6.2.8.Food intake of the P14£D broodstockbetweenJanuary 201andMarch 2016.

Figure 6.2.10.Gonad echography pictures of two wreckfish, to identify sekreeders helat P32 MC2
and P19CMRM .
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During sampling, blood was extracted from some aninraleach stock to determé 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 broodstoc&perm and biopsies of oocytes were also obtained
to determine the age of gametogenesis of the different fish. Average oocyte size throughout the year
showed an expected variation with high values during the spawning sdagor6.2.1). Biopsies of
oocytes from immature females indicate that these females did nbtuiggltogenesis.Oogenesis sequence
from primary oocytes to poshaturation

» wasdescribed wittbothfresh sampleand

D'a"::;;"tes B IGAFA(CMBM) MG through histology(Fig. 6.2.12. Sperm
14 guality parametersconcentrationmotility

and duration of forward spermatozoa

l'i motility- were &aluatedduring the period
08 from March 2015 to May 2016 The
0.6 males produat large volumes of good
04 - quality sperm during the entire year
0,2 Sperm concentration durintye spawning
0 s season was between 2.64 and 161%°

R R for the males in the P14. IEO broodstock.

& @“’* §>° & FE LS

Fig. 6.2.11.00cyte size variation from females of the three stocks throughout theRBalEQ IGAFA-
P19 CMRMandP32 MC3J.

\ S s thresic

Bar 500 p

Figure 6.2.12. Oogenesis sequence: LV=lipid vesicle, Vg (mi)mid vitellogenesis, eOM= lipid
coalescence, Ovd ovulation, Athresic= atresia.
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Figure 6.2.13.Sperm concentratiolfom March2015to May 2016for the malesn thebroodstock held in
P14. IEOandP32.CM2. TheP19. CMRMmale was transferred froR32. MC2in January 2016.
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Task 6.3 Development of spawnig induction procedures(led by IEO, Tito Peleteiro).

HCMR Stock: As described in thesiPeriodic Report, during ¥-3 the main goal was to produeegs
using artificial insemination, based on the results so far. On 1/5/2015 (as described in EdBkv/6)2the

femal eds ovaries cont atilne3d5 On cetm) o n bogytedihgeallgsodt (fiptdense ( 1

coalescence) with diameters of 1,5DQ 7 5 OFig.e6r8.]),(while someeggs (82,000) were also released in
the tank and some (35,000) wateipped from the fishHig. 6.2.9. The female was given a GnRHa implant

(600 €©€g) and was placed together with one of the

On 4/5/2015, the female contained oocytes in OM
(1,525 em i nellaioalatedigs (2250 as
¢ ¢ m)Fig.(6.3.9). The female was strippddalthough
the ovipore of the fish seemed to be blockesd
5, - 9 10,000eggs were artificially inseminated with 2 ml of
;;Q @ -/ freshly obtained sperm from the maldsggswere kept
— e B . inthe incubatofor 3 days and later the floating, viable
egys (around 6,00@gys) were transferred to the larval
poo@® rearing facility fFig. 6.3.2. On 8/5/2015, 190,008ys
> i S were spawned spontaneously, having 12% fertilization
4 , success but the embryearvivedfor only 5 days Fig.
Lo 6.3.2.

3 o As

Fig. 6.3.1. Hiétblgical sections or wet mount of ovarian biopsies from wreckfish during the 2015
reproductive season (dates on each photo). AT = atresia, Vg = vitellogenic, €y ©ocyte Maturation,

FOM =Final OM,Ov=0Ovulatego = pri mary oocyte OR = Overripe.

Fontaneous Sripped

Transferred
to larval
rearing

Figure 6.3.2. Floating wreckfisheggs 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 ord418J16 bothto the female and males. At that time Vg
oocytes (1,150 €
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 (Fid, 250
6.3.3. Some signs of early
maturation were observed on
2/5/2016, with oocytes
undergoing lipid coalescence (Ic)
stage with no further change in
oocyte diameterdH{g. 6.3.3. At

that time, a second GnRHa
treatment was given to the
female. After 7days (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, Ic = lipid coalescence, pOVpost Ovulateckqy s . Bar = 500 &m.

To sum upthe work at HCMR the results of the 2016 May 2016 spawning induction experiments in
additionto the results of Y1 of the project demonstrated that:

1. A GnRHaimplant treatment of the female induced OM andadiaun consistently

2. The exact timing of the ovulation after the hormonal treatment and theydation survival of the
eqgys is currently not known. Lack of this information may be the reason for the low fertilization and
egy quality of the obtainedgys.

3. Spontaneously spawnedrilized eggs could be produced after spawning indugtlout these are low in
fecundity and fertilization success and cannot be relied.upon

4. Even though some fertilizedggs were produced during the reproductive season of 20l®arlier
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 nextipdic report.

IEO, CM2 and CMRM Stock: During the spawning season of 2015, a total of 21 spawns were obtained
(10 at theP8. IEO and 11 at thé32. MC2 between March and Jungig. 6.3.4. The majority of spawns
were spontaneous, except one artificilthe P8. IEO (10/04/2015) and two fron32 MC2 (16 and
28/05/2015).There were no spawns from femalePd@ CMRM. During 2016, since April until the end of
May, 7 spontaneous spawns at tR&4 IEO were obtained, and new spawns are expected. Twelve
spontaneous spawns and two by stripping frB82 MC2stock, were also obtainedrig. 6.3.5. More
spawnsare expected during June 20driil the end of the spawning season (July
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Figure 6.3.4. Spontaneous spawn (Apunted volumetricallyfrom the egyg llector and (B) in the egg

collector oftank S2 at theP14. IEQ
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Figure 6.3.5.The volumeof viable egys ubic centimetres ¢dqfloating) and non viable (on the bottom)
obtained from gawnsfrom wreckfishheld inP14. IEO(A) and P32. MC2(B) from March 2015 to My

2016. A number of spawnwere incubated and larvae were obtairese(VP 12).
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A female of 16.%g from P14. IEOwith oocyte size

2000 Oocytes size female CM2 of 1.3 mm was implanted in Jun 08015 with 500
1800 ¢ gof GnRHa No response was obtained from this
1600 ==3N220 981-098102356915 treatment,possiblydue tolow hormone dose (less
i l Implanted than 50eg kgh). On June 2015, two females
p” weighing 274 and 332 Kg were implantedwith

1200 P— e 500 &g o DocyEesiRstvare 1.12and1.09
1000 : mm respectively.None of these implanted females
800 spawned (Fig. 6.3.7, presumably because the
600 oocytes had not completed vitellogenesis, which in

5554 PP PEEESEE R this species occurs when the oocytes reach a

FESIEEFET S sy § diameterof >1.2 mm,

~ ~ ~ © "3 "\? N N

Figure 6.36. Oocyte sizeehanges foan implanted femalrom theP32 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 objeatisessment 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 spermanalyses 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 OA&Auploadean the website of the project.

The analysis of wreckfish
A VAP o B sperm took place in the

) spring of 2014 in Galicia
e . : deoraenen (NW Spain) using gametes
g RE= 066826 collected from three

different locations and in
the winter of 2015 from
two locations of the same
area. From 8o 13 April
/ 0 2014, sperm was collected
time after activation (min.) from 6 males fro m
C D P32.MC2 (Acuarium
Finisterrae) facilities, from
VST SR oa | OTOMRGn TP 2 males of Luso Hispana de
Aquicultura (LHA) and
finally from 2 males from
the facilities of P8.IEO
(Center of Vigo).

mobile spz (%)
w & w
S o©
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N
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Figure 6.4.1. Motility parametes 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 withftiémactivation; 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 latwdes. In January 2015, some of the males of
P32MC2 and P8EO were sampled again and a complementary transfer of fkmawabout sperm quality
assessment was performed at the Acuarium Finistéacdies. Concomitantly, taking profit of regular
matuation 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
decreaseaith time for 5 minutes. The mean initial VAP or mean velocity along smoothed trajectory was
around 2300m per second, whi ch prFig.gid.é.sTeeiveloeily of decr
spermatozoa was one of the highest reported for mashefid the trajectories vary from straight forward at
activation to progressive circling as the speed decreased as illustrafégl i6.4.2 This illustration is
corroborated by the decrease of linearity of the trajectories calculated by the ratio tbevaeerage path

velocity and straighline velocity Fig. 6.4.1D.

{ Paths (50%) - o 3 0 Paths 0
744x480 pixels; 8-bit; 349K 744x480 pixels; 8-bit; 349K 744x480 pixels; 8-bit; 349K

"3 Paths = s
744x480 pixels; 8-bit; 349K 744x480 pixels; 8-bit; 349K

Paths (50%)
'44x480 pixels; 8-hit; 349K

Figure 6.4.2. Spermatozoa path tracks of 2 s, generated by Computer Assisted Aperm Analysis (CASA
plugin of ImageJ) at 10 sec after activation, and at every minute for 5 min (gtidm 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 ah 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, basegtoeral
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 reapon.

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 protocalapted 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 compareer tmarine 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 orthe 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 descriptiorof the work and resultsom this Task has begrovided inDeliverableD6.1 Computer
Assisted Sperm Analysis (CASA) for wreckfish sperm.

Cryopreservation methods

Theundertaken work showetie feasibility of wreckfish sperm cryopreservatiahile chilled storage does

not seem to be a good solution for thkortterm management of sperm for artificial fertilization. The
performanceof frozen/thawed wreckfish spermas overallhalf thanof fresh sperm in terms of percentage

of motile spermatozoa and dticm of forward motility, while the velocity of sperm in modified Leibovitz
was similar to that of fresh speriig. 6.44). Since wreckfish produce large volumes of high quality sperm

in terms of concentration, velocity and duratiomaftility, the losges of sperm quality due to freezing may

be compensated by increasing thember of spermatozoa pergegs is usually practiced in other species.
The short duration of rapid movement may not be harmful since generally fertilization occurs in the first
secands of contact between gametes of both sexes. However, the current results only describe the movement
of spermatozoa. They aregaod index of cryopreservation coping capacity of sperm. Nevertheless, these
results have to be confirmed in the future bhgst of cryopreserved sperm ability to fertilize.

