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                    Abstract
Snow-covered sea ice plays a significant role in the ecology of the Arctic marine system and is a critical habitat for ice-adapted ringed seals; however, limited research has focused on the role of snow. The first two objectives of this study characterize the spatial and temporal variability in snow over the sea ice of western Hudson Bay measured from satellite (2002–2010) and how this variability relates to ringed seal pup demographic parameters. The final objective uses a regional circulation model (RCM) to estimate the future snow cover within the study area. Results indicated that the snow cover experienced interannual and interseasonal variability, however, typically increased in late spring. In addition, the Moran’s I statistics indicated clustering at small spatial lags for both seasons, suggesting similar snow depths (i.e., large-scale drifting) occurring at distances of 125 km. There was greater interannual variability in the clustering of snow during spring, compared to the winter season. These trends in snow depth were related to variability in seal pup survival; however, seal pup growth and body condition were not related to winter/spring snow conditions. The results from the RCM member runs suggest that snow will decrease by the end of this century, with a larger decrease occurring in the spring period. In addition, there will also be an increase in interannual and spatial variability during both seasons, which may have significant consequences to ringed seal population abundance through reduced pup survival within the study area.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparison of Arctic sea ice thickness and snow depth estimates from CFSR with in situ observations
                                        
                                    

                                    
                                        Article
                                         Open access
                                         11 March 2017
                                    

                                

                                Kazutoshi Sato & Jun Inoue

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Characterization of sea ice and its snow cover in the Arctic Pacific sector during the summer of 2016
                                        
                                    

                                    
                                        Article
                                        
                                         01 January 2021
                                    

                                

                                Qing Ji, Ying Liu, … Xi Zhao

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Spatio-temporal variability and seasonal dynamics of snow cover regime in Estonia
                                        
                                    

                                    
                                        Article
                                        
                                         24 October 2019
                                    

                                

                                Birgit Viru & Jaak Jaagus

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Boveng PL, Bengston JL, Buckley TW, Cameron MF, Dahle SP, Kelly BP, Megrey BA, Overland JE, Williamson NJ (2009) Status review of the spotted seal (Phoca largha). US Dep Commer, NOAA Tech Memo NMFS‐AFSC‐200, pp 1–153

	Brucker L, Markus T (2013) Arctic-scale assessment of satellite passive microwave derived snow depth on sea ice using operation icebridge airborne data. J Geophys Res 118:2892–2905. doi:10.1002/jgrc.20228
                
Article 
    
                    Google Scholar 
                

	Burnham KP, Anderson DR (1998) Model selection and inference: a practical information-theoretic approach. Springer, New York
Book 
    
                    Google Scholar 
                

	Carter TR, Hulme M, Crossley JF, Malyshev S, New MG, Schlesinger ME, Tuomenvirta H (2000) Climate change in the 21st century—interim characterizations based on the new IPCC emissions scenarios. The Finnish Environment 433, Finnish Environment Institute, Helsinki

	Castro de la Guardia L, Derocher AE, Myers PG, Terwisscha van Scheltinga AD, Lunn NJ (2013) Future sea ice conditions in western Hudson Bay and consequences for polar bears in the 21st century. Glob Change Biol 19:2675–2687. doi:10.1111/gcb.12272
                
Article 
    
                    Google Scholar 
                

	Cavalieri DJ, Parkinson CL (2012) Arctic sea ice variability and trends, 1979–2010. Cryosphere 6:881–889. doi:10.5194/tcd-6-931-2012
                
Article 
    
                    Google Scholar 
                

	Cavalieri D, Markus T, Comiso J (2011) AMSR-E/Aqua Daily L3 12.5 km Brightness temperature, sea ice concentration, and snow depth polar grids V002 [2002–2010]. National Snow and Ice Data Center, Colorado, USA (Digital format)

	Cavalieri DJ, Markus T, Ivanoff A, Miller JA, Brucker L, Sturm M, Maslanik JA, Heinrichs JF, Gasiewski AJ, Leuschen C, Krabill W, Sonntag J (2012) A comparison of snow depth on sea ice retrievals using airborne altimeters and AMSR-E Simulator. IEEE Trans Geosci Remote Sens 50:3027–3040. doi:10.1109/TGRS.2011.2180535
                
