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Chapter 1
Setting the stage

Introduction

The origin of life on Earth was never a widely discussed issue until the middle of
the nineteenth century. In those times, people were pious and good-natured and
believed ﬁrmly that God has created the world and all living forms, once and for
all. It would have been a blasphemy to doubt such a simple truth. And the
blasphemy arrived in the form of a book written in 1859 by a British scientist
named Charles Darwin, who refused the idea that living forms were ﬁxed,
saying instead that they were changing with time, and that they were evolving
from a common ancestor. The blasphemy was very convincing and spread
rapidly in the scientiﬁc community, also contaminating ﬁelds beyond biology.
Darwin – adding one blasphemy to the other – arrived to postulate, in a letter
written to Joseph Dalton Hooker on February 1st of 1871, that life might have
originated from natural causes:
. . . It is often said that all the conditions for the ﬁrst production of a living organism are
now present, which could ever have been present. But if (and oh what a big if) we could
conceive in some warm little pond with all sorts of ammonia and phosphoric salts, light,
heat, electricity &c. present, that a protein compound was chemically formed, ready to
undergo still more complex changes, at the present day such matter would be instantly
devoured, or absorbed, which would not have been the case before living creatures were
formed.

Thus the idea of the warm little pond, later called prebiotic soup or similar
names, was born. And generally, in that time philosophers and biologists
were increasingly accepting the idea of an origin of life based on natural
laws.
At the time of Darwin, in parallel to the belief in the divine creation, there was
also the idea of the spontaneous generation (abiogenesis) of simple life forms.
The rationale was that God, in his grandeur, could not have had the time and will
to think about the creation of such primitive forms of life. Thus, ants, ﬂies,
beetles, mosquitoes, and even rats would originate spontaneously from decaying
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meat or dirty laundry in the wet cellar.1 The work of Redi (already in 1668), and
by Spallanzani one century later, aimed at providing evidence against abiogenesis, was not convincing to the community of the time. But the work by Louis
Pasteur was: people after him accepted that life does not arise by spontaneous
generation; life arises only from life itself. This statement, by a trait of irony,
seemed to give more strength to the belief that life can only come from God.
1.1 The secular view on the origin of life

However, around the middle of the nineteenth century, the time was ripe for the
idea of the secular origin of life. Thus, while Darwin’s theories were spreading,
the German biologist and philosopher Friedrich Rolle was writing in 1863:
The hypothesis of an original emergence of life from inanimate matter [. . .] can at least
offer the advantage of explaining natural things by natural pathways, thus avoiding the
invocation of miracles, which are actually in contradiction with the foundations of science.

Darwin himself was not directly interested in the origin of life, but some of his
contemporary scientists popularized his views of a natural origin of life, most
notably Ernst Häckel. He stressed that there is no difference in quality between
the inanimate and the animate world (Anorgane und Organismen) and that,
therefore, there is a natural and continuous ﬂux from the one to the other
(Häckel, 1866). This “continuity principle” had been advocated also by the
already cited Rolle (1863) and by William Thierry Pryer (1880) and is part of
the modern view of life.
Proceeding with the historical discourse, let us consider a surprising deﬁnition given by Friedrich Engels (yes, the same Engels of Karl Marx’s memory),
written in Dialectics of Nature (1883):
Life is the mode of existence of protein bodies, the essential element of which consists in
continual metabolic interchange with the natural environment outside them, and which
ceases with the cessation of this metabolism, bringing about the decomposition of the
protein.2

This is indeed surprising, given the early date and the fact that Friedrich
Engels certainly was not a biologist, and that at this time nobody had a clear
notion of what “protein bodies” really meant (although Darwin himself had
1

2

Famous is the experiment introduced by Jean-Baptiste van Helmont (1577–1644). He suggested that mice are
spontaneously generated from wheat. Van Helmont believed it was human sweat which provided the generating
principle of life and hence his experiments needed dirty shirts as well as wheat germ and 21 days of fermentation
after which the vapors from the shirt with the vapors from the seeds would generate live mice. Van Helmont was
surprised to ﬁnd that such mice were exact replicas of natural mice originating from mouse parents.
A few years before, Engels gave an almost similar deﬁnition: “Life is a mode of existence of protoplasm and
consists essentially in the constant renewal of the chemical constituents of this substance. Protoplasm is here
understood in the modern chemical sense and comprises under this name all substances analogous to the white of
an egg, otherwise called protein substances” (Engels, 1877). Later, he updated again his deﬁnition: “Life is the
existence form of proteic structures, and this existence form consists essentially in the constant self-renewal of
the chemical components of these structures” (Engels, 1894).
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spoken of a “protein compound”). Moreover, he pointed out the constant selfrenewal of the chemical components of these proteic structures.
We had to wait over 50 years to have a more scientiﬁc rendering of Engels’
concept. Let’s consider a deﬁnition written by Perret in the early 1950s, and
reiterated by John Desmond Bernal in 1965:
Life is a potentially self-perpetuating system of linked organic reactions, catalyzed stepwise and almost isothermally by complex and speciﬁc organic catalysts which are themselves produced by the system.