The full description of the work and results is providedgliverable D6.2Cryopreservation method for
wreckfish

Deviations from Annex | and their impact:

It has been so far proven more difficult tontrol ovulation (forin 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 partnespdciallyP1l. HCMR) has been limitg the ability of a

large number of trials during every annual reproductive season. Tleenelitestones 3436 Successful
maturation and spawning of wreckfish to produce good quality egg¥1, Y2 and Y3, respectively, have

been acomplisehedut not tothe complete satisfaction of the consortiunfihis has in turn, limited the
progress made in the WP 18 Larval husbaridwreckfish. Nevertheless, slow progress has been made and
we expect that by the end of the project we will succeed in producingge tamber 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 difat 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: indiwdlsities 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 medieeibovitz (G) and Cryofish (H).
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Modified Leibovitz Cryofish
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WP7 Reproduction & Genetiesgrey mullet

WP No: 7 WP Lead beneficiary: P7.10LR
WP Title (from :
DOW): Reproduction and Geneticggrey mullet
Other beneficiaries P1. HCMR P3. IRTA P13. UNIBA | P14. IFREMRR
(from DOW):
P15. ULL P24. ITTICAL P25. DOR

Lead Scientist preparing the
Report (WP leader):

Constantinos Mylonas (P1), Neil Duncan (P3), Aldo Corriero (P13), Ch

Other.S_cier_ltis'Fs Fauvel (P14), Covadonga Rodriguez (P15)yvieuCeppolaro (P24)HagaySarus
participating: (P25)

Hanna Rosenfeld

Objectives

1. Evaluate the effectiveness of hormdresed treatments on synchronizing gonadal development and
improving gametegggs and sperm) quality in mature grey mullet,

2. Develop hormondased treatments for indeat spawning of grey mullet,

3. Optimize a scaledip breeding of grey mullet in captivity under natural and manipulated {phetmal
regmes,

4. Assess the effects of captivity on first sexual maturity and reproductive potential of aaptigd and
hatcheryproduced grey mullet broodstocks.

Summary of work reported in the previous Reporting Period (312 Mo):

Lacking the natural spawning environment, captive grey mullet fail to reproduce spontaneously, largely due
to a failure to undergo complete gametogenesitierefore,Task 7.1 Evaluated the effectiveness of
hormone-based treatments on synchronizing gonadal developmenf combined treatment consisting of
follicle stimulating hormone (FSH) and dopamine antagonist (metoclopramide) on spermatogenesis in males
and follicle growth and maturation in females was testdthe methylotrophic yeastP(chia pastori$
expression system was used to produce large quantities of bioactive recombinarthgimgleSH, which

was used in a series of 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 tand pos
vitellogenic females.In Task 7.2 Development of hormondased treatments for inducing spawning
spawning induction trials that timed the administratiotscaRHaand metoclopramide with advanced stages

of gamete maturation were relatively successfutipoing tens of millions of fertilizedgys. 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 trtetoderther fine tune

and optimize the hormoreased breeding protocol for captive grey mullet.

Summary of progress towards objectives and details fogach task (3-30 Mo):

Task 7.1 Evaluaton of the effectiveness of hormondased treatments on synchroming gonadal
development The yeast expression system was used to produce large quantities of bioactive recombinant
singlechain FSH (tFSH), which was used in a seriesimfvivo assays. According to the original workplan
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several hormonal treatments igdested in order to advance gametogenesis in captive grey mullet males and
females. Treatment consisting eFEH and dopamine antagonist (metoclopramide) performed best giving
rise to enhanced spermiation in males and follicle growth and maturatiemaies 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 andt@lsgenic females.

Task 7.2 Development of horrone-based treatments for inducing spawningspawning induction trials

that timed the administration @dnRHaand metoclopramide with advanced stages of gamete maturation
were relatively successful producing tens of millions of fertilieggls during natula(SeptembeiNovember

2014, 2015) and shifted (Janudfgbruary 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 rae ranging between 0 to 98%, implicating the need to further fine tune and optimize the
hormonebased breeding protocol for captive grey mullet.

Task 7.5 Establish a shipping protocol for grey mulleeggs, a previously developed protocol available at
the IOLR was found to be applicable to shipping grey mulggs. Yet, further finguning of the latter
protocol will be carried out during the forthcoming grey mullet natural spawning season.

Task 7.1 Evaluation of the effectiveness of hormorgased treatments on synchronizing gonadal
development (led by IOLR, Hanna Rosenfeld)

7.1.1 Means to evaluatgrey mullet sperm quality

As programmed in the DOW, a CASA method fbe objective assessment of sperm quality through the
analysis of motility was implenméed forgrey mullet andsubmitted inDeliverable D7.1Analysis of sperm
motility: General protocol and propositions for mullet sperm quality assessment

Briefly, during November 2014, sperm samples were collected from sexually mature mullet malagimeld i

P4. IOLR facilities The sperm was diluted 1:1000 providing approximately 80 spermatotioa field of

the microscope (X0 magnification). Following activatiom seawater the spermatozoa movement was
recorded (10 sec after activation; frame rafel100
FPS). The movies were either studieditu or sent by
Dropbox to IFREMER (Palavas, France) in order to
inter-calibrate the analysis through mail exchanges.
The motility of grey mulletsperm decreases with time
and the duration is limited to 58econds. The initial

- e+ o percentage of motile spermatozoa is around 50% and

20 5o e 70 o quickly decreases to zero after 70 secofdts. (7.1.1).

Tune after activation (s)

4 100t ide sperimatazoa

Figure. 7.1.1.Variation ofgrey mulletsperm motility assessed by the percentage of motile sperm with time
after activation

VAY (pm s 1)

10 20 30 10
Tim e after activation (s)

Figure. 7.1.2 Modification of Average Path Velocity (VAP) ajrey mulletsperm with time error bars
illustrate the standard deviation.

2" Periodic Report (13-30 month) 110



AV,L
a%v

DIVERSIFY - GA 602131

The number of motile sperm decredsendthe mean speed of spermatozoa also mdpvith time (Fig.
7.1.2. Thevariability of velocity remained
high along the studied sequendmit the

1
i higher velocities decreased strongly. The
comparison of means by ANOVA revealed
- that the only significant difference in
q velocity was observed between the velocity
: at 10 s and all ther time points. The
calculated linearity objectively assessed the
1 I

10 20 3 40 S0 0

lmearity

variations of trajectories during the

spermatozoa propulsive movement. During

the first 30s after activation the majority of

spermatozoa swam in straight line, then the

track bend progrssively as illustrated by
tine after activation (s) the decrease of linearit§ig. 7.1.3

Figure. 7.1.3.Modifications of the trajectories @frey mulletsperm expressed by the linearity.

The analyses show thgtey mulletsperm does not present a pattern of motility simitathiat of seabass
(Dicentrarchus labrax or rainbow trout ©ncorhynchus mykiysn 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 hoomeinduced 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 enhangeey mullet spem quality, herein we produced and
characterized fish recombinant gonadotropins, FSH and LH, the most important pituitary hormones
requlating testicular physiology. This work was led P4.I0LR andhas been completed and submitied
Deliverable 7.2Production of

A B) A B> recombinant bioactive LH
oM 1 . M and FSH assay for grey
mullet.
i Briefly, the recombinant
- gonadotropins, rLH and
‘ rFSH, were produced utilizing
g . the yeast Pichia pastoris
expression system, and the
purity and inegity of the ~
B 37 kDa recombinant proteins
were verified by SDSPAGE
2 and Western blot analyses

(Fig. 7.1.9.

Figure 7.1.4.Production of recombinant FSH (A) and LH (BJhe inegity and purity of the yeasP{chia

Pastorig produced recombinant hormones were verified by SDS PAGE (left panel) esigi/blot (right
panel) analyses. The immudetection was conducted with hormone specific polyclonalFsid and anti

LH. M- Molecular size marker.
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The in vitro bioactivity of the produced-FSH and +LH, was examined by their capacity to stimulate
ketotestosterone (1KT) secretion from grey mullet testicular fragmerfgg( 7.1.5. Both rFSH and +LH
stimulated 11KT secretion 4folds higher than the controls. Nevertheless, th&iH effective dose (0.5 ng
ml?; Fig. 7.1.5A) was 206folds lower than that of rLH (100 ngnlt; Fig. 7.1.5B), indicating higher potency
of the former hormone.

A. B
*® *
400 -|- ’—g 400 1
E 300 D 300 1
S T ot
& T L =~
— 2004 = 200 1
" =
- 1004 - ~— 100 1
0- 0 - i i -
O P 9 P R\ 0 05 50 100 200
rFSHdose(ng/ml) rLH dose(ng/ml)

Figure 7.1.5. In-vitro effect of FFSH (A) and fLH (B) on 1Iketotestosterone secretion from testicular
fragments. Resultsamhown as Means N SEM (n=16). An aster.i
(P < 0.05, Student'stést).

