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SUMMARY 
 
This 3rd Workshop on the Cultivation of Soles was again held at CIFPA El Toruño (Spain). There was strong 
representation among the 46 participants from both the research and commercial sectors and although about two 
thirds were from Spain five other European countries with active interests in sole farming were represented. The 
main focus was on disease and reproduction since these are currently the most important constraints on the 
commercialisation of these species. 
 
Pasteurellosis, vibriosis and flexibacteriosis continue to be the diseases which have the greatest impact, though 
there were some geographical variations in their prevalence linked to water temperature. Viral diseases are not 
yet of major importance but have the potential to become so in the future. Advances in the development of 
probiotics , immuno-modulators and vaccines suggest that effective methods of combating these diseases may be 
available in the short to medium term. The value of reducing stress through improved husbandry and system 
design was also emphasised. It is perhaps significant to note that disease problems were of lesser severity in a 
recirculation system that allowed much greater control over environmental conditions than open flow systems. 
 
Problems with egg supply have eased considerably in the last 2 years with eggs becoming available from many 
research and commercial sites, though large variations in both fecundity and fertilisation rate characterise 
production. A solitary report of fertilised egg production from F1 stock reared on formulated feed was also 
encouraging. Fundamental studies of maturation in these species will underpin these developments and 
contribute to greater levels of consistency in the future. 
 
An additional session provided examples of on-going research that will contribute in other important ways to the 
provision of a sound scientific basis to support the development of the industry. The contributions covered a 
range of diverse subjects including the synchronisation of reproductive systems, feeding and nutrition, growth 
and size variation, and genomics and proteomics. 
 
During a final wash-up session, industry representatives presented their views as to the conditions that should be 
provided in production systems as well as their views on priorities for research. There was a general consensus 
that such meetings were of considerable value in facilitating the rapid dissemination of information and 
providing a forum for debating current issues which could influence both commercial practice and research 
priorities. It was also agreed that some thought should be given to establishing a mechanism for continuing this 
networking in between meetings. 
 
 
INTRODUCTION 
 
Almost four years ago (February 2002) a 
workshop on the Cultivation of Soles was held at 
CEFAS’ Weymouth Laboratory (UK) to review 
the current status of these species against a 
background of increasing commercial interest. 
The ‘expert’ group of invited practitioners from 
the commercial and research sectors critically 
examined each phase of production and identified 
areas of weakness that required further research 
and development. This proved to be an effective 
method of spreading good practice as well as a 
means of focussing on specific problems and 
their possible solutions. 
 
By popular demand, a second workshop was held 
in the autumn of 2003 at the facilities of CICEM 
(now CIFPA), El Toruño (Spain) to focus on egg 
production and disease, the two areas that were 
proving to be the greatest obstacles to 
commercial progress. Since then, some 

improvement in the problem of egg supply has 
been reported, but disease continues to be a 
major problem at almost all production sites with 
major fish losses threatening the 
commercialisation of what are considered to be 
potentially important aquaculture species. These 
continuing problems generated the momentum 
for this third workshop. Bari Howell undertook to 
take the lead in organising and chairing the 
meeting in consultation with Richard Prickett, 
Pedro Cañavate  and Luis Conceição. 
 
CIFPA El Toruño again generously offered to 
host the meeting, on this occasion in their 
splendid new state-of-the-art conference 
facilities. The meeting was attended by 46 
participants from both the research (59%) and 
commercial (41%) communities. Not 
surprisingly, Spanish participants outnumbered 
the rest by about 2 to 1, but five other European 
countries were represented (Greece, Holland, 
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Norway, Portugal and the UK). With this mix of 
nationality and background the Workshop 
represented a good cross-section of European 
interests in the culture of these species. 
 
The purpose of the meeting was to review the 
current status of commercial experience and 
corresponding research in key areas of the 
cultivation of soles and to provide information 
that would guide the future actions of both 
sectors.  
 
The primary area of concern was disease and the 
whole of the first day of the two-day meeting was 
dedicated to that subject. A review of 
reproduction occupied morning of the second 
day. The final afternoon included a group of 
presentations on other important areas of science 
that will help to underpin the future of this 
developing industry. The workshop closed after a 
wash-up session during which the participants 
from industry presented their views on research 
priorities and the rearing requirements of both S. 
senegalensis and S. solea and a general 
discussion of the importance of networking 
through meetings such as this. 
 
The core of the meeting comprised presentations 
from both commercial producers and specialists 
in the key subject areas. These provided a good 
overview of recent industry experience and 
advances in the key research areas. This report 
consists of the general conclusions that emerged 

during the discussion of these presentations but 
these are complimented by short abstracts of the 
presentations appended to the report, grouped by 
subject area in the order of presentation.  
 
DISEASE 
 
Disease record forms, based on those used at the 
2003 meeting, were again used to assess the 
recent relative prevalence of diseases among 
cultured stocks of soles both in production and 
research facilities. The returned forms (8 for S. 
senegalensis and 2 for S. solea) confirmed that 
Pasteurellosis, Vibriosis and Flexibacteriosis 
(BPN and Tail Rot) remain the major causes of 
mortalities among cultured stock. 
 
In addition to the record forms submitted from 
individual sites, Carlos Zarza submitted a 
compilation based on diseases from a number of 
sites around the Iberian coastline. This catalogue 
of diseases, which includes all the major diseases 
referred to in the individual submissions, is 
included in the report as Appendix 1. 
 
The session on disease comprised presentations 
on both diagnosis and prevalence of disease as 
well as on prevention and control (Appendix 3A). 
The main conclusions that emerged following the 
discussion of these presentations are shown in the 
box below: 

 
 
DISEASE SESSION: CONCLUSIONS 
 
1. Reports of opportunistic diseases confirmed that a number of diseases remain prevalent 

and are a significant threat to progress towards the commercialisation of both Solea 
senegalensis and S. solea. Diseases of particular significance include pasteurellosis, 
vibriosis and flexibacteriosis. 

 
2. Pasteurellosis, a particularly intransigent condition, tends to be restricted to 

Mediterranean locations where water temperatures are higher and proximity to 
susceptible species such as sea bream is more likely. In locations on the Atlantic coast 
(i.e. lower temperature) diseases caused by Tenacibaculum (Flexibacteriosis) were more 
prominent. 

 
3. Although viral diseases have not yet achieved the prominence of bacterial diseases, Viral 

Nervous Necrosis (Nodavirus) has been detected in soles in the UK, Italy and possibly 
Spain. Other viruses have been isolated from S. senegalensis and characterised. 

