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Abstract

Curiosity is a hallmark of modern humans (Homo sapiens sapiens), which likely contributed
to their survival, avoiding extinction that suffered at least eight other human sub-species like
Neanderthals (Homo sapiens neanderthalensis) and Denisovans (Homo sapiens denisova).
Such human curiosity goes beyond the planet Earth, into deep space. Due to limitations
related to the speed of electromagnetic waves, telescopes are time machines. For instance,
the most distant galaxy (MoM-z14) is ~13.5 milliard light-years away, which means that what
we see is how it was at that time. Therefore, such cosmological archaeology allows to see
how the Universe was in the past. Contacts with putative alien civilizations could be
interesting, but also potentially dangerous, as history in our planet has shown when
civilizations collide. The Drake equation estimates a high probability of alien communicative
civilizations. Yet, the Fermi paradox points out the lack of evidence for such civilizations.
The rationale is that the origin of life may be an event as rare as the Big Bang. That could
mean that life only exists on planet Earth. Colonizing other worlds could represent backups
against extinction events. But physical limitations prevent humans to reach far-away worlds,
unless new technologies beyond current scientific knowledge could be developed. In any
case, special attention should be taken to care for our planet Earth, which as far as we know
is the only living planet in the Universe.

Key words: Big Bang, biosignatures, cosmos, exobiology, known Universe, molecular biology, light
speed, universe expansion.

ARQUEOBIOS (2025) www.arqueobios.org

51



Revista ARCHAEOBIOS N° 20, Vol. 2 Diciembre 2025 ISSN 1996-5214

Resumen

La curiosidad es un rasgo distintivo del ser humano moderno (Homo sapiens sapiens), que
probablemente contribuyd a su supervivencia, evitando la extincién que sufrieron al menos
otras ocho subespecies humanas, como los neandertales (Homo sapiens neanderthalensis)
y los denisovanos (Homo sapiens denisova). Esta curiosidad humana trasciende el planeta
Tierra y se adentra en el espacio profundo. Debido a las limitaciones relacionadas con la
velocidad de las ondas electromagnéticas, los telescopios son maquinas del tiempo. Por
ejemplo, la galaxia mas distante (MoM-z14) se encuentra a ~3,5 millardos de afios luz, lo
que significa que lo que vemos es cdmo era en aquel entonces. Por lo tanto, esta
arqueologia cosmoldgica permite observar cémo era el Universo en el pasado. Los
contactos con supuestas civilizaciones alienigenas podrian ser interesantes, pero también
potencialmente peligrosos, como la historia de nuestro planeta ha demostrado cuando las
civilizaciones chocan. La ecuacion de Drake estima una alta probabilidad de la existencia
de civilizaciones alienigenas con capacidad de comunicacion. Sin embargo, la paradoja de
Fermi sefala la falta de pruebas de tales civilizaciones. La razén es que el origen de la vida
podria ser un evento tan excepcional como el Big Bang. Esto implicaria que la vida solo
existe en la Tierra. Colonizar otros mundos podria ser una estrategia de copia de seguridad
ante posibles extinciones. Sin embargo, las limitaciones fisicas impiden que los humanos
lleguen a mundos lejanos, a menos que se desarrollen tecnologias que superen el
conocimiento cientifico actual. En cualquier caso, debemos prestar especial atencién al
cuidado de nuestro planeta Tierra, que, hasta donde sabemaos, es el Unico planeta con vida
del universo.

Palabras clave: Big Bang, biofirmas, cosmos, exobiologia, universo conocido, biologia molecular,
velocidad de la luz, expansién del universo.