7.1.3 Hormonal acceleration of gonadal development

To further improve grey mullet gamete quality in general and sperm quality in partibelareast produced
recombinant gonadotropinsBSH and 1LH) were used as therapeutic agents. Over two consecutiueal

spawning seasons (2014 and 2015) we evaluated the effectiveness of several hormonal treatments on gonada
development and gameteaturation in captive grey mullet broodstock. This work was leB4yOLR and

has been completed and submitte®eliverable 7.3Comparative effectiveness of hormonal treatments for
spawning induction in captive grey mullet

Grey mullet breeders, coisged of P4. IOLR hatchesgroduced G1) fish that were individually tagged and
maintained in 4n® or 5m?® tanks supplied with ambient seawater atpd salinity (Gulf of Eilat, Red Sea)

and subjected to natural fluctuations of light and temperaturetcondins (el evati on to 25
August). Fish were fed daily at the rate e1.5% 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 shtatm (3weeks post trément) effects of recombinant gonadotropins, r

LH and rFSH (see D7.2), on testicular development. During the onset of the natural reproductive season
(6™ of August), grey mullet males (n=12 per treatment) were injected intramuscularly with eithating) s
(control group), (i) fF SH  ( Kyt B@W, or (i) r-L H ( %g! 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 calculateBllood and tissues (pituitary and gonads) were collected
for further analyses, including: gonadal histology,-kelotestosterone (1{T) measurements, and

guanti fication

of pituitary

LHb

Results indicate no significant difference in BW acroeatmentTable 7.1.1). Nonetheless, theFSH
treated nales exhibited significantly (Fx05) higher GSI valuesndadvanced stages of spermatogenic cells
(Fig. 7.1.9 when compared to those treated with saline ofiilye plasma 1:KT levels were higher in the r

FSH treatee r o u p
Lowestlevels of 11KT were measured in thel.r H

t han i n t he

contr ol
treat ed

and FSHb mRNA | ev
m{19réspedtifely;Ng. 207. 21 ar
malndd (43.38 N 5.1

Table 7.1.1 Treatment effect on body weight (BW) and Gonadosomatic Index (G&lues are expressed

as mean N SEM, (n=12). Di f f exrmeast(P <4063, Stedensdest).n d i c at
Treatment BW GSlI
Group 9) (%)
C 950 + 49 |0.045 +0.010
r-FSH 863+ 41 [0.088 +0.012
r-LH 890 + 52 |0.072 +0.01%
Control ™ FSH =5
St C— : -~
1 T e )
SG ) £
1 :
st e
B >
SG - . LS
A - \ L—> » M

Ermil

. » ’
PO som |

Figure 7.1.6. In vivo effect of rFSH on spermatogenic development in captive grey m@ietonal section
of gonads, H&E stainingOrgan is composed of mainlyndifferentiated gonocytesBlack 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; gmdogonias; SC=
Spermatocytes
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Figure 7.1.7. Plasma levels of KT in control, rFSH or rLH treated grey mullet males.-KT Values are
a si=1h.eDaffarenNett& Eidicates significantly different means (P < 0.05).

expressed
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Pitutay FSHBb and LHB transcript | eegeningofthenexperiment(€Clh | gr

earlyAugust, 2014) and -8/eeks later (C1; mi@eptember, 2014) indicatef8ld and 5fold increased

expression over time f or ivelyliFeg. 7A.§.HNMonetheleds, theHitial p\vels e s
of LHb wer e dgdpawerx i ma't

5- b as compared to t he
< L LHb Treat ment effect on en
oM B FsHb FSHb transcript levels
oS 24 B in the rFSHtreated fish Fig. 7.1.9.
£ 0 T These fish gpressed significantly (P <
Q£ 5] T a 0.05) higher LHb mRN,
3 g compared to the-kH and saline treated
ERga A groups, which did not significantly (P >
o 0. /] i 0.05) differ from one another.

S o S o

Figure 7.1.8.Pi t ui tary expression | evel s abetaté€&aBytsfagemaithe L HD
reproductive seasoriThe pituitary mRNA levels oF S HdmdL H fwvere measured using relative Real time

PCR method (RQ) at the onset of the reproductive season (CO; early August 2014yeics 3ater (C1;
mid-September). Level ( Mean N SEM) are expressed as relativ
rRNA. Means with different letters were significantly different (P < 0.05).

N
o
]

-

(Relative units)

Pituitary LHb mRNA
T
>

(Relative units)
=
<
Pituitary FSHb mRNA

A
A
i |
> 8 >

8

A\ Qv
& & <
O

[
% | ]p

Figure 7.1.9. Effect of recombinant FSH and LH-ESH and +LH, respectively) treatments omaogenous
pituitary FSHB and LHb mRNh pituitary mRNA levels oFgSrHemgL Hnu | | e t
were measured using relative Real time PCR met hod
units, normalized to the amount of 18S rRNMeans 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 triatgrey muletfemales and males (n= 186; ageyemr old) were treated durimgid-
July (2014) withr-F SH ( kg! BEWW) combined with Metoclopramide (Metoc; dopamine antagonist)
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dissolved in ddH20 (15 mkg* BW). The control fish were injected intramuscularly watdine only. The
experiment was conducted in triplicates. Two weeks following the first injection (early August 2014), males
received 17alphanethyltestosterone (MT) loaded on EVAc sloslease implants, at 5 mkg! BW

produced by P1. HCMR. Upon neettlditional (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 psilygthylene canula.
Females were considered post t el | ogeni ¢ when mean oocyte di ame
Monbrison et al., 1997) and more than 50% of sampled oocytes exhibited germinal vesicle migration. In
parallel, males were checked tbe 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 eadyand midspawning season (miSeptember and mi@ctober, respentely) are
summarized iMable 7.1.2 The hormonal treatment consisting é§$H 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 cohggmups. The treatment effect was more pronounced in females (up to 4
fold higher frequencies of fully developed specimens compared to controls) than in malgés3 (o2l

higher frequencies compared to controls).

Table 7.1.2 Relative abundance of pedgtellogenic grey mullet females and spermiating males at-eanky
mid-spawning season (mifleptember and mi@ctober, 2014) in control and hormonally treated fish.

Control Treatment
Mid September Mid October |Mid September Mid October
Fully mature
females (%) 29 20 91 75
Spermiating
males (%) 70 50 86 67

Experiment 3 (2015) Effects of dopamine antagonist an@nRHa agonist on ovarian deelopment.

In a third series of trials (4 groups, each consisting of 25 specimens;-ggar 6ld),grey mulletfemales

were injected on July 292015) with either Metoc (1Bg kg' BW) alone or its combination with GnRHa
EVAc (36 Og pdbyPlf HCMR.)Malpsrindbdtuteatment groups were injected \8H (5

Og KBW). One month later half of the males received-ENAc implant (5 mgkg! BW). Two
additional control groups were injected intramuscularly with saline only. Gonagealidsowere carried out

at two consecutive months: Septemb and October”. The relative abundance of fully mature females,
and spermiating males were recorded. Sperm quality was classified into one of égoriesitbased on its
guantity, fluidity and ability to spread in the water. Additionally, treatment effects on sperm characteristics
were evaluated using CASA adaptedjtey mullet(see liverable7.1).

The added potential of GnRHEVAc was tested to complement the Mestitnulatory effecton captive
grey mullet ovarian development. During the early phase of the spawning period (September 2015) higher
frequencies of females exhibiting advanced stages of vitellogenesieacyte diameter greater than 300
Om) were f ound groups chmpardd totcanteolig. m.2.108). Nonetheless, the combined
treatment, consisting of Metoc and GNHENYAc, appeared to be more effective than the Metoc only. The
Metoc and GnRHEVAc combined treatment synchronized and accelerated oocyte deegimiving rise

to over 70% vitellogenic females during Septemibeég.(7.1.1A) and 50% postvitellogenic females one
month later, as the spawning season progressgd4.1.1®). Interestingly, relatively high frequencies of
vitellogenic females werebserved in the control groups (up to 50%) during Septenttigr 7.1.1A),
however, only a minority (less than 18%) reached the-yitstogenic stageif. oocyte diameter greater
than 550 Om) Fig.wdaloBg October (
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Figure 7.1.10.Effects ofMetoc and GnRHEVAct on ovarian development in captive grey mullet females
(Julyi October 2015). Oocyte diameter profiles in control (C1, C2), Metoc (T1) and Metoc+GNRE
(T2) treatment groups (n=25), during September (A) and October (B).

Experiment 4 (2015)- Effects of rFSH and MT-EVAc implants on sperm production.

The forth experiment tested the effect of a single$S H i n | e ckgliB&hvs. ddible@GgSH (2. 5 O
kg BW) injections given two weeks apart; Augu8tdnd 19') on sperm prodttion over time. Each group
consisted of 25 fish. Four weeks following the first rFSH injection, thespanmiating specimens in each
treatment group received MEVAc implant. The females in both treatment groups received Metoc (15 mg

kg?! BW) injection on August 8. 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 effedE®ifiras a sole therapeutic agent vs.
r-FSHuse to prime the fish prior to the administration of MVAc implants. The-FSH treatment showed
no stimulatory effect on sperm production compared to controls neither during Septeigb@érl(11A nor
during Octoberig. 7.1.11B. However, allmales that were primed withRFSH and then subjected to MT
EVAc implantation produced sperrkig. 7.1.1B). Moreover, the latter group exhibited relatively higher
percentages (66%) of fully spermiating males compared to-tFetied (33%) and control grnosi (24%).
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Figure 7.1.11.Effects of rFSH and MIEVAc on sperm production in captive grey mullet males {July
October 2015). (A) Abundance of spermiating malesh$H treated and control groups (n=25) 4 weeks
post treatment (September 2015). (B) Abamzk of spermiating males in contrek-$H, and {+FSH+MT
treated groups (n=25)-weeks after the MEEVAc implantation (October 2015). - o milt, 1- traces of
viscous milt, 2relatively small amounts of white milt; 8uid milt 4- flowing fluid milt, easily spread in the
water.
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A CASA analysis revealed no significant (P > 0.05) treatreffieict on spermatozoa concentrations.
Regardless of the treatment group, all counts ranged between B0 toillion cells mtt (Fig. 7.1.12.

However, males in the BH-treated group exhibited sperm with relatively prolonged motility compared to
those in the rFSH+MT and control groupsg 7.1.13.
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Figure 7.1.12 Effects of hormonal treatment (rFSH and rFSH+MT) on spermatozoa concentrations (n=27).
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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 MAEVAc on sperm production in captive grey mullet males {July
October 2015). (A) Abundance of spermiating males in groups (n=1¢r@ep) treated with a fixed rFSH
dose given either via a single or double injectiorBIH[1] and #FSH[2], respectively) 4 weeks after first
injection (September 2015). (B) Abundance of spermiating male§&8Hr, and +FSH+MT treated groups
(n= 6 pergroup) 4weeks after the M'EVAc implantation (October 2015).- @o milt, 1- traces of viscous
milt, 2-relatively small amounts of white milt; 8uid milt 4- flowing fluid milt, easily spread in the water.
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In addition, this study evaluated the effeetiess of a fixed-F SH d o s kg! BWJ adQigistrated as a
single injection or divided into two injections givem2eks apart. Although of a preliminary nature, it
appears that treatment based on-twBSH injections is more effective giving risegmlonged spermiation
over time compared with a single injectidfid. 7.1.19.

The full description of the work and resultssprovided inDeliverable D7.3 Comparative effectiveness of
hormonal treatments for spawning induction in captive grey mullet

Conclusions

1 The CASA analyses show thgitey mulletsperm does not present a pattern of motility similar to that
of Europearseabass or rainbow trout in terms of velocity as well as duration which lasts less than one
minute.

i The employed methylotrophicegst expression system proddice satisfying yield of recombinant
gonadotropins.

