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                    Abstract
Greenland White-fronted Geese wintering in Ireland and Britain stage for 3 weeks in Iceland in spring before migrating onwards to breeding areas in west Greenland. The geese now depart their wintering quarters 12–15 days earlier than in 1973 because they attain necessary fat stores earlier than in previous years. Icelandic temperatures at critical midway staging areas have shown no significant change since 1973, creating a potential mismatch in food availability along the migratory route. Greenland White-fronted Geese have shifted from consuming below-ground plant storage organs in Iceland in spring to grazing managed hayfields created since the 1950s where fresh grass shoot growth occurs despite sub-zero temperatures, when traditional natural foods are physically inaccessible to staging geese due to frozen substrates. Rates of fat accumulation (measured by field scores of abdominal profiles) and mass change (measured in captured geese) were the same in the springs of 1997, 1998 and 1999 as in that of 2007 when the migration episode was 10 days earlier. Hence, earlier arrival in Iceland in 2007 did not occur at cost to refuelling rates there. The shift to acquiring energy from artificial grasslands has enabled Greenland White-fronted Geese to arrive in Iceland earlier, but has apparently not impaired their ability to accumulate fat reserves required for onwards migration, which occurs at the same rate, only earlier in the spring.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Do Arctic breeding geese track or overtake a green wave during spring migration?
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 March 2015
                                    

                                

                                Yali Si, Qinchuan Xin, … Herbert H. T. Prins

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Extreme events are more likely to affect the breeding success of lesser kestrels than average climate change
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 April 2020
                                    

                                

                                J. Marcelino, J. P. Silva, … I. Catry

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Family size dynamics in wintering geese
                                        
                                    

                                    
                                        Article
                                         Open access
                                         08 December 2018
                                    

                                

                                Pratik R. Gupte, Kees Koffijberg, … Andrea Kölzsch

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bêty, J., G. Gauthier & J. F. Giroux, 2003. Body condition, migration, and timing of reproduction in snow geese: a test of the condition-dependent model of optimal clutch size. American Naturalist 162: 110–121.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bêty, J., J. F. Giroux & G. Gauthier, 2004. Individual variation in timing of migration: causes and reproductive consequences in greater snow geese (Anser caerulescens atlanticus). Behavioural Ecology and Sociobiology 57: 1–8.
Article 
    
                    Google Scholar 
                

	Both, C., S. Bouwhuis, C. M. Lessells & M. C. Visser, 2006. Climate change and population declines in a long-distance migratory bird. Nature 441: 81–83.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Both, C., C. A. M. van Turnhout, R. G. Bijlsma, H. Siepel, A. J. van Strien & R. P. B. Foppen, 2010. Avian population consequences of climate change are most severe for long-distance migrants in seasonal habitats. Proceedings of the Royal Society of London Series B, Biological Sciences 277: 1259–1266.
Article 
    
                    Google Scholar 
                

	Boyd, H. & A. D. Fox, 2008. Effects of climate change on the breeding success of White-fronted Geese Anser albifrons flavirostris in West Greenland. Wildfowl 53: 55–70.

                    Google Scholar 
                

	Boyd, H., A. D. Fox, J. N. Kristiansen, D. A. Stroud, A. J. Walsh & S. M. Warren, 1998. Changes in abdominal profiles of Greenland White-fronted Geese during spring staging in Iceland. Wildfowl 49: 57–71.

                    Google Scholar 
                

	Cooke, F., R. F. Rockwell & D. B. Lank, 1995. The Snow Geese of La Pérouse Bay—Natural Selection in the Wild. Oxford University Press, Oxford.

                    Google Scholar 
                

	Drent, R. H., G. Eichhorn, A. Flagstad, A. J. van der Graaf, K. E. Litvin & J. Stahl, 2007. Migratory connectivity in Arctic geese: spring stopovers are the weak links in meeting targets for breeding. Journal of Ornithology 148: 501–514.
Article 
    
                    Google Scholar 
                

	Fox, A. D., 2003. The Greenland white-fronted goose Anser albifrons flavirostris—the annual cycle of a migratory herbivore on the European continental fringe. DSc thesis, University of Copenhagen. National Environmental Research Institute Report, NERI, Rønde.

	Fox, A. D. & D. A. Stroud, 1988. The breeding biology of the Greenland White-fronted Goose Anser albifrons flavirostris. Meddelelser om Grønland, Bioscience 27: 1–16.

                    Google Scholar 
                

	Fox, A. D. & D. A. Stroud, 2002. Greenland White-fronted Goose. Birds of the Western Palearctic Update 4: 65–88.

