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Outline 

•  The Retina, Cones & Rods and Their Associated Visual 
Pigments 

•  Amino Acid Substitutions and Spectral Tuning of Visual 
Pigments 

•  Estimated Spectral Sensitivities of E. glacialis Rod and Cone 
Visual Pigments 

•  Relationship Between E. glacialis Retinal Sensitivity and C. 
finmarchicus Spectral Transmission 



The Retina, Cones & Rods and Their 
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Absorption Maxima of the Human 
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Amino Acid Substitutions and Spectral 
Tuning of Visual Pigments 



Dolphin Rhodopsin: Rod Visual Pigment 



Dolphin MWS Cone Visual Pigment 

Dolphin MWS 524 nm 
Bovine LWS 552 nm 





Other Marine Mammals Lack  
Color Vision 

Levenson et al., J Comp Physiol A (2006) 192: 833–843 



Other Cetaceans also Lack Color 
Vision 

D. H. Levenson and A. Dizon Cetacean SWS cone pigments. Proc. R. Soc. Lond. B (2003) 270, 673–679 



Spectral Tuning of the Dolphin’s 
Rod and Cone Visual Pigments 



Models for Cetacean Rod & MWS Cone pigment 

Model for Dolphin Rod Visual Pigment Model for Dolphin MWS Cone Visual Pigment 



Comparison of Substitutions at Positions 83, 292 & 299 in 
Marine Mammal Rod Pigments and Bovine Opsin Mutants 

and Absorption Maxima (lmax) 



Cetacean Vision 

•  The cetacean eye is designed for light 
capture and not discriminating colors 

•  Photic environment is blue shifted… 

•  And so are the visual pigments 



Estimated Spectral Sensitivities of E. glacialis 
Rod and Cone Visual Pigments 



Sequence the Exons from the Rod and 
MWS Cone Opsins 

From Nathans & Hogness, 1983 and Nathans, Thomas and Hogness, 1986 







Estimated Absorbance Spectra of the Visual Pigments  
of the North Atlantic Right Whale (Eubalaena glacialis) 

λmax=499 nm  
λmax=524 nm  



Relationship Between E. glacialis Retinal 
Sensitivity and C. finmarchicus Spectral 

Transmission 



Absorption Spectra of C. finmarchicus 



The Visual Pigments of E. glacialis are Matched 
to the Oil Pigments of C. finmarchicus 





Conclusions 
•  The absorbance maxima of the E. glacialis rod and LWS cone 

visual pigments are estimated to be 499 nm and 524 nm, 
respectively  

•  The right whale appears to possess significant blue-shifting in 
the MWS cone pigment while the rod pigment retains an 
absorbance spectrum essentially identical to those of terrestrial 
mammals 

•  The spectral placement of these visual pigment enhances the 
right whale’s ability to visually detect the prey species C. 
finmarchicus 
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