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Swimming and foraging behaviour of northern elephant seals
during oceanic migrations
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Summary of thesis contents

Swimming and foraging behaviour of northern elephant seals during oceanic migrations
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Breath-hold diving represents a major behaviour in marine top predators, such as seabirds
and marine mammals, in polar and temperate regions. Exploring the factors affecting the
swimming and foraging behaviour of breath-hold divers is fundamental to a better understanding
of the behavioural adaptations of marine top predators to their polar and temperate environments.

Breath-hold divers experience the dilemma of not being able to breathe and feed on prey at
the same time; they forage underwater and return to the water surface to breathe. This means that
diving and foraging time is physiologically constrained by the amount of oxygen stores, as well
as the rate of oxygen consumption, which is largely determined by the frequency of locomotor
movements or swim speed, with a given basal metabolic rate. Within these physiological
constraints, foraging theories predict that divers have the option to change swimming behaviour
and hence how much oxygen they allocate to each phase of a dive in response to (1)
biomechanical factor (i.e. buoyancy; body density in other words) that affects swimming
behaviour and the energetic costs of swimming, and (2) ecological factor (i.e. foraging depth)
that also affects the energetic costs of swimming via changes in transit distance. However, little
is known about the relationships among buoyancy, swimming costs and foraging behaviour in
free-ranging divers, due to the technological limitations of previous methods: limitations in time
resolution and recording periods. These technological limitations have precluded fine-scale,
long-term measurements of swimming behaviour and their associated energetic costs in relation
to the significant changes in buoyancy, which occurs as fat stores increase while foraging at sea
for months.

To overcome these limitations, a novel accelerometer called ‘Stroke Logger’ was developed,
that records the number of strokes (together with depth and pitch angle, allowing me to calculate
swim speed by Adepth/sinf) every 5 seconds for 150 days at maximum by an on-board
data-processing algorithm. Using this long-term accelerometry technique, I successfully tracked
changes in the locomotor cost of swimming (number of strokes per metre swam, hereafter
referred to as strokes-per-metre) in female northern elephant seals during their months-long
oceanic foraging migrations, where they experience significant changes in buoyancy (body
density). As negatively buoyant seals increased their fat stores and buoyancy, the
strokes-per-metre increased slightly in the buoyancy-aided direction (descending), but decreased
significantly in the buoyancy-hindered direction (ascending), with associated changes in swim
speed, gliding durations and pitch angles. Overall, the round-trip strokes-per-metre decreased
and reached a minimum value when seals achieved neutral buoyancy. In addition, seal buoyancy

appeared to affect not only locomotor costs via reductions in propulsive activities, but also
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foraging gains via increased time spent at foraging depth, suggesting a foraging benefit of
achieving neutral buoyancy by being fat.

Seals changed swimming behaviour in response to not only buoyancy changes, but also to
changes in foraging depth. Specifically, seals swam faster by stroking more frequently when they
foraged in shallower depths, reflecting the swimming strategy of maximizing the proportion of
time spent foraging at depth, in agreement with an optimality model for breath-hold divers. On
the other hand, the number of feeding events had relatively small effect on swimming behaviour.
These results characterize the swimming behaviour of elephant seals, in which both
biomechanical (buoyancy) and ecological (foraging depth) factors influence stroking frequency
and swim speed.

My results show that increasing fat stores by approaching neutral buoyancy have clear
advantages in decreased locomotor cost of swimming at sea. Conversely, therefore, losing fat
stores results in increased locomotor costs of swimming by deviating from neutral buoyancy. In
contrast, on land, losing more fat stores by using more energy is beneficial for reproduction,
especially in capital breeding species such as elephant seals; pups grow faster and better when
their mothers deliver more energy to them, demonstrating the clear fitness advantages of losing
fat stores during reproduction on land. Therefore, I suggest that my results have an important
implication of balancing the optimal amount of fat stores against reproduction on land and
locomotor activities at sea. This raises the need for further investigations of annual and life cycle
strategies of capital breeding species in the future, to examine the trade-off between reproductive
benefits on land, where fat stores are reduced during lactation, and swimming costs at sea, where

fat is stored while feeding on prey by way of energetically expensive swimming.
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