
(1) Ice extent is variable and cover reduced; 
large expanses of central ice thin and  
subject to rapid melting. (2) 2006: Floes  
moved 16-92 km day; red floe moved 
674 km in 33 days. 2007: floes moved 6-72 km/day; red floe moved 205 km in 9 days. 
RESULT: Sea ice types mixed, “broken pack” habitat reduced and dispersed (Ray et al., in prep.)  
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Natural history: “Central place  
foraging” and bioturbation 

Present sea-ice “mixing bowl” 

Consequences of change: biological, ecological, and social 

The Pacific walrus is a “key” species of Beringia: 200,000 walruses can annually consume  3 M MT 
of benthic biomass, resuspend 120 M MT of sediment, and increase benthic nutrient flux by 2 orders 
of magnitude (Ray et al. 2006).  

HYPOTHESIS: Changes in sea-ice compromise walrus natural history and, thus,  
the ecology of Beringia. 
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(1)  Walruses are “central-place foragers,” consuming 
 a wide variety of benthic infauna and epifauna, 
widely available throughout the Bering  Sea  
(McCormick-Ray et al. 2011). Walruses do not deplete their food supply, as is often the case for central-place foragers, 
because sea-ice is moving. (2) Patchy walrus bioturbation potentially occurs over tens of thousands of km annually. 
Landscape ecology predicts that patch dynamics plays a significant ecological role (Shugart, 1984). 
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• Walrus population will decline due to habitat loss and increased dispersal mortality, 
as predicted by land- and seascape ecology theory (left figure; Fahrig 2007 ). 

• Ecological functions of bioturbation will be reduced: changes in benthic species 
associations, sediment resuspension, and nutrient flux. 

• Indigenous people will suffer disruption of their annual economic cycle,  
  uncertainty of production and timing, and will undergo shortage of 
  income (ivory carving) and decline of traditional ecological knowledge. 
 
Citations: Braham et al. (1984) NOAA Tech. Rep. NMFS 12; Fahrig (2007) In Key Topics in Landscape Ecology, Cambridge; Fay (1982) Ecology 
and Biology of the Pacific Walrus North American Fauna, FWS; McCormick-Ray et al. (2011) Marine Biology 158; Ray et al. (2006) J. 
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(1) Walruses gathered in “broken pack” in 
 February-March, i.e., thick floes with  
intersecting leads (area 2). (2) All March 
historical observations 1930-1978 show broken pack association (Fay, 1982). Similarly, (3) habitat partitioning among 
pinnipeds  (Braham et al. 1984), and (4) shipboard observations of walruses suggest broken pack habitat in winter.  

1 