                    Google Scholar 
                

	Fox, A. D. & A. J. Walsh, 2012. Warming winter effects, fat store accumulation and timing of spring departure of Greenland White-fronted Geese Anser albifrons flavirostris from their winter quarters. Hydrobiologia. doi:10.1007/s10750-2012-1173-2
                

	Fox, A. D., J. Madsen & D. A. Stroud, 1983. A review of the summer ecology of the Greenland White-fronted Goose (Anser albifrons flavirostris). Dansk Ornitologisk Forenings Tidsskrift 77: 43–55.

                    Google Scholar 
                

	Fox, A. D., H. Gitay, H. Boyd & C. Tomlinson, 1991. Snow-patch foraging by pink-footed geese Anser brachyrhyn-chus in south Iceland. Holarctic Ecology 14: 81–84.

                    Google Scholar 
                

	Fox, A. D., D. W. Norriss, D. A. Stroud, H. J. Wilson & O. J. Merne, 1998a. The Greenland White-fronted Goose in Ireland and Britain 1982/83–1994/95: population change under conservation legislation. Wildlife Biology 4: 1–12.

                    Google Scholar 
                

	Fox, A. D., J. N. Kristiansen, D. A. Stroud & H. Boyd, 1998b. The effects of simulated spring goose grazing on the growth rate and protein content of Phleum pratense leaves. Oecologia 116: 154–159.
Article 
    
                    Google Scholar 
                

	Fox, A. D., J. Ó. Hilmarsson, Ó. Einarsson, H. Boyd, J. N. Kristiansen, D. A. Stroud, A. J. Walsh, S. M. Warren, C. Mitchell, I. S. Francis & T. Nygaard, 1999. Phenology and distribution of Greenland White-fronted Geese Anser albifrons flavirostris staging in Iceland. Wildfowl 50: 29–43.

                    Google Scholar 
                

	Fox, A. D., C. M. Glahder & A. J. Walsh, 2003. Spring migration routes and timing of Greenland white-fronted geese—results from satellite telemetry. Oikos 103: 415–425.
Article 
    
                    Google Scholar 
                

	Fox, A. D., J. Madsen, H. Boyd, E. Kuijken, D. W. Norriss, I. M. Tombre & D. A. Stroud, 2005. Effects of agricultural change on abundance, fitness components and distribution of two arctic-nesting goose populations. Global Change Biology 11: 881–893.
Article 
    
                    Google Scholar 
                

	Francis, I. S. & A. D. Fox, 1987. Spring migration of Greenland White-fronted Geese through Iceland. Wildfowl 38: 7–12.

                    Google Scholar 
                

	Gauthier, G., J. Bety & K. A. Hobson, 2003. Are greater snow goose capital breeders? New evidence from a stable-isotope model. Ecology 84: 3250–3264.
Article 
    
                    Google Scholar 
                

	Hagskinna, 1997. Sögulegar hagtölur um Ísland—celandic Historical Statistics. Hagstofa Íslands—Statistics Iceland, Reykjavík. Accessible at http://www.statice.is/?PageID=452&itemid=84168b3a-608c-4d98-a333-bbdbb290d743.

	Houston, D., K. Mcinnes, G. Elliot, D. Eason, R. Moorhouse & J. Cockrem, 2007. The use of a nutritional supplement to improve egg production in the endangered kakapo. Biological Conservation 138: 248–255.
Article 
    
                    Google Scholar 
                

	Kokko, H., 1999. Competition for early arrival in migratory birds. Journal of Animal Ecology 68: 940–950.
Article 
    
                    Google Scholar 
                

	Kristiansen, J. N., A. D. Fox & G. Nachman, 2000. Does size matter? Maximising nutrient and biomass intake by shoot size selection amongst herbivorous geese. Ardea 88: 119–125.

                    Google Scholar 
                

	Madsen, J. & M. Klaassen, 2006. Assessing body condition and energy budget components by scoring abdominal profiles in free-ranging pink-footed geese Anser brachyrhynchus. Journal of Avian Biology 37: 283–287.
Article 
    
                    Google Scholar 
                

	Mitchell, C., I. Francis, L. Griffin, D. A. Stroud, H. Thomas, M. Weegman & A. D. Fox, 2011. Greenland White-fronted Geese: Investigating Causes of Low Reproductive Output in Greenland. Report by Greenland White-fronted Goose Study and The Wildfowl & Wetlands Trust to Scottish Natural Heritage.