Bernal discusses this concept in more detail in his other books (Bernal, 1951;
1967; 1971).
In jumping from Engels to Bernal, we should not forget a big name in between
them, Alexander I. Oparin. The question of the origin of life became a scientiﬁc
issue only with the publication of Oparin’s books. However, the ﬁrst one,
Proiskhozhdenie Zhizni (Origin of Life), published in Russian in 1924, was
largely unnoticed until it was translated after 1950. His second book on this
subject, Vozniknovenie zhizni na zemle (The origin of life on Earth), published in
Russian in 1936, expanded and modiﬁed his earlier views in some important
ways3. It was published in English in 1938 as The Origin of Life. The second
edition of this book (1941) was published in English in 1953.4 The reworked and
much enlarged third Russian edition (1957) was translated in English in the
same year as The Origin of Life on the Earth.
He subsequently wrote Life: Its Nature, Origin, and Development (1961). The
Russian edition was published in 1960, in which he gave a description of life
3

4

In his book of 1936, Oparin expressed his views in the form of a dialectical materialist analysis, explicitly citing
Friedrich Engels. He described life as a naturally emergent stage in the evolution of matter, one in which
physicochemical laws had been supplemented by the “purely biological” laws of natural selection and metabolism. Oparin drew more heavily on the current international literature in astronomy, geochemistry, organic
chemistry, plant enzymology, and about the chemical evolution of the biosphere. Stanley L. Miller and H. James
Cleaves wrote: “Careful reading of Oparin’s 1924 pamphlet shows that, in contrast to common belief, at ﬁrst he
did not assume an anoxic primitive atmosphere. In his original scenario he argued that while some carbides, that
is, carbon-metal compounds, extruded from the young Earth’s interior would react with water vapor leading to
hydrocarbons, others would be oxidized to form aldehydes, alcohols, and ketones [. . .] Oparin’s ideas were
further elaborated in a more extensive book published with the same title in Russian in 1936. In this new book his
original proposal was revised, leading to the assumption of a highly reducing milieu in which iron carbides of
geological origin would react with steam to form hydrocarbons. Their oxidation would yield alcohols, ketones,
aldehydes, and so on, which would then react with ammonia to form amines, amides, and ammonium salts. The
resulting protein-like compounds and other molecules would form a hot, dilute soup, which would aggregate to
form colloidal systems, that is, coacervates, from which the ﬁrst heterotrophic microbes evolved” (Miller and
Cleaves, 2007).
Moreover, Oparin drew upon studies on colloidal coacervation, arguing that the formation of coacervate
droplets by the electrostatic attraction of organic soils in the early seas provided a key requirement for the
emergence of life: chemical pools separated by a membrane from the surrounding medium. Such droplets could
selectively assimilate materials, and collect and accumulate catalysts and promoters that would accelerate
chemical reactions. Although most of these coacervates were short-lived, Oparin believed that those with the
fastest rates of reaction, the most stable internal conﬁgurations, and the ability to grow and divide most rapidly,
would begin to undergo natural selection, leading to more organized forms and eventually to primitive living
systems.
I highly recommend reading the Introduction to the 1938 English edition of Oparin’s book, written by Sergius
Morgulis, editor and translator, as it is still one of the best analyses on the naturalistic essence of life and the
progress from non-life to life.
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based on six properties: (1) capability of the exchange of materials with the
surrounding medium; (2) capability of growth; (3) capability of population
growth (multiplication); (4) capability of self-reproduction; (5) capability of
movement; (6) capability of being excited. He also added some additional
properties, such as the existence of a membrane (a cardinal principle for him);
and the interdependency with the milieu (Oparin, 1961). An enumeration of
properties, as Oparin does, appears to be the preferred way of getting around the
problem of giving a deﬁnition in a nutshell, and modern examples of this are
given by Koshland (2002) and by Oró (in Schopf, 2002).
However, the list of properties of life may be extremely long and subjective,
and the real point is to ﬁnd the unique feature of life that gives rise to the list of
properties (this is what we will do in the next part of this book).
The deﬁnition of life is a rather thorny question. About that, let me add that
the term deﬁnition – with its strong ontological ﬂavor – is perhaps too ambitious:
the term “operational description” probably catches better the epistemic and
pragmatic aspects of the question. As Primas says in a different context (1998):
. . . by contrast an operational description refers to empirical observations obtained by
some pattern recognition methods which concentrate on those aspects we consider as
relevant.