1 Both, rFFSH and #LH, were able to stimulatgrey mulletgonadal steroidogenesis vitro although
with different biepotencies. In this respect, at the early stages afefir@ductive season;ASH but
not rLH, enhanced steroidogenesis as well as somatic and gerrpralfiération in captive grey
mullet males.

1 The rFFSH seems to be a potent initiator of gonadal growthgamneh cell proliferation/differentiatign
therefoe, the timing of administration may solve the observed reproductive dysfunctions igramale
mulletgiving rise to successful captive breeding of this species.

1 The combination of-FSH injection and EVAc implant for sustained release of MT, was thenesat
that both induced a further advance in spermatogenesis and a higher percentage of breeders to advance
to spermiation among captive grey mullet males.

i Treatment combining dopamine antagonist (metoclopramide)-&&Hrenhanced and synchronized
ovariandevelopment in captive grey mullet females, giving rise to 91%-\pEdogenic females
within the treatmengroup.

Task 7.2 Develop hormonebased treatments for induced spawning of grey mullefled by IOLR,
Hanna Rosenfeld)

Spawning induction trial 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 Im? tank supplied with seawater at-247 A C . T h sh were ltreated witd GnRiHa
combined with Metoc. Each tr eatkyeMdoc tomgkgliand ed o
resol ving i nj edygliMetos15MmEgr Rgiven 22 Dh afag.

7.2.1 Inducedspawning 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 rFSH (Ex. 2;Task7.1.3) or saline (control). Both hormonaflyimed and control groups gavise to
candidates (n=14 and n=17, respectivelgble 7.2.) fulfilling prerequisite criteria for the spawning
induction trials. However, spawning successes was improved in tHteepted groups compared to controls
(42.9% and 29.4%, respectively).hd overall successful spawns produced 42 miligys in total. Based

on numbers of floatinggys a total of 75% of the spawnedys were considered viable.
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Table 7.2.1. Summary of the spawning data obtained from hormonally induced grey mullet fedneles
SeptembeNovember 2014. Rel ative fecundity is expres:
number of females that ovulated after injection, divided by the total number of injected females. Relative
fecundity stands for total number efgs kg* body weight of treated females.

Control Treatment
Fecundity Fecundity
Date No. of |Spawning (million No. of  Spawning (million
induction | success eggs Fertilizatio | induction = success eggs Fertilizatio
trials (%) /KgBW) n rate (%) trials (%) /KgBW) n rate (%)
10.9.14 2 ) 0 0 2 ) 0 0
29.9.14 1 ) 0 0 3 100 |2.6+0.55| 0-98
6.10.14 0 0 0 0 2 i 0 0 0
22.10.14 3 66 2.1+0.39 0-80
25.10.14 1 100 06 30
30-31.10.1 6 50 1.9940.9 | 50-100
511.14 5 0 0 0 2 0 0 0
14.11.14 1 0 0 0
21.11.14 1 100 1.64 0
22.11.14 2 50 2.75 90
17 294 14 42.9

Second series of trial§n=23) were carried out with hormonaltyimed and control fish (Ex. J;ask7.1.3)
during 2015. The spawning data is summarized@able 7.2.2 Twenty three females were induced to
spawn resultingo the production of about 35 millioeggs. However, the vast majority of treggs were non
fertile. It seems that the conserved spawning induction treatments, consis@miRblaand Metoc were
most effective in inducing final oocyte nuaétion and ovulation. Following the priming and to a greater
extent the resolving injection, the ovulating females can be easily recognized by their swollefigelly (
7.2.1A). However, many of the females with swollen bellies (over 40% during thesi@i#ing induction
trials) did not advance to spontaneously releasedhg, and frequently (30%) dieBif. 7.2.1B.

Table 7.2.2. Summary of the spawning data obtained from hormonally induced grey mullet females during
SeptembeNovember 2015. Primng 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 femalacamales in each spawning unit.

Date Priming treatment Group structure Remarks Total volume | Fertilization| Hatching
Females Males #Females| #Males of eggs (ml) rate rate
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
14.10.2013  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%
14.10.2018 Metoc FSH + MT 1 3 0
21.10.2013  Metoc FSH + MT 1 3 1930 5% 0.20%
31.10.2013  Metoc FSH + MT 2 3 1105
31.10.2015  Metoc FSH + MT 3 4 1 female died and 1 spawned 1900 15%
31.10.2013  Metoc FSH + MT 1 3 0
31.10.2013  Metoc FSH + MT 2 3 710
11.11.2015 Metoc FSH + MT 1 1
Total number Total volume/ number of 9755 ml =
of induction 23 35.12 million
. spawned eggs
trials eggs
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Figure 7.2.1.Spawning of captive grey mullet(A) Hormonallystimulated grey mullet femalexhibiting
swollen bellyprior toegg release. (B) Hormonalstimulated female that failed to release ¢gs and died.
(C) Grey mullet female and male (big and $inspecimens, 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 hormor@thated groups, respectively) afig variable
fertilization rate ranging between 0 to 100%.

7.2.2 Inducedspawning trials during a shifted-spawning seasortJanuary i February, 2016)

Fouryearol d grey mull et broodstock (Femal es: n=19,
kg) were acclimated to a-fhonth shifted photoperiodDuring December '3 the fish were primed with the
Methoc and +SH combination, whichppeardo be the best performing protocol (see paragraph 7.1.4).

Table 7.2.3. Summary of the spawning data obtainezhf hormonally induced grey mullet females during
JanuaryFebruary 2016. Group structure indicates the number of fegademales in each spawning unit.
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The selected fish were hormonally induced to spawn using GréRtdibgue with the combination of
dopamine antagonist (s@ask7.2.1). The spawning data is summarizedable 7.2.3 Five females were
induced to spawn, out of which one female died while the other four successfully spaentitzation rate
ranged between 585%.

Conclusions
1 A spawning unit consisting of 1 female and 3 males appears to improve spawning success

f The femal eEs f @&dd and tee low dertilizgtien wate sughest that there were male to
female communication problems during the spawning event.

Task 7.3Optimization and scaleup 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 wildaught and hatchery
produced fish (led by IOLR, Hanna Rosenfeld)

Hatchery produced (G3pawning date at IOLR: 31.10 2014) and wild caught grey mullet fingerlings were
stocked in concrete ponds (8®; 20 m?) at two different densities (0.7 and 1 k?). These fish will be
monitored util 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 chargetierproject.

Task 7.5 Establish a shipping protocol for grey mulleeggs (led by DOR, Gilad Safran)

This task is aimed at establishing procedures for handling grey magtlstin order to allow transport to

various larval rearing facilities. The developmh of the protocol was based on methodology developed
earlier by P4. IOLR for shipping Atlantic bluefin tuna Thunnus thynnusBFT) egys to different
Mediterranean partners (Greece, Spain, Malta, Italy) in the'Elthimework projects SELFDOTT (212797)

ad TRANSDOTT (3119 020)2 B(idDes 20143 InGhEef, thia pratocol recommends the
stocking of 10 | of f i 115,000 gastrulatageObludimtpnaegs-aimw20tle r  wii
cubitainers (stiff plastic 6 sided, square bottambitainers used in the wine industry), which is placed in a
Styrofoam containerHig. 7.5.1A). Pure oxygen is added to supersaturate the container seasatesil as

flushing the air layer in the upper part of the cubitainer. One to two ice packgedrapcardboard, are

placed adjacent to the akygen layer (not against the water layer) and the package cliged.6.1B.

Theeqys were temperature acclimated in the tanks, pH was incrementally increased by dripping a solution of
0.1 N NaOH intothe cubitainers to reach a pH of 7.5 to 8.0, the percent of dead sinking and live floating
eqys was calculated and tleggs stocked in the experimental system. The following day the percent (%)
hatching and survival to 1 day after hatching was high (¢807%) provided good qualitgggs were sent.

Based on the success of this methodology it was also tested when transporting gresggaathin Israel

(ca 10811 hin transit) and a simulated transport for longer periods (23 h) was attempted. Irypdritgmer

grey mulletegy densities (55,0084,000eggs IY) were sent compared to the BEfg (10-15,000eqys|?)
shipments.
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(A) (B)

Figure 7.5.1. (A) 20 | cubitainer and (B) Styrofoam box with ice pack in cardboasdd for the shippgnof
fish eggs

Experiment 1 (2014)Deliveries to P25. DOR Fish Farm

During 2014, three shipments gfey mulleteggs were made to P25. DOR Fish Farm from P4. IOLR and
one shipment was made from the kibbutz pModlavgsan Mi
employed where the final volume of the water in the 20 | cubitainer was 15elggraensitywas55-84,000
gastrulastageeggs |It. Pure oxygen was added to supersaturate the container seawatell as flushing

the air layer in the uppgoart of the cubitainer. One to two ice packs, wrapped in cardbwerdplaced
adjacent to the aioxygen layer (not against the water layer) and the package cloksole 7.5.1lists
shipping conditionsas well as oxygenontentand hatching resultst final destination for grey mulletggs

in 2014 from the P4. IOLR facility to the P25. DOR fish farm. Shipment resultggsf sent from kibbutz
Madagan Michael to the | OLR were also included,
contras, theeqgs s hipped fr om thdtohery Noafdal@laRnutilidd sirhilar ehighgy
densities (66110,000eggs IY), but were sent using thick plastic bags filled with pure oxygen. Domestic
shipments necessitated only one internal flight and iestri@nsport to the destination.

Table 7.5.1 Shipping conditions as well as percent oxygen and hatching results of grey egydietent

from P4. IOLR to P25. DOR in 2014 using the SELFDOTT protocol, as webps sent from M
Michael (approximaly 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 Box Eggvad . Egg Total Vd. | Eggs/l % Timein %
date no. sent (ml) number sent (1) O,* | transit (h) | hatching*
Eggssent from IOLR to DOR
16.8.14 1 350 1.26 x10 15 840 @ 272 9.0 85
16.8.14 2 250 0.825x10 15 5500 | 280 9.0 85
3.10.14 1 250 1.6x10 15 5500 @ 330 10.5 90
3.10.14 2 250 1.6x10 15 5500 | 330 10.5 90
16.10.14 1 350 1.26 x10 15 84000 | 265 9.0 85
Eggssent from Kibbutz Mad gen Micheel to IOLR
14.8.14 1 500 1.65 x10 15 1100® | 270 11 96
14.8.14 2 300 99000 15 6600 | 265 11 97

*Measured at destination
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The results offable 7.5.1show that despite highegg densities in the cubitainers, compareth®BFTeqy
shipping protocol, the shipments arrived at their domestic destinationsdrh9vhere oxygen levels (265
339 %) and hatching rates (89 %) were very good.

