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Declining Extent of Open-water Refugia for Top 
Predators in Bafþn Bay and Adjacent Waters

Report Mads Peter Heide-Jßrgensen and Kristin L. Laidre

Global climate change is expected to severely impact 
Arctic ecosystems, yet predictions of impacts are com-
plicated by region-speciþc patterns and nonuniform 
trends. Twentyfour open-water overwintering areas (or 
òmicrohabitatsó) were identiþed to be of particular impor-
tance for eight seabird and marine mammal species in 
the eastern Canadian High Arctic and Bafþn Bay. Local-
ized trends in the available fraction of open-water were 
examined in March during 1979ð2001, derived from ap-
proximate sea ice concentrations from satellite-based mi-
crowave telemetry. Declines in the fraction of open-water 
were identiþed at microhabitats in Bafþn Bay, Davis Strait, 
coastal West Greenland, and Lancaster Sound. Increas-
es in open-water were observed in Hudson Bay, Hudson 
Strait, and Foxe Basin. The biological importance of each 
microhabitat was examined based on species distribu-
tion and abundance. Potential consequences of reduced 
open-water for top marine predators include impacts 
on foraging efþciency and oxygen and prey availability.

INTRODUCTION
The waters adjacent to the Arctic Ocean are generally perceived 
as barren and inaccessible, completely covered in sea ice and 
darkness during winter months. However, in this white stretch 
of frozen Arctic sea, winter refugia or ñmicrohabitatsò exist 
for millions of air-breathing marine animals. The refugia range 
widely in size, existing as cracks or leads only a few hundred 
meters long to hundreds of kilometers of vast open-water. They 
remain ice-free during even the coldest period of winter and are 
generally surrounded by solid sea ice. These areas can be an-
nually recurrent ópolynyasô (the Russian word for óopen-water 
area surrounded by iceô) driven by upwelling or wind, variable 
shore leads and cracks, or tidal- and wind-driven openings in 
the consolidated pack ice (1). These microhabitats occur predict-
ably in the same locations year after year, despite the variety of 
ways in which they are physically generated and maintained. 
The geographical and temporal predictability permits numerous 
Arctic seabirds and marine mammals to utilize open-water dur-
ing winter when survival in the sea ice is most critical. Large-
scale upwelling events occur along the ice edge, driven by the 
absence of ice, providing early availability of light for photosyn-
thesis (2). Consequently, the high levels of production found in 
many of these open-water habitats are used by predators seeking 
to beneýt from high densities of zooplankton and associated ýsh 
abundance.
 Species utilizing open-water winter refugia include ceta-
ceans, pinnipeds, seabirds and polar bears (Ursus maritimus). 
Their winter habitat preferences are diverse and unique to their 
species-speciýc requirements for survival and reproductive suc-
cess. One of the largest Arctic winter refugia, the North Water, is 
utilized by approximately 13 000 belugas or white whales (Del-
phinapterus leucas) (who undertake a northbound migration to 

this locality from Lancaster Sound in the fall) during winter and 
spring, thousands of narwhals (Monodon monoceros), and 30 
million breeding pairs of little auks (Alle alle) (3ï6). In other 
areas, alternate and smaller open-water localities of great im-
portance are situated over shallow banks, such as Store Helle-
ýske Bank in West Greenland. This region contains vast benthic 
resources utilized by species with limited diving abilities like 
king eiders (Somateria spectabilis), common eiders (Somateria 
mollissima), and walrus (Odobenus rosmarus) (7ï10). Hundreds 
of thousands of thick-billed murres (Uria lomvia) from Canada, 
Greenland, Iceland, Svalbard, and eastern Russia overwinter in 
smaller regions along the productive coastal open-water area in 
West Greenland (7ï9). Other microhabitats occur in offshore ar-
eas of Bafýn Bay and Davis Strait, where leads and cracks in the 
ice over deep waters serve as the primary wintering grounds for 
narwhals utilizing benthic ýsh and squid resources (11, 12).
 Global warming, predicted with considerable certainty (13), 
is assumed to severely impact sea ice formation in the Arctic. 
The extent of sea ice has declined in the past 20 years, at a rate 
of about 3% per decade in the Northern Hemisphere (14). How-
ever, this trend is not uniform throughout the Arctic and several 
regional deviations from the general warming pattern have been 
observed. For example, the length of the sea ice season and the 
concentrations of sea ice have increased in the past two decades 
in the Bafýn Bay and Davis Strait (14ï16). Passive microwave 
telemetry and mapping of sea ice distribution over the past 5 
decades demonstrate a signiýcant increase in sea ice amounting 
to about 600 km2 or 1.3% per decade in Bafýn Bay (17). The 
causes of the cooling trend in Bafýn Bay are uncertain but are 
likely due to simultaneous changes in the thermohaline circula-
tion (causing changes in the relatively warm northward þow-
ing West Greenland current), the North Atlantic Oscillation, and 
the formation of the sea ice bridge in Smith Sound (17, 18). In 
Hudson Bay and Foxe Basin a non signiýcant sea ice extent de-
crease of 1.8% per decade was observed between 1979ï1996 
(14). However, the length of the sea ice season declined in north-
western Hudson Bay and increased in central Hudson Bay and in 
Foxe Basin (16, 18).
 There have been scattered attempts to study the biological 
importance of winter refugia in the Arctic. Most have focused 
only on the larger polynyas (e.g. the North Water or the North-
east Water in East Greenland (19)). Generally, the importance 
of the smaller high Arctic microhabitats has not been well un-
derstood or studied because of obvious logistic problems with 
ýeld research in dark, cold, and ice covered regions. Due to the 
importance of open-water pack ice refugia for marine mammals 
and seabirds, it is critical to identify the changes in these micro-
habitats and develop predictions of how changes will alter the 
trophic web or biological resources. Bafýn Bay and the east-
ern Canadian High Arctic have a complex coastline, an inþux 
of warm Atlantic water along the West Greenland coast, and a 
restricted opening to the polar basin through Robeson Channel, 
which results in numerous microhabitats in the region. In addi-
tion, the abundance of animals overwintering in the dense pack 
ice in this region is large, making it important for examination of 




