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Scientific description of the research project

Harbour seals (Phoca vitulina) are semi-aquatic animals that divide their time between land and sea.
While on land, the seals primarily rest at specific sites known as haulout places; although female seals
also nurse their pups during a 4-6-week period in (late) summer at these haulout places (Harvey,
Chudzinska et al. 2022). After resting, the seals return to the water in search for food or potential mates.

The seals’ movement behaviour e.g. at sea has been described in detail by wildlife researchers (such
as the La Rochelle supervisor Cécile Vincent) using tagging technology on wild seals (see eg. an
exemplary data set published by Vincent 2020 on https.//www.seanoe.org/data/00785/89715). The
tagging data reveal that the seals' foraging trips are highly individual: some remain close to shore and
spend only a few hours at sea, whereas others travel far offshore and may stay away from shore for
several days (eg. Thompson, Mackay et al. 1998, Vance, Hooker et al. 2021). Regardless of the distance
or the duration of their trips, most harbour seals return to one of their few haulout places afterward (e.g.
Vincent 2020).

The seals’ movement behaviour suggest that seals rely on sophisticated orientation and navigation
mechanisms. However, while their movements have been well documented, the underlying
mechanisms remain largely speculative. Researchers (such as the Rostock supervisor Frederike Hanke)
working with captive seals aim to uncover the sensory abilities of seals that may aid in orientation and
navigation (for review see Hanke and Reichmuth 2022). Moreover, lab experiments specifically
targeting mechanisms of orientation and navigation were/are conducted such as those investigating
goal localization with landmarks (Maal3 and Hanke 2022, MaaB, Pfuhl et al. 2022).

In the proposed PhD project, wild harbour seal movements will be analysed regarding putative
underlying mechanisms in an approach combining statistical data analysis and mathematical
modelling. The project will mainly target orientation/navigation mechanisms directly
integrating tagging data obtained from wild seals with evidence derived from or worked on in
parallelin lab experiments in Rostock.

To give two examples, a modelling approach can determine whether there is evidence for
orientation/navigation with landmarks or path integration. Any object that can be clearly distinguished
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from background can serve as landmark, meaning as a point of reference (for review see Yesiltepe,
Conroy Dalton et al. 2021). While Matsumura et al. (2011) had speculated about elephant seals using
landmarks, Maaf3 and colleagues (MaaB and Hanke 2022, MaaB, Pfuhl et al. 2022) showed that harbour
seals can use landmarks to localize goals in lab experiments; the captive seals primarily encoded
vector information to localize the goals relative to the landmarks. In the seals' habitat, natural as well
as anthropogenic structures could serve as landmarks to be used for goal localization or for
orientation/navigation. This PhD project will aim at correlating wild seal movements with the GPS
locations of objects possibly serving as landmarks. One hypothesis to investigate is that landmarks
serve as decision points during wayfinding (Yesiltepe, Conroy Dalton et al. 2021) at which seals might
show a clear change in movement behaviour. Challenges associated with this project will be to
formulate testable hypotheses — even beyond the one just mentioned, to identify and map putative
landmarks — if possible, even in water — or to define criteria for behavioural changes.

Path integration, sometimes also called dead reckoning or vector navigation (Darwin 1873, Wehner 1982,
Gallistel 1990), refers to a navigational mechanism during which an animal keeps track of all distances
covered and angles steered during the outbound path. It then integrates all this information to obtain a
homing vector which will lead it back to e.g. the starting point of its journey. The best- described animal
model for path integration is the desert ant (for book review see Wehner 2021). In marine mammals,
Fuiman et al (2020) had speculated about and analysed Weddell seal tracks regarding path
integration. In general, path integration is an interesting mechanism to look at in e.g. harbour seals as it
would be informative for their homing behaviour in the presence and absence of external sensory cues;
path integration can even be performed based on self-motion cues alone. The latter might particularly
be interesting for animals inhabiting environments in which external cues might be sparse such as e.g.
the open ocean. This PhD project will aim at modelling wild seal movements on the basis of path
integration models. We would mainly focus on the Muller and Wehner model (MUller and Wehner 1988),
but might additionally consult alternative path integration models (Jander 1957, Mittelstaedt and
Mittelstaedt 1982, Benhamou, Sauvé et al. 1990) to assess whether the movement behaviour shown
during loop trips, defined as trips starting and ending at the same haulout site, will show characteristics
indicating underlying path integration abilities. Challenges associated with the path integration analysis
will be how to define outbound and inbound path or how to define regular steps — horizontally or even
vertically (considering the dives) — with raw data that is irregular in the temporal and spatial domain;
this irregularity is caused by the GPS tag only transmitting data when the seal is at the surface.