Introduction

As shown in previous reviews, archaeology meets molecular biology (Dorado et al.
2007-2024). And such research may be also applied to alien worlds (exobiology), as
revied in this article. The rationale is that light is not instantaneous; it has a finite
speed of ~299,792,458 meters per second (almost 300,000 km/s) in a vacuum.
Although such speed is very high for human capabilities, it is extremely low in
cosmological scenarios. That has an interesting consequence. What we see when
we look at the outer space is not how it is now, but how it was ~1.3 seconds ago for
the Moon, ~8.3 minutes for the Sun, 4.4 years for Alpha Centauri star system, and
~2.5 million years for Andromeda galaxy. To put that into cosmological perspective,
the Big Bang happened ~13.8 milliard years ago. The Milky Way is estimated to be
~13.6 milliard years old. Our solar system formed ~4.6 milliard years ago. The most
distant galaxy discovered so far is MoM-z14 (figure 1). Its light takes ~13.5 milliard
years to reach planet Earth. But amazingly, such galaxy is now ~33.8 milliard light-
years away from planet Earth, due to the expansion of the universe. Such light
originated ~280 million years after the Big Bang (Naidu et al. 2025). Therefore, that
allows to see (and try to decipher and understand) past times, which is the essence
of archaeology. That is cosmological archaeology. And it is fascinating.
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Figure 1. The most distant galaxy found so far is MoM-z14. It was discovered on 16 May 2025,
using the James Webb Space Telescope (JWST). Previous telescopes did not have mirrors large
enough to detect light coming from such large distances. © 2015 Naidu et al. (2025), Wikimedia
Commons <http://commons.wikimedia.org> and Creative Commons <http://creativecommons.org>.

On the other hand, curiosity is a hallmark of current human sub-species (Homo
sapiens sapiens). Such behavior probably was a key distinctive feature that saved
us from extinction several times, during our biological evolution. That may contrast
to other (at least eight) extinct human sub-species like Neanderthals (Homo sapiens
neanderthalensis) and Denisovans (Homo sapiens denisova). In short, such
curiosity made us wonder, for instance, what would be like the landscape beyond a
mountain range or across seas and oceans. The consequence was a significant
dispersion of modern humans across the planet Earth, colonizing virtually all
habitats. Such behavior significantly increased our survival probabilities when
environments were significantly modified; for instance, by drastic climate changes.
All that is related to curiosity to know within planet Earth, but there is much more
when looking much deeper in the planet and at the sky, as shown in the next section
of this review.

On the contrary, it seems that other human sub-species rather remained in the same
place, which reduced their survival odds in such changing environments. It must be
taken into account that they belonged to the same sapiens species. That was
recently discovered when new technological breakthroughs allowed to sequence
their genomes (Dorado et al. 2008, 2015, 2016, 2021a). Thus, it was found that they
inbred, generating fertile offsprings, which is the genetic definition of individuals of
the same species. Therefore, they are not different species, but subspecies,
although some modern humans seem to have difficulty recognizing such scientific-
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genetic fact, by definition. Besides, recent discoveries have shown that
Neanderthals were not dumb, but as intellectually, emotionally and spiritually
sophisticated or more than ourselves.

Curiosity to know beyond planet Earth

As described above, modern human curiosity is not restricted to the surface of Earth
and water but also includes the exploration of much deeper inner and outer worlds,
with a much larger range than before. That can be accomplished now using
technologies that were not previously available. Examples include drilling the planet
crust, as well as exploring the deepest ocean places. And —most significantly—
observation and travel to Earth orbits, the Moon and beyond. The significance of
such curiosity is not only the acquisition of new scientific information: the joy of
knowledge (Beazley, 1977-1979). It has also the theoretical potential to protect us
from future extinction events. There have been six major extinction events on planet
Earth (Dorado et al. 2010, 2019). They include the Great Oxidation Event (GOE) and
the Big Five (BF). The question is not if a new one will arise in the future, but when.
Therefore, it would be convenient to colonize other worlds, besides our planet. They
would represent backups when some critical catastrophe strikes.

Yet, a word of caution should be also considered in these scenarios. Watching the
outer space is exciting, but sending messages out there could be dangerous. We
may be eager to contact with alien civilizations, but when two civilizations make
contact, one of them may dominates the other. At least, what is what has happened
in human history. That should not be necessarily negative in theory, and in fact
human civilization, prosperity, welfare and advancement have been accomplished
that way in many instances. But it could be also disastrous for the weaker party, and
that is what has usually happened in history. So, revealing our presence to a much
advanced civilization in the Universe could mean the end of our culture and even
existence. Yet, as explained below, most likely such potential danger is not real, for
a shocking scientific reason.