Article 
    
                    Google Scholar 
                

	Caya D, Laprise R (1999) A semi-implicit semi-lagrangian regional climate model: the Canadian RCM. Mon Weather Rev 127:341–362
Article 
    
                    Google Scholar 
                

	Chambellant M (2010) Hudson Bay ringed seal: ecology in a warming climate. In: Ferguson SH, Loseto LL, Mallory ML (eds) A little less arctic: top predators in the world’s largest Northern Inland Sea, Hudson Bay. Springer, New York, pp 137–158
Chapter 
    
                    Google Scholar 
                

	Chambellant M, Ferguson SH (2009a) Comparison of strip- and line-transect sampling to estimate density and abundance of Ringed Seals (Phoca hispida) in western Hudson Bay, 2007 and 2008. DFO Can Sci Advis Sec Res Doc 2009/002

	Chambellant M, Ferguson SH (2009b) Ageing live ringed seals (Phoca hispida): which tooth to pull? Mar Mammal Sci 25:478–486. doi:10.1111/j.1748-7692.2008.00269
                
Article 
    
                    Google Scholar 
                

	Chambellant M, Lunn NJ, Ferguson SH (2012a) Temporal variation in distribution and density of ice-obligated seals in western Hudson Bay, Canada. Polar Biol 35:1105–1111. doi:10.1007/s00300-012-1159-6
                
Article 
    
                    Google Scholar 
                

	Chambellant M, Stirling I, Gough WA, Ferguson SH (2012b) Temporal variations in Hudson Bay ringed seal (Phoca hispida) life-history parameters in relation to environment. J Mammal 93:267–281. doi:10.1644/10-MAMM-A-253.1
                
Article 
    
                    Google Scholar 
                

	Chambellant M, Stirling I, Ferguson SH (2013) Temporal variation in western Hudson Bay ringed seal (Phoca hispida) diet in relation to environment. Mar Ecol Prog Ser 481:269–287. doi:10.3354/meps10134
                
Article 
    
                    Google Scholar 
                

	Cliff AD, Ord JK (1975) The comparison of means when samples consist of spatially autocorrelated observations. Environ Plan A 7:725–734
Article 
    
                    Google Scholar 
                

	Cliff AD, Ord JK (1981) Spatial processes: models and applications. Pion, London

                    Google Scholar 
                

	Comiso JC (2003) Chapter 4: large-scale characteristics and variability of the global sea ice cover. In: Thomas D, Diekmann G (eds) Sea ice: an introduction to its physics, chemistry, biology and geology. Blackwell Scientific, Oxford, pp 112–142
Chapter 
    
                    Google Scholar 
                

	Dyke AS, Hooper J, Savelle JM (1996) A history of sea ice in the Canadian Arctic Archipelago based on postglacial remains of the bowhead whale (Balaena mysticetus). Arctic 49:235–255
Article 
    
                    Google Scholar 
                

	Ferguson SH, Young BG (2011) Aerial survey estimates of hauled-out ringed seal (Pusa hispida) density in western Hudson Bay, June 2009 and 2010. DFO Can Sci Advis Sec Res Doc 2011/029

	Ferguson SH, Taylor M, Messier F (2000) Influence of sea ice dynamics on habitat selection by polar bears. Ecology 81:761–772
Article 
    
                    Google Scholar 
                

	Ferguson SH, Stirling I, McLoughlin P (2005) Climate change and ringed seal (Phoca hispida) recruitment in western Hudson Bay. Mar Mammal Sci 21:121–135. doi:10.1111/j.1748-7692.2005.tb01212
                
Article 
    
                    Google Scholar 
                

	Ferguson SH, Dueck L, Loseto LL, Luque SP (2010) Bowhead whale (Balaena mysticetus) seasonal selection of sea ice. Mar Ecol Prog Ser 411:285–297. doi:10.3354/meps08652
                
