Assessment of a generalizable correction method and R package gRumble
for orienting unfixed biologging devices in the stomach of white sharks
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Background Simulation Results
- Stomach-deployed biologging data was simulated by introducing rotations into traditional fin-mounted data that i1s anchored and
1. Instrumenting animals with biologging sensors has affixed 1n a permanent orientation relative to the animal’s orientation. To investigate sensitivity to the rate of rotation, a random
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7. gRumble 1s an R package that encapsulates post-processing

correction methods for rotating and re-aligning tri-axial sensor - There i1s ample variability in the robustness of the three biological metrics investigated for their sensitivity to the effects of

data from unaffixed sensors. . . stomach movements, as modeled by increasing rotational rates (warmer colors, Figs 4-6) introduced into the fin-mounted source
8. To test the method’s accuracy, we simulated tag rotations data.

expected from unaffixed sensor data like stomach
deployments, introduced these rotations into a traditional
biologging dataset from affixed sensors, and analyzed the
post-processing for recovery of known information in the
source fin-mounted data.

- Locomotory metrics appear relatively robust to the process error introduced into the data by increasing rotational rates. Estimates
of tail beat amplitude and, to a lesser degree, duration appear reliably determined and relatively insensitive to differences in the
size of correction windows.

- Instantaneous measures of body pitch are less robust to errors associated with tag rotations. Furthermore, body pitch estimates
are quite sensitive the size of window needed for estimation.
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gRumble’s Correction Method

- Unfixed biologging devices are deployed non-invasively in a
shark’s stomach via natural ingestion.

- Jorgensen et al. (2015) developed post-processing
methodology to realign a stomach-deployed logger with the
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2. Find ‘sway’: identify tail beat locomotion through power Fig 6: The sensitivity of three behavioral and kinematic metrics to increasing rotation rate demonstrate the method’s robustness of correction estimates for

maximum in a FFT Tail Beat amplitude and duration, to a lesser degree. Instantaneous estimates of body pitch show high susceptibility to effects of increasing rotation rates

3. Find ‘forward’: correlate pitch with ascent rate
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Conclusions

- New methods and novel approaches are needed to transition biologging instrumentation of animals from invasive techniques that
often rely on animal capture/handling and harmful attachment techniques to less impactful, non-invasive approaches.
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Fig 1: To align an unfixed tag with the animal, correction angles are estimated - Growing appreciation for the potential of tagging effects biasing behavioral observation further underlines these needs, especially

and applied with rotation matrices once tag orientation is determined via post- for biologging datasets that tend to be short-term, high-resolution behavioral records.
processing steps above.

- The gRumble method 1s capable of generating accurate correction angles that realign an unaffixed and rotating biologging sensor
with the primary axes of the animal (Fig 3). Simulations validated the method’s accuracy in correction estimates, even at
moderate to high rotation rates, due to dynamically adjusting correction windows that adjust accordingly based on animal’s
activity (Fig 2, 5).

- Rotation angles are estimated and applied at standard time
steps, but draw information from behavioral windows
dynamically sized to minimize error introduction.

0 - Correction windows expand to

5 Wk\ M'l 1 ‘J‘\‘W encapsulate periods of equal proportion - Behaviorally, the method 1s more capable at recovering locomotory metrics from noisy tag rotations and repositioning than
Y instantaneous estimates of body position, suggesting it 1s more applicable to movement and energy studies than questions

involving explicit understanding of body positions and postures.

\ ascending/descending behavior during
'Y Which gravitational acceleration can be
reliably 1solated (1.e., step 1).
- Dynamic adjustments to window size
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New applications of the gRumble methodology to other tagging contexts can aid the use and analysis of other sensor setups that

20 | | minimize Type I/II error introduction. : . ) ] : ) .
0330 0400 0430 P may shift orientation over time, like suction cup mounts, collared tags, or even bolted attachments that may tear skin. Future
Fig 2: This depth trace shows dynamic adjustments to window size, refining work must explore generalizing the method to other biologging studies with similar simulation and sensitivity analyses.
correction estimates during prone behaviors while broadening during more active
behavior
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