Mabdagan

of 96-97%. Taken together, these results suggest that short term shipping of gastrula stage greggsjullet
provided thaegy quality is very good, can be readily carried out usinlgitainers or strong plastic bags as

In fackggs that were sent in plastic bags from

Mi c h a el dihexcelleht eonditiahlafer 14 h and als® demonstrated hatching rates

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 moselgl a controlled simulation trial
was set up. Two gastrufiageegy densities (10 and 15,0@@ps I'') were tested in replicates of 4 and 3
Styrofoam containers for each treatment, respectively, over a period off2Blb 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. e Btyrofoam boxes were placed in a temperature controlled

room (24

AC)

for 23 h. During thi

S

period

placed in Styrofoam container 7 to measure temperature variability throughout thEstoial 7.5.9.

Table 7.5.2. The effect of transit simulation on water quality (pH, 8Hs) in cubitainers, 23 h after trial.

Poor qualityeggs with low fertilization rates were used and no hatching was observed.

o _Bh_

NHs(mg/l) pH  O2  NHs(mg/)

Boxno. pH | O,
365
390
287
8.02| 314
257
307
296

~NOoO bk wWN R

Figure 7.5.1. TemperatureiC; blackline) and Light intensity (Lux; blue line) measurements (data logger)
in Styrofoam container 7 during the 23 h simulation of transporting grey regjet Temperature decreased

<0.05

Temp (*C}

8.01| 285
8 | 290
8 | 297
7.98 235 | <0.05
7.96| 242
8.01| 256
8 |290

=
&0

21

Light intensity jLux}

LZFid [t ] 12 A R

Time

from approximately 24 to 20C during the simulation.

al

b o x

Singleeggs from thesame 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 afggs was poorly fertilized and hatchingldhot occureitherin any of the 12wvell

plates nor in the Styrofoam containers. In fact, this study was repeatestgbmality remained poor and

no hatching was observed in the second trial either. Nevertheless, the pH, oxygen and ammonia were
measued at the end of the trial in order to determine if water quality was compromised during the 23 h
simulation.

Despite the failure of theggs to hatch due to poor fertilizatiomable 7.5.2shows that water quality was
conserved, in terms of pH,.@nd NH; over the 23 h test period while temperature fluctuated betweed 20
U CFig( 7.5.). This suggests that implementing the BFT transport protocol in seadjsgto the other
partners would be sufficient at the twgy concentrations tested.

Experiment 3 (2015} Nitrofurazone treatment okggs at destination

A further step of reducing the bacterial load of transpodggs upon arrival was investigated in 2015.
Polydine disinfectant treatment efgs, which was the selected disinfectant with eggs of other species,

was not successful in treating grey muégljs as this approach frequently resulted in >70% mortality of live
and highly buoyaneggs. On the other hand, no disinfection commonly leads to the development of a red
bacteria on the tank Ws, 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 thisriaastrain. In Israel, it is noe¢al to

use nitrofurazone to treat fish during growrt for the marketbut this antibiotic can be used to treaps.

These studies were carried out by stockirfg dastrulastage grey mulleeggs in each well of thee24 well

plastic plates for the control (no antibiotic) and two nitrofurazone concentration treatments (2.5 andt 5.0 mg
lof ambient 40 & seawater). All nine 24iCwhafterl pl a
33 h, hatching occurred here the percent (%) hatching and the survival of thelgmvae immediately
following hatching were noted. The latter parameter was measugedyasiulletlarvae frequently die upon
hatching. In addition, survival of the plarvae following a furthel3 h exposure to the antibiotic was
determined. Although the use of nitrofurazone is not true disinfe@®its action is only bacteriostatit

was hypothesized that the reduced bactedtlity might be beneficial.

Exposing theeggs for 33 h to a B mgl? nitrofurazone concentration significantly (P<0.05) increased the
hatching success of grey mulkggs compared to the control and the 5IrhgoncentrationKigs. 7.5.2 and

7.5.3. In addition, there was no difference in the percent (%) of duagyilarvae following hatching
(P>0.05). On the other hand, if the {mevae continued to be exposed to the antibiotic for a further 3 h,
mortality was total Kig. 7.5.4. Nevertheless, further studies are necessary on nitrofurazone due to the use
of poor qualityeggs in these studieas 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
effectiveeqg treatment approach that can keatly 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
eqys following 33 h of immersion. Values having diiént 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 mulle¢ggs. Values having the same letter were not significantly (P>@ifi&jent.
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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

 Shorttermsipi ng (O11 h) of geags,tprovidedathatsy qaatte is @y gopd, mu | |
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 longeashipment does not encounter
temperature extremes.

§  Water quality, in terms of temperature {204 A C) ,.anp NH;, w& stable after 23 h of simulated
eqy transport, even whesgs of poor quality were used.

1 Exposure ofegys only to nitrofurazone (8. mg|! sea water) is a promising treatment to reduce
bacterial load and improve hatching rate. However, further studies to determine the most effgctive
exposure timew this and other antibiotics are necessary.
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Deviations from Annex| and their impact:

Due to pooregg quality and fertilization rates in 2015, tkeg shipment protocothat was submitted as
Deliverable D7.4Protocol for shipping grey mullet eggavas not thoroughly tested during the present
reporting period and theseudtes should be repeatedind 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 mulletgs to the partners in DIVERSIFY. An updatedsien 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 inforthed by

Pl (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 bbat 200 fish having a body weight rangimgtween 70 and 75,
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.efbhe, 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 maintainedor 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 larvalucrent feeds and the optimum level 6B8rHUFA,
six weaning diets containing two levels of HUFA, two of vitamin E and tw
vitamin C were fed to meagre larvae. Weaning diets for meagre mu
optimized increasing high HUFA levels up to 3% and vitamireng& C over
1500 and 1800 mg Kgto spare these essential fatty acids from oxidafidwe.
importance of supplementation ofagre weaning diets with 2.4 rkg?! vit K
has been pointed out, since the absence of this vitamin markedly reduced
survival Meagre seemed to be very sensitive to hypervitaminosis D an
since supplementation with these vitamins leaded to a growth reduction.
contrary, taurine supplementation did not have any effect in meagre |
performance.

Maximum growth of grei@r amberjack larvae was achieved in the range of dietary EPA concentrations
between 8.6 % TFA, when low dietary DHA were providethe effect of combinations of PUF#ch lipids

and carotenoids were assessed on greater amberjack larval performance, amelfapdy 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 selted 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 anivalof 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 larvaghe combination of high phospholipid (PL) content and high
DHA content improved larvae growtiDigestive 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 PUR&perform optimally. From 10 dph, larvae were fed
Artemia enriched by an emulsion with high levels &6 fatty acids (sunflower oil), by a high level of3n

fatty acids (rape seed ail) or by a commercial DHA enrichment medilmree salinity levels we used (0, 5

and 10 ppt)Different pattersfor 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). Tére 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 rapeseedddding saline waterd 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 fiestding 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, lipichd micronutrient content§&rowth and juvenile quality was excellent

in larvae fed Artemia nauplii in this experiment and was not improved by feeding ongrown Artemia.

For wreckfish larvaePUFA, SAFA and MUFA values (% of total fatty acids) have a litteiation 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 wreckfishbroodstock should increase the amount of proteins and decreased the level of fat.

For grey mulleta significant effect of taurinenrichmenof rotifers on larval and juvenile growth from 12 to

44 dph has been described, while there appears to be b lzetufit of feeding taurine enrich@dtemiaon

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 syntiesireis

still insufficient so this nutrient must be provided in the diet.
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WP8 Nutrition ¢ meagre

WP No: 8 WP Lead beneficiary: P2. FCPCT
WP Title (from e
DOW): Nutrition i meagre
Other beneficiaries
(from DOW): P15. ULL P20. SARC | P21.DTU
Lead Sientist preparing the .
Report (WP leader): lzquierdo,M.
Other_S.C|er_1t|stLund, I . (DTU) and Rodr2guez,
participating:
Objectives

1. Improve current larval weaning feeds for meagre,
2. Determine nutritional requirements to promote feed utiiratonsistent growth rates and fish welfare to
reduce size variation.

Summary of work reported in the previous Reporting Period (312 Mo):

Despite the interest of meagre for aquaculture diversification, there is a lack of information on nutrition
during larval development. Thiemportance 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 larvaeTo 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*) and two of vitamin C (180 and 360 M@§0g') were fed to 15 days after hatchitdah) 36,000
meagre larvae in triplicate. LolWUFA/vitamin E/vitamin Cdiet reduced larval growttipid absorption and
HUFA contents. Dietary HUFA levels of 3% improved larval growth and lipid absorption and deposition.
Besides, among fish fed 3% HUFKcrease in vitamin E and vitamin C significantly improved body
weight, as well as lipid, 22:68 and R3 fatty acids contents in the larvae. Thus, the results demonstrated
that weaning diets for meagre must be optimized increasing high HUFA levets 3ép and vitamins E and

C over 1500 and 1800 mgkgp spare these essential fatty acids from oxidation.

Summary of progress towards objectives and details fagach task (3-30 Mo):
Task 8.1. Improvement of larval weaning feedfled by FCPCT, Marisol [quierdo).

The resultdrom this Task have been completed and submitteDediserable 8.1. Improvement of larval
weaning diets A brief description is provided below.

1. Optimum essential fatty acids and related micronutrients levels in weaning dietsdgre
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 (initialt ot al | ength 4. 07N0.26 mm, meanNSD; dry b
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 watepte r at ur e ofTo2 3. 2 K
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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 requed 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
Om & -520500 Om) wer e f or nperlviart anchovy) asisourge of Hig mUFA cohten(s

only for diets containing 3%-8 HUFA (Table 8.1.).