Potential extinction scenarios in the future

There are different scenarios that could lead to extinction of humans, and even
destruction of planet Earth, based on probabilities, including the certain one due to
the Sun cooling and expanding to become a red giant, in about five milliard years
(Dorado et al. 2010). They also include destruction of atmospheric oxygen in about
one milliard years (Ozaki and Reinhard, 2021) and collisions with Andromeda galaxy
in about five milliard years (Cowen, 2012; Sawala et al. 2025), although it seems
now that other collisions with the Large Magellanic Cloud are more probable during
the next 10 milliard years (Sawala et al. 2025).
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The known Universe is reduced to the one that we can detect with the available
visible-light and radio telescope technology. It must be taken into account the
limitations of the speed of electromagnetic waves (300,000 km/s) and the fact that
electromagnetic signals are blocked by matter in our galaxy (thus the two-cone
shape of the known Universe pictures; figure 2). In such known Universe there are
>200 milliard galaxies with >200 milliard stars each. The Drake equation tries to
calculate the probability of communicative extraterrestrial civilizations in planets
similar to ours. That should be very high in theory, if such equation is correct. But
that is a great conditional “if". In fact, the Fermi paradox points out the lack of
evidence for such civilizations. As far as we know, life only exists in our planet Earth.
In other words, there is a Great Filter preventing us to find alien life.

Figure 2. Known Universe. Earth is at the center, and each point represents a galaxy. The two
empty cones were not mapped, because objects like stars, planets and dust in our galaxy obscure
the view of the distant universe in such areas. © 2010-2013 M. Blanton and Sloan Digital Sky Survey
(SDSS)-IIl <https://www.sdss3.org/science/gallery_sdss_pie2.php>.
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That includes the self civilization destruction by means of pollution, climate change
and global warming, as well as global nuclear war. Indeed, the famous scientist Carl
Sagan proposed that we do not receive signals of alien intelligence because,
probability, they annihilated themselves in such kind of fight. But as described below,
the explanation for such Great Filter can be much basic and simple.

Molecular biology to explore outer worlds

So far, the search for alien life has been carried out mostly trying to identify
biosignatures (detectable signs being unique to life), being are considered hallmarks
of life on planet Earth. That includes biological molecules or products of biological
activity, as are found in our planet. Concerning the potential forms and shapes of
biological entities, Darwinian evolution is considered a path-dependent process.
Therefore, as stated in the French book “Le Hasard et la Nécessité: Essai sur la
Philosophie Naturelle de la Biologie Moderne” (in English, Chance and Necessity:
Essay on the Natural Philosophy of Modern Biology; Monod, 1970), life forms and
evolution depend on such two factors. Therefore, it would be expected that evolution
may give rise to biological entities with different forms-shapes and functions
(Grefenstette et al. 2024). Nevertheless, both evolutionary convergence and
constraints should limit the process. Therefore, even though “surprising” biological
entities may exist, if such constraints are universal, life anywhere is expected to be
quite familiar to what is known in planet Earth (Sole et al. 2024). Of course, that is
assuming that such hypothesis is correct.

