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Universal Darwinism

RICHARD DAWEKINS

it is widely believed on statistical grounds that life has arisen many times
all around the universe (Asimov, 1979; Billingham, 1981). However
varied in detail alien forms of life may be, there will probably be certain
principles that are fundamental to all life, everywhere. I suggest that
prominent among these will be the principles of Darwinism. Darwin's
theory of evolution by natural selection is more than a local theory to
account for the existence and form of life on Earth. It is probably the only
theory that can adequately account for the phenomena that we associate
with life.

My concern is not with the details of other planets. I shall not speculate
about alien bjochemistries based on silicon chains, or alien neurophysio-
logies based on silicon chips. The universal perspective is my way of
dramatizing the importance of Darwinism for our own biclogy here on
Earth, and my examples will be mostly taken from Earthly biology. I do,
however, also think that ‘exobiologists’ speculating about extraterrestrial
life should make more use of evolutionary reasoning. Their writings have
been rich in speculation about how extraterrestrial life might work, but
poor in discussion about how it might evolve. This essay should, therefore,
be seen firstly as an argument for the general importance of Darwin’s
theory of natural selection; secondly as a preliminary contribution to a new
discipline of 'evolutionary exobiology’.

The 'growth of biological thought’ {Mayr, 1982) is largely the story of
Darwinism’s trinmph over alternative explanations of existence. The chief
weapon of this triumph is usually portrayed as evidence. The thing that is
said to be wrong with Lamarck’s theory is that its assumptions are factually
wrong. In Mayr’s words: ‘Accepting his premises, Lamarck's theory was
as legitimate a theory of adaptation as that of Darwin. Unfortunately, these
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premises turned out to be invalid.” But T think we can say something
stronger: even accepting his premises, Lamarck’s theory is not as legitimate
a theory of adaptation as that of Darwin because, unlike Darwin’s, it is

" in principle incapable of doing the job we ask of it — explaining the evolution
of organized, adaptive complexity. I believe this is so for all theories that
have ever been suggested for the mechanism of evolution except Darwintan
natural selection, in which case Darwinism rests on a securer pedestal than
that provided by facts alone.

Now, I have made reference to theories of evolution ‘doing the job we
ask of them’. Everything turns on the question of what that job is. The
answer may be different for different people. Some biologists, for instance,
get excited about ‘the species problem ', while I have never mustered much
enthusiasm for it as a ‘mystery of mysteries’. For some, the main thing
that any theory of evolution has to explain is the diversity of life —
cladogenesis. Others may require of their theory an explanation of the
observed changes in the molecular constitution of the genome. I would not
presume to try to convert any of these people to my point of view, Al} I
can do is to make my point of view clear, so that the rest of my argument
is clear. .

I agree with Maynard Smith (1969) that ‘The main task of any theory
of evolution is to explain adaptive complexity, i.e. to explain the same set
of facts which Paley used as evidence of a Creator’. I suppose people like
me might be labelled neo-Paleyists, or perhaps * transformed Paleyists’. We
conecur with Paley that adaptive complexity demands a very special kind
of explanation: either a Designer as Paley taught, or something sach as
natural selection that does the job of a designer. Indeed, adaptive complexity
is probably the best diagnostic of the presence of life itself.

Adaptive complexity as a diagnostic character of life

Ifyou find something, anywhere in the universe, whose structure is complex
and gives the strong appearance of having been designed for a purpose,
then that something either is alive, or was once alive, or is an artefact
created by something alive. It is fair to include fossils and artefacts since
their discovery on any planet would certainly be taken as evidence for life
there.

Complexity is a statistical concept (Pringle, 1951). A complex thing is
a statistically improbable thing, something with a very low a priori likeli-
hood of coming into being. The number of possible ways of arranging the
10%7 atoms of a human body is obviously inconceivably large. Of these
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possible ways, only very few would be recognized as a human body. But
this is not, by itself, the point. Any existing configuration of atoms is, a
posteriori, unique, as ‘tmprobable’, with hindsight, as any other. The point
is that, of all possible ways of arranging those 1027 atoms, only a tiny
minority would constitute anything remotely resembling 2 machine that
worked to keep itself in being, and to reproduce its kind. Living things are
not just statistically improbable in the trivial sense of hindsight: their
statistical improbability is limited by the a priori constraints of design. They
are adaptively complex.

The term ‘adaptationist’ has been coined as a pejorative name for one
who assumes ‘without further proof that all aspects of the morphology,
physiology and behavior of organisms are adaptive optimal sclutions to
problems’ (Lewontin, 1979, and this volume). [ have responded to this
elsewhere (Dawkins, 19824, Chapter 3). Here, [ shall be an adaptationist
in the much weaker sense that I shall only be concerned with those aspects
of the morphology, physiology and behaviour of organisms that are
undisputedly adaptive solutions to problems. In the same way, a zoologist
may specialize on vertebrates without denying the existence of inverte-
brates. I shall be preoccupied with undisputed adaptations because I have
defined them as my working diagnostic characteristic of all life, anywhere
in the universe, in the same way as the vertebrate zoologist might be
preoccupied with backbones because backbones are the diagnostic
character of all vertebrates. From time to time I shall need an example of
an undisputed adaptation, and the time-honoured eye will serve the
purpose as well as ever (Paley, 1828; Darwin, 1859; any fundamentalist
tract). ' As far as the examination of the instrument goes, there is precisely
the same proof that the eye was made for vision, as there is that the
telescope was made for assisting it. They are made upon the same
principles; both being adjusted to the laws by which the transmission and

“refraction of rays of light are regulated’ (Paley 1828, V. 1, p. 17).

