OCEANOGRAPHIC DRIVERS OF FORAGING EFFORT AND
SUCCESS IN THE NORTHERN ELEPHANT SEAL
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Fig 1. Foraging metrics in example elephant seal 2006055

• Recent initiatives have facilitated extensive animal tracking efforts around the globe [1].
• Characterizing animal behaviors relative to oceanography can help to understand why
prey species aggregate [2].
• In elephant seals, foraging migration energy gain strongly predicts pupping success [3].
• Two metrics are commonly used to study at-sea behavior (Fig 1).
• These metrics are rarely cross-validated.

OBJECTIVES

4

a

State-space models (SSMs)
proxy for foraging effort.

b

Drift rate changes
proxy for foraging success.

Forage
Transit

1. Determine how foraging success (drift rate Δ) relates to foraging effort (SSMs).
2. Determine which oceanographic metrics are correlated with body condition gains.

METHODS
•
•
•
•
•

Tags: ARGOS-linked satellite tags + time-depth recorders
Study species: Northern elephant seals Mirounga angustirostris
Dates: Post-molt trip (May-Jan) 2004-2012
Location: Northeast Pacific Ocean
Metrics for 14,600 daily positions:
• % foraging time from State Space Models [4]
• Change in drift rate from custom MATLAB function [3]
• Energy gain during foraging trip from Robinson et al. [3]
• Sea Surface Temperature from Xtractomatic() in R

Alaska

Fig 2.
Daily Drift
Rate Δ

+0.01
0
-0.01

60°N

Canada

RESULTS
• Positive drift rate changes and foraging states
occurred most often near the boundary of the
subtropical and subarctic gyres (
, Fig 2).
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• Within the main foraging area (dashed box, Fig 2),
Sea Surface Temperature was higher in foraging
areas (15.2±1.4°C) than transit areas (13.9±1.5°C)
(t-test, p=0.009)

United
States
40°N

• Percent time foraging and drift rate changes were
positively correlated to body composition changes,
with inter-annual variation (Fig3).
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• The highest energy gain year (2004) had higher drift
rate changes relative to foraging effort; conversely,
the lowest energy gain year (2007) had lower drift
rate changes relative to foraging effort.
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DISCUSSION
• Inter-annual variability in foraging effort and success is reflected in
energy gain and birth rates of birds and mammals [5].
• In the future, researchers could compare higher resolution feeding
metrics from jaw or head accelerometers [6].
• Understanding the oceanographic drivers of animal foraging effort
and success will help to highlight ecologically significant areas [1].
• These areas provide a baseline for understanding climate impacts
on top predators [7].

Citations: [1] Block et al. 2011 Nature; [2] Fiechter et al. 2016 Marine Ecology Progress
Series; [3] Robinson et al. 2012 PLOS ONE; [4] Breed et al. 2009 Journal of Ecology; [5]
Kappes et al. 2010 Progress in Oceanography; [6] Adachi et al. 2017 Functional Ecology;
[7] Hazen et al. 2013 Nature Climate Change.
Acknowledgements: Synthesis and travel were funded through the National
Science Foundation Graduate Research Internship Program and a Graduate
Research Fellowship to RSB. Telemetry deployments were part of the Tagging
of Pacific Predators initiative with additional funding from the Office of Naval
Research and the Joint Industry Program. The authors thank the many Costa
lab volunteers, graduate students, and postdocs who deployed and
recovered hundreds of biologging devices.