 
4. In contrast to most farming locations, these diseases were reported to be relatively 

unimportant in a recirculation facility housing S. solea (one site). In this situation other 
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infestations, such as ciliates and dinoflagelletes, linked to the biofiltration system had 
caused some relatively minor problems. 

 
5. It was clear from other reports that specialist resources at a number of centres of 

excellence have been mobilised to develop methods for preventing and/or controlling 
such disease outbreaks. Reports were received on positive results on the use of probiotics 
and immuno-modulators which demonstrated significantly improved survival in 
controlled challenge tests. 

 
6. The potential of vaccines was also emphasised. Vaccines against pasteurellosis, are 

licensed for sea bass (Greece). There is a need to develop vaccination protocols and 
vaccination regimes that fit with disease dynamics in sole. By optimal vaccination 
protocols, a significant reduction of mortality should be obtained, helping the industry 
becoming more sustainable. It may however, be difficult to eradicate the pasteurellosis 
from sole production. 

 
7. It was also felt that there was considerable scope for improvement through better 

husbandry techniques. In particular, greater consideration should be given to the 
specific requirements of the species arising from its nocturnal behaviour, mode of 
feeding and environmental requirements. The need to improve juvenile quality, as 
well as the quality of eggs on which hatchery operations depended, was also 
emphasised. The longer term effects of rearing conditions were recognised. In this 
context it was felt that extensive pond-rearing could provide a valuable method of 
benchmarking intensive rearing methods. 

 
8. It was considered important that systems should be developed in parallel with 

husbandry methods that take full account of the characteristics of the target 
species. 

 
9. With regard to future commercial developments, strong interest was expressed in 

the use of recirculation systems which allowed better control of key 
environmental conditions (e.g. temperature) and bio-security than open flow 
systems. However, the view was expressed that such systems are not yet fully 
reliable and potential problems may not have already been appreciated. 
Alternatively, the use of ground water when available was also considered to be 
desirable. 

 
10. Finally, the value of sharing information of both a positive and negative nature in 

promoting the development of the industry was emphasised. 
 
 
REPRODUCTION 
 
As for disease, the record forms 
developed during the 2003 Workshop 
were distributed to participants prior to 
the meeting. These were devised to allow 
conditions which allow successful 
spawning to be identified. It should be 
remembered, however, that some key 
factors may not have been included 

because their importance had not been 
recognised. Temperature stability during 
spawning may be one such factor. The 
compilations of the returned forms are 
shown for Solea senegalensis and S solea 
in Appendices 2A and 2B respectively 
where the conditions experienced can be 
compared with the ‘success conditions’ 
identified from the records submitted in 
2003. 
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SOLEA SENEGALENSIS 
In general, natural production of 
fertilised eggs of S. senegalensis is now 
being achieved at a much larger number 
of sites than in 2003 though the annual 
relative fecundity varies widely. An 
important advance since 2003 is the 
production of fertilised eggs from F1 
stock at El Toruño. Of additional 
significance is the fact that this was 
achieved from a stock exclusively fed on 
a formulated feed. 
 
Fertilised egg production in 
S. senegalensis was achieved from a 
number of sites other than those included 
in Appendix 2A. The methods and results 
for these were described in the 
presentations (Appendix 3B). 
 
SOLEA SOLEA  
Records for two sites working with S. 
solea are shown in Appendix 3B. In 
2003, there were insufficient examples of 

successful spawning to provide a reliable 
benchmark and so comparison was made 
with historic data from Conwy (UK) and 
Brest (France). These are reproduced in 
this table for comparison with the 
contemporary data. 
 
Fertilised eggs were produced in all cases 
at a level that was within historic levels, 
though these tend to be below the norm 
for S. senegalensis. It is perhaps 
significant that in none of these cases did 
the factors that may have been 
responsible for spawning failure in 2003 
apply. These were high winter 
temperatures (>12oC), high summer 
temperatures (>25oC), high stocking 
densities, and the use of formulated feeds 
and reared (rather than wild) fish. 
The main conclusions from the session 
are shown in the box below: 
 
 
 

:
REPRODUCTION SESSION: CONCLUSIONS 
 
1. Within the last three years, natural reproduction of wild caught Senegal sole 

breeders has extended from a small number of facilities to several other facilities 
around Spain and Portugal. Egg production is now reported to occur in at least 
nine facilities dedicated to both research and production. 

 
2. The application of controlled water temperature fluctuations were described as the 

main triggering factor to successfully obtain viable spawning from Solea 
senegalensis held in captivity. However, water temperature stabilisation at 18ºC 
after pre-conditioning at lower or higher temperatures, was used in one facility as 
a procedure to regulate the timing for spawning. 

 
3. Despite the generalised success in spawning of S. senegalensis, important 

differences in fecundity and fertilization still occur between hatcheries. 
Noticeably, different husbandry conditions together with different origin and 
physiological status of breeders are likely to be responsible for such differences. 

 
4. Previously, egg production from first generation (F1) reared fish had not been 

reported, but importantly on this occasion, there was one report of naturally 
produced fertilized eggs from this type of fish. In this instance, similar 
fertilization rates but lower fecundity and spawning frequency than wild breeders 
were observed. The use of formulated feeds with this stock also importantly 
demonstrates that the use of natural feeds for broodstocks is not obligatory. 
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5. In one facility, doubling the male to female ratio to 2:1 did not affect egg 

fertilization, but increased fecundity. However, in other facility a 1:1 sex ratio 
was preferred. 

 
6. From sexual hormone analysis, it has been proposed that January seems to be a 

sensitive period for temperature conditioning for subsequent gonadal 
development of S. senegalensis. 

 
7. S. solea F1 males were found not to complete spermatogenesis, probably due to 

lower levels of 11kT and a block at the spermatid stage. It was postulated that this 
might have been caused by the nature of the annual temperature cycle. 

 
8. Different experiments focusing on hormonal therapies have indicated the null 

effects of using gonadotropin-releasing hormones to successfully induce 
spawning in S. senegalensis. On the other hand, fertilized eggs were reported to 
be produced for the first time from F1 breeders injected with human chorionic 
gonadotropin. 

 
9. Strong social interactions within a breeding tank were suggested after micro-

satellite parentage assignment of larval off-spring throughout a yearly cycle. It 
was estimated that a 47% reduction of the effective population size occurred in 
just one generation. 

