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SUMMARY

This 3¢ Workshop on the Cultivation of Soles was agair le¢|CIFPA El Torufio (Spain). There was strong
representation among the 46 participants from tHwhresearch and commercial sectors and althounylit &lvo
thirds were from Spain five other European countrigth active interests in sole farming were repnésd. The
main focus was on disease and reproduction siresethre currently the most important constraintgien
commercialisation of these species.

Pasteurellosis, vibriosis and flexibacteriosis ourd to be the diseases which have the greatesicimjiough
there were some geographical variations in thevglence linked to water temperature. Viral dissase not
yet of major importance but have the potentialéodime so in the future. Advances in the development
probiotics , immuno-modulators and vaccines sugtesteffective methods of combating these diseamsgsbe
available in the short to medium term. The valueediucing stress through improved husbandry anisys
design was also emphasised. It is perhaps signiftoanote that disease problems were of lessarggin a
recirculation system that allowed much greater mbmtver environmental conditions than open flowstsyns.

Problems with egg supply have eased consideraliheitast 2 years with eggs becoming available fnoamy
research and commercial sites, though large vanaiin both fecundity and fertilisation rate chéesise
production. A solitary report of fertilised egg gretion from F1 stock reared on formulated feed alas
encouraging. Fundamental studies of maturatiohese species will underpin these developments and
contribute to greater levels of consistency inftitare.

An additional session provided examples of on-goesgarch that will contribute in other importaratys to the
provision of a sound scientific basis to suppoetdievelopment of the industry. The contributiongered a
range of diverse subjects including the synchrdinisaf reproductive systems, feeding and nutritigrowth
and size variation, and genomics and proteomics.

During a final wash-up session, industry represamts presented their views as to the conditioas should be
provided in production systems as well as theiwgien priorities for research. There was a germmasensus
that such meetings were of considerable valueditititing the rapid dissemination of informationca
providing a forum for debating current issues wigohld influence both commercial practice and retea
priorities. It was also agreed that some thougbukhbe given to establishing a mechanism for cwiirig this
networking in between meetings.

INTRODUCTION

improvement in the problem of egg supply has
Almost four years ago (February 2002) deen reported, but disease continues to be a
workshop on the Cultivation of Soles was held anajor problem at almost all production sites with
CEFAS’ Weymouth Laboratory (UK) to reviewmajor  fish losses threatening the
the current status of these species againstc@mmercialisation of what are considered to be
background of increasing commercial interespotentially important aquaculture species. These
The ‘expert’ group of invited practitioners fromcontinuing problems generated the momentum
the commercial and research sectors criticalfi@r this third workshop. Bari Howell undertook to
examined each phase of production and identifigdke the lead in organising and chairing the
areas of weakness that required further reseangteeting in consultation with Richard Prickett,
and development. This proved to be an effectiiéedro Cafavate and Luis Conceigao.
method of spreading good practice as well as a
means of focussing on specific problems an@IFPA El Torufio again generously offered to
their possible solutions. host the meeting, on this occasion in their

splendid new  state-of-the-art  conference
By popular demand, a second workshop was heflcilities. The meeting was attended by 46
in the autumn of 2003 at the facilities of CICEMparticipants from both the research (59%) and
(now CIFPA), El Torufio (Spain) to focus on eggommercial ~ (41%)  communities.  Not
production and disease, the two areas that wesgrprisingly, Spanish participants outnumbered
proving to be the greatest obstacles tthe rest by about 2 to 1, but five other European
commercial progress. Since then, someountries were represented (Greece, Holland,



Norway, Portugal and the UK). With this mix ofduring the discussion of these presentations but
nationality and background the Workshoghese are complimented by short abstracts of the
represented a good cross-section of Europepresentations appended to the report, grouped by
interests in the culture of these species. subject area in the order of presentation.

The purpose of the meeting wés review the DISEASE
current status of commercial experience and

corresponding research in key areas of thgjsease record forms, based on those used at the
cultivation of soles and to provide informationogos meeting, were again used to assess the
that would guide the future actions of bothecent relative prevalence of diseases among
sectors cultured stocks of soles both in production and
_ _ research facilities. The returned forms (8 &r
The primary area of concern was disease and thgnegalensigind 2 forS. solel confirmed that
whole of the first day of the two-day meeting wapasteurellosis, Vibriosis and Flexibacteriosis
dedicated to that subject. A review ofBpN and Tail Rot) remain the major causes of
reproduction occupied morning of the seconggrtalities among cultured stock.
day. The final afternoon included a group of
presentations on other important areas of scienge 5qdition to the record forms submitted from
that will help to underpin the future of thiSingiviqual sites, Carlos Zarza submitted a
developing industry. The workshop closed after gmpilation based on diseases from a number of
wash-up session during which the participani§ites around the Iberian coastline. This catalogue
from industry presented their views on researc giseases, which includes all the major diseases
priorities and the rearing requirements of b8th yeferred to in the individual submissions, is
senegalensisand S. solea and a general jncluded in the report as Appendix 1.
discussion of the importance of networking
through meetings such as this. The session on disease comprised presentations
) ) ~on both diagnosis and prevalence of disease as
The core of the meeting comprised presentatiofg|| as on prevention and control (Appendix 3A).
from both commercial producers and specialistsne main conclusions that emerged following the

in the key subject areas. These provided a gogghcussion of these presentations are shown in the
overview of recent industry experience an@ox pelow:

advances in the key research areas. This report
consists of the general conclusions that emerged

DISEASE SESSION: CONCLUSIONS

1. Reports of opportunistic diseases confirmed thairaber of diseases remain prevalent
and are a significant threat to progress toward<timmercialisation of botBolea
senegalensiandS. soleaDiseases of particular significance include past#osis,
vibriosis and flexibacteriosis.

2. Pasteurellosis, a particularly intransigent coodititends to be restricted to
Mediterranean locations where water temperatuehigher and proximity to
susceptible species such as sea bream is morg likdbcations on the Atlantic coast
(i.e. lower temperature) diseases causetidnacibaculunfFlexibacteriosis) were more
prominent.

3. Although viral diseases have not yet achieved thenmence of bacterial diseases, Virgl
Nervous Necrosis (Nodavirus) has been detectedl@s $n the UK, Italy and possibly
Spain. Other viruses have been isolated frsenegalensend characterised.

4. In contrast to most farming locations, these diseagere reported to be relatively
unimportant in a recirculation facility housigg solegone site). In this situation other




infestations, such as ciliates and dinoflagelldieked to the biofiltration system had
caused some relatively minor problems.

5. It was clear from other reports that specialisbueses at a number of centres of
excellence have been mobilised to develop methmdsréventing and/or controlling
such disease outbreaks. Reports were receivedsiiivpaesults on the use of probiotics
and immuno-modulators which demonstrated signifigdmproved survival in
controlled challenge tests.

6. The potential of vaccines was also emphasised.iNMeg@against pasteurellosis, are
licensed for sea bass (Greece). There is a nasdgl/edop vaccination protocols and
vaccination regimes that fit with disease dynarmmcsole. By optimal vaccination
protocols, asignificant reduction of mortality should be obth helping the industry
becoming more sustainable. It may however, beatiffito eradicate the pasteurellosis
from sole production.

7. ltwas also felt that there was considerable séopenprovement through better
husbandry techniques. particular, greater consideration should be gieetine
specific requirements of the species arising frismocturnal behaviour, mode of
feeding and environmental requirements. The ne@udpoove juvenile quality, as
well as the quality of eggs on which hatchery opens depended, was also
emphasised. The longer term effects of rearing itlongd were recognised. In th|s
context it was felt that extensive pond-rearingldqrovide a valuable method ¢
benchmarking intensive rearing methods.

=

8. It was considered important that systems shoulddveloped in parallel with
husbandry methods that take full account of theatttaristics of the target
species.

