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Interacción genotipo×dieta
• Lenguado usa normalmente dietas con bajo 

contenido lipídico (~8–10%) y ~55% proteina

• Tolera muy bien la proteína vegetal y la 
sustitución de aceites marinos por aceites 
con PUFAs C18 

Capacidad de biosíntesis de LC-
PUFAs (fads2, elovl4 y elovl5)
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Termociclos diarios

22ºC-19ºC 20ºC19ºC-22ºC

14

15

16

17

18

19

20

21

22

2/1/12 0:00

2/6/12 0:00

2/11/12 0:00

2/16/12 0:00

2/21/12 0:00

2/26/12 0:00

3/2/12 0:00

3/7/12 0:00

3/12/12 0:00

Te
m
pe

ra
tu
re

188 13 23 28 33 38

Sex Steroids

Levels of E2 were higher in fish under TC (15.572.4 pg/g) than in
fish under CT (9.971.7 pg/g) or kept at constant temperature
(10.572.2 pg/g) (ANOVA, Duncan’s test, P 5 0.041). Muscle
11-KT concentration was higher in fish under CT (8.571.3 pg/g)
or constant temperature (7.671.2 pg/g) than in fish under TC
(5.470.8 pg/g) (ANOVA, Duncan’s test, P 5 0.039). As regards T,

fish exposed to constant temperature and CT (23.372.3 pg/g)
showed higher levels than those under TC (13.471.0 pg/g)
(ANOVA, Duncan’s test, P 5 0.039) (Fig. 6).

DISCUSSION
Although the effect of (constant) water temperature on larvae
development and sex determination in fish is well known, the
effect of daily thermocycles has never been explored. The results
provided by the present research reveal the strong effect of daily
cycles of water temperature on gonad differentiation, sex ratio,

Figure 4. Gonads of Senegal sole juveniles in TC (A) and CT (B). Ovary (A1) and testis (A2) from fish sampled at 138 DPH. Ovary (B1) and

testis (B2) from fish sampled at 152 DPH. Scale bars are 0.5 cm for pictures A1 and B1 and 0.7 cm for pictures A2 and B2.

Figure 5. Sex ratio of the population (%) in the three Senegal sole

groups exposed to the different experimental thermocycles. Data are

expressed as mean7SEM. The sample sizes are N 5 20. Different

letters indicate significantly differences from each other (capital

letters refer to females and lower case letters refer to the males).

The asterisk refers to significant differences within each group.

Figure 6. Concentration of testosterone (T), 11-ketotestosterone

(11-KT), and estradiol (E2) in the muscle of Senegal sole juveniles in

each of the three experimental groups subjected to different

thermocycles. Data are expressed as mean7SEM. The sample sizes

are N 5 16. Small letters indicate significant differences (Po0.05)

between groups for each steroid.

BLANCO-VIVES ET AL.166

J. Exp. Zool.



Adapted from Martin et al. 2014 

Ritmicidad para los desoves





MaleFemale

Las hembras son menos elípticas

Dimorfismo sexual

Las hembras son  8 to 32% más pesadas
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21 linkage groups (21 SseLGs) were obtained
Females showed a higher genetic distance than males (Ratio 1.32)

Diferentes tamaño en mapa genético
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Part I: Recombination Rates
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Part I: Identification of sex-associated markers SseLG18
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• This region had very low RR in males (1.2) and 
females (0.6) compared with average SseLG18 (3.0 
and 4.9 RR, respectively) 

SseLG18

• 80.7% of significant markers using the whole 
population were preferentially heterozygous in 
males although penetrance was incomplete in most 
of them 

• The fshr was a putative candidate located within 
this region 

Sistema de herencia XY
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2 Avances logrados

1. Consolidación la producción
• Investigación iniciada en los 80: IPMA, CCMAR e IFAPA El Toruño

• Papel clave de los JACUMAR: liderados desde IFAPA El Toruño
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64 Informe La Acuicultura en España                                                                   2025

Figura 5-45. Figura 5-45. 
Evolución de la Evolución de la 

cosecha (producción cosecha (producción 
acuícola) de lenguado acuícola) de lenguado 

senegalés (senegalés (Solea 
senegalensis) en el ) en el 

mundo para el periodo mundo para el periodo 
2005-2025p (sobre 2005-2025p (sobre 

datos FAO, FEAP y datos FAO, FEAP y 
APROMAR).APROMAR).