 
 
OTHER ASPECTS
 
Disease and reproduction are the current 
bottlenecks to commercial production, 
but there are numerous other aspects of 
rearing that require research to provide a 
sound scientific basis for the 
development of rearing methods as a 
whole. The presentations received in this 
session provided four examples of the 
valuable work being undertaken in some 
of these other areas (Appendix 3C). 
 
 
FINAL DISCUSSION 
 
The momentum for the Workshop largely 
came from the commercial producers 

who have challenging task of solving 
rearing problems on a scale that would 
prove economically, as well as 
technically, viable. It was appropriate, 
therefore, that the participants from 
industry were given the opportunity to 
end the Workshop by giving their 
thoughts on the current issues and future 
directions of the industry. They did this 
by presenting, through Richard Prickett, 
their revised view of the conditions under 
which sole should be grown and their 
perceived priorities for research. These 
are shown below. 
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INDUSTRY VIEW OF CONDITIONS REQUIRED FOR SUCCESSFUL CULTURE OF SOLES 
 
 S. senegalensis S. solea 
System Recirc. / Open Borehole Recirc. / Open Borehole 
Optimum Temp (oC) 21(to avoid disease) 18 
Minimum Temp (oC) 14 (8) 10 (5) 
Maximum Temp (oC) 26 (30) 22 (26) 
Salinity 25-35  25-35 
Light lux 50-200 50-200 
Photoperiod Natural (similar in 

buildings) 
Natural (similar in 
buildings) 

Tank type Shallow raceways 
(<35cms) 

Shallow raceways (<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 

hrs. 
80% fed at night/feed 2-4 
hrs. 

Grading 3-5 times (5g-350g) 3-5 times (5g-350g) 
Cleaning Tank flushing Tank flushing 
Culling 10-30% of fry before 10g 10-30% of fry before 10g 
Substrate No No 
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INDUSTRY’S PRIORITIES FOR FUTURE RESEARCH 
 
·  Spawning F1 broodstock & protocols 
·  Protocols for all year spawning 
·  ‘Bench marking’ juvenile quality using pond reared vs hatchery 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-modifiers 
 
 
Before the Workshop was finally closed 
many participants spoke of the value of 
maintaining the networking that this 
series of workshops had instigated as a 
means of discussing common problems 
and sharing information. Many felt we 
should not only plan for a further 
workshop in two years time but also 
consider other means of maintaining our 
exchanges in the intervening period, 
perhaps, for example, through a website. 
No specific way forward was agreed, but 
during the later hours of the evening as 
the post-workshop refreshments were 
taking their effect those of us involved in 
the organization of this workshop 
undertook to develop specific proposals 

along the lines discussed and present 
them to the participants of this workshop 
in due course. The organizer of the 
Workshop (Bari Howell) also agreed to 
publicise the workshop by submitting an 
article to the EAS for publication in 
Aquaculture Europe.  
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APPENDIX 1 
DISEASE INCIDENTS AMONG CULTURED SOLES (compiled by Zarza) 
 
 
 Incident 1 Incident 2 
Sole species (Sen or Sol) SEN SEN 
Disease name (if known) Pasteurelosis Vibriosis 
Causative agent (if known) Photobacterium damselae ssp piscicida Listonella anguillarum serotype O2 
Symptoms Acute: Behaviour alteration, no lesions 

Subacute-Chronic: Spleen granulomas 
Haemorrhagic septicaemia 

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

Water 
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 ºC 12 ºC 
Other possible stressors (e.g. salinity, density) Movements 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  vaccines in the field  
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 Incident 3 Incident 4 
Sole species (Sen or Sol) SEN SEN 
Disease name (if known) Tail Rot / Flexibacteriosis Black Patch Necrosis 
Causative agent (if known) Tenacibaculum maritimum Tenacibaculum maritimum & 

Vibrio sp (secondary) 
Symptoms Erosion and deep ulcer in caudal fin Erosion and ulcers on skin 
Possible source of infection (e.g. other spp) Water & sediment Water & sediment 
Origin of fish: wild (W) or reared (R) R R 
Developmental stage(s) affected Fry and Juvenile Juvenile and Adult 
Approximate size of fish (g) 0,2 -5 10 to market size 
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 ºC 14 ºC 
Other possible stressors (e.g. salinity, density) Unstable environment 

Poor management & hygiene 
Movements 
Poor management & hygiene 

Treatment (if any) Baths with disinfectants / Antibiotics 
Oral antibiotherapy 

Baths with disinfectants / Antibiotics 
Oral antibiotherapy 

Effectiveness  Poor Key for success: Start quickly 
Other comment   
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 Incident 5 Incident 6 
Sole species (Sen or Sol) 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) Water & sediment 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 (g) 100 to market size Fry to market 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 25ºC 20 ºC 
Other possible stressors (e.g. salinity, density) Poor water quality Water recirculation 
Treatment (if any) Oral antibiotherapy Bath with disinfectants 
Effectiveness  Good 

Frequent relapses 
Key for success: Start quickly 

Other comment   
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 Incident 7 Incident 8 
Sole species (Sen or Sol) SEN SEN 
Disease name (if known) Erythrocitic Inclusion Body Syndrome Fat Cell Necrosis Syndrome 
Causative agent (if known) Viral (?) Metabolic/nutritional alteration during 

the weaning period 
Symptoms Chronic mortality 

External haemorrhagic lesions 
Yellowish areas under dorsal & anal fins 

Possible source of infection (e.g. other spp)   
Origin of fish: wild (W) or reared (R) W R 
Developmental stage(s) affected Broodstock Juveniles 
Approximate size of fish (g) 500-2,000 5-100 
Severity (% population infected) 75-100 0,5-2 
Impact (% mortality) Just with secondary infections: Vibrio sp 

& T.maritimum 
Just with secondary infections: Vibrio sp 
& T.maritimum 

Duration of mortality (weeks) Continuous 2-6 
Time of year Winter All 
Water temperature at initiation 12 ºC 16 ºC 
Other possible stressors (e.g. salinity, density) Sexual maduration  Transfer of fish from the hatchery to the 

nursery, direct sunlight 
Treatment (if any) Treatment of secondary infections Bath with disinfectants 

Immunostimulants 
Effectiveness   Generally, all affected fish will die 
Other comment   
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APPENDIX 2A: BROODSTOCK RECORDS FOR SOLEA SENEGALENSIS 
Dark blue shading represents the range of conditions under which successful spawning was reported in 2003; yellow shading indicates successful production of fertilised eggs 
and light blue shading indicates no fertilised production. 
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APPENDIX 2B: BROODSTOCK RECORDS FOR SOLEA SOLEA 
 
Shading as for Appendix 2A 
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APPENDIX  3A 
ABSTRACTS OF PRESENTATIONS:  DISEASE 
(in order of presentation) 
 
MAIN DISEASES OF SOLEA SENEGALENSIS FARMED IN SPAIN  
 
Carlos Zarza, 
Fish Health Service, SKRETTING, Spain 
 
A review of the main pathological problems affecting Solea senegalensis farmed in 
Spain during the last 5 years is presented. Data were obtained from clinical cases from 
several farms along Mediterranean and Atlantic/Cantabric coasts. Samples were 
studied using microbiological and histopathological techniques. 
 