The desired lipid content was completed with a-pegential fatty acid source, oleic acid (Oleic acid
vegetable; Merck, Darmstadt, Germany). Thet@n 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 e8 HUFAs were formulated).4% (low)

and 3% (high) combined with three combined levels of vitamin E+C (Vitamin ECHRicopherol acetate;
SigmaAldrich, Madrid, Spain. Vitamin C: ROVIMIX Stag-35) levels vitamin E/ vitamin C: 1500/1800,
3000/1800 and 3000/3600 mgk@ able 8.11). 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 morphgmgtowth was determirte by
measuring dry body weight and total length (Profile Projector; Niket2X, 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 aftereéding, 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 conductec
at the end of the trial with 30 larvae that were handled out of the watels@oop 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 18@vg of early weaning diets coniaing
several A3 HUFA, vitamin E and vitamin C levels fed to meagkeregiug 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 0.00 0.00 0.00 10.00 10.00 10.00
anchovy oi |
Oleic acid® 10.00 10.00 10.00 0.00 0.00 0.00
Vitamin E* 150.00 300.00 300.00 150.00 300.00 300.00
Vitamin 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 themwliféets denoted no significant
differences in gut occupancy among fish fed the different ddetdy weight gain in this study was ranging
between 17.48K2.57% (treatment : 0.4/300/360) and
larvae f@l 3% ("3 HUFA) (22.43N2.01%) HUFMp arl ead viae @ .18% 80OmM 1
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 0.4/150/1804ble 8.1.9, whichcontained the lowest HUFA, vitamin E and vitamin
C levels. Larger growth was obtained in meagre fed diets 3/150/180, 3/300/180 and 3/308i868.(.3.

Table 8.1.2.Total length (mm), dry weight (mg), and survival of meagre larvae fed early wedigitsy

containing two levelsof8 HUF A, vitamin E and vitamin C from 1
and dry body weight 0.06NO0.01 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 4780.44 500039 4.91M0.40° 4.960.45  4.960.48  5.06W0.38

28 dah 5150.46° 5.2000.43° 5.14051° 5290.44 49M0.3° 534059
Body weight

24 dah 0.19%0.04  0.210.02° 0.2080.03° 0.2180.02° 0.2X0.02°  0.24%0.03"

28 dah 0.230.02  0210.04 0.210.03 0.2M0.05 0.23D.05  0.24%0.04

Survival (%) 12.4%N 8. G2ZN 15.412N 14.484N 16. 848N 15. 16N

Table 8.1.3.Results of tweway ANOVA analysis on total length (mm) and dry body weight (mg) of meagre
(A. regiug larvae fed two dietary levels of HUFA, vitamin E and vitamin C.

Tota length Dry weight
2400 28dd 3 2406 28dd P
4830.05 5. D®N < 0. DON 0. PR <0.05
HUFA ) 005 )
3 495005 5. DAH 0. 22N 0. DHR
150 485006 5. DDN < 0. DON 025011 <005
VitaminE 3507 4960.04 5. DO 0.05 0. DON 0. DBN
Interaction NS NS < NS NS <0.05
0.05
04 48N0.05 5. DON < 0. DON 0. DOR <0.05
HUFA 3 498005 5. DBN 0.05 0. 2pN 0. DHK
1800 48%0.04 5. DDN < 0. DON 0. DAN <005
VitaminC 3500 4980.06 5. DB 0.05 0. PPN 0. DIN
Interaction NS NS < NS NS <0.05
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 (8 9 NO. 42 and 5. 00NO
and 3% HUFA, respectivel y) and dry weight (0. 20
respectively). Among fish fed 0.4% HUFA, elevation of dietary vitamin E from 1500 to 300&grhg
significantly improved total legth in 24 dah larvae (P<0.01Jdble 8.1.3. Among fish fed 3% HUFA,
increase in both vitamin E and vitamin C significantly improved body weight (P<0l@b)g 8.1.3 and a
significant positive linear correlation was found between dry body weight aratydigtamin E+ vitamin C

levels (y=9EO 5 x + 0. 18 RSimiar tBendd Wese) observed at the end of the feeding trial (28 dah).
Thus, the tweway ANOVA analysis comparing the effect of dietary HUFA and vitamin E showed an
improvement in growth, particatly 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 sigritiddmts(1.4.
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Similarly, the tweway ANOVA analysis comparing the effect of dietary HUBRAd 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 significaralfle 8.1.3.

Table 8.1.4.Main fatty acid composition (%dw) of the eanveaning diets containing severaBrHUFA,
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-6 251 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
Satur ated 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-S3HUFA 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 condereedybes

with scarce accumulation of lipid vacuoldsigure. 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 enterocytéigure 8.1.1.D and B, reflecting the higher lipid absorption activity.
Similar features were observed in guif larvae fed diets 3/300/180 and 3/300/360. Regarding the liver,
larvae fed low HUFA diets showed very condensed hepatocytes ogitkerednuclets and marked
cytoplasm staining, observing a scarce deposition of lipid resdfigasré 8.1.1.Q. On the contrary, larvae
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fed higher HUFA levels showed hepatocytes with a higher accumulation of lipid vackiges(8.1.1.5.
No other alterations were fiad in larval organ development. Moreover, no significant differences were
found in skeleton development.

Figure 8.1.1.Sections bintestine and liver of meag(28 dah) from different treatments. H&E.

Survival and welfare status

At the end of thededing trial (28 dah), larval survival was not significantly different among the different
groups of | arvae, being i n aver mogignifidad diffefemtds.wor® % ( n
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 arftifatty acids, particularly oleic acid (OA: 18:8), as well

as nb6 fatty acids, such as linoleic acid (LA)able 8.1.4. Accordingly, a high ratio OAA3 HUFA was
obtained in these diet34ble 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 (16:8)eanic (18:0) acids,

as well as on 43 fatty acids, including ALA, eicosatetraenoic (203)n EPA, r3 docosapentaenoic (DPA,
22:5n3) and DHA acids. Fish oil inclusion also raised the levels-6fHIUFA, such as 20:26, 20:6n6,

22:5n6 and 20:4¥6 ARA, but in a lower extend thandfatty acids, and subsequently th8/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 similamong diets, elevation of dietary HUFA tended to increase larval
total lipid contentsTable 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 foungebetthe two parameters
(y=0.0151x+1FiguweB,1.9.R] =0. 91) (

25,00
22,50
20,00 ¥ =0,0015% + 13,254

R2=0,9105

17,50
15,00

=

Z 12,50

£ 10,00
7,50

................ Y
5,00

gorie e @ y =0,0009x% +0,0818
2,50 RZ = 0,9887
0,00

3000 3500 4000 4500 5000 5500 6000 6500 7000

@ Total n-3 (% dw) Total lipid (% dw)

vitamin E+ vitamin C (mg/kg)

Figure 8.1.2.Effect of dietary vitamin E and C on lipid ané3ncontents (dw) in meagré (regiug larvae
after 14 days of feeding 3% HUFA diets.

The n3 HUFA contents in larvaeetl diets with the low HUFA levels were even lower than those of the
initial larvae, whereas feeding the high HUFA levels increased lar@aHFA even over the initial levels
(Table 8.1.5. T-student analysis showed that larval contents -8f HUFA were gnificantly (P<0.05)
higher in larvae fed high-8 HUFA than low R3 HUFA. Accordingly, higher contents of DHA, EPA and
ARA (P<0.05) were found in larvae fed high dietar@ HUFA. However, the total amount of saturated fatty
acids was similar among larwded the different diets regardless dietary contents. Besides, only slightly
higher values were found in larvae fed 0.4% HUFA for monounsaturated@palgunsaturated fatty acids.
Despite EPA/ARA and DHA/EPA ratios were similar among the differensdtbeir 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% 18 HUFA, inclusion of vitamin E increased LA, ARA, EPA, 22-@n22:5r6, DPA, DHA

and, according, the n3, n3 HUFA, n6 contents and-B8/n-6 ratios Table 8.1.9, regardless that similar

levels were found in the respective diekalfle 8.1.9. Particularly, increase in dietary vitamin E+ vitamin C

levels led to a significant linear increase in th&lA (y=0.008x0 . 4 5, R| =@.faty acid and
(y=0.009x+0. 084, R] =0.99) contents in the | arvae.
elevation of vitamin E and vitamin C, tended to raise larval lipid contents by increasing 14:016L6;0,
16:1n7, 16:1n5, 18:0, 18:1#7, 20:0, 20:1f¥ and 22:1fl1, endproducts of noressential fatty acid
synthesis in marine fish, as well as the levels of 26;280:3r3, EPA, DPA and DHA, suggesting an
antioxidant protection by these vitamiisaple 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, Bielgn) until they reached 20 days after hatching (dah).

Meagre | arvae (initial tot al l ength 7.2N0.7 mm; d
experimental tanks at a density of 2100 larvae per tank and were fed one of five experirentesitd in
triplicates for 14 days, at an average water temp
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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 severaliHUFA, vitamin E and C dietary otents.

28dah

4dah TG 150180 0.4/300180  0.4/300/360  F150/180  3/300/180  3/300/360
Lipids 19. 28f17. 5K 17. 5K 21 . 11PN 18. LK 19 . GIFEN 2 3. BEBR
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 1.83 231
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 1.94 351 4.50
Saturated 7.09 6.53 6.51 8.93 7.84 6.99 7.87
Monoenadic 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
1-6+n-3)HUFA 2.78 1.41 1.39 1.42 3.25 5.45 7.04
: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

ex-p@0 i Adeht aver

formulated using squid powder non defatted as source of protein and lipid, and were completed viath Krill
as source of marine phospholipidsddevel of vitamin E (1.500 mg K, vitamin C (3.600 mg k¢), gelatin

(3.0), mineral premix (4.5 g/100 g), vitamins premix (6.0 g/100g) without menadione, ergocalciferol and
retinol acetateTable 8.16). Additionally, menadione as source of vitaminw&s added to the vitamin mix

(175 mg kd) in all diets except &/it K (diet without vitamin K supplementation diet), ergocalciferol as
source of vitamin D was added to the vitamin mix (37 mg)kg all diets except &it D (diet without
vitamin D supplenentation) and retinol acetate as source of vitamin A was added to the vitamin mix (3 mg
kg?l) in all diets except &it A (diet without vitamin A supplementation). Taurine (2.000 mg-kgas

added only to C+Taurine diet (diet with taurine addition dighe diet with vitamin K, D and A
supplementation and without taurine addition was considered as a control diealje) §.1.9.
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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 controfliet; C+Taurine control with taurine supplementatioriCK control without vitamin K
supplementation; /it D control without vitamin D supplementation;-\@t A control without vitamin D
supplementation).

