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Life on alien planets probably wouldn't
experience day and night—here's how that
may change evolution

September 4 2024, by Maureen Cohen

Credit: Pixabay/CCO Public Domain

Do aliens sleep? You may take sleep for granted, but research suggests
many planets that could evolve life don't have a day and night cycle. It's
hard to imagine, but there are organisms living in Earth's lightless
habitats, deep underground or at the bottom of the sea, that give us an
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idea what alien life without a circadian rhythm may be like.

There are billions of potentially habitable planets in our galaxy. How do
we arrive at this number? The Milky Way has between 100 billion and
400 billion stars.

Seventy percent of these are tiny, cool red dwarfs, also known as M-
dwarfs. A detailed exoplanet survey published in 2013 estimated that
41% of M-dwarf stars have a planet orbiting in their "Goldilocks" zone,
the distance at which the planet has the right temperature to support
liquid water.

These planets only have the potential to host liquid water, though. We
don't yet know if any of them actually do have water, much less life.
Still, that comes to 28.7 billion planets in the Goldilocks zones of M-
dwarfs alone. This is not even considering other types of stars like our
own yellow sun.

Rocky planets orbiting in an M-dwarf's habitable zone are called M-
Earths. M-Earths differ from our Earth in fundamental ways. For one
thing, because M-dwarf stars are much cooler than the sun, they are
close-in, which makes the gravitational pull of the star on the planet
immensely strong.

The star's gravity pulls harder on the near side of the planet than the far
side, creating friction that resists and slows the planet's spin over eons
until spin and orbit are synchronized. This means most M-Earths are
probably tidally locked, which is when one hemisphere always faces the
sun while the other always faces away.

A tidally locked planet's year is the same length as its day. The moon is
tidally locked to the Earth, which is why we always see only one face of
the moon and never its dark side.

2/5


https://imagine.gsfc.nasa.gov/science/objects/milkyway1.html#:~:text=Our%20best%20estimat%20es%20tell%20us,the%20suburbs%20of%20our%20galaxy
https://bigthink.com/starts-with-a-bang/how-many-stars/
https://www.space.com/23772-red-dwarf-stars.html
https://www.space.com/23772-red-dwarf-stars.html
https://www.aanda.org/articles/aa/abs/2013/01/aa14704-10/aa14704-10.html
https://phys.org/tags/liquid+water/
https://phl.upr.edu/hwc
https://en.m.wikipedia.org/wiki/File:Tidal_locking_of_the_Moon_with_the_Earth.gif
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A tidally locked planet may seem exotic, but most potentially habitable
planets are probably like this. Our closest planetary neighbor, Proxima
Centauri b (located in the Alpha Centauri system four light-years away),
is probably a tidally locked M-Earth.

Unlike our Earth, then, M-Earths have no days, no nights and no seasons.
But life on Earth, from bacteria to humans, has circadian rhythms tuned
to the day-night cycle.

Sleep is only the most obvious of these. The circadian cycle affects
biochemistry, body temperature, cell regeneration, behavior and much
more. For example, people who receive vaccinations in the morning
develop more antibodies than those who receive them in the afternoon
because the immune system's responsiveness varies throughout the day.

We don't know for sure how important periods of inactivity and
regeneration are to life. Maybe beings that evolved without cyclical time
can just keep on chugging, never needing to rest.

To inform our speculation, we can look at organisms on Earth that thrive
far from daylight, such as cave-dwellers, deep-sea life and
microorganisms in dark environments like the Earth's crust and the
human body.

Many of these life-forms do have biorhythms, synchronized to stimuli
other than light. Naked mole rats spend their entire lives underground,
never seeing the sun, but they have circadian clocks attuned to daily and
seasonal cycles of temperature and rainfall. Deep-sea mussels and hot
vent shrimp synchronize with the ocean tides.

Bacteria living in the human gut synchronize with melatonin fluctuations
in their host. Melatonin is a hormone your body produces in response to
darkness.
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https://doi.org/10.1007/s10569-017-9783-7
http://www.nature.com/articles/nature19106
http://www.nature.com/articles/nature19106
https://www.science.org/doi/10.1126/sciadv.abe2086
https://phys.org/tags/circadian+rhythms/
https://www.embopress.org/doi/full/10.1038/sj.embor.7400541
https://www.sciencedirect.com/science/article/pii/S0264410X16301736?via%3Dihub
https://link.springer.com/article/10.1007/s00360-016-1000-6
https://link.springer.com/article/10.1007/s00360-016-1000-6
https://www.bradford.ac.uk/research/impact/blog/naked-mole-rats/#:~:text=Unlike%20us%2C%20naked%20mole%20rats,are%20therefore%20of%20great%20interest
https://www.frontiersin.org/journals/ecology-and-evolution/articles/10.3389/fevo.2022.878533/full
https://www.nature.com/articles/s41467-020-17284-4
https://www.biorxiv.org/content/10.1101/2024.01.12.575359v2
https://www.biorxiv.org/content/10.1101/2024.01.12.575359v2
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0146643
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Temperature variations caused by thermal vents, humidity fluctuations,
and changes in environmental chemistry or currents can all trigger bio-
oscillations in organisms. This hints that biorhythms have intrinsic
benefits.

Recent research shows M-Earths could have cycles that replace days and
seasons. To study questions like these, scientists have adapted climate
models to simulate what the environment on an M-Earth would look like,

including our neighbor Proxima Centauri b.

In these simulations, the contrast between dayside and nightside seems to
generate rapid jets of wind and atmospheric waves like those that cause
Earth's jet stream to bend and meander. If the planet has water, the
dayside probably forms thick clouds full of lightning.

Interactions between winds, atmospheric waves and clouds may shift the
climate between different states, causing regular cycles in temperature,
humidity and rainfall. The lengths of these cycles will vary by planet
from tens to hundreds of Earth days, but they won't be related to its
rotation period. While the star remains fixed in the sky of these planets,
the environment will be changing.

Perhaps life on M-Earths would evolve biorhythms synchronized to
these cycles. If a circadian clock organizes internal biochemical
oscillations, it may have to.

Or perhaps evolution would find a weirder solution. We could imagine
species that live on the planet's dayside and migrate to the nightside to
rest and regenerate. A circadian clock in space instead of in time.

This thought should remind us that, if life exists out there, it will upend
assumptions we didn't know we had. The only certainty is that it will

surprise us.
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https://phys.org/tags/climate+models/
https://phys.org/tags/climate+models/
https://www.aanda.org/articles/aa/abs/2017/05/aa30020-16/aa30020-16.html
https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/wind/what-is-the-jet-stream
https://academic.oup.com/mnras/article/517/2/2383/6717659
https://iopscience.iop.org/article/10.3847/PSJ/acc9c4
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This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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