9. With regard to future commercial developments,rgjrimterest was expressed i
the use of recirculation systems which alloweddyetontrol of key
environmental conditions (e.g. temperature) aneseicurity than open flow
systems. However, the view was expressed thatsistbms are not yet fully
reliable and potential problems may not have alydmbn appreciated.
Alternatively, the use of ground water when avddabkas also considered to be
desirable.

=)

10. Finally, the value of sharing information of botlp@sitive and negative nature in
promoting the development of the industry was emisieal.

REPRODUCTION because their importance had not been

recognised. Temperature stability during
As for disease, the record formsspawning may be one such factor. The
developed during the 2003 Workshogompilations of the returned forms are
were distributed to participants prior tashown forSolea senegalensadS solea
the meeting. These were devised to alloimm Appendices 2A and 2B respectively
conditions which allow successfulwhere the conditions experienced can be
spawning to be identified. It should becompared with the ‘success conditions’
remembered, however, that some keigdentified from the records submitted in
factors may not have been include@003.



successful spawning to provide a reliable
SOLEA SENEGALENSIS benchmark and so comparison was made
In general, natural production ofwith historic data from Conwy (UK) and
fertilised eggs ofS. senegalensis now Brest (France). These are reproduced in
being achieved at a much larger numbehis table for comparison with the
of sites than in 2003 though the annualontemporary data.
relative fecundity varies widely. An
important advance since 2003 is thé&ertilised eggs were produced in all cases
production of fertilised eggs from Flat a level that was within historic levels,
stock at EI Torufo. Of additionalthough these tend to be below the norm
significance is the fact that this wador S. senegalensisIt is perhaps
achieved from a stock exclusively fed orsignificant that in none of these cases did

a formulated feed. the factors that may have been
responsible for spawning failure in 2003
Fertilised egg production inapply. These were high winter

S. senegalensisvas achieved from atemperatures (>f£), high summer

number of sites other than those include@mperatures (>28), high stocking

in Appendix 2A. The methods and resultslensities, and the use of formulated feeds

for these were described in theand reared (rather than wild) fish.

presentations (Appendix 3B). The main conclusions from the session
are shown in the box below:

SOLEA SOLEA

Records for two sites working with.

solea are shown in Appendix 3B. In

2003, there were insufficient examples of

REPRODUCTION SESSION: CONCLUSIONS

1. Within the last three years, natural reproductibwitd caught Senegal sole
breeders has extended from a small number oftiasilio several other facilities
around Spain and Portugal. Egg production is ngented to occur in at least
nine facilities dedicated to both research and gpctdn.

2. The application of controlled water temperaturetihations were described as the
main triggering factor to successfully obtain veabpawning fronSolea
senegalensikeld in captivity. However, water temperature sisdttion at 18°C
after pre-conditioning at lower or higher tempera$, was used in one facility a
a procedure to regulate the timing for spawning.

(7]

3. Despite the generalised success in spawnir®) sénegalensignportant
differences in fecundity and fertilization still@a between hatcheries.
Noticeably, different husbandry conditions togetivéh different origin and
physiological status of breeders are likely todsponsible for such differences

4. Previously, egg production from first generatiod)Feared fish had not been
reported, but importantly on this occasion, theas wne report of naturally
produced fertilized eggs from this type of fishttms instance, similar
fertilization rates but lower fecundity and spawmnirequency than wild breeder
were observed. The use of formulated feeds withgtock also importantly
demonstrates that the use of natural feeds fordstooks is not obligatory.

[v2)




5. In one facility, doubling the male to female rato2:1 did not affect egg
fertilization, but increased fecundity. Howeveroiier facility a 1:1 sex ratio
was preferred.

6. From sexual hormone analysis, it has been propbsgedanuary seems to be a
sensitive period for temperature conditioning fobsequent gonadal
development 08. senegalensis

7. S. solea1 males were found not to complete spermatogenasibably due to
lower levels of 11kT and a block at the spermatigs. It was postulated that th
might have been caused by the nature of the anewnnglerature cycle.

S

8. Different experiments focusing on hormonal theragiave indicated the null
effects of using gonadotropin-releasing hormonesitaessfully induce
spawning inS. senegalensi©n the other hand, fertilized eggs were repaited
be produced for the first time from F1 breedersdted with human chorionic
gonadotropin.

9. Strong social interactions within a breeding tardtevsuggested after micro-
satellite parentage assignment of larval off-spthmgughout a yearly cycle. It
was estimated that a 47% reduction of the effegaulation size occurred in
just one generation.

OTHER ASPECTS

Disease and reproduction are the curremtho have challenging task of solving
bottlenecks to commercial productionyearing problems on a scale that would
but there are numerous other aspects pfove economically, as well as
rearing that require research to provide #chnically, viable. It was appropriate,
sound scientific  basis for thetherefore, that the participants from
development of rearing methods as @dustry were given the opportunity to
whole. The presentations received in thisnd the Workshop by giving their
session provided four examples of théhoughts on the current issues and future
valuable work being undertaken in somelirections of the industry. They did this
of these other areas (Appendix 3C). by presenting, through Richard Prickett,
their revised view of the conditions under
which sole should be grown and their
FINAL DISCUSSION perceived priorities for research. These
are shown below.
The momentum for the Workshop largely
came from the commercial producers



INDUSTRY VIEW OF CONDITIONS REQUIRED FOR SUCCESSFUL CULTURE OF SOLES

S. senegalensis

S. solea

System

Recirc. / Open Borehole

Recirc. / Open Borehole

Optimum Temp9C)

21(to avoid disease)

18

Minimum Temp {C) 14 (8) 10 (5)

Maximum Temp {C) 26 (30) 22 (26)

Salinity 25-35 25-35

Light lux 50-200 50-200

Photoperiod Natural (similar in Natural (similar in
buildings) buildings)

Tank type Shallow raceways Shallow raceways (<35cms
(<35cms)

Tank colour Light & dark Light

Density (maximum) 15-25kg/m2 15-25kg/m2

Feed

High quality turbot feed

High quality turbot feed

FCR 1-3:1(1:1 in trials) 1-3:1(1:1 in trials)
Protein 50% 50%
Fat 15-18% 15-18%

Feeding regime

80% fed at night/feed 2-4

80% fed at night/feed 2-4

hrs. hrs.
Grading 3-5 times (5g-3509) 3-5 times (5g-3509)
Cleaning Tank flushing Tank flushing
Culling 10-30% of fry before 10g | 10-30% of fry before 10g
Substrate No No




INDUSTRY’S PRIORITIES FOR FUTURE RESEARCH

Spawning F1 broodstock & protocols

Protocols for all year spawning

‘Bench marking’ juvenile quality using pond reanesihatchery reared fry
Feed quality

Management of sole in recirculation systems

Vaccine development for Flexibacter & Pasteurella

Study on development of the immune response in sole

Studies on the use of probiotics and immuno-madifie

Before the Workshop was finally closedalong the lines discussed and present
many participants spoke of the value ofhem to the participants of this workshop
maintaining the networking that thisin due course. The organizer of the
series of workshops had instigated as Workshop (Bari Howell) also agreed to
means of discussing common problempublicise the workshop by submitting an
and sharing information. Many felt wearticle to the EAS for publication in
should not only plan for a further Aquaculture Europe.

workshop in two years time but also

consider other means of maintaining our

exchanges in the intervening periordACKNOWLEDGEMENTS

perhaps, for example, through a website.