Bacterial infections are the most important and frequent problems during the on 
growing period: Septicaemias, mainly Pasteurellosis and Vibriosis, and Cutaneous 
Ulcerative problems (“Black Patch Necrosis”) have an acute course and are difficult 
to control. Often, outbreaks of these diseases seem to be associated to horizontal 
transmission from other fish species farmed in the same facilities. Flexibacteriosis 
(“Tail rot”) is the main cause of mortality during the fry rearing. 
 
Other infectious problems, less frequent diagnosed, are bacterial enteropathies 
associated to high water temperatures, protozoan external parasitosis caused by 
Amyloodinun ocellatum and Cryptocaryon irritans and disorders related to the 
presence of intracytoplasmatic inclusion bodies in the erythrocytes, with a probable 
viral etiology. Some non-infectious problems, such us Fat Cell Necrosis Syndrome, 
were also recorded. 
 
Monoculture specialization and development of effective health management 
programs, including optimal husbandry and hygiene, early diagnosis methods, 
adequate therapy management and non-specific and specific immunoprophylaxis, will 
be necessary for a successful farming of Solea senegalensis in 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 García-Rosado1, M. Carmen Alonso1, Irene Cano1, Dolores Castro1, Manuel 
Manchado2 and Juan José Borrego1 
 

1Departamento de Microbiología, Facultad de Ciencias, Universidad de Málaga, 
Campus Teatinos, Málaga, Spain. 
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2Laboratorio de Identificación de Especies Pesqueras y Acuícolas, C.I.F.P.A. El 
Toruño, Consejería de Innovación, Ciencia y Empresa, Junta de Andalucía, El Puerto 
de Santa Maria, Cádiz, Spain. 
 
The characterisation of viruses isolated from cultured sole, Solea senegalensis, and 
the development of molecular techniques for their detection are described in this 
study. Three different viruses have been isolated from sole: (1) an iridovirus, 
lymphocystis disease virus (LCDV); (2) an aquabirnavirus, sole aquabirnavirus and 
(3) a putative betanodavirus. 
 
LCDV diagnosis was based on a specific PCR. The viral isolate was then 
characterised on the basis of biochemical and biophysical properties. In addition, the 
susceptibility of several cell lines to this isolate has been tested. 
 
Rodriguez et al. (1997) isolated the etiological agent of a disease affecting Solea 
senegalensis, the sole aquabirnavirus. This virus provoke darkening, hyperactivity, 
erratic swimming, and abnormal behaviour and is serologically related to infectious 
pancreatic necrosis virus (IPNV) Sp (Perez-Prieto et al., 2001). In this study, the sole 
aquabirnavirus has been used for an experimental infection in sole. The data showed 
no mortality of the inoculated specimens, however a re-isolation of the virus was 
possible from several affected tissues. In addition, an in situ hybridisation (ISH) 
technique has been developed to detect sole aquabirnavirus in infected fish cell lines, 
using as probe a 613 bp cDNA coding for a fragment of the VP2 protein. 
 
Recently, a putative betanodavirus has been isolated from a sole specimen also 
affected by a skin ulcer where Vibrio harveyi was isolated. Inoculation of the brain 
and eye homogenates onto the SSN-1 cell line resulted in the rapid appearance of 
evident CPE. The further characterisation of this isolate is being carried out. 
 
References 
 
Perez-Prieto, S., Garcia-Rosado, E., Rodriguez, S., Castro, D., Borrego, J.J., 2001. Antigenic properties 
and experimental transmission to several fish species of a marine birnavirus isolated from sole (Solea 
senegalensis). Vet. Microbiol. 82, 11-25. 
 
Rodriguez, S., Vilas, P., Sarasquete, M.C., Rodriguez, R.B., Gutierrez, M.C., Perez-Prieto, S., 1997. 
Isolation and preliminary characterization of a birnavirus from Solea senegalensis in Southwest Spain. 
J. Aquat. Anim. Health 9, 295-300. 
 
 
CHARACTERIZATION OF TENACIBACULUM MARITIMUM  ISOLATED FROM SOLEA 

SENEGALENSIS 
 
Riaza Cárcamo, Ana 
Stolt Sea Farm, Spain 
 
Abstract not available 
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PATHOGENIC MICROORGANISMS AND PROPHYLACTIC STRATEGIES  
 
Moriñigo, M.A & Chabrillón, Mariana 
University of Malaga, Spain 
 
 
The economic losses caused by bacterial, parasitic and viral diseases indicate the need 
to develop prophylactic strategies. Moreover, in order to carry out an environmental-
friendly production of healthy sole it is important to consider first prophylactic 
strategies and limit the use of chemotherapeutic agents to a minimum. Among the 
control strategies such as vaccines, and immunostimulants, we have focused on the 
use of probiotics as biological control agents. In aquaculture, the term probiotic is 
proposed to be a live microbial adjunct which has a beneficial effect on the host by 
modifying the host-associated or ambient microbial community, by ensuring 
improved use of the feed or enhancing its nutritional value, by enhancing the host 
response towards disease, or by improving the quality of its ambient environment. 
Nowadays a wide range of microorganisms obtained from the host and the 
environment have been evaluated and applied as probiotics in aquaculture, such as 
Gram-negative bacteria (Vibrio, Pseudomonas, Aeromonas) and Gram-positive 
bacteria (Bacillus and lactic acid bacteria), bacteriophages, yeasts and unicellular 
algae. Regarding to Senegalese sole, our group has focused on the in vitro selection of 
potential probiotics obtained from the farmed fish microbiota, based on their ability to 
interfere with the adhesion of bacterial pathogens such as Photobacterium damselae 
subsp. piscicida and V. harveyi. The in vivo evaluation of the selected isolates have 
shown that the oral administration of the isolate Pdp11, obtained from the skin of 
gilthead seabream, exerts an interference effect on farmed 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 closely correlated with the absorptive 
surface in the GI tract; the longer the villi the larger the absorptive surface. The villi 
are constantly exposed to stress (e.g bacterial toxins) and therefore enterocytes die and 
have to be replaced. The site of cell division is the crypt. The crypt can be regarded as 
the villi factory. During diarrhea the villi get shorter (much cell death). To counter act 
the loss of cells the animal increases cell renewal and the crypt increases in depth. 
Due to the increased crypt depth the energy and protein required to maintain the gut is 
increased. In addition, a gut with a high cell turnover mainly consists of immature 
enterocytes with are not very effective at adsorption. 
 