Besides, it must be taken into account some concepts like the origin of life
(abiogenesis), life (self-sustaining chemical system, capable of Darwinian evolution),
habitability (survival of life) and biosignatures (as described above), which may be
different in different scenarios (figure 3; Keller et al. 2025). Different biosignatures
(and abiosignatures; formed by nonliving processes) have been proposed (figure 4;
Chan et al. 2019), including the “The Ladder of Life Detection” tool (Table 1; Neveu
et al. 2018), and organic-catalytic agnostic activities (Georgiou et al. 2023). They
have been recently reviewed, including technosignatures (Jia et al. 2023).
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Figure 3. Exploration of origin of life in exoplanetary science. The Venn diagram shows
relationships between origin of life (blue), habitability (orange) and biosignatures (green). © The
authors, in Frontiers Media (Keller et al. 2025).
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Figure 4. Proposed biosignatures. Such life detection methods range from atoms and molecules
(left) to planetary ones (right). © The authors, in Mary Ann Liebert (Chan et al. 2019)
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Table 1. “The Ladder of Life Detection” tool. This is a proposed procedure to design exobiology experiments, to help ascertain the putative
presence of microbial life in space missions. © The authors, in Mary Ann Liebert (Neveu et al. 2018).
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Of course, in relation to that, the discovery of megastructures could allow to identify
alien life, and in such a case, the existence of intelligent life. Yet, so far none has
been identified. Among the biosignatures, translation products have been recently
proposed (McKaig et al. 2024). But alien life could be different to what we know in
our planet (Cleaves et al. 2023; Grefenstette et al. 2024). So much that even
machine learning (ML) algorithms based on artificial intelligence (Al) have been
developed to identify agnostic molecular biosignatures. They are based on pyrolysis-
gas chromatography (GC), coupled to mass spectrometry (MS) (GC-MS) (figure 5;
Cleaves et al. 2023).
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Figure 5. Proposed agnostic biosignatures based on artificial intelligence and machine
learning. Abiotic, living and taphonomic suites of organic molecules are arranged in clusters. Abiotic
(orange) and biologically-derived samples (green/blue) are shown. Taphonomically-modified
biological samples (blue) are separated from contemporary biological samples (green). © The
authors, in National Academy of Sciences (Cleaves et al. 2023).
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Additionally, an interesting approach has proposed the use of molecular biology to
obtain information that could reveal alien life. Thus, the power of nucleic-acid
technologies could be used to identify life, even when not based on nucleic-acids.
The rationale is that aptamers (single-stranded DNA or RNA molecules that fold into
specific 3D shapes) can bind both inorganic and organic molecules. Then, such
molecules could be analyzed, to tell apart signatures derived from non-living versus
living systems. Besides, the corresponding aptamers could be amplified/sequenced
(Johnson et al. 2018). But, also as explained below, such biosignatures may not
exist.

Concluding remarks and future prospects

Searching for alien life is exciting. But the Fermi Paradox raises a word of caution.
In fact, it is not surprising that we have not been able to identify alien life. All filters
previously indicated should be considered. One of them is the limitation of the speed
of electromagnetic waves. Such restriction not only applies to signals or
communication messages, but also to travel. No starship can reach such speed, and
even it that could be accomplished, we could not explore most of the Universe. Such
problem increases with time, due to the Universe accelerated expansion. Unless, of
course, that there is some scientific knowledge that we have not gained yet, allowing
to travel at higher speeds, as happens in science-fiction movies. As an example, the
idea that physics had reached its peak knowledge was prevalent around the end of
the 18th and the beginning of the 19th century, shortly before the discovery of
electromagnetism in 1820. At that time, it was thought that classical mechanics
provided a complete and final framework for physics, making any further discoveries
highly unlikely. As it is known, electromagnetism opened an amazing new field of
developments and further discoveries, in which much of our current technology is
based. So, we must spend much more resources and time in scientific research and
less fighting between ourselves, contaminating, changing environments including
climate, and eventually destroying planet Earth.

But there is more. In fact, the explanation to the Fermi paradox could be much more
basic than all that. Probably, the generation of the first cell (abiogenesis) is so
unlikely as the Big Bang event that generated our Universe. Once the first cell arises,
the rest is a matter of time, including the evolution from prokaryotic to eukaryotic
cells. In other words, the generation of the first cell from lifeless matter would be
almost impossible (albeit not impossible; as the Big Bag is). Since in 13.8 milliards,
each of them happened once. And we are lucky that they happened. Because they
may require much longer times to happen. But again, only scientific research can
determine the truth of all these possibilities. In any case, that highlights the relevance
of taking care of Earth, being the only known living planet in the Universe.
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To summarize, the incredibly small (quantum mechanics world), the incredibly large
(accelerating expanding Universe) and abiogenesis are the three most exciting and
provocative mysteries of nature. Although we have gathered significant knowledge
about them in recent years, we still do not know the answer to basic questions to
fully decipher them. We do not know if we ever will have such knowledge, but that is
the scientific challenge, and what makes it even more provocative and interesting.