No specific way forward was agreed, buwWe sincerely thank the Director and staff
during the later hours of the evening aef CIFPA El Toruiio for making their
the post-workshop refreshments werexcellent facilities available to us but
taking their effect those of us involved inalso for their generosity in feeding and
the organization of this workshoprefreshing us throughout the meeting.
undertook to develop specific proposals



APPENDIX 1

DISEASE INCIDENTS AMONG CULTURED SOLES (compiled by Zarza)

Incident 1 Incident 2
Sole speciesSen or Sql SEN SEN
Disease name (if known) Pasteurelosis Vibriosis

Causative agent (if known)

Photobacteriundamselaessppiscicida

Listonellaanguillarumserotype O2

Symptoms

Acute: Behaviour alteration, no lesions
Subacute-Chronic: Spleen granulomas

Haemorrhagic septicaemia

Possible source of infection (e.g. other spp) Water Water

Carrier species Carrier species
Origin of fish: wild (W) or reared (R) R R
Developmental stage(s) affected All Juveniles and adults
Approximate size of fish (g) 0,5-2,000 50-150
Severity (% population infected) 10-100 10-50
Impact (% mortality) 10-100 10-50
Duration of mortality (weeks) 2-3 2-3
Time of year All Winter
Water temperature at initiation 18 °C 12 °C
Other possible stressors (e.g. salinity, density) ovéients Movements

Treatment (if any)

Oral antibiotherapy
Temperature drop

Oral antibiotherapy

Effectiveness

Key for success: Start quickly
Frequent relapses & resistances of
antibiotics

Key for success: Start quickly
Frequent relapses

Other comment

Poor effectiveness of vaccinesarfitid
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Incident 3

Incident 4

Sole speciesSen or Sql

SEN

SEN

Disease name (if known)

Tail Rot / Flexibacteriosis

Black Patch Necrosis

Causative agent (if known)

Tenacibaculunmaritimum

Tenacibaculunmaritimum &
Vibrio sp (secondary)

Symptoms

Erosion and deep ulcer in caudal fin

Erosion aidnslon skin

Possible source of infection (e.g. other spp)

Wéiteediment

Water & sediment

Origin of fish: wild (W) or reared (R) R R
Developmental stage(s) affected Fry and Juvenile verdile and Adult
Approximate size of fish (Q) 0,2-5 10 to markezesi
Severity (% population infected) 25-100 1-25

Impact (% mortality) 25-100 1-25

Duration of mortality (weeks) Continuous 2-4

Time of year All All

Water temperature at initiation 18°C 14 °C

Other possible stressors (e.g. salinity, density) | nstible environment Movements

Poor management & hygiene

Poor management & hygiene

Treatment (if any)

Baths with disinfectants / Aiiiics
Oral antibiotherapy

Baths with disinfectants / Antibiotics
Oral antibiotherapy

Effectiveness

Poor

Key for success: Start quickly

Other comment

11



Incident 5

Incident 6

Sole speciesSen or Sql

SEN

SEN

Disease name (if known)

Bacterial Enteropathy

External Protozoan Infections

Causative agent (if known)

Unidentified bacteria

Cryptocaryon irritans
Amyloodinum ocellatum

Symptoms

Abdominal swelling
Haemorrhagic gastroenteritis

Behaviour alterations, irritation
Sudden mortality

Possible source of infection (e.g. other spp)

Wéiteediment

Water & sediment
Carrier species

Origin of fish: wild (W) or reared (R) R R
Developmental stage(s) affected Juveniles & adults All

Approximate size of fish (Q) 100 to market size Erynarket size
Severity (% population infected) 0,5-5 5-100

Impact (% mortality) 0,5-5 5-100

Duration of mortality (weeks) 2-3 2-3

Time of year Summer Summer

Water temperature at initiation 25°C 20 °C

Other possible stressors (e.g. salinity, density)

oorRvater quality

Water recirculation

Treatment (if any)

Oral antibiotherapy

Bath witlsidfectants

Effectiveness

Good
Frequent relapses

Key for success: Start quickly

Other comment
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Incident 7

Incident 8

Sole speciesSen or Sql

SEN

SEN

Disease name (if known)

Erythrocitic Inclusion Body Syndrome

Fat Cell Necresis Syndrome

Causative agent (if known)

Viral (?)

Metabolic/ntiomal alteration during
the weaning period

Symptoms

Chronic mortality
External haemorrhagic lesions

Yellowish areas under dorsal & anal fir

Possible source of infection (e.g. other spp)

Origin of fish: wild (W) or reared (R) W R
Developmental stage(s) affected Broodstock Juvenile
Approximate size of fish (g) 500-2,000 5-100
Severity (% population infected) 75-100 0,5-2

Impact (% mortality)

Just with secondary infectioxgorio sp
& T.maritimum

Just with secondary infectiongibrio sp
& T.maritimum

Duration of mortality (weeks) Continuous 2-6
Time of year Winter All
Water temperature at initiation 12 °C 16 °C

Other possible stressors (e.g. salinity, densit

y)exudl maduration

Transfer of fish from the hatgherthe
nursery, direct sunlight

Treatment (if any)

Treatment of secondary infecion

Bath with disinfectants
Immunostimulants

Effectiveness

Generally, all affected fish will die

Other comment

13



APPENDIX 2A: BROODSTOCK RECORDS FOR SOLEA SENEGALENSIS
Dark blue shading represents the range of conditimer which successful spawning was reporte@®32yellow shading indicates successful produatibfertilised eggs
and light blue shading indicates no fertilised prcttbn.

Company EL TORURNG[EL TORUNS]  Culmarex [EL TORUNO[EL TORUNGO| CUPIMAR ICMAN
Tank MATURAL | CLOSED Endm STAELE Fi
HOLDING STRUCTURES
Tarks (T) or ponds (P T T T T T T T
If tanks, material &.9. GAP, concrete, lined. GRP GRP GRP/Concrats GRP GRP Fiber Glags | Filwegaszs
Rourd (R) or rectangular (E} R E R E E E E
Diameter of length = breadth {m) ] 25 7.5 L2 EX2 20 Gx2
‘Water dapth (m) 1 1 1 1 1 0.8 0.5
Volurne (m3) 25 15 45 11 12 12 5
Substrate 2.g. sand, mud, graval (Yes'No) N 2] M i N M N
FISH STOCK
Criginwild (W) or reared (R) W W W W R G0 W R
'Wild figh - years in captivity &7 5 1 4 1-8
Reared fish - age (years) 3 4-8 T
Mean wsight of fermales kgl 2-21 1.5-1.9 0.7 1.8-2.1 0.5-1.5 1.6 1.5
Mean waight of malas (k) 1.41.8 1.1-1.3 0.4 1.2-1.4 0.4-0.8 1.4 1.2
Stock density (numbser of fish 7 m2) 0.8-1.3 0.7-0.8 1.27 1.3-1.5 1-4 12156 2
Numbssr of malkes  famals [L.6-1.6 1.1-1.8 117 2527 E7-1.1 1 14
ABIOTIC FACTORS
Annual tsmperabire - magimum 22 1921 24 21-22 22 23 20
Annual tlemperaburs - minimum 10-12 10-12 10 17-14 10-12 i 10
‘Weeks below 13C 2-4 0-8 7 1 2-4 & 7
Tempsrature range during spawning 13-23 14-21 17.5-21.5 14-21.5 13-23 1519 -
Salinity range (oo 25-40 24-40 34 27-40 25-40 30-38 33-35
Light natural (M} ar artificial (A) N ] N ] N N N
Artifizial light: intensity at sufacs () 100-200

natural photopsriod (wn ¥ W ki W i by
FOOD & FEEDING
Type - natural (M) or formulated (F} N M M M F M F
Feeding frequancy imealks / wh) [ [ [ ] [ &7 5
EGG PRODUCTION
Spawning: natural (M), artificial (A) M M i | M 5| -
Hormone induced (YesMo) N M M [ N M N
Ciate of first speaming Jan-Feb Jan-Feb Evd Mar ‘05 Falx Mar-Apr March -
Curation of spawming leeeks) 12-18 26-28 11 14 13-18 5 -
Fecundity (totalwt gl eags / kg female) 1400 [ 250 300 185 « 50 -
|Bucyant eggs (g / kg female) 200 < 30 -
Ferfilisation rate of busyant (total) eggs (%) Gd-B65 (8] | 48-52(40) B0 5d) 38-45 (41) 42-44 (43 20-50 -
Ferilised aggs{gl'kg female (relative daily fecundity) 840 (22.3) 204 (5.9) 160 123 (114} | 74 (10-14) < 15 -
% of days spawningiwithin the spawrning period) 54 a2 18 10-20 -

* Dhuring spaaming pericd
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APPENDIX 2B: BROODSTOCK RECORDS FOR SOLEA SOLEA

Shading as for Appendix 2A

15



APPENDIX 3A
ABSTRACTS OF PRESENTATIONS: DISEASE
(in order of presentation)

M AIN DISEASES OF SOLEA SENEGALENSISFARMED IN SPAIN

Carlos Zarza,
Fish Health Service, SKRETTING, Spain

A review of the main pathological problems affegtBolea senegalensiarmed in
Spain during the last 5 years is presented. Data wlgtained from clinical cases from
several farms along Mediterranean and Atlantic/&amt coasts. Samples were
studied using microbiological and histopathologieghniques.