Actually, most of the “deﬁnitions” of life given in the literature comply with
the above operational description.
There are plenty of them; for example, one may refer to those listed in the
monographs by Folsome (1979), Chyba and McDonald (1995), or in a book
edited by the late Martino Rizzotti (Rizzotti, 1996). See also Popa (2004). In
addition, a few dozen deﬁnitions of life are given in over 40 pages by a
corresponding number of authors in the book edited by Palyi et al. (2002).
Out of this vast repertoire, I would like to mention some of the least traditional;
for example, Alec Schaerer (2002) approaches the conceptual conditions for
conceiving and describing life, including the aspects of language, cognition,
and consciousness. Or the paper by Kunio Kawamura (2002), who approaches
the origin of life from the angle of “subjectivity,” referring to the philosophical
work by Imanishi (for me, there are strong ties here with the view of autopoiesis, which we will explore in depth later in this book). This author provides a
view of life from the classic Japanese philosophical view, with the notion of
shutaisei (subjectivity). And, still in the same book, you will ﬁnd the Vedanta
view of life (Apte, 2002) as well as that of the Russian Orthodox tradition
(Arinin, 2002). There are questions about life raised by other authors and
researchers: “Is life reducible to complexity?” (Abel, 2002); “When did life
became cyclic?” (Boiteau et al., 2002); “Does biotic life exist?” (Valenzuela,
2002).
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I mention these less traditional points of view not because we learn much
about the origin of life from them, but rather to emphasize that, by asking the
question, we are necessarily dealing with a broad spectrum of perspectives and
diverse human cultures.
One cannot end this part on life deﬁnitions without mentioning the so-called
“NASA deﬁnition of life.” Originally, this was simply an operational perspective used by the Exobiology Program within the National Aeronautics and Space
Administration – a general working deﬁnition. However, people working on the
origin of life often use this deﬁnition –actually proposed earlier by Horowitz and
Miller (1962) – which is as follows (Joyce, 1994):
Life is a self-sustained chemical system capable of undergoing Darwinian evolution.