Acknowledgements

Supported by “Ministerio de Economia y Competitividad” (MINECO grant BIO2015-64737-R) and
“Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria” (MINECO and INIA RF2012-
00002-C02-02); “Consejeria de Agricultura y Pesca” (041/C/2007, 75/C/2009 and 56/C/2010),
“Consejeria de Economia, Innovacién y Ciencia” (P11-AGR-7322) and “Grupo PAI” (AGR-248) of
“Junta de Andalucia”; and “Universidad de Coérdoba” (“Ayuda a Grupos”), Spain.

Bibliographic references

Beazley M (ed) (1977-1979): “The Mitchell Beazley Encyclopaedia - The Joy of
Knowledge”. 2nd revised edition. Mitchell Beazley Publishers (London). Spanish
Edition: Enciclopedia Visual (1978-1981). Salvat Editores (Barcelona).

Chan MA, Hinman NW, Potter-Mclntyre SL, Schubert KE, Gillams RJ, Awramik SM,
Boston PJ, Bower DM, Des Marais DJ, Farmer JD, Jia TZ, King PL, Hazen RM,
Léveillé RJ, Papineau D, Rempfert KR, Sanchez-Roman M, Spear JR, Southam
G, Stern JC, Cleaves HJ (2019): Deciphering biosignatures in planetary
contexts. Astrobiology 19: 1075-1102 (28 pp).

Cleaves HJ 2nd, Hystad G, Prabhu A, Wong ML, Cody GD, Economon S, Hazen
RM (2023): A robust, agnostic molecular biosignature based on machine
learning. Proceedings of the National Academy of Sciences of the United States
of America 120: e2307149120 (7 pp).

Cowen R (2012): Andromeda on collision course with the Milky Way. Nature
<https://doi.org/1 0.1038/nature.2012.10765> (2 pp).

Dorado G, Galvez S, Rosales TE, Vasquez VF, Hernandez P (2021a): Analyzing
modern biomolecules: the revolution of nucleic-acid sequencing — Review.
Biomolecules (section Molecular Genetics) 11: 1111 (18 pp).

Dorado G, Jiménez I, Rey |, Sanchez-Cafete FJS, Luque F, Morales A, Galvez M,
Saiz J, Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2013): Genomics
and proteomics in bioarchaeology - Review. Archaeobios 7: 47-63.

ARQUEOBIOS (2025) www.arqueobios.org

61



Revista ARCHAEOBIOS N° 20, Vol. 2 Diciembre 2025 ISSN 1996-5214

Dorado G, Luque F, Esteban FJ, Pascual P, Jiménez |, SGnchez-Cafiete FJS, Raya
P, Saiz J, Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2021b): Molecular
biology to infer phenotypes of forensic and ancient remains in bioarchaeology —
Review. Archaeobios 15: 49-64.

Dorado G, Luque F, Esteban FJ, Pascual P, Jiménez |, Sanchez-Cafiete FJS, Raya
P, Rosales TE, Vasquez VF, Hernandez P (2023): Archaeology and phylogeny to
ascertain the evolution of amniotic egg and viviparity — Review. Archaeobios 18:
103-112.

Dorado G, Luque F, Esteban FJ, Pascual P, Jiménez |, Sanchez-Cafiete FJS, Raya
P, Rosales TE, Vasquez VF, Hernandez P (2024): Relevance of mobile genetic
elements (MGE) on biology and evolution: from first hominids to modern humans
- Review. Archaeobios 19: 70-84.