Bacterial infections are the most important andudient problems during the on
growing period: Septicaemias, mainly Pasteurellasis Vibriosis, and Cutaneous
Ulcerative problems (“Black Patch Necrosis”) haveagute course and are difficult
to control. Often, outbreaks of these diseases sedma associated to horizontal
transmission from other fish species farmed insi®e facilities. Flexibacteriosis
(“Tail rot”) is the main cause of mortality durirtige fry rearing.

Other infectious problems, less frequent diagnoaezlbacterial enteropathies
associated to high water temperatures, protozotemret parasitosis caused by
Amyloodinun ocellaturandCryptocaryon irritansand disorders related to the
presence of intracytoplasmatic inclusion bodietheerythrocytes, with a probable
viral etiology. Some non-infectious problems, sush~at Cell Necrosis Syndrome,
were also recorded.

Monoculture specialization and development of gifechealth management
programs, including optimal husbandry and hygieaely diagnosis methods,
adequate therapy management and non-specific &edispmmunoprophylaxis, will
be necessary for a successful farmin@oliea senegalensis a near future.

EXPERIENCE WITH DISEASE IN A RECIRCULATION SYSTEM

Andries Kamstra
Solea BV, Holland

Abstract not available

VIRAL DISEASES AFFECTING CULTURED SOLE (SOLEA SENEGALENSIS IN SOUTHERN
SPAIN

Esther Garcia-Rosatjdvl. Carmen Alonsh Irene Cand Dolores Castro Manuel
Manchadé and Juan José Borrego

'Departamento de Microbiologia, Facultad de Ciencidriversidad de Malaga,
Campus Teatinos, Malaga, Spain.
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?Laboratorio de Identificacién de Especies Pesqugrasuicolas, C.I.F.P.A. El
Torufio, Consejeria de Innovacion, Ciencia y Emprésata de Andalucia, El Puerto
de Santa Maria, Cadiz, Spain.

The characterisation of viruses isolated from c¢eliusole Solea senegalensiand
the development of molecular techniques for thetedtion are described in this
study. Three different viruses have been isolatewoh fsole: (1) an iridovirus,
lymphocystis disease virus (LCDV); (2) an aquabiimss, sole aquabirnavirus and
(3) a putative betanodavirus.

LCDV diagnosis was based on a specific PCR. Trad igolate was then
characterised on the basis of biochemical and lygipal properties. In addition, the
susceptibility of several cell lines to this is@ditas been tested.

Rodriguez et al. (1997) isolated the etiologicaragf a disease affectir®@plea
senegalensighe sole aquabirnavirus. This virus provoke dankgnhyperactivity,
erratic swimming, and abnormal behaviour and islegically related to infectious
pancreatic necrosis virus (IPNV) Sp (Perez-Pri¢t.e2001). In this study, the sole
aquabirnavirus has been used for an experimeri&gtion in sole. The data showed
no mortality of the inoculated specimens, however-gsolation of the virus was
possible from several affected tissues. In addi@orn situ hybridisation (ISH)
technigue has been developed to detect sole agaabirs in infected fish cell lines,
using as probe a 613 bp cDNA coding for a fragnoétihe VP2 protein.

Recently, a putative betanodavirus has been isbfeten a sole specimen also
affected by a skin ulcer whe¥&brio harveyiwas isolated. Inoculation of the brain
and eye homogenates onto the SSN-1 cell line esbultthe rapid appearance of
evident CPE. The further characterisation of thaddte is being carried out.
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CHARACTERIZATION OF TENACIBACULUM MARITIMUM ISOLATED FROM SOLEA
SENEGALENSIS

Riaza Carcamo, Ana
Stolt Sea Farm, Spain

Abstract not available
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PATHOGENIC MICROORGANISMS AND PROPHYLACTIC STRATEGIES

Morifiigo, M.A & Chabrillon, Mariana
University of Malaga, Spain

The economic losses caused by bacterial, parasitioziral diseases indicate the need
to develop prophylactic strategies. Moreover, ienrto carry out an environmental-
friendly production of healthy sole it is importantconsider first prophylactic
strategies and limit the use of chemotherapeugntsgo a minimum. Among the
control strategies such as vaccines, and immunoktints, we have focused on the
use of probiotics as biological control agentsaduaculture, the term probiotic is
proposed to be a live microbial adjunct which haeaeficial effect on the host by
modifying the host-associated or ambient microbeahmunity, by ensuring
improved use of the feed or enhancing its nutraloralue, by enhancing the host
response towards disease, or by improving the tyualits ambient environment.
Nowadays a wide range of microorganisms obtainaa the host and the
environment have been evaluated and applied asgpicsbin aquaculture, such as
Gram-negative bacteri¥iprio, Pseudomonas, Aeromonasd Gram-positive
bacteria Bacillusand lactic acid bacteria), bacteriophages, yeastsinicellular
algae. Regarding to Senegalese sole, our groufpbiased on thén vitro selection of
potential probiotics obtained from the farmed fisltrobiota, based on their ability to
interfere with the adhesion of bacterial pathogarsh ag?hotobacterium damselae
subsppiscicidaandV. harveyi Thein vivo evaluation of the selected isolates have
shown that the oral administration of the isolatp®L, obtained from the skin of
gilthead seabream, exerts an interference effetdromed sole against both
pathogens.

EFFECT OF MANNAN OLIGOSACCHARIDES ON GUT MORPHOLOGY AND
PERFORMANCE IN WEANED SOLEA SENEGALENSIS.

John Sweetman
Alltech Aqua, Greece

It has been established that villi height is clgsmrrelated with the absorptive

surface in the Gl tract; the longer the villi tizeder the absorptive surface. The villi
are constantly exposed to stress (e.g bacteriaddpand therefore enterocytes die and
have to be replaced. The site of cell divisiorhis ¢rypt. The crypt can be regarded as
the villi factory. During diarrhea the villi get stter (much cell death). To counter act
the loss of cells the animal increases cell renandlthe crypt increases in depth.

Due to the increased crypt depth the energy angipreequired to maintain the gut is
increased. In addition, a gut with a high cell twer mainly consists of immature
enterocytes with are not very effective at adsorpti

In this study the ratio of the internal and extépeximeter is used as a measure to
asses gut condition the larger the ratio the b#teecondition. In this case the largest
ratios were seen in the Bio-Mos and Bio-Mos vadeida@roups . Further images
from scanning electron microscopy determined thatNBos had a more dense
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Microvili architecture. Damaged areas were betteitiolled by Bio-Mos in the
anterior part of the gut and by Vaccine in the Bast part. In addition performance
data showed a reduced mortality in the BioMos gsowpich was considerably lower
than those of the Vaccinated and control groups.

It can be concluded that Bio-Mos appears to exerennfluence on the anterior part
of the gut of sole promoting, elevated survivatreased gut absorptive area and more
dense microvili distribution with less damaged areethe anterior part of the gut

EFFECT OF PROBIOTIC PDP110ON ONGROWING OF SENEGAL SOLE SOLEA
SENEGALENSIS (KAUP, 1858)

Inés Garcia de La Bangd.obo C.}, Chereguini O, Morifiigo M.A 2, Chabrillén
M.?, Leén-Rubio J.M, Arijo S.? Linares F Pazos G, Moreno X., Mira J.R?,
Canteras J.C& Arce F?

