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Seabirds come in a wide variety of species,
sizes, and behaviours. The study of seabirds
through biologging has unearthed many
important discoveries about the oceans and their
changes over time. Seabirds sample the ocean
environment during foraging trips. They are
therefore a useful tool in assessing the state of
the oceans without the need for expensive
research vessels. To do so, the context of those
behaviours must be understood.

Many seabird species dive sufficiently deeply
to provide a clear method of detecting foraging
through pressure records during dives.

However, detecting similar behaviours in shallow
diving species is difficult due to the reduced

Figure 1. Article co-author Dr Yonehara
retrieving a shearwater from its burrow.

pressure signal produced. Acceleration is a
commonly collected in biologging studies and
contains detail on precise movements of tagged
animals. As part of my PhD study, | aimed to
develop a new method of estimating foraging
behaviour of a shallow diving seabird from
acceleration records.

Streaked shearwaters (Calonectris
leucomelas) are wide-ranging seabirds that
typically dive to shallow depths. Streaked
shearwater colonies in lwate Prefecture have
been studied for many years by the lab of
Professor Katsufumi Sato at the University of
Tokyo. Birds nesting at the island of Funakoshi-
Ohshima were chosen as the subjects for my
experiments, using a combination of video and
acceleration, and GPS and acceleration tags.

(o (o - N
c ~ O™ e ~ 0 e

Fieldwork for this study largely consisted of
squeezing arms into dark burrows to try and fish
out individuals to be tagged (Fig. 1). In total, 27
tags (5 video and acceleration, 22 GPS and
acceleration) were attached over two years, with
25 successfully recovered.

Video recordings gave access into the at-sea
lives of the shearwaters, their feeding
behaviours, collections of shearwaters gathering
at the sea surface, and foraging near assorted
marine predators such as dolphins (Fig. 2) and
large fish.

Video data was used to generate an algorithm to
categorise behaviours from the concurrent
acceleration data. A method to isolate flapping
behaviour was generated (Fig. 3) and foraging
behaviours were classified into two groups:
dives and surface seizing (Fig. 4). Dives
consisted of plunges from the water surface or
the air, showing a clear descent and ascent in
pitch records. Surface seizes were series of
rapid landings and take-offs from the water
surface.

The algorithm was applied to longer duration
GPS and acceleration records which revealed
the daily activities of foraging trips totalling 99
days of recording. Birds spent most of their time
in flight, followed by rest, while foraging made up
less than 1% of daily activity.

Revealing details about the at-sea lives of
seabirds both provides information regarding
how and where the birds are feeding and allows

Figure 2. Pacific white-sided dolphin
observable from bird-borne video logger.



for future study of seabird search. Knowledge of
the end point of the search for prey allows
testing of how it is birds locate prey patches and
the intensity of foraging behaviour at those
patches. | aim to use this kind of detailed
information in my future studies to better
understand the decision-making processes
undertaken by seabirds whilst at sea.

[Paper presented]

Garrod, A., Yamamoto, S., Sakamoto, K. Q. &
Sato, K. Video and acceleration records of
streaked shearwaters allows detection of two
foraging behaviours associated with large
marine predators. PLOS ONE 16 (ed Paiva, V.
H. R.) e0254454
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Figure 3. Detecting flapping from peaks and
troughs of dorsoventral acceleration.
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Figure 4. Pitch (dotted line) and dorsoventral
acceleration (solid line) of surface seizing

(top) and dive (bottom) behaviours. Colours
refer to video footage and are classed as flight
(F), landing/submersion (L), and take-off (T).

Pitch (°)



Tyt

Continuing international academic exchanges

Patrick J. O. Miller (U of St Andrews, Professor of Biology; BRRAFASTEEMTAIREHIT)
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| am currently (until April, 2022) visiting the
University of Tokyo, Atmosphere and Ocean
Research Institute (AORI), as a visiting professor.
| have had the pleasure to join the AORI research
team for many visits, after meeting Prof Katsufumi
Sato in the 2002 Society for Marine Mammalogy
Conference in Vancouver. After recognizing that
we shared a large number of research interests, |
have collaborated with members of the AORI team,
especially cetacean-expert Dr. Kagari Aoki, on
numerous paper making use of Biologging
methods to uncover new knowledge about marine
mammals. This high level of collaboration is
documented in a long-standing Memorandum
Exchange Agreement between AORI and the
School of Biology at the University of St Andrews,
which has just been renewed for an additional five

years, until 2027.

