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THE BIOLOGICAL UNIVERSE

Are we alone in the universe, or are there other life-forms ‘out
there’? This is one of the most scientifically and philosophically
important questions that humanity can ask. Now, in the early
2020s, we are tantalizingly close to an answer. As this book
shows, the answer will almost certainly be that life-forms are
to be found across the Milky Way and beyond. They will be
thinly spread, to be sure. Yet the number of inhabited planets
probably runs into the trillions. Some are close enough for us to
detect evidence of life by analysing their atmospheres. This
evidence may be found within a couple of decades. Its arrival
will be momentous. But even before it arrives we can anticipate
what life elsewhere will be like by examining the ecology and
evolution of life on Earth. This book considers the current state
of play in relation to these titanic issues.

Wallace Arthur is an evolutionary biologist who is fascinated by
the possibility of evolution occurring on other planets. His first
book on this subject was Life through Time and Space (Harvard
2017), which the Astronomer Royal Sir Arnold Wolfendale
described as ‘brilliant and thought-provoking in every way’.
The Biological Universe is the sequel.
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‘Wallace Arthur addresses the most exciting question in
science: “Are we alone?” His brilliant exposition argues con-
vincingly that we are likely to go through a Copernican revo-
lution regarding the biological universe and discover that we
are not at its centre.’

- Avi Loeb, Chair of the Harvard Astronomy department

‘Working his way up from first principles of physics, chem-
istry, and biology, Wallace Arthur asks what is needed for
life to exist. In his familiar readable style, he then asks
whether these requirements are likely to be found elsewhere
in the universe, and answers with a resounding “Yes”.
Anyone who works on the evolution of life on Earth will
have asked themselves similar questions. Arthur’s presenta-
tion of the questions, and of the answers, is both enjoyable
and eye-opening.’

- Ariel Chipman, The Hebrew University of Jerusalem, Israel

‘An engaging, well-informed, and accessible guide to one of the
great questions. Thoroughly enjoyable and unputdownable.’

- Peter Atkins, Emeritus Professor of Physical Chemistry,

University of Oxford, and fellow of Lincoln College

‘Wallace Arthur takes us on a fascinating journey to discover
whether and how our living planet is unique in the universe.
In his characteristically engaging style, he propels his story
with sharp questions, arresting details, and vivid explan-
ations, so that we arrive, via photosynthesis-stealing slugs
and the extremes of extraterrestrial atmospheres, at a new
understanding of ourselves and our world.’

- Ronald Jenner, Natural History Museum, London, UK

‘The Biological Universe performs a fascinating dissection of our
tree of life, asking which of its features we might share with
other such trees on worlds throughout the galaxy. A truly
unique perspective on finding life in the universe, which
starts with who is eating whom in the soil under our feet.’

- Elizabeth Tasker, author of The Planet Factory
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‘In this thought-provoking book, Arthur’s deep knowledge of
life and its myriad manifestations, coupled with a cosmolo-
gist’s understanding of the cosmos at large, enables him to
explore one of science’s greatest mysteries — how the bio-
logical and physical universes relate to one another. Does life
exist beyond this planet? What form would it take? How
could we detect it? Arthur musters fact, logic, and intuition,
in his far-reaching attempt to nail down life’s place within the
wider cosmic dimension.’

- Addy Pross, Ben-Gurion University of the Negev, Israel

‘Wallace Arthur’s book The Biological Universe is highly signifi-
cant. We will soon know whether we are alone in the universe.
The next few years could provide us with this long-sought

answer. This book, extremely well written, tells us how.’
- Simon ‘Pete’ Worden, Executive Director, Breakthrough
Initiatives, Luxembourg and USA
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It now appears that most stars host a planetary
system. Many of them have a planet similar in
size to our own, basking in the ‘habitable zone’
where the temperature permits liquid water.
There are likely billions of Earth-like worlds in
our galaxy alone. And with instruments now or
soon available, we have a chance of finding out
if any of these planets are true Pale Blue Dots —
home to water, life, even minds.

Yuri Milner et al.,
launch of the Breakthrough Initiatives, 2015
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PREFACE

The aim of this book is to consider the possible extent and
nature of the biological universe, in other words the subset of
the physical universe that consists of life-forms. One day, per-
haps, we humans can aim to describe the actual biological uni-
verse, or at least a sample of it that includes a large number of
inhabited planets. But that day is, at best, in the distant future.
To achieve the more limited aim that I've set myself here — of
‘considering the possible’ — the book proceeds through four
steps. First, I describe life on Earth, with a focus on the variety
of habitats it is found in and the ways in which organisms
survive there; and I consider the possible implications of terres-
trial habitats and survival strategies for life elsewhere. Second,
I examine the current state of knowledge about planetary
systems, with a focus on habitability; and among other things
I produce an estimate of the number of planets in the Milky Way
that are likely to host life. Third, I consider the possible nature of
extraterrestrial life, our ongoing search for it, and the link
between the two. It’s hard enough to find a needle in a haystack,
harder still to find a tiny object of unknown shape and compos-
ition; and our galaxy is a very large haystack. Finally, I broaden
the scope of discussion from its earlier focus on the Milky Way
to encompass the universe as a whole.

The structure of the book is based on these four steps. They
are taken sequentially in Parts II, III, IV, and V — preceded by Part
I, which is an evolutionary and galactic lead-in. Each part is
prefaced by a statement of its key hypotheses. The book fits
squarely into the genre of popular science, and is written accord-
ingly. Its subject area would best be described as astrobiology,
a branch of science that’s still in its infancy.

Astrobiology will only come of age when we find our first
evidence for extraterrestrial life-forms, something that I expect
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xii Preface

will happen in the next couple of decades. But infancy is a
fascinating stage in the development of a branch of science, just
as it is in the development of a person. And this particular infant
has a longer history than might be expected: human contem-
plation of the possibility of extraterrestrial life goes back beyond
the Age of Enlightenment to Giordano Bruno in sixteenth-
century Rome; probably much further back to ancient Greece,
where the heliocentric solar system of Aristarchus pre-dated
that of Copernicus by about 1800 years; and possibly further
still — perhaps the first members of our species had thoughts
about distant life as they contemplated the stars above Africa.
In case you’ve already read my 2017 book Life through Time and
Space, or are thinking of reading it, I should point out here both
the connections and the distinctions between that book and this
one. Both combine astronomy and biology, but they do so in very
different ways, and with different foci. A central theme of the
earlier book was origins. More than half of its chapters were
focused on how things originated; and those ‘things’ were as
diverse as planetary systems, the animal kingdom, and the ner-
vous system of a human embryo. The current book focuses on
the present rather than the past. For example, it asks not about
how planetary systems arose but what are their prospects for
hosting life — in much more detail than the latter issue was dealt
with in Life through Time and Space. Also, while that earlier book
spanned the cosmos right from the start, most of the present one
focuses on our home galaxy, the Milky Way, because this is the
realm in which we can most easily undertake searches for life.
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