! Spanish Institute of Oceanography, “El Bocal” CukuCentre, Barrio Corbanera
s/n CP 39012 Santander, Spain. E-mail: i.gbandai@ses

2 Department of Microbiology, Faculty of Sciencesjvérsity of Malaga

3 Centro de Investigaciéns Marifias. Vilanova de AmwPontevedra

“Ecological Area of Water and Environmental Scieras Technics. University of
Cantabria

® Pathological Anatomy Area. Marqués de Valdecillaivérsitary Hospital.
Cantabria

FAO estimates that more than 50% of seafood foraruoonsumption will be from
Aquaculture by 2025This fact may stimulate us to improve animal heahid
welfare to guarantee public health.

The Senegal sol8olea senegalensis a potential culture species in Southern Europe.
Although research in recent years has been foaus@uproving its production, more
research is required on ongrowing of juvenilessimch an optimal level for industrial
production.

The use of probiotics has become one of the biogbsitrategies to fight against fish
diseases, contributing to a better fish nutritiad &ealth and improving production in
terms of quality and quantity.

Two studies were performed in the El Bocal Fisht@el Centre (IEO) to determine
the effect of the pdpl1l probiotic on sole ongrow(gg to 77 g initial weigth) by
supplementation on a commercial diet. This probisolated from gilt-head
seabreamSparus auratal.) was previously tested as an effective “imo/it
antagonist of sole pathogens by the Microbiologpd&anent of the University of
Méalaga.

Experiences lasted 2 months and were done by adpliEish were distributed in two

groups (heads and tails). Growth was measuredidbity in terms of length and
weight as well as survival was recorded. Daily gtovate was also calculated. At the
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end of the study, samples from liver, paramediocasal muscle and proximal
digestive region of six specimens from each batereviaken for biochemical (total
protein, lipids and carbohydrates and fatty acrddile) and histological analyses.
Statistical analyses were performed both in groavith biochemical composition.
Higher significative growth was found for probiofrees vs control ones. This effect
was more acute for tails. No significative diffeces were found for biochemical
parameters. Histological analyses are still untetys

VACCINATION STRATEGIES OF FLATFISH —INCLUDING PASTEURELLOSIS

Gravningen, Kjersti
Pharmaq, Norway

Vaccination may be used to prevent fish lossesexhbyg specific diseases.
Vaccination is commonly used in all salmon prodgaineas. Nearly all Atlantic
salmon are vaccinated by intraperitoneal injecpigar to sea transfer against the
pathogens known to cause mortality in the area.ifijeetion vaccination using oil-
based vaccines have eradicated the use antibéiarsaalmonid fish farming, and
contributed to the predictability and sustainapiiit salmon production.

Different from salmon, that live the first phasetio¢ life in a different environment,
marine larvae and juveniles share the environméhttiveir pathogens. Marine fish
are poorly developed at the hatching and undetgaglarval period prior to
metamorphosis (Kjarsvik et al 1991). During thisipeé the immunological organs

are immature and no immunological cells are detkedibe first plasma cells in cod
(Gadus morhupare observed at 33 mm (day 58 post hatchingcappr5g)

(Schrgder et al 1998). However, vaccination andehge studies indicate that the
cod did not respond fully to vaccination before fiisd reached a size of 2g (Schrader
et al 2005).

In order to protect marine fish as cod and flatfshliseases it is important to
understand when the fish is able to respond toiration. Vaccination schemes may
be developed. To develop such vaccination schelmeef®liowing should be
considered:

1. sizel/age the fish could be immunized

2. the particular disease causing problem and when

3. integrated vaccination schemes including diffe@rhbinations and

administration according to the need

Photobacterium damsekubsppiscicidacauses diseases in sdiolea senegalensis
Comparative studies been conducted showing thagttams isolated from sole share
the same biochemical, physiological and morphokgibaracteristics as strains
isolated from other species and geographical d#&adla et al 1999).

A vaccination scheme agairighotobacterium damsekubsppiscicidahas been
developed to protect sea baBscentrarchus labrakagainst vibriosis and
pasteurellosis during production cycles. This vaatton scheme uses ALPHA DIP
2000 in combination with ALPHA JECT 2000.
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A similar approach will be discussed for sole
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PRE-DISPOSITION TO DISEASE

Howell, Bari
Consultant, Cardiff, UK

This presentation emphasises the important conimibthat environmental and host
factors make to disease. As an example, evidentteeaframatic effect of nutritional
deprivation on mortalities d. soleahrough the induction of a BPN-like condition is
cited. Certain biological characteristics of a &rgpecies may pre-dispose it to
disease when systems and protocols developed fitrasting species are used. For
example, it is suggested that the disease sustigypii soles in captive conditions
may be enhanced by failure to fully take accourfeafures such as their nocturnal
behaviour, natural prey type and mode of feeding.

Sole are invertebrate feeders that browse on thi#nbg mainly at night. During
daylight hours they remain relatively inactive leagrin a sandy substrate. Under
captive conditions, sole are generally fed fisheloediets using methods that may not
carefully match input to demand, deprived of a yasubstrate in which to bury and
subjected to the disturbance of ‘management’ praesdduring their normally
inactive period.

These factors may lead to nutritional deprivatimotigh the use of fish-based feeds
that may loose more of their value through not p&aten immediately. Significant
levels of stress might arise from the need to uatermanagement procedures during
their normally inactive period and the provisioncohditions to facilitate these
procedures (e.g. sand deprivation and high lighel&. Intensive conditions may
themselves be stressful, as indicated by negatigete on growth of increasing
stocking density, though it is possible that thdifferences arise from non-stressful
effects on behaviour. Further research is requoddlly evaluate the effects of these
factors and, where appropriate, to develop waysitfating their effects.
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Flatfish behavior and tank hydrodynamics

Reig, Lourdes
Universitat Politécnica de Catalunya, Barcelonaa®p

Abstract not available
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APPENDIX 3B
ABSTRACTS OF PRESENTATIONS: REPRODUCTION
(in order of presentation)

A REVIEW OF SOLE SPAWNING PERFORMANCE IN THE FACILITIES OF "E L TORUNO”

Canavate, Jose Pedro & Anguis, Victoria
CIFPA “El Toruio”, Puerto de Santa Maria, Spain

Mitigation of water temperature changes in soletneg tanks resulted in reduced
proportion of spawning days from 54% to 16.5% wittiie spawning period (Table
[). The mean daily and total fecundities were dgher when breeders were subject
to the highest temperature variations (Table I).

Table I. Temperature variation, spawning time awlihdity inSolea senegalendseeding tanks held
under three different temperature regimes

Temp 48 h Main  Spawns % of Relative Total fecundity
regime  Temp (°C) spawn per days fecundity (egg  (egg kg'year?)
variation month season spawning kg'd?)

Natural 0.77+0.63 Feb- 65%17 54+4 2230017075 1.4°4D.24

May

Closed 0.56+0.48 Mar- 6741 32+14 9784+9560 0.6*3D.40
Nov

Stable 0.12+0.21 Feb- 18%16 1612 11106+10663 0.3°1MD.46
May

The spawning period was wider (March to Novembadeu the closed recirculation
conditions. Relative fecundity in the closed systeaneased to 19740+15405 egg kg
L d* when the sex ratio was 21 . A higher male proportion also reflected in better
fertilization rates, with 41.8+22.6% fertilizatidor a 1 :1 ratio, and 51,4+21.6%
fora2 :1 ratio. Brood stocks formed from hatchery raisadpiles produced eggs
(Table II) under naturally fluctuating temperatwien attaining weights of
469x132g (first year) and 7271226 (second yeaBtréng social interactions within
a breeding tank were suggested after micro-sa&géatentage assignment of larval
off-spring throughout a yearly cycle. It was estieththat a 47% reduction of the
effective population size occurred in just one gatien.