	Owen, M., 1981. Abdominal profile—a condition index for wild geese in the field. Journal of Wildlife Management 45: 227–230.
Article 
    
                    Google Scholar 
                

	Sedinger, J. S. & P. L. Flint, 1991. Growth-rate is negatively correlated with hatch date in Black Brant. Ecology 72: 496–502.
Article 
    
                    Google Scholar 
                

	Sedinger, J. S. & D. G. Raveling, 1986. Timing of nesting by Canada Geese in relation to the phenology and availability of their food plants. Journal of Animal Ecology 55: 1083–1102.
Article 
    
                    Google Scholar 
                

	Thomas, V. G., S. K. Mainguy & J. P. Prevett, 1983. Predicting fat content of geese from abdominal fat weight. Journal of Wildlife Management 47: 1115–1119.
Article 
    
                    Google Scholar 
                

	Thorvaldsson, G., 1996. Botanical composition of Icelandic grass fields. Acta Agriculturae Scandinavica Section B, Soil and Plant Science 46: 121–127.
Article 
    
                    Google Scholar 
                

	van der Graaf, A. J., 2006. Geese on a green wave: flexible migrants in a changing world. PhD Thesis, University Groningen, The Netherlands.

	van der Graaf, A. J., J. Stahl, A. Klimkowska, J. P. Bakker & R. H. Drent, 2006. Surfing on a green wave—how plant growth drives spring migration in the Barnacle Goose Branta leucopsis. Ardea 94: 567–577.

                    Google Scholar 
                


Download references




Acknowledgments
We thank Beckett Foundation, British Ornithologists Union, Canadian Wildlife Service, Dansk Jagtforenings Jubilæumsfund, Japetus Steenstrups Legat, Månsons Rejsefond, Nordisk Forskerutdanningsakademi, Palms Legat, the Peter Scott Trust for Education and Research in Conservation, but especially the National Parks and Wildlife Service of the Irish government’s Heritage Service for financial support for the projects through the offices of John Wilson. We thank our respective employers for supporting our participation in this work and gratefully acknowledge the contributions of Alistair Duncan, Ian Francis, Jón Jónsson, Roy King, Kerstin Langenberger, Vinni Madsen, Timme Nyegaard, Anne Würtz Petersen, Nick Picozzi, Arnor Sigfusson, John Turner, John Wilson as well as many staff and students at the university to counting and catching of birds in these seasons. We are very grateful for the help and support of the University of Iceland at Hvanneyri and especially Björn Þorsteinsson, Anna Þórhallsdóttir and family, Sverrir Heiðar Julíusson, Snorri Sigurðson, Rikki Brynjólfsson and Guðmundur Guðmundsson for their personal help and support. Thanks to Ævar Petersen, Guðmundur A. Guðmundsson and Helga Valdemarsson at the Icelandic Museum of Natural History for permissions, loan of equipment and arrangement of logistics, and to Ólafur Einarsson, Johann Óli Hilmarsson and Einar Þorleifson for their support over very many years. Thanks to three anonymous referees and the journal editor for their comments and help.


Author information
Authors and Affiliations
	Department of Bioscience, Aarhus University, Kalø, Grenåvej 14, 8410, Rønde, Denmark
Anthony D. Fox & Jens Nyeland

	Environment Canada, Canadian Wildlife Service, National Wildlife Research Centre, Carleton University, Ottawa, ON, K1A 0H3, Canada
Hugh Boyd

	National Parks and Wildlife Service, Department of Arts, Heritage and the Gealtacht, Wexford Wildfowl Reserve, North Slobland, Wexford, Ireland
Alyn J. Walsh

	Joint Nature Conservation Committee, Monkstone House, City Road, Peterborough, PE1 1JY, UK
David A. Stroud

	Wildfowl & Wetlands Trust, Slimbridge, Gloucester, GL2 7BT, UK
Ruth L. Cromie


Authors	Anthony D. FoxView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hugh BoydView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alyn J. WalshView author publications
You can also search for this author in
                        PubMed Google Scholar



	David A. StroudView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jens NyelandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ruth L. CromieView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Anthony D. Fox.


Additional information
Guest editors: F. A. Comín & S. H. Hurlbert / Limnology and Aquatic Birds: Monitoring, Modelling and Management


Rights and permissions
Reprints and permissions


About this article
Cite this article
Fox, A.D., Boyd, H., Walsh, A.J. et al. Earlier spring staging in Iceland amongst Greenland White-fronted Geese Anser albifrons flavirostris achieved without cost to refuelling rates.
                    Hydrobiologia 697, 103–110 (2012). https://doi.org/10.1007/s10750-012-1174-1
Download citation
	Published: 31 May 2012

	Issue Date: November 2012

	DOI: https://doi.org/10.1007/s10750-012-1174-1


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
	Agricultural change
	Climate change
	Grassland management
	Habitat use
	Herbivory
	Migration schedules
	Wetland loss








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.202.179.42
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    