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TIME STRUCTURE IN NATURE:  CRONOBIOLOGY

Why is light so important?

Daily cyclic environment … Earth´s axial rotation 

Biological rhythmsBiological rhythms



TIME STRUCTURE IN NATURE:  CRONOBIOLOGY

Larvae production is rhythmic…

… synchronised to light, but endogenous



UNDERWATER PHOTOENVIRONMENT:  PHOTOPERIOD 
AND SPECTRUM
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UNDERWATER PHOTOENVIRONMENT:  PHOTOPERIOD 
AND SPECTRUM
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UNDERWATER PHOTOENVIRONMENT:  
PHOTOTRANSDUCTION SYSTEM

Photoreception in fishPhotoreception in fish…

Scales
Craneum

Midbrain

PINEAL ORGAN

Early development of pineal…
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UNDERWATER PHOTOENVIRONMENT:  
PHOTOTRANSDUCTION SYSTEM

Melatonin rhythms…y
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UNDERWATER PHOTOENVIRONMENT:  
PHOTOTRANSDUCTION SYSTEM

Melatonin and light spectrumMelatonin and light spectrum…
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I. OBJECTIVES

Photoperiod • Constant light (LL)Photoperiod • Constant light (LL) 
• Constant darkness (DD)
• Light-dark cycle (LD)

Light spectrum • White LD (LDW)
Bl LD (LD )
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FISH SPECIES

European sea bass (Dicentrarchus labrax)

Cod (Gadus morhua)

Senegal sole (Solea senegalensis)



RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION
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III. Results and Discussion
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III. Results and Discussion
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III. Results and Discussion
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III. Results and Discussion

Fastest growth under LDBlue



III. Results and Discussion

Delayed yolk sac absorption under DD and LDRed



III. Results and Discussion

Earlier metamorphosis under LDBlue and LDWhite



III. Results and Discussion

Lowest malformations under LDBlue and LDWhite



III. Results and Discussion

• Trial 1: CCL. Effects of light spectrum at high (0.50W/m2) and low (0.25W/m) g p g ( ) ( )
intensities 
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III. Results and Discussion

• Trial 2 (LED): Effects of light spectrum on cod larvae performance  ( ) g p p
at higher light intensity (1.39W/m2 )
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CONCLUSIONS

• The early development of European sea bass, Atlantic cod and Senegal 
sole were strongly affected by light conditionssole were strongly affected by light conditions. 

• Constant darkness (DD) and red light delayed larvae development and 
l d t fled to poor performance. 

• In cod, low light intensities reduced larvae performance and masked 
spectrum effects.

• Constant light (LL) improved growth and survival in cod, though in sea g ( ) p g , g
bass and sole, this “unnatural” condition seriously compromised larvae 
welfare.

• Light conditions approaching the UW light environment (LDblue) 
produced the best results. 



PERSPECTIVES

• Behavioural responses of larvi (and preys)...

• Developments of the circadian systems (clock genes and 
photoreceptors)...

• Long-term effects (reproduction)...

• Light and thermocycles... 
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