Table Il. Spawning, fecundity and egg fertilizatiduring two consecutive years for hatchery raised
Solea senegalendiseeders. RTD (relative daily fecundity), MAF (meannual fecundity), MAEF
(mean annual egg fertilization)

First year (2003) Second year (2004)
Months March April  May June March Aprii May June
Number spawns 0O 10 1 1 3 5 2 4
RTD (egg kd') 8500 5000 2500 24500 7920 26200 8690
MAF (egg kg") 5330+3014 16827+9870
MAEF (%) 46116 43116
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NATURAL SPAWNS OF WILD SENEGAL SOLE OBTAINED BY THERMOPERIOD
MANIPULATION IN  CANTABRIA (NORTHERN SPAIN).

Chereguini, Olvido
Culture Centre El Bocal, IEO Santander, Spain

In this workshop, the first results of the repraitut of two Senegalese sole wild
stocks belonging to the IEO of Santander obtainethd 2004 and 2005 are
presented. Spawns were obtained by thermoperiodpboiation from the end of
January to mid June and, subsequently, under tieah#hermoperiod of the
Cantabrian region. In addition, proteins, totaidipnd fatty acids content in the eggs
of some of the obtained spawns is presented.

CHARACTERISATION OF SOLE , SOLEA SENEGALENSIS, BROODSTOCK QUALITY AT
THE FACILITIES OF THE UNIVERSITY OF ALGARVE .

Florbela Soares and Elsa Cabrita
Center for Marine Sciences (CCMAR), University lofafve,Faro, Portugal

Broodstock quality is a requirement for the repicichn in all species. This quality in
related with animal welfare and is stablished baseshme concepts such as
husbandry conditions, broodstock nutrition, profjland disease control, among
others. Our main interest has been the effect miesof these parameters on gamete
and egg quality, as a way to characterize broogjaality and efficiency during
reproduction season. The seleccion of our breddeakes and females) according to
some quality parameters stablished in our facslitid! allow the obtainance of larvy
of good quality.

We will present the principal lines of work that Wwave been developing with our
Solea senegalendsoodstock at the Ramalhete and Leoa Experim&tadilons, both
at the University of Algarve.

COMPARISON BETWEEN FIRST AND SECOND SPAWNING SEASON OF SOLEA
SENEGALENSIS(KAUP, 1858)

Pedro Pouséo Ferreira & Margarida Saavedra
INIAP/IPIMAR-CRIPSul, Portugal

Solea senegalensis a well value species which is being subjectigh mesearch due
to is potential for aquaculture in Mediterraneamurddes. Although it is already
possible to obtain eggs around March/April, it &t glifficult to get regular batches.
Artificially temperature manipulation enabled theh&vement of two spawning
seasons: a first one located in middle March asdcand one around October. When
temperature manipulation is carried out, approxatyabne month later is possible to
obtain eggs. Temperature should be maintained dr@8rPC in order to prolong the
spawning season.

In this study, batch quality were analysed for tivoodstock tanks: one consisting of
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30 fish with an average weight of 1434 +371g ar@dtiher with 63 fish with 1640+
423g average weight. These broodstock tanks werelddy, alternating squid with
sea worms and mussels (1.5% Biomass) as well lasttdry feed.

The results show a higher duration of the firstvapag season for one of the tank
whereas the other one presented a larger seconchisigaseason. These opposite
results may be explained by the fact that one eftémks, the one with a lower first
season, had presented, in the previous seasory axtensive spawning period.
Viability does not seem to be affected from oneseado the other.

Biochemical analysis supports the fact that egdityuseems to be better on first
season as all eggs samples from season two présknter lipids content and
sometimes half of DHA and EPA quantities. DHA/EPsi@ remained more or less
constant as well as the n-3/n-6 ratio in both sesso

Although egg quality parameters for season 2 weweet than for season 1, the
former may present some advantages as most of tther gpecies cultured in

Mediterranean countries have their spawning pearodind January. If there is no use
of temperature and photoperiod manipulation forséhgpeciesSolea senegalensis

could be successfully fish farmed from October c&@nber, when larval tanks are
empty.

THE CULTURE OF SOLEA SENEGALENSIS IN CIFPA “A GUA DEL PINO” 2003-2005

Herrera, M.; Hachero, |.; Lopez, J.R.; RodilesgMNavas, J.lI.
CIFPA Agua del Pino, Huelva, Spain

The CIFPA “Agua del Pino” began the cultureSuflea senegalensis April of 2002,
as part of a diversification program in aquacultidéferent stocks were established
with wild fishes (n = 87) captured in tidelands aéstline of Huelva (SW Spain)
between June 2002 and May 2004. The initial calaanditions were: 3 fish/nin 5
m®rectangular tanks with open flow, no substrateyrsteeding and natural
photoperiod with dim light (<100 lux). The watemperature cycle was also natural,
never surpassing 23°C during the summer. In 2003peradic spawns were
obtained. During 2004, the winter temperaturerditidrop below 12,9 °C. However,
between March and July, a total of 26 spawns (3.&»ggs) were collected from
two of the six stocks. The mean (+ SE) ratiobudyant eggs, fertilisation and
hatching were of 43 + 4.4%, 57 £ 6.2% and 35 * §.2%pectively. In 2005,
spawners were stocked in seven tanks with diffedensities and sex ratios. During 7
weeks, the winter temperature was below 13°C. Baiviéarch and July, 8,8 x 10
eggs (173 spawns) were obtained within a temperaturge of 17-22,5°C. The mean
(x SE) ratios of buoyant eggs, fertilisation antchang were of 40 £ 4.2%, 60+ 3.8%
and 47+ 4.0%, respectively. The main detected pagies were Vibriosis during
weaning and Pasteurellosis and Vibriosis in bramdsand juveniles.
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SPERMATOGENESIS OF SOLE, SOLEA SOLEA, IN NATURAL AND CULTURE CONDITIONS
IN
2004

Blonk, Robbert
Solea BV, Holland

The aim of the study was to detect differencegefmatogenesis between wild,
captured and reared (F1) soBolea soled..) broodstock. This was done on the basis
of testis histology and blood plasma steroid 1ldels.

F1 animals show significantly lower 11kT levelsykr gonadosomatic index, lower
gonad weights and higher conditions. F1 animalsvshpattern of spermatogenesis
where spermatids are relatively more abundant $panmatozoa, in contrary to wild
and captured animals.

A possible explanation for the low performance bfdfnimals is that low levels of
11KT result in partial completion of spermatogesesid spermiogenesis but are not
sufficient to complete spermiogenesis on largeesdals emphasised that there is no
causal proof for the significant effect of 11kTotigh its relevance to
spermatogenesis is shown in other species. Inceengpermatogenesis of F1 males
possibly is caused by too short and less extretifeciat temperature periods (approx.
7 months in wild vs. 5 months in rearing conditijpslack of cyclic annual
photoperiod and temperature fluctuations durindfitise years of development could
be a cause as well. It is possible that the F1 smddenot have sufficient time to
complete spermatogenesis or that internal clooks)ar imprinted properly.

EFFECTS OF DIFFERENT THERMAL REGIMES ON GONADAL MATURATION AND
PLASMA SEX STEROID LEVELS IN CULTURED SENEGALESE SOLE SOLEA
SENEGALENSIS KAUP HELD UNDER DIFFERENT PHOTOPERIODS

A. Garcia-Lopez, C. Sarasquete, G. Martinez-Rodrgu
Instituto de Ciencias Marinas de Andalucia, CSIGeRo Real, Cadiz, Spain

Few studies, and mainly with an observational scbpee focused on the influence of
water temperature on reproductive axisSofea senegalensimdSolea soleaAll

these studies concluded that water temperaturesstebe crucial for the
reproductive cycle of both species, but its preoie is still unknown. Consequently,
and to solve tank spawning problems found in tlspseeies, the comprehensive
knowledge of this aspect as well as the physioldgitechanisms mediating its
effects are needed. For this purpose, from 200Jachsvour group is working on the
evaluation of the sequential changes in the citigdevels of sex steroid hormones
related to gonadal maturation in adult cultugedenegalensexposed to constant or
naturally/artificially-fluctuating water temperatiunder different daylength regimes.
The results obtained after exposure to constarpeesmture (18-20 °C) and either
natural photoperiod (NP) or continuous light (Lajd comparison with those
obtained under NP and natural temperature (oi@atify diminished temperature
during winter) indicate that both temperature aaglehgth cycling are required for
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normal gonadal development$ senegalensislowever, the cueing effects of
photoperiod, compared to those for temperatured@amgnant in the control of
reproductive processes in this species, despitsttbreg or “proximal” influence of
temperature. In spite of decreasing temperatunetisecessary for inducing the
initiation of gonadal recrudescence under NP, ubdldhe progressive temperature
decrease during early winter seems to induce tioisgss. Moreover, the onset of
gonadal development during autumn appeared todmearated if the decreasing
daylength is accompanied by the declining tempegatndicating the important
modulating effect of temperature during this stdgeally, we have tested the
influence of several thermal shocks (under NP)rdudifferent moments of the
winter. A unique shock in January produced veryilaineffects than several along
the winter, indicating a sensitive window for tféstor during this period of time.