Moreover, evidence for path integration such as a high degree of straightness of the inbound path has
to be disentangled from alternative mechanisms that would also result in straight inbound paths such
as wayfinding with landmarks.

Additional analyses can aim at analysing (1) whether wild seal movements - or segments of the trips -
can be described as random movements, thereby deviating from classic thoughts of seal movements
being guided by either external or internal sensory cues (e.g. Hanke and Reichmuth 2022), (2) whether
wild seal movements correlate with oceanographic parameters (e.g. Chevaillier et al., 2014) or (3) how
the movement patterns of wild harbour seals deviate from those of grey seals (Halichoerus grypus).
Besides the mentioned fields of research, we want to allow and encourage the PhD student to develop
own ideas to work on fostering the PhD student's independence and intrinsic motivation.

The project will benefit from the decades-long experience of Dr. Vincent and Prof. Dr. Hanke working on
wild and captive seals, respectively, and the availability of data from over two hundred of tagged seals,
provided over 1.2 millions of GPS locations over the last two decades.
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PhD student profile and skills required

We seek an MSc student (Master in the field of Natural Sciences, Mathematics, or Informatics) with
strong background in statistical data analysis and related computational methods. The applicant has
to be proficient in using data analysis software packages like R, or similar, and has to have profound
skills in programming in Python, C++ or a similar programming language. Preferably, the applicant has
already analysed/worked with large GPS data sets. The candidate should also be proficient in scientific
literature searching and reading, and scientific writing in English. The PhD candidate is expected to work
with different partners located in different countries and should demonstrate good communication skills
in English and willingness to work in an international team.

Scientific alignment with EU-DOCs for SmUCS objectives (please explain how the thesis will contribute
to the scientific orientations of the programme)

This basic science project on wild seal movement and the underlying mechanisms contributes to at
least two areas of expertise of SmMUCS (Digital transition and Environmental transition), and most
specifically to the following SmUCS objectives:

1. SmUCS objective “Education™ the joint supervision will allow the PhD candidate to gain
invaluable experience in the field of international research. The results of his/her work will
directly allow to make all members of the society aware of the specific behaviours — and
their underlying mechanisms — shown by European top predators that are living all along the
European coasts.

2. SmUCS objective “defense of biodiversity”: The results will increase our understanding of the
biology and behaviour of wild seals which is crucial as informed basis for their conservation and
management, therefore ultimately for defending biodiversity.

3. SmUCS objective “Coastal environments as interfaces between social and economic
activities and coastal ecosystems”: as coastal species, the seals' aquatic and terrestrial habitats
largely overlap with areas used by humans. The results will thus also help to
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assess/anticipate the impacts of anthropogenic activities in coastal areas on seals, and can be
the basis for a better management of the seals, of anthropogenic activities, or for a sustainable
tourism.

Societal and economic challenges and contributions

Harbour seals — and grey seals — are protected at the national and European levels, and the Marine
Strategy Framework Directive (MSFD) aims at assessing the Good Environmental Status of their habitats
in European waters. One challenge for seal conservation and management is that their habitats, on land
and at sea, overlap with areas influenced by anthropogenic activities. These activities will most likely
even increase in the next decades. Thus, the more we know about the seals, about their movements
and the underlying mechanisms, on which this PhD project will focus, the better we will be able to
initiate measure to protect the seals or to assess the impact of anthropogenic activities on them.

The collaboration with CATS, a key tag manufacturer in the ever-growing biologging community, will
allow a rapid exchange of ideas and testing of technical opportunities to better study the movements
and behaviour of seals at sea (and more widely marine mammals at sea). The 3-months visit of the
PhD candidate in CATS's lab will allow a close discussion and consideration of both research needs in
terms of parameters to be recorded at sea, and technical feasibility.

Partnership context

Dr. Cécile Vincent can provide expertise regarding tagging wild pinnipeds and their (movement)
behaviour. She will provide the data to be analysed.

Prof. Dr. Frederike Hanke can provide expertise regarding sensory perception, mechanisms of
orientation and navigation.

The company CATS (non-academic partner) is developing and deploying tags for animal tracking. The
expertise of Dr. Liebsch and coworkers will allow the PhD student to get essential insights into how
tags work and to develop critical thinking about tags.

The supervisors will collaborate with Dr. Rainer Klages (Queen Mary University of London) with expertise
in mathematics, statistics, and modelling.
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