The importance of buoyancy of animals in water
is one of the key topics of interest to Miller, Sato,
and Aoki and has spurred a lot of collaborative
research over the years. Because mammal lipids
are less dense than water, lipid-stores alter the net
buoyancy of divers, allowing us to estimate the
amount of fat they carry - now demonstrated for
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both seals (Aoki et al., 2011) and whales (Aoki et
al., 2021). Having established this approach, my
lab in St Andrews is currently working on several
projects that aim to empirically measure how lipid-
store body condition of marine divers affects how
they respond to natural and anthropogenic
disturbances. A recent St Andrews PhD student,
Eilidh Siegal, found that northern bottlenose
whales trade-off foraging effort with behaviours
thought to reduce predation risk (eg quiet periods
near the sea surface; Figure 1a). Body density of
tagged whales modulated how tagged bottlenose
whales traded-off foraging and anti-predator
behaviours (Fig 1b), strikingly with opposite trend
than we predicted. We expected that animals in
worse body condition would prioritize foraging over
anti-predator behaviours, but our data indicted
clearly that was not the case — indicating that other
factors influence how this species managed
starvation and predation risks.

The field of biologging science is constantly in
flux, with new biological studies and methods
advances occurring side-by-side.  During this
current visit, | am working closely with AORI
researchers Sato and Aoki to develop novel tag
systems that can be applied to cetaceans using

suction cups. Specifically, we are working to
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Figure 1. (a) The composite anti-predator index (CIAP) as a function of the composite foraging index
(CIF), and (b) the ratio of the composite indices as a function of body density (+ 95% posterior credible

interval shown as horizontal lines), for 15 northern bottlenose whales.

Soc B In Press.

From Siegal et al., Proc Roy



develop a very small (<200g) video and
accelerometer system that can be attached to pilot
whale calves, that we hope to use in future
proposed collaborative research. By being able
to visit Japan in person during this period, | have
been able to interact closely not only with AORI
staff, but also important biologging leaders such as
Professor Naito and engineers at Little Leonardo
(Fig. 2). While we are all getting used to working
remotely, in-person discussion facilitate a higher
level of communication and relationship building.
We all look forward to the end of the Coronavirus
pandemic so we can meet and discuss scientific
questions and methodologies in person. | am
happy to receive contact from any member of the
Japanese biologging community — don’t hesitate to
send me an email message.

Figure 2.
Leonardo in Tokyo.

Aoki, K., Isojunno S., Bellot C., Iwata T., Kershaw,
J. Akiyama Y., Martin-Lopez LM, Ramp C., Biuw M.,
Swift R., Wensveen P., Pomeroy P., Narazaki T,
Hall A, Sato K., Miller PJO. 2021. Aerial
photogrammetry and tag-derived tissue density
reveal patterns of lipid-store body condition of
humpback whales on their feeding grounds.
Proceedings of the Royal Society B .288:
20202307 http://doi.org/10.1098/rspb.2020.2307

Aoki, K., Watanabe, Y.Y., Crocker, D.E., Robinson,
P.W., Biuw, M., Costa, D.P., Miyazaki, N., Fedak,
M.A., and Miller, P.J O. 2011 Northern elephant
seals adjust gliding and stroking patterns with
changes in buoyancy: validation of at-sea metrics
of body density. Journal of Experimental Biology.
214,17, p. 2973-2987

Siegal, E., Hooker, S. K., Isojunno, S., Miller, P. J.
O. 2022 Beaked whales and state-dependent
decision-making: how does body condition affect
the starvation-predation trade-off?

Proceedings of the Royal Society B: In Press.

Patrick Mi ér (right) presenting research goals at Little
Active discussion with engineers and world-leader

like Professor Naito (left) help us to constantly expand our horizons, and
seem to solve ever more-important questions in Biology.
(* We temporarily took off face masks to take the photograph.)
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