Article 
    
                    Google Scholar 
                

	Ferland J, Gosselin M, Starr M (2011) Environmental control of summer primary productivity in the Hudson Bay system: the role of stratification. J Mar Syst 88:385–400. doi:10.1016/j.jmarsys.2011.03.015
                
Article 
    
                    Google Scholar 
                

	Finley KJ, Miller GW, Davis RA, Koski WR (1983) A distinctive large breeding population of ringed seals (Phoca hispida) inhabiting the Baffin Bay pack ice. Arctic 36:162–173

                    Google Scholar 
                

	Flato GM, Boer GJ, Lee WG, McFarlane NA, Ramsden D, Reader MC, Weaver AG (2000) The Canadian Centre for Climate Modelling and Analysis global coupled model and its climate. Clim Dyn 16:451–467
Article 
    
                    Google Scholar 
                

	Freitas C, Kovacs KM, Ims RA, Lydersen C (2008) Predicting habitat use by ringed seals (Phoca hispida) in a warming Arctic. Ecol Model 217:19–32. doi:10.1016/j.ecolmodel.2008.05.014
                
Article 
    
                    Google Scholar 
                

	Freitas C, Kovacs KM, Ims RA, Fedak MA, Lydersen C (2009) Deep into the ice: over-wintering and habitat selection in male Atlantic walruses. Mar Ecol Prog Ser 375:247–261. doi:10.3354/meps07725
                
Article 
    
                    Google Scholar 
                

	Furgal CM, Innes S, Kovacs KM (1996) Characteristics of ringed seal, Phoca hispida, subnivean structures and breeding habitat and their effects on predation. Can J Zool 74:858–874. doi:10.1139/z96-100
                
Article 
    
                    Google Scholar 
                

	Gagnon AS, Gough WA (2005) Trends in the dates of ice freeze-up and breakup over Hudson Bay, Canada. Arctic 58:370–382

                    Google Scholar 
                

	Galbraith P, Larouche P (2011) Sea-surface temperature in Hudson Bay and Hudson Strait in relation to air temperature and ice cover breakup 1985–2009. J Mar Syst 87:66–78. doi:10.1016/j.jmarsys.2001.06.006
                
Article 
    
                    Google Scholar 
                

	Gaston AJ, Gilchrist HG, Hipfner JM (2005) Climate change, ice conditions and reproduction in an Arctic nesting marine bird: Brunnich’s guillemot (Uria lomvia L.). J Anim Ecol 74:832–841. doi:10.1111/j.1365-2656.2005.00982
                
Article 
    
                    Google Scholar 
                

	Gough WA, Cornwell AR, Tsuji LJS (2004) Trends in seasonal sea ice duration in southwestern Hudson Bay. Arctic 57:299–305
Article 
    
                    Google Scholar 
                

	Groisman PY, Easterling DR (1994) Variability and trends of precipitation and snowfall over the United States and Canada. J Clim 7:184–205
Article 
    
                    Google Scholar 
                

	Hammill MO, Smith TG (1991) The role of predation in the ecology of the ringed seal in Barrow Strait, Northwest Territories, Canada. Mar Mammal Sci 7:123–135. doi:10.1111/j.1748-7692.1991.tb00559
                
Article 
    
                    Google Scholar 
                

	Hezel PJ, Zhang X, Bitz CM, Kelly BP, Massonnet F (2012) Projected decline in spring snow depth on Arctic sea ice caused by progressively later autumn open ocean freeze-up this century. Geophy Res Lett 39:L17505. doi:10.1029/2012GL052794
                

                    Google Scholar 
                

	Hochheim KP, Lukovich JV, Barber DG (2011) Atmospheric forcing of sea ice in Hudson Bay during the spring period, 1980–2005. J Mar Syst 88:476–487. doi:10.1016/j.jmarsys.2011.05.003
                
Article 
    
                    Google Scholar 
                

	Holst M, Stirling I, Calvert W (1999) Age structure and reproductive rates of ringed seals (Phoca hispida) on the northwestern coast of Hudson Bay in 1991 and 1992. Mar Mammal Sci 15:1357–1364
Article 
    