INDUCTION OF SPAWNING OF CAPTIVE -REARED SENEGAL SOLE (SOLEA
SENEGALENSIS) USING DIFFERENT ADMINISTRATION METHODS FOR GONADOTROPIN -
RELEASING HORMONE AGONIST

M. J. Agulleird*®, V. Anguis?, J. P. CaflavaleG. Martinez-RodriguézC. C.
Mylonag, J. Cerd&®<

Center of Aquaculture-IRTA, 43540-Sant Carles dRapita, Tarragona, Spafti;ab IRTA-ICM,
CMIMA (CSIC), Passeig Maritim 37-49, 08003-BarcelpSpainfReference Center in Aquaculture,
Generalitat de Catalunya, SpaiBentro de Investigacién y Formacion Pesquera ydatai(CIFPA)
“El Torufio”, Junta de Andalucia, Apartado 16, 115a@rto de Santa Maria, Cadiz, Spé&imstituto
de Ciencias Marinas de Andalucia (CSIC), Apartafloi@, Puerto Real, Cadiz 11510, Spain;
"Institute of Aquaculture, Hellenic Center for MaiResearch, P.O. Box 2214, Heraklion 71003,
Crete, Greece

Captive-reared Senegal sole were treated withnmisgular injection or sustained-
release implants of gonadotropin-releasing hornagmmist [D-Al&, Prd, NEt]
GnRHa (GnRHa) to induce spermiation and spawnirglh Were treated with GhnRHa
during spring (April-May) or autumn (October), thatural spawning seasons known
to occur in wild Senegal sole. During spring, feesahjected with a dose of
GnRHa kg three times a week, or treated with a single Gritdded implant (50

g kg') showed multiple ovulations and spawns within aqaeof approximately 30
days. Plasma levels of 1-&stradiol (E2) were elevated at 7 days post-treatm
preceding the spawns with the highest fecunditgcomitant with a decrease in the
levels of plasma testosterone (T). During autunovédver, females changed their
responsiveness to GnRHa treatment, a dose gfig* being ineffective in inducing
spawning, while a dose of I kg induced a few spawns. Accordingly, plasma E2
levels showed a small increase after injection of kg' GnRHa. In contrast to
females, GnRHa injection or implantation in maleswneffective in enhancing
spermiation or milt production, regardless of teason when the treatments were
applied. However, GnRHa treatment in males inciét@éesma levels of T and 11-
ketotestosterone (11-KT) during spring, while iwemn the levels of plasma
androgens decreased after GnRHa injection. Thesétseshow that administration of
GnRHa during spring either by injection or sustdinelease implants induces
multiple spawns in captive Senegal sole, althobhgise treatments were ineffective in
inducing or enhancing sperm production in males.
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ENDOCRINOLOGY OF SOLE REPRODUCTION AND INDUCTION OF SPAWNING USING
HORMONAL TREATMENTS .

Mafanos, Evaristo
Instituto de Acuicultura de Torre la Sal, Spain

Abstract not available
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THE ROLE OF THE PINEAL AND MELATONIN TRANSDUCING SEASONAL INFORMATION
AND SYNCHRONISING SOLE REPRODUCTION RHYTHMS .

Sanchez Vazquez, Javier
University of Murcia, Spain

Abstract not available

FEEDING, NUTRITION AND QUALITY IN SENEGALESE SOLE POST-LARVAE

L. Conceicao, C. Aragéo, S. Morais, S. Engrolal Btuisse, F. Soares, L. Ribeiro
and M.T. Dinis
Centre of Marine Sciences (CCMAR), Universidadalgérve, Faro, Portugal

Qualitative and quantitative dietary imbalancesare of the main causes of sub-
optimal performance and quality often observecmitulture. The Senegalese sole,
Is a species with a complex metamorphosis, diffieslin weaning and with
occasional problems of malpigmentation and sketig&drmities. In addition, the
early metamorphosis and acquisition of a peculr-proactive bottom-feeding
behaviour, make early weaning an important issusia hatcheries. In fact, problems
in reproducibility of weaning success in sole maydrgely due to extended feeding
on a diet Artemiametanauplii) with inadequate characteristics fdtdoo-feeding.
The present work discusses the composition oflaolal diets and the limiting
factors for weaning sole. Both digestive enzymévitgtand tracer studies usirtgC-
Artemiashow that sole larvae, even at young stages, daigh capacity for
digesting live preys. This is reflected in a higbwth potential and low mortality
rates for this species during the larval stage @megbto other marine fish species.
Early introduction of inert microdiets in co-feediwith Artemiadoes not seem to
affect intestinal processes, based on the observatithe digestive enzymes profile.
However, when co-feeding is not provided, intestawivity may be depressed. In
addition, co-feeding of live prey with a inert nodiet may improve larval growth
and quality during weaning. High dietary neutrpldi (soybean oil) content results in
reduced growth, accumulation of lipid dropletshe enterocytes and affects the
capacity of Senegalese sole larvae to absorb ataboise dietary fatty acids and
amino acids. Sole larvae appear to have a goodtiligecapacity from the onset of
exogenous feeding and a good capacity to sparatedsaitrients such as DHA and
indispensable AA. Still, sole larvae may face diftties in digesting diets with high
levels of dietary neutral lipid and/or complex @ios, and this is likely to be reflected
by a lower performance. A balanced dietary AA cosifian may improve growth
and nitrogen utilization in sole larvae. Improvensen biochemical composition of
inert microdiets for sole are likely to contributethe reproducible weaning success
of Senegalese sole.
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GROWTH RATES AND SIZE VARIATION IN  SOLEA SENEGALENSIS

Flos, R., Reig,L., Oca, J., Ambrosio, P.P., SAncRezDuarte,S.
Technical University of Catalonia (UPC), CRAq, Spai

Several questions would need an answer in ordaptimise sole production. As
examples:Why size variation is so important? Aerelfish that do not grow (or not
grow enough) and what to do with them? Is theremapetition between small and
large sole? Is there a genetic explanation? Ietheex explanation?

Some experiments have been performed in our tedhedfechnical University of
Catalonia to increase the knowledge in order tohresmme of these answers.

1. Interaction between stocking density and size tianseffects on growth .
2. Stocking density changes effects on sole growth.
3. Relation between initial weight, growth rate, gémbackground and sex .
4. Behaviour of sole (different sizes) during feeding.

The main conclusions have been:

1. stocking density has an effect on growth rate, targldepends on the
homogeneity or heterogeneity of sizes in the grobpmg the best situation
low density (60% of bottom coverage) and homogesames and the worse
high density (180% ) and heterogeneous size.

2. More important than stocking density by itself #re changes in stocking
densities, and for some sizes sole fail to adajt & days of having been
subjected to a higher density, showing no growtbvan negative growth
(loosing weight- fish were all individually follovag.