In this study the ratio of the internal and external perimeter is used as a measure to 
asses gut condition the larger the ratio the better the condition. In this case the largest 
ratios were seen in the Bio-Mos and Bio-Mos vaccinated groups . Further images 
from scanning electron microscopy determined that Bio-Mos had a more dense 
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Microvili architecture. Damaged areas were better controlled by Bio-Mos in the 
anterior part of the gut and by Vaccine in the Posterior part. In addition performance 
data showed a reduced mortality in the BioMos groups which was considerably lower 
than those of the Vaccinated and control groups. 
 
It can be concluded that Bio-Mos appears to exert more influence on the anterior part 
of the gut of sole promoting, elevated survival, increased gut absorptive area and more 
dense microvili distribution with less damaged areas in the anterior part of the gut 
 
 
EFFECT OF PROBIOTIC PDP11 ON ONGROWING OF SENEGAL SOLE SOLEA 

SENEGALENSIS (KAUP, 1858) 
 
Inés García de La Banda1, Lobo C. 1, Chereguini O. 1, Moriñigo M.A.2, Chabrillón 
M.2, León-Rubio J.M2, Arijo S. 2, Linares F.3 Pazos G.3, Moreno X4., Mira J.R. 4, 
Canteras J.C.4 & Arce F.5 
 
1 Spanish Institute of Oceanography, “El Bocal” Culture Centre, Barrio Corbanera 
s/n CP 39012 Santander, Spain. E-mail: i.gbanda@st.ieo.es 
2 Department of Microbiology, Faculty of Sciences, University of Málaga 
3  Centro de Investigacións Mariñas. Vilanova de Arousa, Pontevedra 
4 Ecological Area of Water and Environmental Sciences and Technics. University of 
Cantabria  
5 Pathological Anatomy Area. Marqués de Valdecilla Universitary Hospital. 
Cantabria 
 
 
FAO estimates that more than 50% of seafood for human consumption will be from 
Aquaculture by 2025. This fact may stimulate us to improve animal health and 
welfare to guarantee public health.  
 
The Senegal sole Solea senegalensis is a potential culture species in Southern Europe. 
Although research in recent years has been focused on improving its production, more 
research is required on ongrowing of juveniles to reach an optimal level for industrial 
production.  
 
The use of probiotics has become one of the biocontrol strategies to fight against fish 
diseases, contributing to a better fish nutrition and health and improving production in 
terms of quality and quantity.  
 
Two studies were performed in the El Bocal Fish Culture Centre (IEO) to determine 
the effect of the pdp11 probiotic on sole ongrowing (24 to 77 g initial weigth) by 
supplementation on a commercial diet. This probiotic isolated from gilt-head 
seabream (Sparus aurata, L.) was previously tested as an effective “in vitro” 
antagonist of sole pathogens by the Microbiology Department of the University of 
Málaga. 
 
Experiences lasted 2 months and were done by replicate. Fish were distributed in two 
groups (heads and tails). Growth was measured fortnightly in terms of length and 
weight as well as survival was recorded. Daily growth rate was also calculated. At the 
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end of the study, samples from liver, paramedical dorsal muscle and proximal 
digestive region of six specimens from each batch were taken for biochemical (total 
protein, lipids and carbohydrates and fatty acids profile) and histological analyses. 
Statistical analyses were performed both in growth and biochemical composition. 
Higher significative growth was found for probiotic fries vs control ones. This effect 
was more acute for tails. No significative differences were found for biochemical 
parameters. Histological analyses are still under study. 
 
 
VACCINATION STRATEGIES OF FLATFISH – INCLUDING PASTEURELLOSIS  
 
Gravningen, Kjersti 
Pharmaq, Norway 
 
 
Vaccination may be used to prevent fish losses caused by specific diseases. 
Vaccination is commonly used in all salmon producing areas. Nearly all Atlantic 
salmon are vaccinated by intraperitoneal injection prior to sea transfer against the 
pathogens known to cause mortality in the area. The injection vaccination using oil-
based vaccines have eradicated the use antibacterials in salmonid fish farming, and 
contributed to the predictability and sustainability in salmon production.  
 
Different from salmon, that live the first phase of the life in a different environment, 
marine larvae and juveniles share the environment with their pathogens. Marine fish 
are poorly developed at the hatching and undergo a long larval period prior to 
metamorphosis (Kjørsvik et al 1991). During this period the immunological organs 
are immature and no immunological cells are detected. The first plasma cells in cod 
(Gadus morhua) are observed at 33 mm (day 58 post hatching, approx. 0.5g) 
(Schrøder et al 1998). However, vaccination and challenge studies indicate that the 
cod did not respond fully to vaccination before the fish reached a size of 2g (Schrøder 
et al 2005).  
 
In order to protect marine fish as cod and flatfish to diseases it is important to 
understand when the fish is able to respond to vaccination. Vaccination schemes may 
be developed. To develop such vaccination schemes the following should be 
considered: 

1. size/age the fish could be immunized 
2. the particular disease causing problem and when 
3. integrated vaccination schemes including different combinations and 

administration according to the need 
 
Photobacterium damsela subsp. piscicida causes diseases in sole (Solea senegalensis). 
Comparative studies been conducted showing that the strains isolated from sole share 
the same biochemical, physiological and morphological characteristics as strains 
isolated from other species and geographical areas (Zorilla et al 1999).  
 
A vaccination scheme against Photobacterium damsela subsp. piscicida has been 
developed to protect sea bass (Dicentrarchus labrax) against vibriosis and 
pasteurellosis during production cycles. This vaccination 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 contribution that environmental and host 
factors make to disease. As an example, evidence of the dramatic effect of nutritional 
deprivation on mortalities of S. solea through the induction of a BPN-like condition is 
cited. Certain biological characteristics of a target species may pre-dispose it to 
disease when systems and protocols developed for contrasting species are used. For 
example, it is suggested that the disease susceptibility of soles in captive conditions 
may be enhanced by failure to fully take account of features such as their nocturnal 
behaviour, natural prey type and mode of feeding. 
 