                    Google Scholar 
                

	Iacozza J, Barber DG (1999) An examination of the distribution of snow on sea-ice. Atmos Ocean 37:21–51
Article 
    
                    Google Scholar 
                

	Iacozza J, Barber DG (2001) Ablation patterns of snow cover over smooth first-year sea ice in the Canadian Arctic. Hydrol Process 15:3559–3569. doi:10.1002/hyp.1037
                
Article 
    
                    Google Scholar 
                

	Iacozza J, Barber DG (2010) An examination of snow redistribution over smooth land-fast sea ice. Hydrol Process 24:850–865. doi:10.1002/hyp.7526
                
Article 
    
                    Google Scholar 
                

	Institute SAS (1998) Statistical analysis system, version 6.12. SAS Institute, Cary, NC

                    Google Scholar 
                

	Kattsov VM, Walsh JE (2000) Twentieth-century trends in Arctic precipitation from observational data and a climate model simulation. J Clim 13:1362–1370
Article 
    
                    Google Scholar 
                

	Kelly BP (1988) Ringed seal, Phoca hispida. In: Lentifer JW (ed) Selected marine mammal species of Alaska: species accounts with research and management recommendations. Mar Mammal Comm, Washington, pp 57–75

                    Google Scholar 
                

	Kelly BP (2001) Climate change and ice breeding pinnipeds. In: Walther GR, Burga CA, Edwards PJ (eds) “Fingerprints” of climate change. Kluwer Academic/Plenum Publishers, New York, pp 43–55

                    Google Scholar 
                

	Kelly BP, Badajos OH, Kunnasranta M, Moran JR, Martinez-Bakker M, Wartzok D, Boveng P (2010) Seasonal home ranges and fidelity to breeding sites among ringed seals. Polar Biol 33:1095–1109. doi:10.1007/s00300-010-0796
                
Article 
    
                    Google Scholar 
                

	Kelly BP, Bengston JL, Boveng PL, Cameron MF, Dahle SP, Jansen JK, Logerwell A, Overland JE, Sabin CL, Waring GT, Wilder JM (2012) Status review of the ringed seal. US Dep Commer, NOAA Tech Memo NMFS‐AFSC‐212, pp 1–265


	Kern S, Ozsoy-Cicek B, Willmes S, Nicolaus M, Haas C, Ackley S (2011) An intercomparison between AMSR-E snow-depth and satellite C- and Ku-band radar backscatter data for Antarctic sea ice. Ann Glaciol 52:279–290
Article 
    
                    Google Scholar 
                

	Laidre KL, Stirling I, Lowry LF, Wiig Ø, Heide-Jørgenson MP, Ferguson SH (2008) Quantifying the sensitivity of arctic marine mammals to climate-induced habitat change. Ecol Appl 18:S97–S125. doi:10.1890/06-0546.1
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Langlois A, Barber DG, Hwang BJ (2007) Development of a winter snow water equivalent algorithm using in situ passive microwave radiometry over snow-covered first-year sea ice. Remote Sens Environ 106:75–88. doi:10.1016/j.rse.2006.07.018
                
Article 
    
                    Google Scholar 
                

	Legendre P, Fortin M-J (1989) Spatial pattern and ecological analysis. Vegetatio 80:107–138
Article 
    
                    Google Scholar 
                

	Li L, Pomeroy JW (1997) Estimates of threshold wind speeds for snow transport using meteorological data. J Appl Meteorol 36:205–213. doi:10.1175/1520-0450
                
Article 
    
                    Google Scholar 
                

	Lukin LR (1980) The habitat of the White Sea ringed seal during early postnatal development. Mar Biol 5:33–37

                    Google Scholar 
                

	Lydersen C (1998) Status and biology of ringed seals (Phoca hispida) in Svalbard. In: Heide-Jorgensen MP, Lydersen C (eds) Ringed seals in the North Atlantic. NAMMCO Scientific Publications, Norway, pp 46–62

                    Google Scholar 
                

	Lydersen C, Gjertz I (1986) Studies of the ringed seal (Phoca hispida Schreber 1775) in its breeding habitat in Kongsfjorden, Svalbard. Polar Res 4:57–63
Article 
    