This operative deﬁnition is one of the most popular, and probably it is so
because it is based on a pragmatic operation. If NASA astronauts are going to
ﬁnd in some distant planet a colony of bacteria that behave just like a terrestrial
colony of bacteria, they are going to communicate back that yes, they have
found life. However, it is at this point that one would ask them, “Yes, but what
is life?”
In fact, the above deﬁnition in my opinion is not very useful, nor correct from
an epistemic point of view. It applies to populations (Darwinian), and is completely silent if you consider a single living organism at a time – a ﬂying bird, a
swimming ﬁsh, an oak tree, or a product of synthetic biology. Particularly in the
last case, but also for an object found in a distant planet, the genetic background
may be unknown or technically impossible to establish. We need a local, “here
and now” life criterion to discriminate between the living and the non-living
without waiting for evolution or reproduction.
The multiplicity of views presented in literature is thus impressive, and also
impressive is the number of books devoted to the origin of life, which I listed to
the best of my knowledge (see Side Box 1.1).
The popularity of the NASA deﬁnition among the scientists studying the
origin of life reﬂects the obvious prejudice that the molecular mechanism of
nucleic acids must be the main basis for deﬁning life. Accordingly, this would
bring life and evolution to equivalence.
Considering the overlap between evolution and life, one may recall the
distinction made by Szathmáry (2002) between the units of life and the units
of evolution. The author emphasizes that the two domains (life and evolution)
may partly overlap, but that they should be considered as two distinct realms.
Other authors emphasize the same concepts (Lewontin, 1970; Maynard-Smith
and Szathmáry, 1995; Okasha, 2006).
Before looking deeper at Oparin’s ideas, however, we need to present the
scenario of the origin of life in terms of basic data.
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Side Box 1.1
Books on the origin of life
Bastian, H. C. (1872). The Beginnings of Life. London.
Pryer, W. (1880). Die Hypothesen über den Ursprung des Lebens. Berlin.
Leduc, S. (1907). Les Bases Physiques de la Vie. Paris.
Osborn, H. (1918). The Origin and Evolution of Life. London.
Oparin, A. I. (1924). Proiskhozhdenie Zhizni. Moscow. (In Russian). Translated into
English as: The Origin of Life, in The Origin of Life, J. D. Bernal (ed.), London,
1967, and Cleveland, 1967.
Haldane, J. B. S. (1929). The origin of life. Rationalist Annual, 148: 3–10.
Haldane, J. B. S. (1929). The Origin of Life. In The Origin of Life, J. D. Bernal (ed.),
London, 1967, and Cleveland, 1967.
Oparin, A. I. (1936). Vozniknovenie Zhizni na Zemle. Moscow and Leningrad.
Translated into English as: Oparin, A., The Origin of Life, New York: MacMillan,
1938.
Vozniknovenie Zhizni na Zemle. (1941). 2nd Edition (In Russian). Translated into
English as: Oparin, A., The Origin of Life, New York: Dover Publ., 1953.
Vozniknovenie Zhizni na Zemle. (1957). 3rd Edition (In Russian). Translated into
English as: Oparin, A. I., The Origin of Life on the Earth, Edinburgh: Oliver and
Boyd, 1957, and London – New York: Academic Press, 1957.
Bernal, J. D. (1951). The Physical Basis of Life. London: Routledge and Paul.
Haldane, J. B. S. (1954). The Origin of Life. New Biology, 16: 12.
Schrödinger, E. (1956). What is Life? And other Scientiﬁc Essays. Garden City, NJ.
Brachet, J. (1957). Origin of life on the Earth, in Rep. Intern. Symp., 361, New York:
Pergamon, 1959.
Oparin, A. I. (1960). Zhizn’, Ee Priroda, Proiskhozhdenie i Razvitie. Moscow. 2nd
Edition, 1968. English translation as: Life; Its Nature, Origin, and Development.
Edinburgh and London: Oliver and Boyd, 1961; New York: Academic Press, 1961.
Oparin, A. I. (1964). The chemical origin of life, in American Lectures in Living
Chemistry, S. Kugelmass (ed.), Charles C Thomas, Springﬁeld, IL.
Crick, F. (1966). Of Molecules and Men. University of Washington Press.
Oparin, A. I. (1966). Vozniknovenie i Nachal’noe Razvitie Zhizni (Moscow), English
translation as: Genesis and Evolutionary Development of Life. New York, 1968.
Bernal, J. D. (1967). The Origin of Life. Cleveland, OH: World Publishing Co.
Margulis, L. (ed.) (1970). Origins of Life. I. New York: Gordon & Breach.
Bernal, J. D. (1971). Ursprung des Lebens. Lausanne: Editions Rencontre.
Margulis, L. (ed.) (1971). Origins of Life. II. New York: Gordon & Breach.
Rutten, M. G. (1971). The Origin of Life by Natural Causes. New York: Elsevier.
Fox, S. W. and Dose, K. (1972). Molecular Evolution and the Origin of Life. San
Francisco: Freeman.
Orgel, L. E. (1973). The Origins of Life. New York: Wiley.
