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13� Generating Life on Earth:� 
Five Looming Questions� 

Holmes Rolston III 

Events on Earth stand in marked contrast with events on other planets, such 
as the gases that swirl around Jupiter, or the winds that blow on Venus. On 
Earth, climatological and geomorphological processes continue in the Pleis­
tocene period more or less as they did in the Precambrian. But Earth history 
is quite different because in biology - unlike physics, chemistry, geomor;.. 
phology, or astronomy - something can be learned. Once upon a time, sig­
nals appeared! Where once there were matter and energy, where these remain, 

. there is information, symbolically encoding life. There is a new state of mat­
ter, neither liquid nor gaseous nor solid, but vital. With the passing of cold 
and warm fronts or the uplifting and eroding of mountains, there is no natu­
ral selection. Nothing is competing, nothing is surviving, reproducing, noth­
ing has adapted fit. To come into being, to survive, an organism needs to gain, 
to use, to transmit relevant information. 

If we ourselves are to gain the information we wish about this generating 
of vital information, we need to figure out five big unknowns. 

Creating Information 

In nature, in the Newtonian view there were two metaphysical fundamentals: 
matter and energy. Einstein reduced these two to one: matter-energy. In mat­
ter in motion, there is conservation of matter, also of energy; neither can be 
created nor destroyed, although each can take diverse forms, and one can be 
transformed into the other. In the biological sciences, the novelty is that 
matter-energy enters into rich informatiori states. The biologists still claim 
two metaphysical fundamentals: matter-energy and information. They can 
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do so listening to a founder of cybernetics. Norbert Weiner insists: "Informa­
tion is information, not matter or energy" (1948:155). 

In physics and chemistry, throughout natural history, matter has been 
structurally transformed by energy, sometimes with impressive results, as 
with the construction of the higher elements in the stars or the composition 
of crystals, rocks, mountains, rivers, canyons on Earth. There are mathemati­
cal kinds of information (bitmaps). There is also a sense in which historical 
information is present, passively, on the surface of the moon. A geologist can 
read off from the way that craters are overlaid on each other which of the im­
pacts came first. But the really spectacular constructions that are manifest in 
biological diversity and complexity do not appear without the simultaneous 
genesis of active information about how to compose, maintain, and commu­
nicate these vital structures and processes. This advanced, proactive informa­
tion is recorded in the genes, and such information, unlike matter and energy, 
can be created and destroyed. 

In living things, concludes Manfred Eigen, this is "the key-word that rep­
resents the phenomenon of complexity: information. Our task is to find an 
algorithm, a natural law that leads to the origin of information.... Life is a 
dynamic state of matter organized by information" (1992:12, 15). Bernd-Olaf 
KOppers agrees: "The problem of the origin of life is clearly basically equiva­
lent to the problem of the origin of biological information" (1990:170). 

George C. Williams is explicit: 

Evolutionary biologists have failed to realize that they work with two more 
or less incommensurable domains: that of information and that of mat­
ter. . .. Matter and information [are] two separate domains of existence, 
which have to be discussed separately in their own terms. The gene is a 
package of information, not an object.... Maintaining this distinction be­
tween the medium and the message is absolutely indispensable to clarity of 
thought about evolution. (In Brockman 1995:43) 

John Maynard Smith says: "Heredity is about the transmission, not of 
matter or energy, but of information.... The concept of information is cen­
tral both to genetics and evolution theory" (1995:28). Together with his col­
league, Ears Szathmary, he analyzes "the major transitions in evolution" with 
the resulting complexity, asking "how and why this complexity has increased 
in the course of evolution." "Our thesis is that the increase has depended on a 
small number of major transitions in the way in which genetic information is 
transmitted between generations." Critical innovations have included the ori­
gin of the genetic code itself, the origin of eukaryotes from prokaryotes, mei­
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otic sex, multicellular life, animal societies, and language, especially human 
language (Maynard Smith and Szathmary 1995:3). 

The most spectacular thing about planet Earth, says Richard Dawkins, is 
this "information explosion," even more remarkable than a supernova among 
the stars (1995:145). And, adds Klaus Dose: 

More than 30 years of experimentation on the origin of life in the fields of 
chemical and molecular evolution have led to a better perception of the 
immensity of the problem of the origin of life on Earth rather than its solu­
tion.... We do not actually know where the genetic information of allliv­
ing cells originates. (1988:348) 

When sodium and chlorine are brought together under suitable circum­
stances, anywhere in the universe, the result will be salt. This capacity is inlaid 
into the atomic properties; the reaction occurs spontaneously. Energy inputs 
may be required for some of these results, but no information input is 
needed. When nitrogen, carbon, and hydrogen are brought together under 
suitable circumstances anywhere in the universe, with energy input, the spon­
taneous result may be amino acids, but it is not hemoglobin molecules or le­
murs - not spontaneously. The know-how, so to speak, to make salt is al­
ready in the sodium and chlorine, but the know-how to make hemoglobin 
molecules and lemurs is not secretly coded in the carbon, hydrogen, and ni­
trogen. The essential characteristic of a biological molecule, contrasted with a 
merely physicochemical molecule, is that it contains vital information. Its 
conformation is functional. With the typical protein, enzyme, lipid, or carbo­
hydrate this is structural, keyed by the coding in DNA, and interlocked with 
an information producer-processor (the organism) that can transcribe, in­
carnate, metabolize, and reproduce it. 