                    Google Scholar 
                

	Markus T, Cavalieri D (1998) Snow depth distribution over sea ice in the Southern Ocean from satellite passive microwave data. Antarct Res Ser 74:19–39

                    Google Scholar 
                

	Markus T, Cavalieri DJ, Gasiewski AJ, Klein M, Maslanik JA, Powell DC, Stankov BB, Stroeve JC, Sturm M (2006) Microwave signatures of snow on sea ice: observations. IEEE Trans Geosci Remote Sens 44:3081–3090. doi:10.1109/TGRS.2006.883134
                
Article 
    
                    Google Scholar 
                

	Maslanik J, Sturm M, Rivas MB, Gasiewski AJ, Heinrichs JF, Herzfeld UC, Holmgren J, Klein M, Markus T, Perovich DK, Sonntag JG, Stroeve JC, Tape K (2006) Spatial variability of Barrow-area shore-fast sea ice and its relationship to passive microwave emissivity. IEEE Trans Geosci Remote Sens 44:3021–3031. doi:10.1109/TGRS.2006.879557
                
Article 
    
                    Google Scholar 
                

	McFarlane NA, Boer GJ, Blanchet J-P, Lazare M (1992) The Canadian Climate Centre second-generation general circulation model and its equilibrium climate. J Clim 5:1013–1044
Article 
    
                    Google Scholar 
                

	McLaren IA (1958) The biology of the ringed seal (Phoca hispida Schreber) in the eastern Canadian Arctic. Bull Fish Res Board Can 118:1–97

                    Google Scholar 
                

	Meier HE, Döscher R, Halkka A (2004) Simulated distributions of Baltic sea-ice in warming climate and consequences for the winter habitat of the Baltic ringed seal. Ambio 33:249–256. doi:10.1579/0044-7447-33.4.249
                
PubMed 
    
                    Google Scholar 
                

	Messier F, Taylor MK, Ramsay MA (1992) Seasonal activity patterns of female polar bears (Ursus maritimus) in the Canadian Arctic as revealed by satellite telemetry. J Zool 226:219–229
Article 
    
                    Google Scholar 
                

	Moran PAP (1950) Notes on continuous stochastic phenomena. Biometrika 37:17–23
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mundy CJ, Barber DG, Michel C (2005) Variability of thermal, physical and optical properties pertinent to sea ice algae biomass during spring. J Mar Syst 58:107–120. doi:10.1016/j.jmarsys.2005.07.003
                
Article 
    
                    Google Scholar 
                

	Nakicenovic N et al (2000) Special report on emissions scenarios: a special report of working group III of the intergovernmental panel on climate change. Cambridge University Press, Cambridge

                    Google Scholar 
                

	Parkinson CL, Cavalieri DJ (2008) Arctic sea ice variability and trends, 1979–2006. J Geophy Res 113:C07003. doi:10.1029/2007JC004558
                

                    Google Scholar 
                

	Regehr EV, Lunn NJ, Amstrup SC, Stirling I (2007) Survival and population size of polar bears in western Hudson Bay in relation to earlier sea ice breakup. J Wildl Manag 71:2673–2683. doi:10.2193/2006-180
                
Article 
    
                    Google Scholar 
                

	Rinke A, Dethloff K (2008) Simulated circum-Arctic climate changes by the end of the 21st century. Glob Planet Chang 62:173–186. doi:10.1016/jgloplacha.2008.01.004
                
Article 
    
                    Google Scholar 
                

	Rintala J-M, Piiparinen J, Ehn J, Autio R, Kuosa H (2006) Changes in phytoplankton biomass and nutrient quantities in sea ice as responses to light/dark manipulations during different phases of the Baltic winter 2003. Hydrobiologia 554:11–24. doi:10.1007/s10750-005-1002-y
                
Article 
    CAS 
    
                    Google Scholar 
                

	Ryg M, Smith TG, Oritsland NA (1990) Seasonal changes in bodymass and body composition of ringed seals (Phoca hispida) on Svalbard. Can J Zool 68:470–475. doi:10.1139/z90-069
                