Miller, S. L. and Orgel, L. E. (1974). The Origin of Life on Earth. Englewood Cliffs,
NJ: Prentice Hall.
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Wickramasinghe, N. C., with Fred Hoyle. (1978). Lifecloud: The Origin of Life in the
Universe. London: J.M. Dent.
Ponnamperuma, C. (1981). Comets and the Origin of Life. Dordrecht, The
Netherlands.
Cairns-Smith, A. G. (1982). Genetic Takeover and the Mineral Origin of Life.
Cambridge University Press.
Day, W. (1984). Genesis on Planet Earth: the Search for Life’s Beginnings. New
Haven, CT: Yale University Press.
Cairns-Smith, A. G. (1985). Seven Clues to the Origin of Life. Cambridge University
Press.
Dyson, F. (1985). Origins of Life. Cambridge University Press.
Shapiro, R. (1986). Origins: a Skeptic’s Guide to the Creation of Life on Earth. New
York: Summit.
Fox, S. W. (1988). The Emergence of Life. New York: Basic Books.
de Duve, C. (1991). Blueprint for a Cell: The Nature and the Origin of Life.
Burlington, NC: Carolina Biological Supply Co.
Eigen, M. and Winkler-Oswatitisch, R. (1992). Steps Towards Life, Oxford University
Press.
Morowitz, H. J. (1992). Beginning of Cellular Life. Yale University Press.
Margulis, L. and Sagan, D. (1995). What is Life? London: Weidenfeld and Nicholson.
Rizzotti, M. (ed.) (1996). Deﬁning Life, Publ. University of Padua.
Thomas, P. J., Chyba, C. F., and McKay, C P. (eds.) (1997). Comets and the Origins
and Evolution of Life. New York: Springer-Verlag.
Brack, A. (ed.) (1998). The Molecular Origin of Life. Cambridge University Press.
Davies, P. (1999). The Fifth Miracle: The Search for the Origin and Meaning of Life.
New York: Simon and Schuster Paperback.
Dyson, F. (1999). Origins of Life, 2nd edition. Cambridge University Press.
Fry, I. (1999). The Emergence of Life on Earth: A Historical and Scientiﬁc Overview.
London: Free Association Books.
Maynard Smith, J. and Szathmáry, E. (1999). The Origins of Life. Oxford University
Press.
Fry, I. (2000). Emergence of Life on Earth: A Historical and Scientiﬁc Overview. New
Brunswick, NJ: Rutgers University Press.
Varela, F. J. (2000). El Fenómeno de la Vida. Dolmen Ensayo.
Wickramasinghe, N.C., with Fred Hoyle. (2000). Astronomical Origins of Life: Steps
towards Panspermia. Dordrecht, NL: Kluwer.
Willis, C. and Bada, J. (2000). The Spark of Life. Cambridge, MS: Perseus Books
Group.
Zubay, G. (2000). Origins of Life on the Earth and in the Cosmos. Cal. Academic.
Blum, P. (ed.) (2001). Archaea: Ancient Microbes, Extreme Environments, and the
Origin of Life. New York: Academic Press.
Schwabe, C. (2001). The Genomic Potential Hypothesis, a Chemist’s View of the
Origins, Evolution and Unfolding of Life. Georgetown: Landes Bioscience.
Day, W. (2002). How Life Began: the Genesis of Life on Earth. Cambridge, MA:
Foundation for New Directions.
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de Duve, C. (2002). Life Evolving, Molecules, Mind and Meaning. Oxford University
Press.
Schopf, J. W. (ed.) (2002). Life’s Origin, The Beginning of Biological Evolution.
California University Press.
Davies, P. C. W. (2003). The Origin of Life. Penguin Science.
Ganti, T. (2003). The Principles of Life. Oxford University Press.
Popa, R. (2004). Between Necessity and Probability: Searching for the Deﬁnition and
Origin of Life. Berlin: Springer-Verlag.
Ribas de Pouplan L. (ed.) (2004). The Genetic Code and the Origin of Life. Kluwer
Acad.-Plenum Publ.
Hazen, R. M. (2005). Genesis: The Scientiﬁc Quest for Life’s Origins. Joseph Henry
Press.
Shiller, B. M. (2005). Origin of Life: The 5th OPTION. Trafford.
Yockey, H. P. (2005). Information Theory, Evolution, and The Origin of Life,
Cambridge University Press.
Luisi, P. L. (2006). The Emergence of Life: From Chemical Origins to Synthetic
Biology. Cambridge University Press.
Teerikorpi, P., Valtonen, M., Lehto, K., Lehto, H., Byrd, G., and Chernin, A. (2009).
The Evolving Universe and the Origin of Life. The Search for Our Cosmic Roots.
New York: Springer Verlag.
Wickramasinghe, J., Wickramasinghe, C., and Napier, W. (2009). Comets and the
Origin of Life. Hackensack, NJ: World Scientiﬁc.
Lane, N. (2010). Life Ascending: The Ten Great Inventions of Evolution. New York:
W. W. Norton & Company.
Deamer, D. (2011). First Life. University of California Press.
Egel, R., Lankenau, D.-H., and Mulkidjanian, A. Y. (2011). Origins of Life: The
Primal Self-Organization. Berlin: Springer-Verlag.
Rutherford, A. (2013). Creation: The Origin of Life – The Future of Life. London:
Viking/Penguin.
Rutherford, A. (2014). Creation: How Science Is Reinventing Life Itself. New York:
Current.
Mazur, S. (2015). The Origin of Life Circus. New York: McNally Jackson Books.
Gerald, M. C. with Gerald, G. C. (2015). The Biology Book: From the Origin of Life to
Epigenetics – 250 Milestones in the History of Biology. New York: Sterling
Publishing.