Sole are invertebrate feeders that browse on the benthos mainly at night. During 
daylight hours they remain relatively inactive buried in a sandy substrate. Under 
captive conditions, sole are generally fed fish-based diets using methods that may not 
carefully match input to demand, deprived of a sandy substrate in which to bury and 
subjected to the disturbance of ‘management’ procedures during their normally 
inactive period.  
 
These factors may lead to nutritional deprivation through the use of fish-based feeds 
that may loose more of their value through not being eaten immediately. Significant 
levels of stress might arise from the need to undertake management procedures during 
their normally inactive period and the provision of conditions to facilitate these 
procedures (e.g. sand deprivation and high light levels). Intensive conditions may 
themselves be stressful, as indicated by negative effects on growth of increasing 
stocking density, though it is possible that these differences arise from non-stressful 
effects on behaviour. Further research is required to fully evaluate the effects of these 
factors and, where appropriate, to develop ways of mitigating their effects. 
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Flatfish behavior and tank hydrodynamics 
 
Reig, Lourdes 
Universitat Politècnica de Catalunya, Barcelona, Spain 
 
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 TORUÑO” 
 
Canavate, Jose Pedro & Anguis, Victoria 
CIFPA “El Toruño”, Puerto de Santa Maria, Spain 
 
Mitigation of water temperature changes in sole breeding tanks resulted in reduced 
proportion of spawning days from 54% to 16.5% within the spawning period (Table 
I).  The mean daily and total fecundities were also higher when breeders were subject 
to the highest temperature variations (Table I). 
 
Table I. Temperature variation, spawning time and fecundity in Solea senegalensis breeding tanks held 
under three different temperature regimes 
 
Temp 
regime 

48 h 
Temp (ºC) 
variation 

Main 
spawn 
month 

Spawns 
per 
season 

% of 
days 
spawning 

Relative 
fecundity (egg 
kg-1d-1) 

Total fecundity 
(egg kg-1year-1) 

Natural 0.77±0.63 Feb-
May 

65±17 54±4 22300±17075 1.4*106±0.24 

Closed 0.56±0.48 Mar-
Nov 

67±41 32±14 9784±9560 0.6*106±0.40 

Stable 0.12±0.21 Feb-
May 

18±16 16±12 11106±10663 0.3*106±0.46 

 
The spawning period was wider (March to November) under the closed recirculation 
conditions. Relative fecundity in the closed system increased to 19740±15405 egg kg-

1 d-1 when the sex ratio was 2� :1� . A higher male proportion also reflected in better 
fertilization rates, with 41.8±22.6% fertilization for a 1� :1�  ratio, and 51,4±21.6% 
for a 2� :1�  ratio. Brood stocks formed from hatchery raised juveniles produced eggs 
(Table II) under naturally fluctuating temperature when attaining weights of 
469±132g (first year) and 727±226 (second year). 9. Strong social interactions within 
a breeding tank were suggested after micro-satellite parentage assignment of larval 
off-spring throughout a yearly cycle. It was estimated that a 47% reduction of the 
effective population size occurred in just one generation. 
 
Table II. Spawning, fecundity and egg fertilization during two consecutive years for hatchery raised 
Solea senegalensis breeders. RTD (relative daily fecundity), MAF (mean annual fecundity), MAEF 
(mean annual egg fertilization) 
 
 First year (2003) Second year (2004) 
Months March April May June March April May June 
Number spawns 0 10 1 1 3 5 2 4 
RTD (egg kg-1)  8500 5000 2500 24500 7920 26200 8690 
MAF (egg kg-1) 5330±3014 16827±9870 
MAEF  (%) 46±16 43±16 
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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 reproduction of two Senegalese sole wild 
stocks belonging to the IEO of Santander obtained during 2004 and 2005 are 
presented. Spawns were obtained by thermoperiod manipulation from the end of 
January to mid June and, subsequently, under the natural thermoperiod of the 
Cantabrian region. In addition, proteins, total lipid and 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 of Algarve,Faro, Portugal 
 
Broodstock quality is a requirement for the reproduction in all species. This quality in 
related with animal welfare and is stablished based in some concepts such as 
husbandry conditions, broodstock nutrition, profilaxy and disease control, among 
others. Our main interest has been the effect of some of these parameters on gamete 
and egg quality, as a way to characterize broodstock quality and efficiency during 
reproduction season.  The seleccion of our breeders (males and females) according to 
some quality parameters stablished in our facilities will allow the obtainance of larvy 
of good quality. 
 
We will present the principal lines of work that we have been developing with our 
Solea senegalensis broodstock at the Ramalhete and Leoa Experimental Stations, both 
at the University of Algarve. 
 
 
COMPARISON BETWEEN FIRST AND SECOND SPAWNING SEASON OF SOLEA 

SENEGALENSIS (KAUP, 1858) 
 
Pedro Pousão Ferreira & Margarida Saavedra 
INIAP/IPIMAR-CRIPSul, Portugal 
 
Solea senegalensis is a well value species which is being subject to high research due 
to is potential for aquaculture in Mediterranean countries. Although it is already 
possible to obtain eggs around March/April, it is yet difficult to get regular batches.  
Artificially temperature manipulation enabled the achievement of two spawning 
seasons: a first one located in middle March and a second one around October. When 
temperature manipulation is carried out, approximately one month later is possible to 
obtain eggs. Temperature should be maintained around 18 ºC in order to prolong  the 
spawning season. 
 
In this study, batch quality were analysed for two broodstock tanks: one consisting of 
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30 fish with an average weight of 1434 ±371g and the other with 63 fish with 1640± 
423g average weight. These broodstock tanks were fed daily, alternating squid with 
sea worms and mussels (1.5% Biomass) as well as turbot dry feed. 
 
The results show a higher duration of the first spawning season for one of the tank 
whereas the other one presented a larger second spawning season. These opposite 
results may be explained by the fact that one of the tanks, the one with a lower first 
season, had presented, in the previous season, a very extensive spawning period.  
Viability does not seem to be affected from one season to the other. 
 
Biochemical analysis supports the fact that egg quality seems to be better on first 
season as all eggs samples from season two presented lower lipids content and 
sometimes half of DHA and EPA quantities. DHA/EPA ratio remained more or less 
constant as well as the n-3/n-6 ratio in both seasons. 
 
