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                    Abstract
The simple structure of mosses, a major component of Antarctic terrestrial vegetation, has led to suggestions that they might be exceptionally sensitive to enhanced UV from the ozone hole. The results presented here show that the mosses Ceratodon purpureus and Bryum subrotundifolium are resistant to UV-A and that the latter species can rapidly change its protection to suit the UV environment. The studies were made using a UV-A PAM chlorophyll fluorescence fluorometer that allowed absorption of UV-A before arrival at the chloroplast (i.e. UV-A shielding) to be estimated. Both C. purpureus and B. subrotundifolium have sun and shade forms that differ markedly in colour and their protection from UV-A. Shade forms of B. subrotundifolium, initially low in UV-A protection, achieve full, sun-form levels in about 6 days when exposed to ambient sunlight. These results, taken with other recent studies, suggest that not only are Antarctic mosses well protected from ambient UV, but are also as adaptable to incident UV as higher plants.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Basking in the sun: how mosses photosynthesise and survive in Antarctica
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 July 2023
                                    

                                

                                Hao Yin, Alicia V. Perera-Castro, … Sharon A. Robinson

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Seasonal and inter-annual variation in the chlorophyll content of three co-existing Sphagnum species exceeds the effect of solar UV reduction in a subarctic peatland
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 September 2015
                                    

                                

                                Anna Hyyryläinen, Pasi Rautio, … Satu Huttunen

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Higher Rate of Pigment Synthesis in Antarctic Plants: A Strategy of Survival Under UV Radiations
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bilger W, Veit M, Schreiber L, Schreiber U (1997) Measurement of leaf epidermal transmittance of UV radiation by chlorophyll fluorescence. Physiol Plant 101:425–432
Article 
    
                    Google Scholar 
                

	Bilger W, Johnsen T, Schreiber U (2001) UV-excited chlorophyll fluorescence as a tool for the assessment of UV-protection by the epidermis of a plant. J Exp Bot 52:2007–2014
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Caldwell MM, Teramura AH, Tevini M (1989) The changing solar climate and the ecological consequences for higher plants. Trends Ecol Evol 4:363–367
Article 
    
                    Google Scholar 
                

	Cerovic ZG, Ounis A, Cartelat G, Latouche G, Goulas Y, Meyer S, Moya I (2002) The use of chlorophyll fluorescence excitation spectra for the non-destructive in situ assessment of UV-absorbing conpounds in leaves. Plant Cell Environ 25:1663–1676
Article 
    CAS 
    
                    Google Scholar 
                

	Day TA, Neale PJ (2002) Effects of UV-B radiation on terrestrial and aquatic primary producers. Annu Rev Ecol Syst 33:371–396
Article 
    
                    Google Scholar 
                

	Dunn (2000) Seasonal variation in the pigment content of three species of Antarctic bryophytes. BSc. Honours, University of Wollongong

	Gehrke C (1999). Impacts of enhanced ultraviolet-B radiation on mosses in a subarctic heath ecosystem. Ecology 80(6):1844–1851
Article 
    
                    Google Scholar 
                

	Green TGA, Schroeter B, Sancho L (1999) Plant life in Antarctica. In: Punaire FI, Valladres F (ed) Handbook of functional plant ecology. Marcel Dekker, New York, pp 495–543

                    Google Scholar 
                

	Green TGA, Schroeter B, Seppelt RD (2000) Effect of temperature, light and ambient UV on the photosynthesis of the moss Bryum argenteum Hedw. in continental Antarctica. In: Davison W, Howard-Williams C, Broady P (eds) Antarctic ecosystems: models for wider ecological understanding. The Caxton Press, Christchurch New Zealand, pp 165–170

                    Google Scholar 
                

	Gwynn-Jones D, Johanson U, Phoenix GK, Gehrke C, Callaghan TV, Björn LO, Sonesson M, Lee JA (1999) UV-B impacts and interactions with other co-occurring variables of environmental change: an arctic perspective. In: Rozema J (ed) Stratospheric ozone depletion: the effects of enhanced UV-B radiation Backhuys Publishers, Leiden The Netherlands, pp 187–201

                    Google Scholar 
                

	Huiskes AHL, Lud D, Moerdijk-Poortvliet TCW (2001) Field research on the effects of UV-B filters on terrestrial Antarctic vegetation. Plant Ecol 154:77–86
Article 
    
                    Google Scholar 
                

	Karentz D (1991) Ecological considerations of Antarctic ozone depletion. Ant Sci 3:3–11
Article 
    
                    Google Scholar 
                

	Karsten U, Bischof K, Hanelt D, Tüg H, Wiencke C (1999) The effect of ultraviolet radiation on photosynthesis and ultraviolet-absorbing substances in the endemic Arctic macroalga Develereca ramentacea (Rhodophyta). Physiol Plant 105:58–66
Article 
    CAS 
    
                    Google Scholar 
                

	Lovelock RE, Robinson SA (2002) Surface reflectance properties of Antarctic moss and their relationship to plant species, pigment composition and photosynthetic function. Plant Cell Environ 25:1239–1250
Article 
    
                    Google Scholar 
                

	Lovelock RE, Jackson AE, Melick DR, Seppelt RD (1995a) Reversible photoinhibition in antarctic moss during freezing and thawing. Plant Physiol 109:955–961
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lovelock RE, Osmond CB, Seppelt RD (1995b) Photoinhibition in the antarctic moss Grimmia antarctici Card. when exposed to cycles of freezing and thawing. Plant Cell Environ 18:1395–1402
Article 
    