In the course ofevolutionary history, one would be disturbed to find matter 
or energy spontaneously created, but ought we not be equally disturbed to find 
information appearing ex nihilo? Nature has spontaneously assembled itself as 
an open cybernetic system several billion years long and gaining spectacular di­
versity and complexity. Life is a river that runs uphill, and even if it nowhere runs 
uphill very steeply (ifwe look at its incremental assembly bit by bit), the river as a 
whole runs far uphill. Each living creature in the stream is quite highly ordered. 
Some forces are present that build order in superseding steps out ofdisorder. Or­
ganisms must be constructed along a long negentropic pathway. This requires 
the continual introduction of information not previously present. Though no 
new matter or energy is needed, if there are to be generated these on-going evo­
lutionary constructions, making niche-step by niche-step these dramatic struc­
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tural/functional climbs, new information is needed in enormous amounts. The 
usual tum here is to conclude that nature is self-organizing (autopoiesis), 
though, since no "self" is present, this is better termed spontaneously organiz­
ing. Nature is spontaneously auto-cybernetic. An autopoietic, autocybemetic 
process can be just a name, like "soporific" tendencies, used to label this mysteri­
ous genesis ofmore out of less, a seemingly scientific name that is really a sort of 
mystic chant over a miraculously fertile universe. Any metaphysically adequate 
account needs a ground of this information. 

Contingent versus Inevitable Creativity 

Contemporary biologists are divided across a spectrum whether this creative 
cybernetic evolutionary history is entirely contingent or quite probable, even 
inevitable. If life on Earth is a one-off event, sheer contingency, we need not 
expect it elsewhere. If life is intrinsic to the physics and chemistry, we should 
expect it elsewhere. If we find some trends, some mixture of the inevitable 
and the contingent, we will not only wonder what to expect elsewhere but 
what to make of discovering ourselves here on Earth. Such trends, which are a 
sine qua non of historical interpretation, are neither absolute laws nor mere 
contingencies; they are never directly observable and may be difficult to de­
tect in a limited span of time or range of observation. They show up statisti­
cally, but statistics deals poorly with cybernetically developing trends, with 
sometimes critical initiating discoveries, such as when photosynthesis, or 
neurons, or endoskeletons appeared: 

There are eminent biologists - though they tend to be molecular biolo­
gists rather than paleontologists - who find Earth)s evolutionary history to 
be inevitable, at least in outline, and therefore predictable. Christian de Duve, 
a Nobel prizewinner, concludes: "Life was bound to arise under the prevailing 
conditions, and it will arise similarly wherever and whenever the same condi­
tions obtain. There is hardly any room for 'lucky accidents) in the gradual, 
multistep process whereby life originated." After life arises there is contin­
gency as to its directions and species, but this is "constrained contingency" so 
that the general trends in the development of life - cellular organisms, 
multicellular organisms, solar energized organisms, increasingly diverse and 
complex organisms, and intelligent organisms - are likewise inevitable. "Life 
and mind emerge not as the results of freakish accidents, but as natural mani­
festations of matter, written into the fabric of the universe. I view this uni­
verse [as] ... made in such a way as to generate life and mind, bound to give 
birth to thinking beings" (199S:xv-xvi, xviii). 



Generating Life on Earth: Five Looming Questions 

"This universe breeds life inevitably," concludes George Wald, another 
Nobel laureate (1974:9). Life is an accident waiting to happen, because it is 
blueprinted into the chemicals, rather as sodium and chlorine are preset to 
form salt, only much more startlingly so because of the rich implications for 
life and because of the openness and information transfer also present in the 
historical life process. Whatever place dice-throwing plays in its appearance 
and maturation, life is something arranged for in the nature of things. The 
dice are loaded. 

When the predecessors of DNA and RNA appear, enormously complex 
molecules bearing the possibility of genetic coding and information, these are 
conserved, writes Melvin Calvin, yet another Nobel laureate, "not by accident 
but because of the peculiar chemistries of the various bases and amino ac­
ids.... There is a kind of selectivity intrinsic in the structures." The evolution 
of life, so far from being random, is "a logical consequence" of natural chem­
istries (1975:176, 169). To continue with Nobel prizewinners, Manfred Eigen 
concludes "that the evolution of life ... must be considered an inevitable pro­
cess despite its indeterminate course" (1971:519; 1992). Life is destined to come 
as part of the narrative story, although the exact routes it will take are open 
and subject to historical vicissitudes. Stuart Kauffman agrees: "I believe that 
the origin of life was not an enormously improbable event, but law-like and 
governed by new principles of self-organization in complex webs of catalysts" 
(1993:xvi; 1995). 

Life originated at start-up events and then kept on further generating. 
Perhaps we can gain some clue about the nature of the evolutionary start-up 
from what happened afterward over the subsequent millennia. David Raup 
and John Sepkoski graph marine invertebrates and vertebrates, an overall 
rise, with climbs and drops, especially at times of catastrophic extinctions, 
from zero to perhaps 750 families (Fig. 1on p. 200) (Raup and Sepkoski 1982). 
During the relatively flat part of the marine curve, life moves onto the land 
and greatly diversifies there, from the Silurian Period onward, not shown in 
this graph. That requires also considerable evolution of complexity, since the 
terrestrial environment is more demanding. 

Plants develop steadily on the land masses, graphed by Karl Niklas (Fig. 2 
on p. 200). For animals, it is in the vertebrates, most of all, that advance is diffi­
cult to deny (Fig. 3 on p. 201) (Niklas 1986). Norman D. Newell graphed the 
numbers of all families, terrestrial and marine, vertebrate and invertebrate, in­
creasing through evolutionary time (Fig. 4 on p. 202) (Newell 1963). Rather in­
terestingly, Sean Nee and Robert M. May find that the catastrophic extinctions 
do not much suppress these trends. Even in the most extreme cases, "approxi­
mately 80 percent of the tree of life can survive even when approximately 95 
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