Dorado G, Luque F, Esteban FJ, Pascual P, Jiménez |, Sanchez-Cafiete FJS, Raya
P, Saiz J, Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2022):
Involvement of nucleic-acid methylation on biology and evolution: from first
hominids to modern humans — Review. Archaeobios 17: 104-116.

Dorado G, Luque F, Pascual P, Jiménez |, Sanchez-Cafete FJS, Pérez-Jiménez M,
Raya P, Galvez M, Saiz J, Sanchez A, Rosales TE, Vasquez VF, Hernandez P
(2015): Second-generation nucleic-acid sequencing and bioarchaeology -
Review. Archaeobios 9: 216-230.

Dorado G, Luque F, Pascual P, Jiménez |, Sanchez-Cafete FJS, Pérez-Jiménez M,
Raya P, Saiz J, Sanchez A, Martin J, Rosales TE, Vasquez VF, Hernandez P
(2016): Sequencing ancient RNA in bioarchaeology - Review. Archaeobios 10:
103-111.

Dorado G, Luque F, Pascual P, Jiménez |, Sanchez-Cafiete FJS, Raya P, Saiz J,
Sanchez A, Rosales TE, Vasquez VF (2017): Clustered Regularly-Interspaced
Short-Palindromic Repeats (CRISPR) in bioarchaeology. Review - Archaeobios
11: 179-188.

Dorado G, Luque F, Pascual P, Jiménez I, Sanchez-Cafete FJS, Raya P, Saiz J,
Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2018): Evolution from first
hominids to modern humans: philosophy, bioarchaeology and biology - Review.
Archaeobios 12: 69-82

Dorado G, Luque F, Pascual P, Jiménez I, Sanchez-Cafete FJS, Raya P, Saiz J,
Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2019): Bioarchaeology to
bring back scents from extinct plants - Review. Archaeobios 13: 66-75.

ARQUEOBIOS (2025) www.arqueobios.org

62



Revista ARCHAEOBIOS N° 20, Vol. 2 Diciembre 2025 ISSN 1996-5214

Dorado G, Luque F, Pascual P, Jiménez |, Sanchez-Cafiete FJS, Raya P, Saiz J,
Sanchez A, Rosales TE, Vasquez VF, Hernandez P (2020): Implications of non-
coding RNA on biology and evolution: from first hominids to modern humans -
Review. Archaeobios 14: 107-118.

Dorado G, Rey |, Rosales TE, Sanchez-Cafete FJS, Luque F, Jiménez |, Galvez M,
Saiz J, Sanchez A, Vasquez VF (2009): Ancient DNA to decipher the
domestication of dog - Review. Archaeobios 3: 127-132.

Dorado G, Rey |, Rosales TE, Sanchez-Canete FJS, Luque F, Jiménez |, Morales
A, Galvez M, Saiz J, Sanchez A, Hernandez P, Vasquez VF (2010): Biological
mass extinctions on planet Earth - Review. Archaeobios 4: 53-64.

Dorado G, Rosales TE, Luque F, Sanchez-Canete FJS, Rey |, Jiménez |, Morales
A, Galvez M, Saiz J, Sanchez A, Vasquez VF, Hernandez P (2011): Ancient
nucleic acids from maize - Review. Archaeobios 5: 21-28.

Dorado G, Rosales TE, Luque F, Sanchez-Canete FJS, Rey |, Jiménez |, Morales
A, Galvez M, Saiz J, Sanchez A, Vasquez VF, Hernandez P (2012): Isotopes in
bioarchaeology - Review. Archaeobios 6: 79-91.

Dorado G, Sanchez-Canete FJS, Pascual P, Jiménez |, Luque F, Pérez-Jiménez M,
Raya P, Galvez M, Saiz J, Sanchez A, Rosales TE, Vasquez VF, Hernandez P
(2014): Starch genomics and bioarchaeology - Review. Archaeobios 8: 41-50.

Dorado G, Vasquez V, Rey |, Luque F, Jiménez I, Morales A, Galvez M, Saiz J,
Sanchez A, Hernandez P (2008): Sequencing ancient and modern genomes —
Review. Archaeobios 2: 75-80.