1.2 A few accepted facts

Let us begin by saying that, according to the big-bang theory, the age of the universe
is estimated to be 13.8 Gya (billion years ago), while the origin of the solar system,
and our Earth, dates to 4.5–4.6 Gya. They say that at this time our planet was more
or less a ﬁreball, which reached a certain geological and thermal stability about 4
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Gya, at the time of a faint young sun. This is also the age of the ﬁrst rocks on our
planet, as well the age of the oceans. Evidence of oxygen production is at 2.7 Gya,
but bacterial photosynthesis was operative long before the atmosphere originated –
that is, until 0.6 billion years passed and much more oxygen was being produced, a
development for which we do not know the reason.
The most ancient microfossils have been described by J. W. Schopf from the
Apex Chert in Marble Bar, in western Australia (Schopf, 1993, 1998; Schopf and
Klein, 1992). They are dated 3.465 Gya. The microfossils of Swaziland (Sud
Africa) are more or less of the same period. The so-called Gunﬂin Chert of North
America (1.9–2.3 Gya) and the microfossils of the Belcher Group in Canada were
the ﬁrst to be ascribed to the Precambrian period. Readers can ﬁnd more information about microfossils at http://www.uni-muenster.de/GeoPalaeontologie/
Palaeo/Palbot_2011/forschung.html.
Although Schopf’s interpretations have been criticized (Brasier et al., 2002),
the general consensus today is still that unicellular organisms existed on our
Earth at 3.4 to 3.5 Gya.
If these unicellular organisms already had a full-ﬂedged genome, one is
tempted to suggest that life cannot have started right away with such a complexity, and that therefore, the “origin of life” must be older than 3.5 Gya. In this
regard, consider a quite recent paper by Bell et al. (2015). These authors have
analyzed inclusion of graphite in zirconium crystals, and state that the carbon
isotope ratio is “consistent with a biogenic origin and may be evidence that a
terrestrial biosphere had emerged by 4.1 Gya, or ∼300 My earlier than has been
previously proposed.”
The general view can be schematized as in Figure 1.1, which indicates
main events that took place in our past on a time scale. Among these, the
position of the plausible transition to life can be located between 3.5 and 4
Gya.
Where should we set the scenario for the origin of life? As we will argue later,
the aqueous environment of the ocean is the most accepted scenario, often in the
form of tides, which may increase the solute local concentration when withdrawing, with a possible localized scenario such as hydrothermal pools or small
lagoons, or even coastal lakes. If life started only in one place and only once, it
must have been a place from where it could then rapidly expand and “infect”
large parts of the Earth.
1.3 Oparin’s view, and its implications

As already mentioned, the view of the origin of life by a natural process, in
conformity with the natural laws, was given by Alexander Oparin (1924; 1953;
1957), the brilliant Russian chemist who was inﬂuenced both by Darwinian
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Figure 1.1 A simpliﬁed time scale of main events in the origin of life. These
“steps” were among Gould’s arguments in favor of contingency, as discussed
later on in this chapter (Section 1.4). The plausible transition to life can be located
between 3.5 and 4 billion years ago. The early eukaryotic organisms appeared
around 1.6 Gya and the ﬁrst simple multicellular organisms circa 1.2 Gya. Note
also the Cambrian explosion around 540 million years ago. Prior to the Cambrian
event, living organisms were simple, small, and, mostly, unicellular. Maybe,
some complex, multicellular organisms gradually became more common in the
years preceding the Cambrian, but it was not until this period that mineralized –
that is, readily fossilized – organisms became common. Anyhow, the – more or
less rapid – diversiﬁcation of a wide variety of complex multicellular life forms in
the ﬁrst Cambrian produced the ﬁrst representatives of modern phyla.

theories and by dialectical materialism. J. B. Haldane (1929; 1954) put forward
a similar view on the origin of life, coming from a quite different context.
Accordingly, there is a natural and spontaneous increase of molecular complexity, governed by the natural laws, up to the point in which spherical
compartments – the ﬁrst cells or protocells – were formed, which could
make copies of themselves.
Oparin’s view, which modern biology generally takes for granted, appears in
most college textbooks, specialized literature, and mass media. The background of
the left panel of Figure 1.2 is the already mentioned “continuity principle”
(Oparin, 1924; Orgel, 1973 and 1994; de Duve, 1991; Eigen and WinklerOswatitisch, 1992; Morowitz, 1992; Crick, 1996). This sets a gradual continuity
from inorganic matter to organic molecules and from these to molecular
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