Diets

C C+Taurine C-VitK C-VitD C-VitA
Ingredients
Taurine 0.0 200.0 0.0 0.0 0.0
Vit K/ 17.3 17.3 0.0 17.3 17.3
Vit D 3.7 3.7 3.7 0.0 3.7
Vit A' 0.3 0.3 0.3 0.3 0.0
Proxi mate
composition (%)
Crudelipids 16.4 16.2 16.5 17.1 17.9
Crude protein 76.0 75.9 764 76.4 76.1
Maisture 13.7 13.6 13.6 13.8 13.8
Ash 6.5 6.5 6.5 6.6 6.5
Taurine' 4.0 5.8 4.0 4.0 4.0
Vitamin K* 2.4 2.4 0.0 2.6 2.2
Vitamin D 28.9 29.0 304 23 27.4
Vitamin A* 4.2 4.3 4.2 4.3 4.1

Results
Gut occupancy, larval performancaé 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 diter only 7 days of feeding (26 dah),

growth in terns of total length and dry body weight was only significantly (P<0.05) higher in larvae fed diet
CVit D mB). 9(Nrhe DFablsdl)?). However, at the end of the feeding trial (33 dah), the larvae
feeding diets without supplementation of vitamin@Yit K), vitamin D (C-Vit D) and vitamin A (GVit A)

i ncreased significantly (P<0.05) gr owt h imm, t er me
respectively). This same trend wmafer CVibKiandlGVitD, body
respectively) except for larvae fed\Ci t A  (mB) that Sidnot3how 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 amongffiemat groups of

|l arvae, bei ng i Tabla81e)r exogp forthe gréupl & lartais fed\@t K that presented
low survival (7.1%) with 100% of mortality in two tankido significant differences were found in larval
welfare status.
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Table 81.7.Total length (mm), dry weight (mg) and survival of meagre larvae fed early weaning diets from

20 to 33 dah (initial

tot al

|l ength 7.2RK0.7 mm

control with taurine supplementation;\Gt K control without vitamin K supplementation;-€it D control
without vitamin D supplementation;-it A control without vitamin D supplementation).

Diets
C C+Taurine C-VitK C-VitD C-VitA
Total length  26daén 83 K.0° 8.5N (®* 8.5 .0 8.9N 1" 8.6KL.0°
33da 115N 17° 1178 B* 1280 8" 126N B° 1228 17°
Bodyweight 26da& 07N @? 0.8N a? 078 a.® 0.9N @" 0.8N @*
33dd 24 R6° 2.3 R4® 3.2 A2” 33 A2° 2.5 A3?
Survival (%) 16.7N & 129N 2 7.1* 17.7\12.3 19.0N &

Larval organ and skeleton development

By histopathological examination, granulomas were detected in thedfveome larvae of the different
experimental diets. Granulomas displayed different stages of growth and morphology: initial granulomas or

iStage | 0, granul oma of
)v'. 8 3 ‘. -A_t( . é‘:.‘—‘ - ey . b“
AR Fe =i 5 )
LRSS o SR W
& (e 5 % X ‘
v SSEae
3‘?"‘&\ d
% :
N
A
TRR go
® W

7Y .
e T

Figure 8.1.3 a. I nitial
C. iStage |
AStage |10 granul oma in

0.5

mm ¢ o mp o s djureodfl.3da
Late granulom's o AStage |10,
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 compresseeigure 8.1.3h.

At 33 dah high incidence of Stage | and I
granulomas was found in larvae fed without
supplementation of vitamin K @it K)
(12.5%) Figure 8.1.3c and (, 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 8.1.9. Larvae from control and taurine
diets did not show granulomas. Larvae with
granulomes were stained with Zidkeelsen
technique for Mycobacteria detection i
negative for all cases (absence of alcedmitl
resistant bacillugrigure 8.1.3. el and €2

or AStage b0 MPtaamge omlad i gr a mel d ma
0 g r an uak fedmathout nitaminhKesupplemergation digt\@& IK)a(10x). d.
the 1

ver of -Vit&r(l0®.el.f ed

(40x) ande2. (10x) gaining with ZiehiNeelsen technique,rgnuloma in the liveof larvae fed without

vitamin K supplementation diet (€it 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, Grif@and CVit A diets, 45% for larvae fed
C-Vit K diet and 38% for larvae fed-®it D diet. The index of severe anomalies among groups varied from
1.5% for larvae fed C+Taurine diet, 1.4% for larvae fediCD diet, 1.3% for larvae fed it K and G Vit

A diets to 1.2% for Control larvae,

but without significant differences

607 among groups.

507 Severe anomalies of hemal vertebra
40 - were quite common among groups

(32.7%), followed by prédemal

30 A u Contro

oo 1, (13.7%) and caudal vertebra (9.6%)

201 SR (Figure 8.1.4. Anal fin (12.5%)
10 Gk shoved higher anomalies than
0 “evieD caudal fin (0.1%). Malformations
I S ST S R - CVieA involving spines and rays were very
@@ﬁq’%»@@,@ Q\?‘Q’ Q_\\@Q Q@S & \é*(‘k Qﬁ common in all groups of larvae,
@g\ T P ¥ & @& 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 larvawith different anomalies in each experimental diet (33dah). (C
control diet; C+Taurine control with taurine supplementationVilCK control without vitamin K
supplementation; &/it D control without vitamin D supplementation;-\it A control without vitanin 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) (4%DW) and palmitic acid (16:0) (3.9%DW) acideaple 8.18) and

high in monosaturated acids (MUFA) (4.1%DW), particularly oleic acid (:8)1{1.5%DW). The levels of

n-3 PUFA (5.9%DW) were highest thar6nPUFA (0.4%DW) for all diets, and subsequentlg th3/n-6

PUFA ratio was high (13.4%DW). Standing out the fatty acids eicosapentaenoic acid (EPA3)28nsh
docosahexanoic acid (DHA, 22:@) as the 8 fatty acids found in highest levels (2.6 and 2.6 %dw,
respectively) for all dietsTiable 8.18).

Despite dietary lipids levels were similar among diets, larvae fed without supplementation of vitamin K (C
Vit K) and vitamin D (GVit D) tended to increase larval total lipid contentsalfle 8.19), and a significant

positive correlation between larvagitis and body weight at 33 dah (y=0.38%x 4 6 2 1, R] =0. 8
found.

The total saturated fatty acids, specially stearic acid (18:0), total monounsaturated acids, specially oleic acid
(18:1n9) were higher in the initial larvae than those of the expeitahgnoups Table 8.19). 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 (GVit D) (3.2%DW and 3.0%DW respectively) than those found in larvae fed
C+Taurire and GVit A (2.5%DW), although without significant differences with the control larvae.
Similarly, total amount of MUFA, especially 18-Bnwere highest in the larvae fed without supplementation

of vitamin K (G Vit K) and vitamin D (GVit D) than thoseof C+Taurine and &/it A.
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Table 8.18. Main fatty acid composition (% dw) of the early weaning diets usedetbléval meagre from
20 to 33 dah. (C control diet; C+Taurine control with taurine supplementatidit KK control without
vitamin K supplemetation; GVit D control without vitamin D supplementation;-\dt A control without
vitamin D supplementation).

Diets
C C+Taurine C-VitK C-VitD C-VitA
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 SAFA® 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 MUFAP 3.9 4.0 4.1 4.2 45
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 PUFA® 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 PUFAY 6.0 5.3 5.9 6.2 6.4
Total n-3LC PUFA® 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 8.19. Total lipid content and fatty acid composition (% dw) of whole body meagre larve (33 dah)
feeding on diets (C control diet; Cauirine control with taurine supplementationV& K control without
vitamin K supplementation; @it D control without vitamin D supplementation;-\t A control without
vitamin D supplementation).

Diets

Initial . . . .

larvae C C+Taurine C-VitK C-VitD C-VitA
Lipids 14 281 13.2aN 12 08N 15 .0ZN 14 08N 12 14N
14:0 0.10.0  0.3\0.¢™° 0.180.1¢ 0.480.0% 0.3%0.¢°" 0.20.0°
16:0 2.780.1 2.8M0.12° 2.500.2 3.200.2° 3.000.¢0° 2.500.1°
18:0 1.8\0.2 1.080.1 1.080.1 1.0N0.1 0.980.0 0.9%0.1
20:0 0.180.0 0.180.0 0.180.0 0.180.0 0.180.0 0.180.0
Total SAFA? 4.900.3 4.200.2° 3.700.4 4.7M0.3° 4.300.1° 3.7M0.3
16:1n-7 0.680.0 0.480.0°" 0.3\0.1° 0.580.0° 0.580.0°° 0.3%0.2%
18:1n-9 2.280.1 1.3%0.0*° 1.280.0% 1.580.1° 1.480.0° 1.200.0%
20:1n-7 0.3%0.0 0.3%0.0°° 0.2N0.¢% 0.3%0.0° 0.3%0.0° 0.280.0%
22:1n-9 0.180.0 0.180.0 0.180.0 0.180.0 0.180.0 0.180.0
Total MUFAP 4.200.1 2.8\0.1%° 2.5\0.12 3.20.1¢ 3.0N0.1°¢ 2.500.2
18:2n-6 1.70.0 0.280.0 0.280.0 0.280.0 0.280.0 0.280.0
20:4n-6 0.480.0 0.280.0 0.280.0 0.280.0 0.280.0 0.280.0
Total n-6 PUFA® 2.5\0.0 0.580.1 0.680.0 0.680.0 0.580.0 0.580.0
18:3n-3 0.3\0.0 0.180.0 0.1N0.0 0.1N0.0 0.1N0.0 0.1N0.0
18:4n-3 0.18D.0 0.1N0.0 0.1N0.0 0.2N0.0 0.1N0.0 0.1N0.0
20:4n-3 0.18D.0 0.1N0.0 0.0N0.0 0.1N0.0 0.1N0.0 0.1N0.0
20:5n-3 0.4R0.0 1.500.1% 1.480.7% 1.900.1° 1.800.1° 1.500. 20
22:5n-3 0.280.0 0.280.0 0.280.0 0.280.0 0.280.0 0.280.0
22:6n-3 1.6M0.1 3.3%0.0 3.480.2 3.6M0.4 3.680.1 3.480.2
Total n-3 PUFA® 25KD.2 5.3\0.1%° 5.200.2 6.180.2° 6.080.1%" 5.480.3"
Total n-3LC PUFA®  2.1N0.0 5.180.12 5.1N0.3 5.8\0.5° 5.8N0.2° 5.280.4%°
Total PUFA 5102  5.8%0.1° 5.8\0.2* 6.680.2 6.580.1° 5.980.3"
n-3/n-6 PUFA 1.080.1 9.780.1 9.0N0.2 10.5%0.2 11.180.1 10.30.3
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Total n6 PUFA contents especially linoleic acid (1&2n6) were highest in the initial larvae and
consequently higher than those of the experimental grolgisg 8.19). Levels were but similar among
larvae fed the different diets at 8&h. On the contrary, the totat® PUFA content was lowest in initia
larvae (2.5%DW) mainly by reduction of levels oEPA (0.4% DW) and DHA (1.6% DW), and
subsequently the-8/n-6 PUFA ratio was lower (1.09W) than those of the experiment group&mong