Although egg quality parameters for season 2 were lower than for season 1, the 
former may present some advantages as most of the other species cultured in 
Mediterranean countries have their spawning period around January. If there is no use 
of temperature and photoperiod manipulation for those species, Solea senegalensis 
could be successfully fish farmed from October to December, when larval tanks are 
empty. 
 
 
THE CULTURE OF SOLEA SENEGALENSIS IN CIFPA  “A GUA DEL PINO”  2003-2005  
 
Herrera, M.; Hachero, I.; López, J.R.; Rodiles, A. & Navas, J.I. 
CIFPA Agua del Pino, Huelva, Spain 
 
The CIFPA “Agua del Pino” began the culture of Solea senegalensis in April of 2002, 
as part of a diversification program in aquaculture. Different stocks were established 
with wild fishes (n = 87) captured in tidelands and coastline of Huelva (SW Spain) 
between June 2002 and May 2004.  The initial culture conditions were: 3 fish/m2 in 5 
m3 rectangular tanks with open flow, no substrate, natural feeding and natural 
photoperiod with dim light  (<100 lux). The water temperature cycle was also natural, 
never surpassing 23ºC during the summer. In 2003 two sporadic spawns were 
obtained.  During 2004, the winter temperature did not drop below 12,9 ºC. However, 
between March and July, a total of 26 spawns (3.2 x 106 eggs) were collected from 
two of the six stocks.   The mean (± SE) ratios of buoyant eggs, fertilisation and 
hatching were of 43 ± 4.4%, 57 ± 6.2% and 35 ± 6.2%, respectively. In 2005, 
spawners were stocked in seven tanks with different densities and sex ratios. During 7 
weeks, the winter temperature was below 13ºC. Between March and July, 8,8 x 106 
eggs (173 spawns) were obtained within a temperature range of 17-22,5ºC. The mean 
(± SE) ratios of buoyant eggs, fertilisation and hatching were of 40 ± 4.2%, 60± 3.8% 
and 47± 4.0%, respectively. The main detected pathologies were Vibriosis during 
weaning and Pasteurellosis and Vibriosis in broodstock and 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 differences of spermatogenesis between wild, 
captured and reared (F1) sole (Solea solea L.) broodstock. This was done on the basis 
of testis histology and blood plasma steroid 11kT levels. 
 
F1 animals show significantly lower 11kT levels, lower gonadosomatic index, lower 
gonad weights and higher conditions. F1 animals show a pattern of spermatogenesis 
where spermatids are relatively more abundant than spermatozoa, in contrary to wild 
and captured animals. 
 
A possible explanation for the low performance of F1 animals is that low levels of 
11kT result in partial completion of spermatogenesis and spermiogenesis but are not 
sufficient to complete spermiogenesis on large scale. It is emphasised that there is no 
causal proof for the significant effect of 11kT, though its relevance to 
spermatogenesis is shown in other species. Incomplete spermatogenesis of F1 males 
possibly is caused by too short and less extreme artificial temperature periods (approx. 
7 months in wild vs. 5 months in rearing conditions). A lack of cyclic annual 
photoperiod and temperature fluctuations during the first years of development could 
be a cause as well. It is possible that the F1 males do not have sufficient time to 
complete spermatogenesis or that internal clocks are not 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. García-López, C. Sarasquete, G. Martínez-Rodríguez 
Instituto de Ciencias Marinas de Andalucía, CSIC, Puerto Real, Cádiz, Spain 
 
Few studies, and mainly with an observational scope, have focused on the influence of 
water temperature on reproductive axis of Solea senegalensis and Solea solea. All 
these studies concluded that water temperature seems to be crucial for the 
reproductive cycle of both species, but its precise role is still unknown. Consequently, 
and to solve tank spawning problems found in these species, the comprehensive 
knowledge of this aspect as well as the physiological mechanisms mediating its 
effects are needed. For this purpose, from 2001 onwards our group is working on the 
evaluation of the sequential changes in the circulating levels of sex steroid hormones 
related to gonadal maturation in adult cultured S. senegalensis exposed to constant or 
naturally/artificially-fluctuating water temperature under different daylength regimes. 
The results obtained after exposure to constant temperature (18-20 ºC) and either 
natural photoperiod (NP) or continuous light (LL), and comparison with those 
obtained under NP and natural temperature (or artificially diminished temperature 
during winter) indicate that both temperature and daylength cycling are required for 
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normal gonadal development in S. senegalensis. However, the cueing effects of 
photoperiod, compared to those for temperature, are dominant in the control of 
reproductive processes in this species, despite the strong or “proximal” influence of 
temperature. In spite of decreasing temperature is not necessary for inducing the 
initiation of gonadal recrudescence under NP, under LL the progressive temperature 
decrease during early winter seems to induce this process. Moreover, the onset of 
gonadal development during autumn appeared to be accelerated if the decreasing 
daylength is accompanied by the declining temperature, indicating the important 
modulating effect of temperature during this stage. Finally, we have tested the 
influence of several thermal shocks (under NP) during different moments of the 
winter. A unique shock in January produced very similar effects than several along 
the winter, indicating a sensitive window for this factor 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. Agulleiroa,c, V. Anguis d, J. P. Cañavated, G. Martínez-Rodrígueze, C. C. 
Mylonasf, J. Cerdàa,b,c.  
aCenter of Aquaculture-IRTA, 43540-Sant Carles de la Ràpita, Tarragona, Spain; bLab IRTA-ICM, 
CMIMA (CSIC), Passeig Marítim 37-49, 08003-Barcelona, Spain; cReference Center in Aquaculture, 
Generalitat de Catalunya, Spain; dCentro de Investigación y Formación Pesquera y Acuícola (CIFPA) 
“El Toruño”, Junta de Andalucía, Apartado 16, 11500 Puerto de Santa María, Cádiz, Spain; eInstituto 
de Ciencias Marinas de Andalucía (CSIC), Apartado Oficial, Puerto Real, Cádiz 11510, Spain; 
fInstitute of Aquaculture, Hellenic Center for Marine Research, P.O. Box 2214, Heraklion 71003, 
Crete, Greece 
 
