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            Abstract
Millions of years before we began to manipulate the flow of light using synthetic structures, biological systems were using nanometre-scale architectures to produce striking optical effects. An astonishing variety of natural photonic structures exists: a species of Brittlestar uses photonic elements composed of calcite to collect light, Morpho butterflies use multiple layers of cuticle and air to produce their striking blue colour and some insects use arrays of elements, known as nipple arrays, to reduce reflectivity in their compound eyes. Natural photonic structures are providing inspiration for technological applications.
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                    Figure 1: Peripheral layer of ophiocomid brittlestars.


Figure 2: Iridescent setae from polychaete worms.


Figure 3: Iridescence in the butterfly Morpho rhetenor.


Figure 4: Iridiscence in Papilo palinurus.


Figure 5: Structural colour in flora.


Figure 6: The green colour of Parides sesostris is created by a photonic crystal.


Figure 7: Anti-reflective nipple arrays.



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        The diversity of three-dimensional photonic crystals
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 May 2021
                                    

                                

                                Rose K. Cersonsky, James Antonaglia, â€¦ Sharon C. Glotzer

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Self-growing photonic composites with programmable colors and mechanical properties
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 December 2022
                                    

                                

                                Juan Xue, Xuewu Yin, â€¦ Jiaxi Cui

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Light-activated shape morphing and light-tracking materials using biopolymer-based programmable photonic nanostructures
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 March 2021
                                    

                                

                                Yu Wang, Meng Li, â€¦ Fiorenzo G. Omenetto

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Denton, E. J. Reflectors in fishes. Sci. Am. 224, 64â€“72 (1971).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Aizenberg, J., Tkachenko, A., Weiner, S., Addadi, L. & Hendler, G. Calcitic microlenses as part of the photoreceptor system in brittlestars. Nature 412, 819â€“822 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Parker, A. R., McPhedran, R. C., McKenzie, D. R., Botten, L. C. & Nicorovici, N. A. Photonic engineering: Aphrodite's iridescence. Nature 409, 36â€“37 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vukusic, P. in Optical Interference Coatings (eds Kaiser, N. & Pulker, H. K.) 1â€“34 (Springer, New York, 2003).
BookÂ 
    
                    Google ScholarÂ 
                

	Knight, J. C. & Russell, P. St. J. Photonic Crystal Fibers: New Ways to Guide Light. Science 296, 276â€“277 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Parker, A. R. Diffracting optics in animals: diversity and biological significance. Eur. Opt. Soc. Top. Meet. Digest Series 18, 27â€“30 (1998).

                    Google ScholarÂ 
                

	Hinton, H. E., Gibbs, D. F. & Silberglied, R. Stridulatory files as diffraction gratings in mutillid wasps. J. Insect Physiol. 15, 549â€“552 (1969).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Kaiser, N. & Pulker, H. K. (eds) Optical Interference Coatings. (Springer, New York, 2003).
BookÂ 
    
                    Google ScholarÂ 
                

	Vukusic, P., Sambles, J. R., Lawrence, C. R. & Wootton, R. J. Quantified interference and diffraction in single Morpho butterfly scales. Proc. R. Soc. Lond. B 266, 1402â€“1411 (1999).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Kinoshita, S., Yoshioka, S. & Kawagoe, K. Mechanisms of structural colour in the Morpho butterfly: cooperation of regularity and irregularity in an iridescent scale. Proc. R. Soc. Lond. B. 269, 1417â€“1421 (2002).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Ghiradella, H. Light and colour on the wing: Structural colours in butterflies and moths. Appl. Opt. 30, 3492â€“3500 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vukusic, P., Sambles, J. R., Lawrence, C. R. & Wootton, R. J. Structural colour: Now you see it â€“ now you don't. Nature 410, 36 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lawrence, C. R., Vukusic, P. & Sambles, J. R. Grazing incidence iridescence from a butterfly wing. Appl. Opt. 41, 437â€“441 (2002).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Agoston, G. A. Colour Theory and its Applications in Art and Design (Springer, New York 1987).
BookÂ 
    
                    Google ScholarÂ 
                

	Sweeney, A., Jiggins, C. & Johnsen, S. Polarized light as a butterfly mating signal. Nature 423, 31â€“32 (2003).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vukusic, P., Sambles, J. R. & Lawrence, C. R. Colour mixing in wing scales of a butterfly. Nature 404, 457 (2000).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Neville, A. C. & Caveney, S. Scarabeid beetle exocuticle as an optical analogue of cholesteric liquid crystals. Biol. Rev. 44, 531â€“562 (1969).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Prum, R. O. & Torres, R. H. Structural colouration of avian skin: convergent evolution of coherently scattering dermal collagen arrays. J. Exp. Biol. 206, 2409â€“2429 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lee, D. W. Iridescent blue plants. Am. Sci. 85, 56â€“63 (1997).
ADSÂ 
    
