ANIMAL NAVIGATION

Inspired by the
animal kingdom

Animal navigation and orientation is a research focus area at the University of
Oldenburg. In this interview, biologists Henrik Mouritsen and Miriam Liedvo-
gel explain the importance of this topic for nature conservation — as well as for
quantum technologies and autonomous vehicles. An interview with biologists
Henrik Mouritsen and Miriam Liedvogel.

Interview: Ute Kehse and VVolker Sandmann

Billions of animals migrate every
year,sometimestravelling extreme-
lylongdistances. Which navigation-
al feats in the animal kingdom do
you find the most exciting?
Liedvogel: That young birds on their
first migratory flight find their way to
places they have never visited before is
truly amazing. These birds hatch from
their eggs here in Europe and then fly
to Africa. The parents make thejourney
around two weeks earlier on average.
Youwould think that such youngbirds
would have no clue where Africa is. But
theyknow which direction to fly, when
to leave and when they have reached
their destination.

Mouritsen: It'sincredible that they can
reach their destination despite having
virtually no points of reference.
Liedvogel: And when they return to
their wintering grounds a year later,
they seek out exactly the same branch
to sleep on after flying thousands of
kilometres - which is also very im-
pressive.

Howimportantisthe phenomenon
ofanimal migration for ecosystems

worldwide?
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Mouritsen: I'll give just one example to
illustrate the dimensions we’re talk-
ing about here: each year around two
billion birds migrate between Africa
and Europe. These are gigantic shifts
in biomass, which of course have an
enormous global impact.

Liedvogel: But insects also play an im-
portant role in ecosystems. Much of
the agricultural industry would cease
to function without insects as polli-
nators, and a large proportion of these
insects also migrate, as we have only
recently learned. Billions of hoverflies
fly across the English Channel every
year. Butterflies like the admiral cross
the Alps. Itis crucial for our food supply
that all these creatures are in the right
place at theright time.

What challenges does climate
change pose for migratory spe-
cies?

Mouritsen: Warmer temperatures
cause habitats toshift. Thismeans that
animals have to move around more
simply because they have to follow
their habitats. So understanding how
animals deal with space and time and
how they move around is becoming

even more important in the context of
climate change.

Liedvogel: A problem that affects
migratory species in particular is that
thechangesalong the migrationroute
arenotinterlinked. Those that migrate
long distances are the least flexible.
If they don’t leave their breeding
grounds at the right time in autumn,
they may not be able to find food en
route and thus may not survive the
journey.

Mouritsen: In fact, it’s the bird pop-
ulations that migrate to Africa that
are experiencing the most dramatic
decline. And for them, the problem is
not just climate change, but also the
ongoing desertification in the Sahel
region south of the Sahara, which is
also linked to the rapid growth of hu-
man populations there. These birds
already have to almost double their
bodyweightjust tohave enough energy
to fly across the Sahara and the Medi-
terranean. Their internal organs are
partially consumed during the flight.
If the desert continues to expand, they
will probably no longer be physiologi-
cally capable of crossing thisenormous
barrier.
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Like the famous monarch butterflies, many insects travel long distances every year on their migrations. As pollinators, these little
animals play a big partin agriculture. Our food supply depends on them appearingin the right place at the right time.

How can we help migratory species
toadapt tothechanges?

Mouritsen: This is a topic that we
would like to explorein the near future.
But first of all, we need to gain a very
preciseunderstanding ofhow animals
navigate to a particular location and
what cues they use to do this. This will
allow us to draw conclusions about the
disruptions they face and how they
couldbeencouraged torelocate toadif-
ferent area or change their migration
route, for example.

Canthisknowledgebeputinto prac-
tice?

Liedvogel: There arealready numerous
rewilding projects in which conser-
vationists are trying to halt or even
reverselocal extinctions. These involve
reintroducing parts of a healthy pop-
ulation or animals reared in captivity
to a suitable location in the wild. But
according to the 2023 UN Biodiversity
Conference in Montreal, less than half
of theserewilding projectsactually suc-
ceed. In many cases this isbecause the
animals don’t stay in the place where
they are released. They sense that this
isnot‘home’. Soweneed tounderstand

how animals define ‘home’ and we
need to understand their navigation
mechanisms and sensory perception.
One idea for solving the problem is to
keepyoungbirdsisolated from certain
information about theirlocation until
they have been brought to the place
where they are to be released, so that
theyacceptitastheirhome. Butatthis
stage we still know too little,

A critical factor in the navigation of
migratory birds is their magnetic
sense, which is being researched in
detail here in Oldenburg together
with researchers from Oxford, also
in your own Collaborative Research
Centre“Magnetoreceptionand Nav-
igation in Vertebrates”. How does
this sensory perception work?

Mouritsen: Weknow that themagnetic
senseislight-dependent. We know that
birds measure the angle of inclination
ofthemagneticfieldlines with respect
to the Earth's surface, the so-called
magnetic inclination. We know that
the magnetic compass is located in
the eye and that the information is
processed in the part of the brain that
deals with visual information. And we

haveahypothesisabout themechanism
behind this: there is a protein in their
eyes, cryptochrome 4, which detects
magneticfieldsviaaquantummecha-
nism. We cannow produce and analyse
this protein molecule using bacterial
cultures. Together with our partners
in Oxford we have been able to show
that the cryptochrome 4 of robins is
magnetically sensitive. Although this
isnotyet proof, itisaclear indication.

Science has long assumed that the
energy generated by the Earth’s
magnetic field was nowhere near
strong enough toinfluence biomol-
ecules.

