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Foraging ecology of thick-billed murres in the Bering Sea:
variability in relation to ocean thermal structure
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Southeastern Bering Sea is one of the most productive areas in the world where huge amount of predators inhabit. During
recent decades, the area has experienced series of warm and cold regimes that lead abrupt changes in plankton and nekton
community (Coyle et al. 2011). In this context, potential impacts of changes in the ocean thermal structure on apex predators
have attracted ecologist’s attention. The aim of this study was to reveal how variability in ocean thermal structure affects the
foraging ecology of thick-billed murres (a representative seabird species in the Bering Sea). The field study was conducted on
Saint George Island, Bering Sea, in 2004, 2006, 2007, 2013, 2014 and 2015 covering a series of warm and cold regimes. Small
accelerometers were attached on chick-rearing thick-billed murres, and behavioral data was obtained from 12, 5, 4, 9, 12and 7
birds successfully in the 6 years. Trip and flight durations, dive depth, Sea Surface Temperature (SST), thermocline depth and
intensity, temperature at depth (>40m) in the foraging area were analysed with the acceleration, depth and temperature records
(Kokubun et al. 2010). Prey species were also observed. Assuming the temperature at depth (>40m) as an indicator of the
annual thermal condition, 2015 (6.5+0.9°C) was the warmest year followed by 2004 (5.4+0.8°C), 2014 (4.9+1.0°C), 2006
(4.5+1.0°C), 2013 (3.7+0.9°C), 2007 (2.4+1.2°C). Thermocline detected in the foraging area was most intense in 2007
(6.0£1.5°C) followed by 2014 (5.4+1.4°C), 2013 (4.9£1.4°C), 2004 (4.3+1.2°C), 2015 (3.7+0.9°C) and 2006 (3.6+1.2°C). In
the years with intense thermocline (2007, 2014 and 2015), birds spent more time foraging in stratified waters (87-97%),
whereas the birds also used mixed waters (11-28%) in 2006, 2015 and 2004 with less intense thermocline. In all years there
was a peak of dive depth near thermocline depth (17-54% of dives), but in the coldest year 2007, there was another prominent
peak (36% of dives) in deeper depths (>50m). Annual breeding success of the birds were positively correlated with
thermocline intensity (r = 0.864) and negatively correlated with temperature at depth (r = -0.819). In summer, small fishes such
as age-0 walleye pollock aggregate near thermocline depth, whereas recruitment of larger fishes including age-1 pollock
increases during cold years. Intense summer thermocline is caused by cold previous winter when production of sea ice and
cold pool is enhanced, and/or increased heating of sea surface during summer. Intense thermocline under such environmental
conditions may lead high feeding efficiency of the birds through aggregation of small fishes. Especially in the colder years,
large fishes with presumably slow swim speed may be available in addition to the small fished around thermocline. We will
discuss further on underwater foraging behavior of the birds in relation to thermal conditions by adding acceleration data.
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