Captive-reared Senegal sole were treated with intramuscular injection or sustained-
release implants of gonadotropin-releasing hormone agonist [D-Ala6, Pro9, NEt] 
GnRHa (GnRHa) to induce spermiation and spawning. Fish were treated with GnRHa 
during spring (April–May) or autumn (October), the natural spawning seasons known 
to occur in wild Senegal sole. During spring, females injected with a dose of 5 � g 
GnRHa kg�1  three times a week, or treated with a single GnRHa-loaded implant (50 
� g kg�1 ) showed multiple ovulations and spawns within a period of approximately 30 
days. Plasma levels of 17� -estradiol (E2) were elevated at 7 days post-treatment, 
preceding the spawns with the highest fecundity, concomitant with a decrease in the 
levels of plasma testosterone (T). During autumn, however, females changed their 
responsiveness to GnRHa treatment, a dose of 5 � g kg�1  being ineffective in inducing 
spawning, while a dose of 1 � g kg�1  induced a few spawns. Accordingly, plasma E2 
levels showed a small increase after injection of 1 � g kg�1  GnRHa. In contrast to 
females, GnRHa injection or implantation in males was ineffective in enhancing 
spermiation or milt production, regardless of the season when the treatments were 
applied. However, GnRHa treatment in males increased plasma levels of T and 11-
ketotestosterone (11-KT) during spring, while in autumn the levels of plasma 
androgens decreased after GnRHa injection. These results show that administration of 
GnRHa during spring either by injection or sustained-release implants induces 
multiple spawns in captive Senegal sole, although these treatments were ineffective in 
inducing or enhancing sperm production in males. 
 
 



 28 

ENDOCRINOLOGY OF SOLE REPRODUCTION AND INDUCTION OF SPAWNING USING 

HORMONAL TREATMENTS . 
 
Mañanos, Evaristo 
Instituto de Acuicultura de Torre la Sal, Spain 
 
Abstract not available 
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APPENDIX 3C 
ABSTRACTS OF PRESENTATIONS: OTHER ASPECTS 
(in order of presentation) 
 
 
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. Conceição, C. Aragão, S. Morais, S. Engrola, M. Lacuisse, F. Soares, L. Ribeiro 
and M.T. Dinis 
Centre of Marine Sciences (CCMAR), Universidade of Algarve, Faro, Portugal 
 
Qualitative and quantitative dietary imbalances are one of the main causes of sub-
optimal performance and quality often observed in larviculture. The Senegalese sole, 
is a species with a complex metamorphosis, difficulties in weaning and with 
occasional problems of malpigmentation and skeletal deformities. In addition, the 
early metamorphosis and acquisition of a peculiar non-proactive bottom-feeding 
behaviour, make early weaning an important issue in sole hatcheries. In fact, problems 
in reproducibility of weaning success in sole may be largely due to extended feeding 
on a diet (Artemia metanauplii) with inadequate characteristics for bottom-feeding. 
The present work discusses the composition of sole larval diets and the limiting 
factors for weaning sole. Both digestive enzyme activity and tracer studies using 14C-
Artemia show that sole larvae, even at young stages, have a high capacity for 
digesting live preys. This is reflected in a high growth potential and low mortality 
rates for this species during the larval stage compared to other marine fish species. 
Early introduction of inert microdiets in co-feeding with Artemia does not seem to 
affect intestinal processes, based on the observation of the digestive enzymes profile. 
However, when co-feeding is not provided, intestinal activity may be depressed. In 
addition, co-feeding of live prey with a inert microdiet may improve larval growth 
and quality during weaning. High dietary neutral lipid (soybean oil) content results in 
reduced growth, accumulation of lipid droplets in the enterocytes and affects the 
capacity of Senegalese sole larvae to absorb and metabolise dietary fatty acids and 
amino acids. Sole larvae appear to have a good digestive capacity from the onset of 
exogenous feeding and a good capacity to spare essential nutrients such as DHA and 
indispensable AA. Still, sole larvae may face difficulties in digesting diets with high 
levels of dietary neutral lipid and/or complex proteins, and this is likely to be reflected 
by a lower performance. A balanced dietary AA composition may improve growth 
and nitrogen utilization in sole larvae. Improvements in biochemical composition of 
inert microdiets for sole are likely to contribute to the 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., Sánchez, P., Duarte,S. 
Technical University of Catalonia (UPC), CRAq, Spain 
 
Several questions would need an answer in order to optimise sole production. As 
examples:Why size variation is so important? Are there fish that do not grow (or not 
grow enough) and what to do with them? Is there a competition between small and 
large sole? Is there a genetic explanation? Is there a sex explanation?  
 
Some experiments have been performed in our team of the Technical University of 
Catalonia to increase the knowledge in order to reach some of these answers. 
 

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

 
The main conclusions have been:  

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

2. More important than stocking density by itself are the changes in stocking 
densities, and for some sizes sole fail to adapt until 60 days of having been 
subjected to a higher density, showing no growth or even negative growth 
(loosing weight- fish were all individually followed).  

3. Significant differences in weight allowing to separate at least three groups of 
sole has been obtained through cluster analysis. Plotting the sex of these fish, 
females are bigger than males, this possible relationship needs to be confirmed 
by further studies with a larger sample, but it is very suggestive. Genetic 
relationship with growth (through haplotypes and microsatelite studies) has 
not been possible to determine because more than 68,2% of fish show the 
same haplotype and would come from the same mother.  

4. Sole behaviour has been studied analysing direct visual observation (video 
recording) with a specific image analysis software that allows the 
quantification of behaviour activities. As an example a digital video was 
shown, where small fish were seen to react quicker (1-3 minutes) than large 
sole(10-15 minutes) to feed administration, at low density, so small fish had 
access to food even if they are with big specimens. 
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Production-related problems in Senegal sole (Solea senegalensis) and Atlantic halibut 
(Hippoglossus hippoglossus) may be addressed with improved knowledge of 
important basic biological processes such as reproduction, development, nutrition, 
genetics and immunity. The use of genomic and proteomic approaches to thoroughly 
characterize these processes will translate into knowledge that can be used to 
overcome the production obstacles and create (for Senegal sole) or expand (for 
Atlantic halibut) solid aquaculture industries. PleurogeneTM is a new research 
programme funded by Genome Spain and Genome Canada with two main goals: the 
analysis of global gene expression during sex differentiation, reproduction, larval 
development, immunity and nutrition, and the construction of genetic linkage maps 
for use in the selection of improved broodstock. High-throughput genome- and 
proteome-based technologies will be applied to establish gene expression profiling 
during these processes and gene discovery. All genetic, molecular and morphological 
information obtained in this project will be integrated into an interactive bioinformatic 
platform specifically developed: the Flatfish-mold. The knowledge generated by 
PleurogeneTM will hopefully lead to the establishment of new technologies for the 
control of reproduction and optimization of larval health and nutrition in the Senegal 
sole, Atlantic halibut, and other related flatfish species under intensive culture 
conditions. 
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