                    Google ScholarÂ 
                

	Lee, D. W. Ultrastructural basis and function of iridescent blue color of fruits in Elaeocarpus. Nature 349, 260â€“262 (1991).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bone, R. A., Lee, D. W. & Norman, J. M. Epidermal cells functioning as lenses in leaves of tropical rain-forest shade plants. Appl. Opt. 24, 1408â€“1412 (1985).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vukusic, P. Shedding light on butterfly wings. Proc. SPIE 4438, 85â€“95 (2001).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Argyros, A., Manos, S., Large, M. C. J., McKenzie, D. R., Cox G. C. & Dwarte, D. M. Electron tomography and computer visualisation of a three-dimensional 'photonic' crystal in a butterfly wing-scale. Micron 33, 483â€“487 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chan, C. T., Ho, K. M. & Soukoulis, C. M. Photonic band gaps in experimentally realizable periodic dielectric structures. Europhys. Lett. 16, 563â€“568 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sanders, J. V. & Darragh, P. J. The microstructure of precious opal. The Mineralogical Record 2, 261â€“268 (1971).
CASÂ 
    
                    Google ScholarÂ 
                

	Land M. F. & Nilsson, D. E. Animal Eyes. (Oxford Univ., Oxford, 2001).

	Parker, A. R., Hegedus, Z. & Watts, R. A. Solar-absorber antireflector on the eye of an Eocence fly (45 Ma). Proc. Roy. Soc. B, 265, 811â€“815 (1998).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Yoshida, A., Motoyama, M., Kosaku, A. & Miyamoto K. Antireflective nanoproturberance array in the transparent wing of a hawkmoth Cephanodes hylas. Zool. Sci. 14, 737â€“741 (1997).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Wehner, R. Polarization vision â€“ a uniform sensory capacity? J. Exp. Biol. 204, 2589â€“2596 (2001).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Gralak, B., Tayeb, G. & Enoch, S. Morpho butterflies wings color modeled with lamellar grating theory. Opt. Express 9, 567â€“578 (2001).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	McMillan, W. O., Monteiro, A. & Kapan, D. D. Development and evolution on the wing. Trends Ecol. Evol. 117, 125â€“133 (2002).
ArticleÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Thin Film Photonics, School of Physics, Exeter University, Exeter, EX4 4QL, UK
Pete VukusicÂ &Â J. Roy Sambles


Authors	Pete VukusicView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J. Roy SamblesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Pete Vukusic.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Vukusic, P., Sambles, J. Photonic structures in biology.
                    Nature 424, 852â€“855 (2003). https://doi.org/10.1038/nature01941
Download citation
	Issue Date: 14 August 2003

	DOI: https://doi.org/10.1038/nature01941


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Structural engineered living materials
                                    
                                

                            
                                
                                    	Yang Geng
	Zian Jia
	Ling Li


                                
                                Nano Research (2024)

                            
	
                            
                                
                                    
                                        Highly Reflective Distributed Bragg Reflectors for Planar Microcavities: From Modelling to Experimentation
                                    
                                

                            
                                
                                    	Zeeshan Tahir
	Mamoon Ur Rashid
	Yong Soo Kim


                                
                                Transactions on Electrical and Electronic Materials (2024)

                            
	
                            
                                
                                    
                                        Research Progress in Preparation and Application of Photonic Crystals
                                    
                                

                            
                                
                                    	Xiaoren Lv
	Bing Zhong
	Zhinan Zhang


                                
                                Chinese Journal of Mechanical Engineering (2023)

                            
	
                            
                                
                                    
                                        Gyroid-structured nanoporous chitosan from block copolymer template for UVC reflection
                                    
                                

                            
                                
                                    	Tze-Chung Lin
	Chih-Ying Yang
	Rong-Ming Ho


                                
                                NPG Asia Materials (2023)

                            
	
                            
                                
                                    
                                        Bioinspired chiral inorganic nanomaterials
                                    
                                

                            
                                
                                    	Nam Heon Cho
	AndrÃ©s Guerrero-MartÃnez
	Ki Tae Nam


                                
                                Nature Reviews Bioengineering (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