Dorado G, Vasquez V, Rey |, Vega JL (2007): Archaeology meets Molecular Biology
— Review. Archaeobios 1: 1-2.

Georgiou CD, McKay C, Reymond JL (2023): Organic catalytic activity as a method
for agnostic life detection. Astrobiology 23: 1118-1127.

Grefenstette N, Chou L, Colén-Santos S, Fisher TM, Mierzejewski V, Nural C,
Sinhadc P, Vidaurri M, Vincent L, Weng MM (2024): Chapter 9: life as we don’t
know it. Astrobiology 24(S1): S186-S201.

Jia TZ, Giri C, Aldaba A, Bahcivan |, Chandrasiri N, Elavarasan |, Gupta K, Khandare
SP, Liaconis C, Saha A, Solérzano OJ, Tiranti PI, Vilutis A, Lau GE (2023):
Applying novel techniques from physical and biological sciences to life detection.
Space Science & Technology 3: 0040 (14 pp).

Johnson SS, Anslyn EV, Graham HV, Mahaffy PR, Ellington AD (2018):
Fingerprinting non-Terran biosignatures. Astrobiology 18: 915-922.

ARQUEOBIOS (2025) www.arqueobios.org

63



Revista ARCHAEOBIOS N° 20, Vol. 2 Diciembre 2025 ISSN 1996-5214

Keller F, Kataria T, Barge LM, Chen P, Yung Y and Weber JM (2025): An exploration
of origin of life for exoplanetary science. Frontiers in Astronomy and Space
Sciences 12: 1544426 (22 pp).

McKaig JM, Kim M, Carr CE (2024): Translation as a biosignature. Astrobiology 24:
1257-1274.

Monod J (1970): “Le Hasard Et La Nécessité; Essai Sur La Philosophie Naturelle De
La Biologie Moderne”. Editions du Seuil Paris, France (197 pp).

Naidu RP, Oesch PA, Brammer G, Weibel A, Li Y, Matthee J, Chisholm J, Pollock
CL, Heintz KE, Johnson BD, Shen X, Hviding RE, Leja J, Tacchella S, Ganguly
A, Witten CEC, Atek H, Belli S, Bose S, Bouwens RJ, Dayal P, Decarli R, Graaff
Ad, Fudamoto Y, Giovinazzo E, Greene JE, lllingworth GD, Inoue AK, Kane SG,
Labbé |, Leonova E, Marques-Chaves R, Meyer RA, Nelson EJ, Roberts-Borsani
GW, Schaerer D, Simcoe RA, Stefanon M, Sugahara Y, Toft S, Wel Avd, Dokkum
PGv, Walter F, Watson D, Weaver JR, Whitaker KE (2025): A cosmic miracle: a
remarkably luminous galaxy at $z_{\rm{spec}}=14.44% confirmed with JWST.
arXiv preprint: <https://doi.org/10.48550/arXiv.2505.11263> (20 pp).

Neveu M, Hays LE, Voytek MA, New MH, Schulte MD (2018): The Ladder of Life
Detection. Astrobiology 18: 1375-1402 (28 pp).

Ozaki K, Reinhard CT (2021): The future lifespan of Earth’s oxygenated atmosphere.
Nature Geoscience 14: 138-142 (22 pp).

Sawala T, Delhomelle J, Deason AJ, Frenk CS, Hakkinen J, Johansson PH,
Keitaanranta A, Rawlings A, Wright R (2025): No certainty of a Milky Way—
Andromeda collision. Nature Astronomy 9: 1206-1217 (22 pp).

Sole R, Kempes CP, Corominas-Murtra B, De Domenico M, Kolchinsky A,
Lachmann M, Libby E, Saavedra S, Smith E, Wolpert D (2024): Fundamental
constraints to the logic of living systems. Interface Focus 14: 20240010 (30 pp).

ARQUEOBIOS (2025) www.arqueobios.org

64