Mouritsen: Yes, it was said, for exam-
ple, that the Earth’s magnetic field was
tooweak to splitbonds within proteins
by a factor of 10 million. In the mean-
time, we have proven beyond doubt
that fields that are about a hundred
timesasstrongasthe Earth’smagnetic
field - in other words, a hundred thou-
sand times weaker than the originally
assumed limit - most certainly dohave
an effect on the magnetically sensitive
protein we are investigating. And we
believe that this magnetic sensitivity
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Isthereafuture
forregional
languages?

Professor of Ornithology Miriam Liedvogel investigates the genetic foundations of bird migration. Henrik Mouritsen, Professor of
Neurosensory Science, researches magnetoreception in birds. The researchers use devices called Helmholtz coils (in the background)
tocreate artificial magnetic fields.

increasesin the molecule’snaturalen-
vironment - in this case, a sensory cell
in the eye. To simulate this effect, we

So what does magnetoreception in
birdshave to dowith quantum com-
puters?

at gaining a better understanding of
quantum-mechanical effects at room
temperature.
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produced artificially mutated proteins, ~ Mouritsen: Mechanisms very simi- Evenifthe number of speakersisin declineand average competenceinthelanguage  prof. Dr

which we are currently testing. lar to those we hypothesise that birds = Could animal navigation systems is sinking: Low German (Niederdeutsch) has a future! Doreen Brandt
Liedvogel: Interestingly, my colleague  use for magnetoreception could be serve as a model for new technolo- .
Corinna Langebrake and I observedin  used to store informationin quantum  giesinother ways? But these days, rather than learning Low German from their parents or grandparents, ~-0W Germanliterature
aseparate geneticstudy thattheexact — computers. More specifically, this  Liedvogel: We want to explore that young people are learning it in school instead. iﬁﬁ:ﬁ?gg)‘;ﬁ?&d

same areas of the protein which you
are now investigating have changed
over the course of bird evolution - the
efficiency of the protein for magnetic
perception has probably continued to
improve over millions of years.

A few years ago, it was also consid-
ered unlikely that quantum-me-
chanical effects could play a role in
biology.

Mouritsen: Yes, because quantum
phenomena are usually only visible at
very low temperatures or on extremely
tiny length scales. The conventional
wisdom was therefore that quantum
effectswere far too fragile toplay a sig-
nificant role in the warm, humid and
chaotic environment of a cell. But this
isclearlynot true,and inmyview thisis
themost excitingaspect. It means that
this research has a fundamental im-
portance that goes far beyond birds. If
someonehad told me 20 yearsago that
people whobuild quantum computers
might be interested in how migratory
birds find their way to Africa, I would
have thought they were crazy!
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involves what is known as coupled
electron spins. Spinisa quantum-me-
chanical property of electrons. In
magnetoreception, two electrons are
presumably coupled with each other
for fractions of a second through their
spin. You could picture them as mini
magnets, and depending on the direc-
tion of the two spins, they are influ-
enced by magnetic fields such as the
Earth's in different ways. In a quan-
tum computer, electron spins could
form the basis for qubits - the basic
unit of information in quantum com-
puting. However, most current quan-
tum computer architectures work
at temperatures just above absolute
zero. Birds, on the other hand, seem
to use this mechanism at tempera-
tures of plus 40 degrees Celsius! If the
principle could be transferred from
biology, it could lead to solutions for
quantum computers or quantuimn sen-
sors that would be much easier to use
than today’s technologies. Not tomor-
row, and not the day after, but perhaps
ten or twenty years from now. Our fu-
ture research will therefore be aimed

possibility too. We believe autono-
mous technical systems could be im-
proved if, like animals, they were to
rely on a large number of simple sen-
sors for navigation, rather than just a
few highly precise but very complicat-
ed sensors.

Mouritsen: Navigating animals are
very smart in how they use resources:
they have millions or even billions of
relatively imprecise sensors - such as
cryptochrome proteins - to determine
the direction of the magnetic field.
Yet taken together, the average val-
ue determined by all these sensors is
highly accurate. In addition, although
these animals have a relatively small
‘computer’, the high quality of the
information that their brains receive
from their sensory organs means they
can draw on relatively simple deci-
sion-making algorithms. So when it
comes to difficult decision-making
and energy efficiency, they are superior
to technical systems. If you combine
the solutions from biology with tech-
nical, Al-based solutions, you get the
best of both worlds.
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The relevant structures currently being put in place in schools in Lower Saxony, for
example, are aresult of favourable political frameworks such as the European Charter
for Regional or Minority Languages, which came into force in 1999.

In 2019, Lower Saxony issued a decree for the promotion of Low German in schools.
Children comeinto contact with Low German speakers and learn Low German songs
in class, and teachers also make a point of drawing their attention to Low German
inscriptions on school outings.

The wonderful thing about this is that schoolchildren learn Low German in regions
where the language is actually spoken.

Low German itself, which hasalwaysbeen spoken in a variety of dialects, willchange
of course. Not every local dialect can be taught in schools. More broadly spoken
teaching varieties will probably emerge instead. This could have a negative impact
onthedialectidentification potential, but at the same time make thelanguage easier
tolearn and comprehend.

Perhaps in the future the language will be spoken less at the marksmen’s club, but
there will be more opportunities to go to a play performed in Low German. However,
Low Germanwillremainaliving, dynamiclanguage: it willbe spoken, it willbe heard,
it will be written, it will be read.
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