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Understanding Life in the Universe

The two most fascinating questions about extraterrestrial life are where it is
found and what it is like. In particular, from our Earth-based vantage point, we
are keen to know where the closest life to us is, and how similar it might be to
life on our home planet. This book deals with both of these key issues. It
considers possible homes for life, with a focus on Earth-like exoplanets. And it
examines the possibility that life elsewhere might be similar to life here, due to
the existence of parallel environments, which may result in Darwinian selec-
tion producing parallel trees of life between one planet and another.
Understanding Life in the Universe provides an engaging and myth-busting
overview for any reader interested in the existence and nature of extraterres-
trial life, and the realistic possibility of discovering credible evidence for it in
the near future.

Wallace Arthur is an evolutionary biologist with an interest in how life evolves
on other planets, and in particular how similar the life forms that evolution
produces on one inhabited planet may be to those on another. He is the author
of The Biological Universe (Cambridge University Press, 2020) and
Understanding Evo-Devo (Cambridge University Press, 2021).
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The Understanding Life series is for anyone wanting an engaging and
concise way into a key biological topic. Offering a multidisciplinary
perspective, these accessible guides address common misconceptions
and misunderstandings in a thoughtful way to help stimulate debate and
encourage a more in-depth understanding. Written by leading thinkers in
each field, these books are for anyone wanting an expert overview that
will enable clearer thinking on each topic.
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‘A fascinating overview of life on Earth and the prospects of
finding parallel forms of it on habitable exoplanets. Wallace
Arthur provides an engaging, vet scientifically accurate,
overview of the current knowledge and what to expect from
the next Copernican revolution looming on the horizon of
astronomy.’

Avi Loeb, Professor of Science, Harvard University, USA

‘From the origin of the universe through to the search for
oxygen biosignatures on exoplanets, this book is a marvel-
lous and broad introduction to our efforts to find out if this
fascinating replicating material we call life is to be found
elsewhere in the universe, and where we might find it. It
will appeal as much to a professional seeking a good review

as to the layperson wanting an introduction to the subject.’
Charles Cockell, Professor of Astrobiology, University of
Edinburgh, UK

‘Beginning with a guided tour of life on Earth, Wallace Arthur
reaches out to explore the possibility of alien life deep in the
cosmos. In this provocative but scientifically argued treatise,
he describes what form such life might take and the techno-
logical means by which we might discover it. A thoughtful
and riveting read that excites like science fiction yet rests on

science.’
Addy Pross, Emeritus Professor of Chemistry, Ben-Gurion
University of the Negev, Israel

‘Atremendously broad and comprehensive look at the whole

panoply of issues surrounding our search for extraterrestrial

life. A very useful text for anyone just starting on an explor-

ation of the possibilities of life in the universe.’

Arik Kershenbaum, University of Cambridge, UK, author of
The Zoologist’s Guide to the Galaxy
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Foreword

Are we alone in the universe? Is there anybody out there? These are questions
that have preoccupied humans for a long time, with answers provoking both
excitement and fear. The possibility of the existence of alien life, and the
consequences of encountering it, have been the topics of many popular
films — in fact, science fiction is to a large extent devoted to such matters.
Whereas there are no definitive answers yet as to whether there is any kind of
life in the universe beyond Earth, we now know which questions we should
ask and how to try to find answers to them. This has been made possible
because during the last century or so our understanding of the universe, and
our methods for studying it, have advanced enormously. The book you are
holding in your hands is a tour-de-force, which summarizes current know-
ledge and understanding about the possibility of life in the universe. Wallace
Arthur has skilfully brought together knowledge and conclusions from various
disciplines to produce a concise and coherent account of what we currently
know, what we might know in the future, and what we are likely to never
know. The outcome is a fascinating and informative read that will take your
thinking about life in the universe from speculative science fiction to the
magnificent science of our times.

Kostas Kampourakis, Series Editor
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Preface

The aim of this book is to give you a broad scientific base against which to
consider the search for extraterrestrial life, along with the possible nature of
that life and its possible distribution across the universe. As is appropriate for
books of this series, | have aimed my explanations at a general readership.
Hence I've tried not to assume too much. When in doubt, I've erred in the
direction of including the scientific basics rather than omitting them. Thus the
‘educated layperson’ should be able to read the book in sequence from start to
finish and make sense of it, without frequent digressions to other sources.

The book is an interweaving of three main strands, one of which is the
detective work of the search itself (including space probes to local planets
and the analysis of light from exoplanets), one of which is biological (with
particular reference to evolution via Darwinian selection), and one of which is
astronomical (including planetary science, with its key concept of habitabil-
ity). The biological strand is focused on the possible nature of extraterrestrial
life, in other words its chemical basis, mode of construction, overall body
form, and so on. The astronomical strand is focused instead on its possible
distribution across the observable universe — particularly our local part of it,
which is the easiest to search.

Naturally, these two things — the nature and distribution of life — are intercon-
nected. We can't set out to search for evidence of life in particular places
without making some assumptions about what it's like. In particular, we
typically search for two things — biosignatures, which indicate possible metab-
olizing life, and technosignatures, which indicate possible intelligent life.
Arguably, the best biosignature to look for is atmospheric oxygen: this assumes
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that there is alien photosynthesis. And arguably, the best technosignature to
look for is one that has been deliberately broadcast into space in the form of
radio signals: this assumes intelligent life with an advanced technology.

Looking at the interconnection the other way round, it's unwise to speculate
on the possible nature of life without some idea of where it might be found. In
the twenty-first century, we’re pretty sure there are no large life forms on any
planet (or moon) other than Earth in the solar system; but we haven’t yet ruled
out the possibility of alien microbes, for example in the subsurface oceans of
Saturn’s moon Enceladus. However, in other planetary systems, large complex
life forms may be as common as they are here on Earth, or indeed more so.

I've structured the book to reflect the interconnections between these three
issues — the search for life, its nature, and its spatial distribution. So we weave
our way back and forward freely between them. Also, there’s much herein
about life on Earth, interspersed with considerations about its possible extra-
terrestrial counterparts. Note that the book isn’t called Understanding
Extraterrestrial Life. The title Understanding Life in the Universe was chosen
instead for two reasons. First, the idea that at this stage in the game we can
actually ‘understand’ alien life is a bit presumptuous, to say the least. Second,
despite the protestations of some sceptics, life on Earth gives us clues about
what we're likely to find elsewhere. The difficult thing, of course, is to distin-
guish those aspects of Earth life that are likely to be specific to our home planet
from those that may be widely applicable across the universe.

Atthe end of the book are references and suggestions for further reading. These
are organized by chapter. Within each chapter, they are divided according to
the topics they address, given in the sequence they follow in the chapter
concerned. Within each topic, sources are ordered alphabetically. I should
stress that these chapter-by-chapter lists are only small samples of a vast
literature that covers several branches of science, from cosmology to evolu-
tionary biology, and several levels of detail, from books in the popular science
genre to primary research papers. My criteria for inclusion of sources were
varied. They ranged from citing papers that describe particularly important
discoveries, to pointing you in the direction of highly readable treatments of
particular topics, to including some sources that are of historical importance in
our ever-evolving search for life in the universe.
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