3. Significant differences in weight allowing to segiar at least three groups of
sole has been obtained through cluster analys#tii®) the sex of these fish,
females are bigger than males, this possible oglsliip needs to be confirmed
by further studies with a larger sample, but itesy suggestive. Genetic
relationship with growth (through haplotypes anadnmosatelite studies) has
not been possible to determine because more thaeoa® fish show the
same haplotype and would come from the same mother.

4. Sole behaviour has been studied analysing direaviobservation (video
recording) with a specific image analysis softwituag allows the
quantification of behaviour activities. As an exdeng digital video was
shown, where small fish were seen to react quitk& minutes) than large
sole(10-15 minutes) to feed administration, at temsity, so small fish had
access to food even if they are with big specimens.

THE PLEUROGENE ™ PROJECT: SENEGAL SOLE AND ATLANTIC HALIBUT
GENOMICS AND PROTEOMICS FOR AQUACULTURE

J. Cerdd S. E. Dougld’s C. Buesd P. CafavafeJ. Lo6pez-Bar€aM. Manchadd,
G. Martine?, J. I. Nava$ F. Piferre?, J. V. Planas F. Prat’, M. Reitif, M. Ruiz-
Rejort!, M. Yuferd

YL ab IRTA-ICM, CMIMA, 08003-Barcelona, and CenteAgliaculture-IRTA, 43540-Sant Carles de
la Rapita, Tarragona, Spairfinstitute for Marine Biosciences, Halifax, Nova S&zoCanada B3H
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371;%0ryzon Genomics, Parc Cientific de Barcelona, 08Bagcelona, Spain’Centro de
Investigacion y Formacién Acuicola y Pesquera “Bfamo”, IFAPA, Junta de Andalucia, 11500-
Puerto de Santa Maria, Cadiz, Spaibepartmento de Bioquimica y Biologia Molecular, nsidad
de Cordoba, 14071-Cérdoba, Spafmstituto de Ciencias Marinas de Andalucia (CSI1)510-
Puerto Real, Cadiz, SpaifCentro de Investigacién y Formacién Acuicola y Resq “Agua del
Pino”, IFAPA, Junta de Andalucia, 21450-Cartaya,afita, Spain®Institut de Ciéncies del Mar
(CSIC), 08003-Barcelona, SpaitDepartament de Fisiologia, Facultat de Biologia, itrsitat de
Barcelona, 08028-Barcelona, Spaifiinstituto de Acuicultura de Torre de la Sal (CSIC3595-Torre
de la Sal, Castellén, SpaiftDepartamento de Genética, Facultad de Cienciasyémsidad de
Granada, 18071-Granada, Spain

Production-related problems in Senegal sSl@lda senegalensiand Atlantic halibut
(Hippoglossus hippoglossusiay be addressed with improved knowledge of
important basic biological processes such as retanh, development, nutrition,
genetics and immunity. The use of genomic and proie approaches to thoroughly
characterize these processes will translate inboviedge that can be used to
overcome the production obstacles and create @oe&al sole) or expand (for
Atlantic halibut) solid aquaculture industries. tttegené" is a new research
programme funded by Genome Spain and Genome Cantdtavo main goals: the
analysis of global gene expression during sex idiffgation, reproduction, larval
development, immunity and nutrition, and the cangton of genetic linkage maps
for use in the selection of improved broodstoclgtdihroughput genome- and
proteome-based technologies will be applied tobdistagene expression profiling
during these processes and gene discovery. Alltigengolecular and morphological
information obtained in this project will be integed into an interactive bioinformatic
platform specifically developed: the Flatfish-molthe knowledge generated by
Pleurogen” will hopefully lead to the establishment of newttrologies for the
control of reproduction and optimization of larvedalth and nutrition in the Senegal
sole, Atlantic halibut, and other related flatfsgbecies under intensive culture
conditions.

31



APPENDIX 4

PARTICIPANTS

Maria Jose Agulleiro
IRTA
Spain

Victoria Anguis

CIFPA El Toruno

Spain
mariav.anguis@juntadeandalucia.es

Claudia Bandarra
IPIMAR/CRIPSuUI

Portugal
claudiabandarra@hotmail.com

Robbert Blonk
Solea bv

Holland
robbert.blonk@wur.nl

Elsa Cabrita
CCMAR
Portugal
ecabrita@ualg.pt

Jose Pedro Canavate

CIFPA "El Torufio"

Spain
josep.canavate@juntadeandalucia.es

Miguel Carrascosa
Cupimar SA

Spain
otromacs@ya.com

Manuela Castro Cunha
ACC

Portugal
manuelacc@sapo.pt

Joan Cerda

Lab IRTA-ICM, CMIMA-CSIC
Spain

jcerda@icm.csic.es

Mariana Chabrillon
University of Malaga
Spain
mchabrillon@uma.es

Olvido Chereguini
IEO (Santander)
Spain
o.chereguini@st.ieo.es

Jeronimo Chirivella
Spain
produccion@blaumar.es

Luis E C Conceicédo
Centro de Ciéncias do Mar
Portugal

Iconcei@ualg.pt

Ignacio De La Rosa
Culmasur SA

Spain
culmasur@telefonica.net

Neil Duncan

IRTA

Spain
Neil.Duncan@irta.es

Victor Fernandez Pasquier
PROMAN

Spain
vpasquier@mbytesl.com

Rosa Flos

DEAB-Technical University of Catalonia
Spain

rosa.flos@upc.es

Dolores Furones Nozal
IRTA

Spain
dolors.furones@irta.es

Ines Garcia de la Banda
IEO (Santander)

Spain
ines.gbanda@st.ieo.es

Angel Garcia Lopez

Instituto de Ciencias Marinas de
Andalucia

Spain

Esther Garcia-Rosado
University of Malaga
Spain
megarciar@uma.es

32



Kjersti Gravningen

Pharmagq

Norway
kjersti.gravningen@pharmag.no.

Bari Rhys Howell
Consultant

UK
bari.howell@ntlworld.com

Bruno Justome
Alrogal SAU

Spain
bruno.justome@terra.es

Andries Kamstra

Solea bv

Holland
andries.kamstra@soleabv.nl

Nikos Katribouzas
Andromeda SA
Greece
androml@otenet.gr

Nigel D Lewis

Hellenic Fish Farming SA
Greece

nigel@hol.gr

Evaristo Maflanos

Instituto de Acuicultura de Torre la Sal
(IATS)

Spain

evaristo@iats.csic.es

Manuel Manchado

CIFPA "El Torufio"

Spain
manuel.manchado.ext@juntadeandalucia.es

Gonzalo Martinez-Rodriguez
Instituto de Ciencias Marinas de
Andalucia

Spain
gonzalo.martinez@icman.csic.es

Miguel Angel Morifiigo
University of Malaga
Spain
morinigo@uma.es

Bjorn Myrseth

Marine Farms

Norway
bjorn.myrseth@marinefarms.no

Jose Ignacio Navas
CIFPA Agua del Pino
Spain

navas@ecica.es

Vicente Olmos
Piscimar

Spain
Vicente.olmos@uv.es

Rafael Perez Dominguez
University of Wales, Bangor
UK

0ss017@bangor.ac.uk

Pedro Pousao-Ferreira
IPIMAR/CRIPSuI
Portugal
ppousao@ualg.pt

Richard Prickett

Marine Farm Technology Ltd
UK

prickett. mft@virgin.net

Jesus Ramos
ISTS

Spain
ramos@iats.csic.es

Lourdes Reig

Universitat Politécnica de Catalunya
Spain

Lourdes.Reig@upc.edu

Ana Riaza Carcamo

Stolt Sea Farm, S.A
Spain
ana.riaza@stoltseafarm.com

Ana Roque
IRTA

Spain
ana.roque@irta.es

F. Javier Sanchez-Vazquez
University of Murcia

Spain

javisan@um.es

Florbela Soares
CCMAR
Portugal
fsoares@ualg.pt

33



John Sweetman
Alltech Aqua

Greece
jsweetman@alltech.com

Alfonso Vidauretta
Cupimar SA
Spain
campillo@cica.es

Carlos Zarza

Skretting

Spain
Carlos.Zarza@nutreco.com

34