Article 
    
                    Google Scholar 
                

	Sahanatien V, Derocher AE (2012) Monitoring sea ice habitat fragmentation for polar bear conservation. Anim Conserv 15:397–406. doi:10.1111/j.1469-1795.2012.00529
                
Article 
    
                    Google Scholar 
                

	Scott JBT, Marshall GJ (2010) A step-change in the date of sea-ice breakup in Western Hudson Bay. Arctic 63:155–164
Article 
    
                    Google Scholar 
                

	Smith TG (1980) Polar bear predation of ringed and bearded seals in the land-fast sea ice habitat. Can J Zool 58:2201–2209
Article 
    
                    Google Scholar 
                

	Smith TG (1987) The ringed seal, Phoca hispida, of the Canadian western Arctic. Can Bull Fish Aquat Sci 216:1–81

                    Google Scholar 
                

	Smith TG, Hammill MO (1981) The ecology of the ringed seal (Phoca hispida) in its fast ice breeding habitat. Can J Zool 59:966–981
Article 
    
                    Google Scholar 
                

	Smith TG, Harwood LA (2001) Observations of neonate ringed seals, Phoca hispida, after early break-up of the sea ice in Prince Albert Sound, Northwest Territories, Canada, spring 1998. Polar Biol 24:215–219. doi:10.1007/s003000000198
                
Article 
    
                    Google Scholar 
                

	Smith TG, Stirling I (1975) The breeding habitat of the ringed seal (Phoca hispida): the birth lair and associated structures. Can J Zool 53:1297–1305
Article 
    
                    Google Scholar 
                

	Smith TG, Hammill MO, Taugbol G (1991) A review of the developmental, behavioural and physiological adaptations of the ringed seal, Phoca hispida, to life in the Arctic winter. Arctic 44:124–141

                    Google Scholar 
                

	Stirling I (1973) Vocalization in the ringed seal (Phoca hispida). J Fish Res Board Can 30:1592–1594
Article 
    
                    Google Scholar 
                

	Stirling I (2002) Polar bears and seals in the eastern Beaufort Sea and Amundsen Gulf: a synthesis of population trends and ecological relationships over three decades. Arctic 55:59–76
Article 
    
                    Google Scholar 
                

	Stirling I (2005) Reproductive rates of ringed seals and survival of pups in northwestern Hudson Bay, Canada, 1991–2000. Polar Biol 28:381–387. doi:10.1007/s00300-004-0700-7
                
Article 
    
                    Google Scholar 
                

	Stirling I, Archibald WR (1977) Aspects of predation of seals by polar bears. J Fish Res Board Can 34:1126–1129
Article 
    
                    Google Scholar 
                

	Stirling I, Smith TG (2004) Implications of warm temperatures and an unusual rain event on the survival of ringed seals on the coast of southeastern Baffin Island. Arctic 57:59–67

                    Google Scholar 
                

	Stirling I, Kingsley M, Calvert W (1982) The distribution and abundance of seals in the eastern Beaufort Sea, 1974–1979. Can Wildl Occas Pap 47:1–25

                    Google Scholar 
                

	Stirling I, Lunn NJ, Iacozza J (1999) Long-term trends in the population ecology of polar bears in western Hudson Bay in relation to climate change. Arctic 52:294–306
Article 
    
                    Google Scholar 
                

	Sturm M, Holmgren J, Perovich DK (2002) The winter snow cover on the sea ice of the Arctic Ocean at the Surface Heat Budget of the Arctic Ocean (SHEBA): temporal evolution and spatial variability. J Geophy Res. doi:10.1029/2000JC000400
                

                    Google Scholar 
                

	Tynan CT, DeMaster DP (1997) Observations and predictions of Arctic climatic change: potential effects on marine mammals. Arctic 50:308–322
Article 
    
                    Google Scholar 
                

	Vincent-Chambellant M (2010) Ecology of Ringed Seals (Phoca hispida) in Western Hudson Bay, Canada. Dissertation, University of Manitoba

