Navigating the quantum realm: the enigmatic
role of quantum physics in migratory birds

Bird migration, a complex and
fascinating phenomenon, has
attracted attention of scientists
and nature enthusiasts for
years. Each year, millions of
birds embark on precision-
guided journeys covering
thousands of miles across

the globe (Thakur 2019). The
complexities of bird migration
involve genetic factors (Justen
& Delmore 2022), hormonal
influences (Rankin 1991),
physiological adaptations, and
environmental cues. Birds
undergo physiological changes,
preparing for migration, storing
energy, and navigating vast
distances to exploit seasonal

resources globally.

Certain birds, like homing
pigeons, employ their beaks
for navigation, possibly backed
by magnetite crystals detecting
earth's magnetic field (Neill
2013). Traditional explanations
encompass visual cues, earth's
magnetic field, and celestial

navigation.

Recent research introduces
the intriguing possibility of
guantum physics contributing
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Pallas’s Gull (Ichthyaetus ichthyaeus).

to bird navigation (Holland &
Kishkinev 2021). This article
explores the connection
between quantum phenomena
and the remarkable migrations
of these birds, unveiling the
captivating mechanisms behind

their journeys.

Quantum Mechanics: A Primer
Quantum physics delves into
the behaviour of matter and
energy at the subatomic

level, where classical physics
gives way to an inexplicable
world. Particles can exist in
multiple states simultaneously
(superposition) and become
intertwined, with the state
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of one particle instantly
affecting another, regardless
of distance. This field is
experimentally validated

and ranks among the most
precise and clear scientific
theories. Understanding these
fundamental principles is
essential before exploring the
enigmatic connection between
guantum physics and migratory
birds.

The Quantum Compass: An
Avian Enigma

For years, scientists believed
migratory birds relied
primarily on classical cues

like landmarks, the sun,

31



Radical pair

Singlet state

§
Blue photon from f // ‘9
sunlight v&’ ;,0

North pole

South pole ¢ +
3¢ sc\\\"‘s oot Triplet state
e w\\\““; Q\e\“ ,,,,,

6“‘ @“"

Radical pair

/3
7 &
» é°
‘ ‘ Return to ground state
Tryptophan FAD
Ground state
Cryptochrome

Signalling staw

Chemical cascade releasmg
neurotransmitters

Direction of magnetic field is
signalled to brain through optic
nerve

Single cell of retina of migratory bird

Mechanism for birds receiving signals to navigate their migration routes

(Hore & Mouritsen 2022).

stars, and Earth's magnetic
field for navigation (Hore &
Mouritsen 2022). However,
as our understanding of
guantum physics deepened,
researchers began exploring
the possibility that birds might
harness quantum phenomena
to enhance their navigational
skills.

At the heart of this quantum
mystery is cryptochrome, a
light-sensitive protein found

in birds' retinas (Weidensaul
2021). While cryptochrome
exists in both plants and
animals, scientists believe that

birds possess a unique variant
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of this protein that serves as a
molecular compass (Wu 2019).
Cryptochrome is associated
with a bird's ability to sense
and interpret earth's magnetic
field, providing a crucial
reference point for orientation
during long migrations. This
discovery challenges traditional
views of avian navigation and
highlights the remarkable
interplay between quantum

physics and nature's wonders.

The Quantum Compass in
Action

Migratory birds' enigmatic
ability to navigate using

Earth's electromagnetic
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field has been unravelled by

recent research. Specialized
light-sensitive proteins,
cryptochromes in their retinas,
interact with natural light,
creating entangled electron
pairs influenced by quantum
physics and earth's magnetic
field (Conover 2021). These
electron pairs may act as a
compass, aiding the birds in
position and direction. This
discovery of cryptochromes

as a crucial factor in sensing
Earth's magnetic field marks a
breakthrough in understanding
how migratory birds undertake
their remarkable global

journeys every year.

Experimental Evidence
Experimental evidence
increasingly supports the
existence of a quantum
compass in migratory birds.
Experiments mimicking
migration routes' magnetic
fields disrupted bird
orientation, while manipulating
cryptochrome's quantum
states in their retinas affected
navigation. These findings
indicate cryptochrome's
guantum properties are linked
to birds' navigation, turning
this concept into scientific

reality.
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Challenges and mysteries

The connection between quantum physics
and bird migration is increasingly clear, but
numerous challenges persist:

1. Quantum Sensing Mechanism: While
cryptochrome's role in quantum sensing is
evident, the exact operational mechanism
remains unclear. Researchers are actively
probing how entangled electrons in
cryptochrome interact with earth's magnetic
field and how this information is processed by
birds' brains.

2. Environmental Complexity: Migratory birds
likely use a combination of navigational cues,
including visual, celestial, and quantum sensing.
Understanding how these cues interact and
complement each other presents an ongoing
challenge.

3. Social Learning: Young birds may learn
migration routes from experienced individuals
comprehending how social learning interacts
with quantum sensing and other cues is a key
area of investigation.

4. Evolutionary Mysteries: Exploring the

role of quantum physics in bird navigation
raises questions about the evolution of these
capabilities. How did these quantum-based
systems evolve, and why are they present

in specific bird species? Unraveling the
evolutionary history of these adaptations is an

active research pursuit.

Conclusion

The connection of quantum physics and
migratory birds' amazing journeys is a
fascinating scientific mystery. What was once a
mysterious enigma is now revealing how nature

utilizes quantum laws. As research unravels the
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complexities of bird migration and quantum
physics, we appreciate the complex amalgam of
science and nature. This connection reminds us
of the amazing surprises in the natural world,
showing how diverse fields of science can
intersect unexpectedly. Migratory birds, with
their quantum compasses, showcase the beauty
and complexity of nature and the wonders of
quantum physics.
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