                    Google Scholar 
                

	Lud D, Huiskes HL, Moerdijk T, Rozema J (2001) The effects of altered levels of UV-B radiation on an Antarctic grass and lichen. Plant Ecol 154:89–99
Article 
    
                    Google Scholar 
                

	Lud D, Moerdijk T, Poll Wvd, Buma AJC, Huiskes HL (2002) DNA damage and photosynthesis in antarctic and arctic Sanonia uncinata (Hedw.) Loeske under ambient and enhanced levels of UV-B radiation. Plant Cell Environ 25:1579–1589
Article 
    CAS 
    
                    Google Scholar 
                

	Lud D, Schlensog M, Schroeter B, Huiskes AHL (2003) The influence of UV-B radiation on light-dependent photosynthetic performance in Sanionia uncinata (Hedw) Loeske in Antarctica. Polar Biol 26:225–232

                    Google Scholar 
                

	Markham KR, Given DR (1988) The major flavonoids of an Antarctic Bryum. Phytochem 27:2843–2845
Article 
    CAS 
    
                    Google Scholar 
                

	Markham KR, Franke A, Given DR, Brownsey P (1990) Historical Antarctic ozone level trends from herbarium specimen flavonoids. Bull Liaison Groupe Polyphenols 15:230–235
CAS 
    
                    Google Scholar 
                

	Newsham KK, Hodgson AW, Murray AWA, Peat HJ, Smith RIL (2002) Response of two antarctic bryophytes to stratographic ozone depletion. Glob Change Biol 8:972–983
Article 
    
                    Google Scholar 
                

	Post A (1990) Photoprotective pigment as an adaptive strategy in the Antarctic moss Ceratodon purpureus. Polar Biol 10(4):241–245
Article 
    
                    Google Scholar 
                

	Richardson DHS (1981) The biology of mosses. Blackwell Scientific Publication, Oxford

                    Google Scholar 
                

	Robinson SA, Wasley J, Tobin AK (2003) Living on the edge plants and global change in continental and maritime Antarctica. Glob Change Biol 9:1681–1717
Article 
    
                    Google Scholar 
                

	Robinson SA, Turnbull JD, Lovelock CE (2005) Impact of changes in natural ultraviolet radiation on pigment composition, physiological and morphological characteristics of the Antarctic moss, Grimmia antarctici. Glob Change Biol 11:476–489
Article 
    
                    Google Scholar 
                

	Schroeter B, Green TGA, Seppelt RD, Kappen L (1992) Monitoring photosynthetic activity of crustose lichens using a PAM-2000 fluorescence system. Oecologia 92:457–462
Article 
    
                    Google Scholar 
                

	Seppelt RD, Green TGA (1998) A bryophyte flora for southern Victoria Land, Antarctica. NZ J Bot 36:615–632

                    Google Scholar 
                

	Turcsanyi E, Vass I (2000) Inhibition of photosynthetic electron transport by UV-A radiation targets the photosystem II complex. Photochem Photobiol 72:513–520
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Veit M, Bilger W, Mühlbauer T, Brummet W, Winter K (1995) Diurnal variation in UV-protective flavonoids. Plant Physiol 148:478–482

                    Google Scholar 
                


Download references




Acknowledgements
Antarctica New Zealand is thanked for their excellent logistics support and in arranging all field camps and transport. Jim Cowie and the Cape Roberts team are especially thanked for constructing the field accommodation. Professor Bryan Gould, Vice-Chancellor of Waikato University is thanked for giving special financial support to Waikato University Antarctic Research Programme. BS, SP and DK gratefully acknowledge financial support by a grant of DFG to BS. LGS gratefully acknowledges the support of the Spanish Plan Nacional I+D (REN2003-07366).


Author information
Authors and Affiliations
	Biological Sciences, Waikato University, Private Bag 3105, Hamilton, New Zealand
T. G. Allan Green

	Botanisches Institut, Universität Kiel, Olshausenstrasse 40, 24105, Kiel, Germany
Daniel Kulle, Stefan Pannewitz & Burkhard Schroeter

	Departamento de Biologia Vegetal II, Facultad de Farmacia, Universidad Complutense,  , 28040, Madrid, Spain
Leo G. Sancho


Authors	T. G. Allan GreenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel KulleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stefan PannewitzView author publications
You can also search for this author in
                        PubMed Google Scholar



	Leo G. SanchoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Burkhard SchroeterView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                T. G. Allan Green.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Green, T.G.A., Kulle, D., Pannewitz, S. et al. UV-A protection in mosses growing in continental Antarctica.
                    Polar Biol 28, 822–827 (2005). https://doi.org/10.1007/s00300-005-0011-7
Download citation
	Received: 23 December 2004

	Revised: 12 April 2005

	Accepted: 15 April 2005

	Published: 29 June 2005

	Issue Date: October 2005

	DOI: https://doi.org/10.1007/s00300-005-0011-7


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
                        


Keywords
	Flavonoid
	Photosynthetic Photon Flux Density
	Electron Transport Rate
	Ultra Violet
	Ultra Violet Radiation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					18.207.232.152
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    