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Developmental malformations in farmed halibut juveniles 

Photos: Kristin Hamre, Øystein Sæle, Karin Pittman, IMR	

Larva 14dpff Normal juvenile 

No eye migration Malpigmented 

Too high ARA and too 
low DHA give 
malpigmentation 

Thyroid hormone is 
the driver of 
metamorphosis 

Vitamin A affects pigmentation 
in Japanese flounder larvae 
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Retinoic acid in development of the chick wing 

Hypothesis 

Maden et al.,1994 

Zone of 
polerizing 
activity	



PPAR 

RXR 

TR 

Retinoic acid activated receptor  

Thyroid hormone 
activated receptor 

Peroxisomal proliferator-activated 
receptor 

Interactions between vitamin A, thyroid hormone 
and fatty acids on the gene expression level 

RAR 
Retinoid X activated receptor 



Experimental 

•  Artemia was enriched with DHA-selco and fed according to   
 standard methods 

•  Copepods were harvested from a fertilized pond  
 (Svartatjønn, Austevoll) 

•  Experimental period: day 0-60 after firstfeeding 

Hypothesis (1999): 
Fatty acids, vitamin A and nutrients necessary for synthesis of thyroid 
hormone (iodine, phenylalanine/tyrosine, selenium) act alone or in 
interaction to promote normal development in Atlantic halibut larvae 

Copepods Copepods 



Pigmentation and eye migration 

Artemia Zooplankton

Normal pigmentation (%) 7 (depigmentation) 68 (ambicoloration)

Complete eye migration (%) 10 88

Final weight (mg dry wt.) 35 55

Depigmentation Eye migration 
Photo: Jostein Solbakken	Photo: IMR	



Fatty acids in Artemia and copepods 

% Artemia Copepods 
ARA 2,1±0,1a 0,7±0,2b 

EPA 4,9±0,3a 18,6±3,2b 

DHA 6,3±0,9a 28,5±4,8b 

Ararchidonic acid 
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Effect of fatty acids on growth 
and survival 
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Effect of fatty acids on pigmentation and eye 
migration 
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Correlation between eye migration and double 
pigmentation 

0

20

40

60

80

100

120

0 1 2 3 4

Eye migration index

 %

None
Partly
Double
Perfect

Double pigmented fish are actually normally pigmented fish that lack eye migration 
 
Normal pigmentation: 
High TAG: 77±2  
High MAG: 46±16%,  



Nutritional input in synthesis of thyroid hormone  

Phenylalanine Tyrosine 
T4 

T3 

Se Iodine 
5’ deiodinase 

Larvae
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Iodine 0,51±0.05a 350±40b 

Feed 



Iodine nutrition in flatfish 



Total vitamin A in larvae fed Artemia or 
copepods 
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Physiological forms of vitamin A in larvae 
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Photo: Mari Moren	

Vitamin A deficiency in halibut juveniles 









Injection of retinoic acid by  
the blind side eye arrests eye 
migration and gives 
pigmentation on both sides 

Retinoic acid gradient 
disrupted 



aldh3	 sws2	

Irradiated by blue light	

Light sets up the retionic acid gradient 



Photo: Mari Moren	

Vitamin A deficiency in halibut juveniles 

Many things get 

their explanation 

due to this new 

knowledge 





Effect of ongrown Artemia on eye migration in 
Atlantic halibut 
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Task 11.2 and 11.3: Ongrown Artemia 

On	dry	wt	
	

 
Unit	

 
Nauplii 
enriched	

On-grown 
enriched	

P	
Day 1-3	

Protein Nx5.30	 g 100g-1	 46±1	 51±2	 0.026	
Free AA	 g kg-1	 70±4	 92±13	 0.044	
Taurine	 g kg-1	 4.4±0.2	 5.5±0.6	 0.040	
Glycogen	 g kg-1	 25±3	 7.1±3.2	 0.002	
Lipid	 g 100g-1	 17±1	 11±1	 0.004	
PL	 % TL	 24±3	 34±3	 0.013	
ARA	 % TFA	 2.4±0.1	 2.1±0.1	 0.016	
EPA	 % TFA	 4.1±0.2	 6.0±0.7	 0.010	
DHA	 % TFA	 5.9±0.6	 17±2	 0.001	
Thiamine	 mg kg-1	 10.8±0.8	 12.5±1.1	 0.096	
Vitamin C	 mg kg-1	 1037±336	 1401±|66	 0.168	
Vitamin D3	 mg kg-1	 0.12±0.01	 0.24±0.01	 0.000	
Vitamin E 	 mg kg-1	 580±27	 890±224	 0.076	
MK4	 µg kg-1	 1040±137	 102±37	 0.000	
Phylloquinone 	 µg kg-1	 13±1	 281±131	 0.024	
MK6	 µg kg-1	 nd	 15±7	 0.024	
MK7	 µg kg-1	 6.7±0.7	 75±37	 0.033	
MK8	 µg kg-1	 nd	 242±111	 0.020	
MK9	 µg kg-1	 nd	 22±11	 0.026	
MK10	 µg kg-1	 nd	 41±22	 0.031	
Total vitamin K	 µg kg-1	 1073±124	 778±340	 0.231	
Iodine	 mg kg-1	 5.2±0.5	 8.2±0.5	 0.002	
Ca	 g kg-1	 3.4±0.5	 3.1±0.5	 0.460	
K	 g kg-1	 15±1	 14±0.1	 0.152	
Mg	 g kg-1	 8.2±0.8	 7.1±0.9	 0.165	
P	 g kg-1	 11.1±0.9	 10.9±0.4	 0.420	

The control larvae 
fed nauplii had 
good eye migration 
and pigmentation 
 
Ø  No effect of 

feeding ongrown 
Artemia 
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Nutrient composition in nauplii and ongrown Artemia 



Torstein’s tanks for halibut larvae 



Thank you for your attention 

Co-funded by the Seventh 
Framework Programme 	
of the European Union	

Malpigmented	 No eye migration	 Normal	

Photos: Øystein Sæle	