	Walsh JE (2008) Climate of the Arctic marine environment. Ecol Appl 18:S3–S22
Article 
    PubMed 
    
                    Google Scholar 
                

	Warren SG, Rigor IG, Untersteiner N, Radionov VF, Bryazgin NN, Aleksandrov YI, Colony R (1999) Snow depth on Arctic sea ice. J Clim 12:1814–1829
Article 
    
                    Google Scholar 
                

	Wiig Ø, Derocher AE, Belikov SE (1999) Ringed seal (Phoca hispida) breeding in the drifting pack ice of the Barents Sea. Mar Mammal Sci 15:595–598. doi:10.1111/j.1748-7692.1999.tb00828.x
                
Article 
    
                    Google Scholar 
                

	Worby AP, Markus T, Steel AD, Lytle VI, Massom RA (2008) Evaluation of AMSR-E snow depth product over East Antarctic sea ice using in situ measurements and aerial photography. J Geophys Res 113:C05S94. doi:10.1029/2007JC004181
                

	Young BG, Ferguson SH (2013) Seasons of the ringed seal: pelagic open-water hyperphagy, benthic feeding over winter and spring fasting during molt. Wildl Res 40:52–60. doi:10.1071/WR12168
                
Article 
    CAS 
    
                    Google Scholar 
                

	Young BG, Ferguson SH (2014) Using stable isotopes to understand changes in ringed seal foraging ecology as a response to a warming environment. Mar Mammal Sci. doi:10.1111/mms.12075
                

	Young BG, Loseto LL, Ferguson SH (2010) Diet differences among age classes of Arctic seals: evidence from stable isotope and mercury biomarkers. Polar Biol 33:153–162. doi:10.1007/s00300-009-0693-3
                
Article 
    
                    Google Scholar 
                

	Yurkowski DJ, Chambellant M, Ferguson SH (2011) Bacular and testicular growth and allometry in the aquatic-mating ringed seal (Pusa hispida): evidence of polygyny? J Mammal 92:803–810. doi:10.1644/10.MAMM-A-082.1
                
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors wish to thank Pritichanda Nayak from the Centre for Earth Observation Science (CEOS), University of Manitoba for her assistance in processing the AMSR-E imagery and Brent Young from CEOS and the University of Manitoba for processing the seal pup samples and providing the body condition parameters. AMSR-E data were made available through the National Snow and Ice Data Centre. The CRCM v 4.2 monthly data have been generated and supplied by the Ouranos Climate Simulation Team via the Canadian Centre for Climate Modelling and Analysis (CCCma) data distribution Web page. We thank the Hunters and Trappers Organizations in Arviat, as well as the hunters who provided ringed seal samples. The community-based seal monitoring project was funded by the Nunavut Wildlife Management Board, the Department of Fisheries and Oceans, ArcticNet Centre of Excellence and the University of Manitoba. Seal sample collections were conducted under an annual permit from Fisheries and Oceans Canada License to fish for scientific purposes.


Author information
Authors and Affiliations
	Department of Environment and Geography, Centre for Earth Observation Science, University of Manitoba, Winnipeg, MB, R3T 2N2, Canada
John Iacozza & Steven H. Ferguson

	Freshwater Institute, Fisheries and Oceans Canada, 501 University Crescent, Winnipeg, MB, R3T 2N6, Canada
Steven H. Ferguson


Authors	John IacozzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Steven H. FergusonView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                John Iacozza.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Iacozza, J., Ferguson, S.H. Spatio-temporal variability of snow over sea ice in western Hudson Bay, with reference to ringed seal pup survival.
                    Polar Biol 37, 817–832 (2014). https://doi.org/10.1007/s00300-014-1484-z
Download citation
	Received: 15 July 2013

	Revised: 06 March 2014

	Accepted: 10 March 2014

	Published: 20 March 2014

	Issue Date: June 2014

	DOI: https://doi.org/10.1007/s00300-014-1484-z


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
	Forecasts
	Satellite data
	Snow
	Sea ice
	Ringed seals








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.238.87.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    