Figura 5-46. Figura 5-46. 
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cosecha (producción cosecha (producción 
de acuicultura) de de acuicultura) de 

lenguado (lenguado (Solea 
senegalensis) en ) en 

España en toneladas España en toneladas 
(2000-2025p).(2000-2025p).
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2000-2010: EsterosFase I:

• Cambio en el sistema productivo

2010àactualidad: RASFase II:
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2 Avances logrados

1. Consolidación la producción

2. Control del ciclo biológico

Reproducción

• Manejo de 
esperma

• Fertilizaciones
in vitro

• Inducción
puestas en WT

• Mejora
genética

Larvarios

• Pigmentación

• Metamorfosis

• Supervivencia al 
destete

• Reprogramación
larvaria

• Clasificaciones

Enfermedades Crecimiento



The digestibility of the capsules, the ability to retain
nutrients, the nutrient load in the encapsulated particle, the

durability and the minimal use of toxic substances, are the

key qualities in the design of microencapsulated diets
(Yúfera et al. 2005).

Oligo-based microarray analysis has been performed in

Atlantic halibut to assess gene expression changes in
response to dietary modifications (e.g. replacement of fish

meal protein by soy proteins), or whether the expression of

genes involved in digestion and absorption of macronutri-
ents are altered in the larvae as a result of the introduction

of a microencapsulated diet (Murray et al. 2009, 2010).

The first study showed that Atlantic halibut juveniles tol-
erate up to 30 % soy protein in the diet, although micro-

array analysis showed that the expression of several

immune markers and genes involved in detoxification
increased (Murray et al. 2009). Microdiet particles can be

readily consumed by halibut larvae after a period of

adaptation, providing an adequate source of nutrients with
no significant increase in mortality (Murray et al. 2010).

However, growth of the larvae seems to be impaired and

accompanied by an increased incidence of malpigmenta-
tion of the eye and the skin, which correlates with changes

in the expression of genes involved in pigmentation and

eye development (Murray et al. 2010). These studies thus
suggest that microarray analysis can be a suitable approach

to optimize nutritional manipulations in flatfishes and to
establish associated physiological alterations.

RNA-seq methods have been recently used to investigate

changes in gene expression during flatfish development. In
one study on the Japanese flounder, Solexa sequencing of a

small RNA library was conducted to identify miRNAs

potentially involved during metamorphosis (Fu et al. 2011),
since these small non-coding RNA molecules are known to

regulate gene expression during fish development (Bege-

mann 2008). This study discovered 140 conserved miRNAs
and 57 miRNA: miRNA* pairs, and a further validation

using miRNA microarrays identified 66 differentially

expressed miRNAs at two different metamorphic stages
(Fu et al. 2011). Some of these miRNA is related to muscle

development and skin pigmentation indicating that these

processes are likely to be highly regulated during flounder
metamorphosis. This work suggests that the analysis of

flatfish miRNA expression would be helpful for further

understanding of the functions of miRNAs in flatfish meta-
morphic development, which could help to explain the

complex genetic network that controls the process of flatfish

metamorphosis. Additional RNA-seq analyses during larval
metamorphosis are ongoing for Senegalese sole to determine

changes in gene expression during head remodelling (Power

DM, personal communication) or in the whole larvae during
different metamorphic stages (M. Manchado, personal

Fig. 1 Skeletal malformations and abnormal skin pigmentation in
farmed Senegalese sole. a Normal juvenile. b Albino juveniles
produced in a hatchery. Complete (c) or partial (d) malpigmentation

after experimental treatment of pre-metamorphic larvae with thiourea
(Manchado et al. 2008). e Individual showing a head malformation
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Pseudoalbinism



2 Avances logrados

1. Consolidación la producción

2. Control del ciclo biológico

Reproducción

• Manejo de 
esperma

• Fertilizaciones
in vitro

• Inducción
puestas en WT

• Mejora
genética

Larvarios

• Pigmentación

• metamorfosis

• Supervivencia al 
destete

• Reprogramación
larvaria

• Gestión de 
poblaciones

Enfermedades

• Infecciones 
primarias por 
nodavirus o 
fotobacteriosis 

• Infecciones
productivas
por disbiosis

Crecimiento





3 Entonces, ¿cuáles serían esos retos pendientes?
Cómo resolver el problema del cortejo 
en machos F1

Control de la reproducción

Calidad larvaria

Mejorar la producción de esperma

Sincronización en la ovulación

Dispersión de tallas

Reprogramación larvaria

Malformaciones



8-9 abdominal 34-35 caudal 3-4 caudal complex

Tasas de malformaciones esqueléticas (> 90%)

12-15% peces descartados por formas no adecuadas

Plasticidad en el esqueleto: 44 a 47 vértebras

Malformaciones



Two major sources of variation: whole-body roundness and CF features

4 PCs 94.0% of symmetric variation / 68.8% of total variation



4 PCa 90.7% of asymmetric variation / 24.5% of total variation



3 Retos pendientes

Calidad Fisico-química y control de los 
sistemas RAS

Salud y bienestar

Gestión poblaciones (IoT)

Nutrición

Aquafeeds 3.0

Interacción genotipoxdieta

Tecnología RAS

Biomas (amebas, poblaciones bacterianas)
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Thank you!
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