larvae fed experimental diets, those feeding thé&t@ and G Vit D diets increased significantly the lewsl
EPA(1.9%DW and 1.8%DW, respectively), and additionally these feeding groups tended to increase total
n-3 PUFA, r3 LC PUFA and m3/n6 PUFA ratio, although for this ratio without significant differences.
Newertheless, an increase of larvae 2236n ¢ o n't e W) condpared ith the initial larval level (1.6%
DW) was found regardless of the different diets.

Deviations from Annex | and their impact:

Therewereno deviatios from the Annex |
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WP9 Nutrition ¢ greater amberjack

WP No: 9 WP Lead beneficiary: P2.FCPCT

WP Title (from

DOW): Nutrition 7 Greater amberjack

Other beneficiaries

(from DOW): P1. HMRC P8. IEO P15. ULL P20. SARC

P28. CANEXMAR

Lead Scientist preparing

the Report (WP leader): Marisol Izquierdo

Other Scientists| Yannis Kotzamanis (P1), Jerez Salvador (P8), Covadonga Rodriguez (P15),
participating: | Font ani |l l as (P20), Raf a edPala@Gasi(P2)a o ( H

Objectives

1. Improve of larval enrichment productsaonhance production of larvae and juvenile,
2. Develop diets for growsut 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 Remrting Period (1-12 Mo):

To improve larval enrichment products for greater amberjack, an experiment was conducted with larvae fed
Artemiaenriched with five levels of the essential docosahexaenoic acid (DHA) (Task 9.1.1).
1 The lowest DHA content in the ension lead to poor survivatotal length and body weight.
1 DHA levels in theArtemiaup to 2% produced the highest survivatal length, body weight and
fish welfare.
1 Excess levels of DHA were toxic for amberjack larvae and reduced growth.
1 Increasen 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.
1 Increased DHA content over 2%Amemiaincreased cranial anomalies.
The results demonstrateéhe importance of adequate levels of DHA in enrichment producisrfemia (1-
2% DHA) to prevent bone malformations and promote maximum growth and durvgr@ater amberjack.

To examinethe combined effeadf PUFAcrich lipids and carotenoids (Ta$k1.2), 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 widreatit sources and levels of
LC-PUFA richlipids. A range of lipid sources mainly rich in polar lipids (PL) (E1), triacylglycerols (TAG)
(E3), or a mixture of them (E2)as used.
1 Treatments E1 and E3 produced similar survival than the commercial p@Juwhereas treatment
E2 produced lowerusvival.
1 Overall, the experimental treatment E1 showed the best results in terms of survival and ovigerous
females in the rotifer population
9 Longer enrichment protocols and higher total lipid levels in ratifacreased the proportions of
TAG.
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The resllts indicate that rotifer enrichment treatment E1 (100% marine lecithin) is the best protocot for LC
PUFA enrichment according to the lipid composition of wild greater amberjack viable &ggachieve
objective 3, information on the nutritional requiremts and spawning quality determination in greater
amberjack and related species were collected in order to defrasal diet formulation for amberjack
broodstock (Task 9.3).

Summary of progress towards obgctives and details foreach task (3-30 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 regduction and egg availabilitySpecifically, enrichment products were
improved by determining the optimum EPA levels, a trial on the effect of nutritionally enhgrmedut

diets on juvenile performance has been cetetl and another one tried to impeobroodstock 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 dietermne the optimum levels of specificinients that have been suggested

to be particularly important for the larvae of this and of®eriolaspecies such as essential fatty acids and
carotenoidsThe results of the task allowed to produce a list of themapti 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
performancewelfare, fatty acid analysis, ligiclasses, and carotenoid profiles of enrichment products, live
preys and larvae were studied. These results have been complied in Deliveralfler8.iulivdescription of

the work and results is provided.

Sub-task 9.1.1 (FCPCT, Matrisol Izquierdo)

During this reporting period the optimum levels in enrichment products for live preggdater amberjack

of eicosapentaenoic acid (EPA), an essential fatty acid, was investigatedewere fed different levels of
essential fatty acids and ratios prepargdP2. 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 fattyoagmbsition of
enrichment products, live preys and larvae was analyzed.

At 17 days post hatching (dph), a total of 1000 I
weight2. 94 N 0.57 mg) were randoml yof @d04 tapacity. MWaterd | n
exchange was gradually increased from 0.80 [+tan 19 dph to 1.6 | mid at 25 dph and finally to 3.3 |

min'! from 30 dph to the end of the feeding trial. Avexagawater temperature and dissolved oxygen during
this period were 24.15 N 0.35AC and 6. %pbetheed . 41
rotifers (unenriched) andirtemia with a gradual reduction in the amounts of rotifers from %5000

i ndi v i'ldnda prégsessive increase on enriche@miafrom 125 500 individuals'*. From 23 to 35

dph, larvae were fed exclusively wigimrichedArtemiafrom one of the five dietary treatments.

In order to determine the optimum dietary EPA requirement for greater amberjack larvaeAttema
feeding stage, five experimental emulsions, which varied in the EPA conte®@®d)) were fomulated.
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 Acitl(8igmaAldrich; 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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l inoleic acid (18:2nT1 6, L A) Iranadditiont to prevent ttee oxadatiort o6 o f
high DHA levels, experimental emulsions were fortified with 3000 md kizamin E (DL-U-tocopherol

acetate, Siga-Aldrich, Madrid, Spain) and 2500 mg kgitamin C (L-ascorbic acid, Asc, Sigmaldrich) .

Once prepared, emul s i onGuntvased Threa sampkesiof each experifmentald g e
emulsion collected along the experimentdttwere analyzed to determine fatty acid compositi@ble

9.1.1). ForArtemiaenrichment, 1.1 ml of each experimental emulsion was mixed with 100 ml offedsh

with a stirrer for 1 minute and added to allfeaker filled with seawater and providedth aeration and

oxygen supply.Enrichment time (18 hours) and density (150 ind#)mbere equal for all the experimental
emulsions assayed. Temperatureands ni ty during enri'thment were 28U

Table 9.1.1.Selected fatty acid contents (pentage 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
16:1n-7 0.76 0.81 0.88 0.89 0.87
18:00 3.14 2.54 2.25 1.72 0.41
18:1n-9 72.13 55.84 47.13 34.06 3.94
18:1n-7 1.40 1.46 1.33 1.16 0.94
18:2n-6 7.80 6.14 5.16 4.05 1.96
18:3n-3 0.67 0.65 0.64 0.66 1.18
20:1n-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
ARAJEPA 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 6.66 058
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

All larval sampling were carried out randomly from the experimental tankstal length was measured
usinga profile projector (Mitutoyo RA3000, Kanagawa, Japan) and fresh body weight of 30 larvae/tank
was determined initially (17 dph) and at &ah.

Larval survival was calculated by daily counting of dead larvae from 17amphby counting all the
remaining alive larvae at the end of the experiment. Thirty larvae peat@tkdph 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. Surval 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 evaluateesitednomalies occurrence. Different regions of

the axial column were identified and divided. Obs#ions were performed on the right side of the stained
samples under a stereomicroscope. The numerical data set obtained was processed to calculae fiocidenc
each descriptor (anomaly typology) and treatment.
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One final sample of larvae was collectednfr each experimental tank at 35 dph. Besides, 5 g of each
experimental emulsion of recently hatch&demia and enrichedArtemia were stored. All samples wne

flushed with N and kept frozenaB 0 AC unt i | a n & Toyaldipids wenesestracteand fatly e d o u
acids prepared by tramtherification. Separation and identification of the fatty acids was realized with gas
chromatography (GC) (GC TERMBINNIGAN FUCUS GC, Milan, Italia). Dry matter, ash and protein
content were also calculated.

Resuls

Artemia enriched with differen experimental emulsionsFig. 9.1.0 resulted in five enrichedirtemia
treatments Kigure 9.1.9. The EPA content imArtemia was directly correlated to EPA content in the
experimental emulsion ramgg from 1.08 to 22.9 %;T@able 9.1.9, other fatty acids such as DHA (range
0.143.01 % TFA), ARA (range 0.39.72 % TFA) and total48 HUFA (range 3.24€9.07 % TFA) were also
diredly correlated with their emulsion content.

100

EE ARA
I EPA
I DHA

809" 3 n3HUFA

% TFA

40 1

20 A

EPA-0 EPA-1 EPA-2 EPA-3 EPA-4

Figure 9.1.1.Fatty acids content (percentage of té&ly acids) in the experimental emulsions.

Figure 9.1.2.Increase in fatty acids composition (EPA, DHA, ARA and totd KIUFA; in %TFA) of
Artemia nawplii 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
di fferences (ANOVA (P 00.05); Tukeyods HSD).
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