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Variations in behavior and condition of a Southern
Ocean top predator in relation to in situ

oceanographic conditions
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Responses by marine top predators to environmental variability
have previously been almost impossible to observe directly. By
using animal-mounted instruments simultaneously recording
movements, diving behavior, and in situ oceanographic properties,
we studied the behavioral and physiological responses of southern
elephant seals to spatial environmental variability throughout
their circumpolar range. Improved body condition of seals in the
Atlantic sector was associated with Circumpolar Deep Water up-
welling regions within the Antarctic Circumpolar Current, whereas
High-Salinity Shelf Waters or temperature/salinity gradients under
winter pack ice were important in the Indian and Pacific sectors.
Energetic consequences of these variations could help explain
recently observed population trends, showing the usefulness of
this approach in examining the sensitivity of top predators to
global and regional-scale climate variability.
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he Southern Ocean (SO) is one of the most productive of the

world’s oceans, mainly a result of short, intensive spring
phytoplankton blooms (1). Because of restrictions on land-
ocean—atmosphere interactions by the Antarctic ice cap, nutrient
supply via rivers and dust is generally small or absent. Input of
sedimentary nutrients is limited to coastal shelves, whereas
pelagic waters over deep basins can be enriched via nutrient
release from melting sea ice (2), advection of nutrient-rich water
masses from upstream shelf regions (3), or upwelling from
distant sediment sources (4). The spatial and temporal distribu-
tion of nutrients is therefore highly influenced by interactions
between bottom topography, water mass properties, ocean cur-
rents, and sea—ice dynamics. Significant phytoplankton blooms
occur mostly on continental or island shelves, in the wake of the
retreating sea ice or along frontal systems within the Antarctic
Circumpolar Current (ACC) (5). Understanding the responses
of higher trophic levels to such spatial and temporal variability
is fundamental to the effective management of living resources
in the SO, and for predicting how animals may respond to climate
change and the consequent changes in ocean circulation, ice
dynamics, and biogeochemistry.

It is often difficult or impossible to observe directly how
marine predators interact with their environment and the prey
within it. It is especially challenging to obtain information on diet
and the distribution of potential prey for long-ranging migrating
species. Stomach contents and fecal remains are rarely available,
and sufficiently detailed surveys of prey distribution are often
lacking. Most studies of foraging ecology of marine predators
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have instead attempted to correlate habitat use or movement
patterns to environmental characteristics (6—8). Such studies do
not adequately examine prey choice or food web interactions, but
can characterize critical habitats for conservation and manage-
ment purposes. Relating movement and behavioral data from
animal tracking to specific local environmental features is also
challenging. For instance, data on ocean surface properties may
not be good indicators of environmental conditions relevant to
deep-diving species, and subsurface data are often not available
at relevant spatial and temporal scales. It is not surprising that
some studies have found strong correlations between behavioral
patterns and environmental characteristics (8, 9), whereas other
results have been more ambiguous (10).

To understand the effects of environmental variability on
foraging success and, ultimately, reproductive performance re-
quires not only direct measurements of reproductive output
coupled with studies of movement patterns while at sea, but also
some method of identifying where and when animals actually
improve their body condition. Appropriate feeding indices are
often difficult to obtain, and most studies instead use proxies
such as changes in movement patterns and time spent within
discrete areas. Although these patterns may indicate high search
effort, they do not necessarily relate to foraging success or, even
more importantly, changes in animal condition.

Southern elephant seals (Mirounga leonina) represent a
unique opportunity for studying links between environmental
variability, individual physiology, behavior, and population dy-
namics across a range of scales in space and time. They are
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