If a similar instrument were found upon another planet, some special
explanation would be called for. Either there is a God, or, if we are going
to explain the universe in terms of blind physical forces, those blind
physical forces are going to have to be deployed in a very peculiar way.
The same is not true of non-living objects, such as the moon or the solar
system (see below). Paley's instincts here were right.

My opinion of Astronomy has always been, that it is not the best medium through
which to prove the agency of an intelligent Creator...The very simplicity of [the
heavenly bodies'] appearance is against them...Now we deduce design from
retation, aptitude, and correspondence of parts. Some degree therefore of cormplexity
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is necessary to render a subject fit for this species of argument. But the heavenly
bodies do not, except perhaps in the instance of Saturn’s ring, present themselves
1o our observation as compounded of parts at all (1828, Vol. 2, pp. 146-7}.

A transparent pebble, polished by the sea, might act as a lens, focussing
areal image. The fact that it is an efficient optical device is not particularly
interesting because, unlike an eye or a télescope, it is too simple. We do
not feel the need to invoke anything remotely resembling the concept of
design. The eye and the telescope have many parts, all coadapted and
working together to achieve the same functional end. The polished pebble
has far fewer coadapted features: the coincidence of transparency, high
refractive index and mechanical forces that polish the surface in a curved
shape. The odds against such a threefold coincidence are not particularly
great. No special explanation is called for.

Compare how a statistician decides what P value to accept as evidence
for an effect in an experiment. It is a matter of judgment and dispute, almost
of taste, exactly when a coincidence becomes too great to stomach. But,
no matter whether youn are a cautious statistician or a daring statistician,
there are some complex adaptations whose ‘P value’, whose coincidence
rating, is so impressive that nobody would hesitate to diagnose life (or an
artefact designed by a living thing). My definition of living complexity is,
in effect, ‘that complexity which is too great to have come about through
a single coincidence’. For the purposes of this paper, the problem that any
theory of evolution has to solve is how living adaptive complexity comes
about.

In the book referred to above, Mayr (1982) helpfully lists what he sees
as the six clearly distinct theories of evolution that have ever been proposed
in the history of biology. I shall use this list to provide me with my main
headings in this paper. For each of the six, instead of asking what the
evidence is, for or against, I shall ask whether the theory is in principle
capable of doing the job of explaining the existence of adaptive complexity.
I shall take the six theories in order, and will conclude that only Theory
6, Darwinian selection, matches up to the task.

Theory 1. Built-in capacity for, or drive toward, increasing perfection

To the modern mind this is not really a theory at all, and I shall not bother
to discuss it. It is obviously mystical, and does not explain anything that
it does not assume to start with.

Theory 2. Use and disuse plus inheritance of acquired characiers

It is convenient to discuss this in two parts.
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Use and disuse :

It is an observed fact that on this planet living bodies sometimes become
better adapted as a result of use. Muscles that are exercised tend to grow
bigger. Necks that reach eagerly towards the treetops may lengthen in all
their parts. Conceivably, if on some planet such acquired improvements
could be incorporated into the hereditary information, adaptive evolution
could result. This is the theory often associated with Lamarck, although
there was more to what Lamarck satd. Crick (1982, p. 59) says of the idea:
‘As far as I know, no one has given general theoretical reasons why such
a mechanism must be less efficient than natural selection. ..’ In this section
and the next I shall give two general theoretical objections to Lamarckism
of the sort which, I suspect, Crick was calling for. [ have discussed both
before (Dawkins, 1982b), so will be brief here. First the shortcomings of
the principle of use and disuse.

The problem is the crudity and imprecision of the adaptation that the
principle of use and disuse is capable of providing. Consider the evolutionary
improvements that must have occurred during the evolution of an organ
such as an eye, and ask which of them could conceivaby have come about
through use and disuse. Does ‘use’ increase the transparency of a lens?
No, photons do not wash it clean as they pour through it. The lens and
other optical parts must have reduced, over evolutionary time, their
spherical and chromatic aberration; could this come about through
increased use? Surely not. Exercise might have strengthened the muscles
of the iris, but it could not have built up the fine feedback control system
which controls those muscles. The mere bombardment of a retina with
coloured light cannot call colour-sensitive cones into existence, nor
connect up their outputs so as to provide colour vision.

Darwinian types of theory, of course, have no trouble in explaining all
these improvements. Any improvement in visual accuracy could signifi-
cantly affect survival. Any tiny reduction in spherical aberration may save
a fast flying bird from fatally misjudging the position of an obstacle. Any
minute improvement in an eye’s resolution of acute coloured detail may
crucially improve its detection of camouflaged prey. The genetic basis of
any improvement, however slight, will come to predominate in the gene
pool. The relationship between selection and adaptation is a direct and
close-coupled one. The Lamarckian theory, on the other hand, relies on
a much cruder coupling: the rule that the more an animal uses a certain
bit of itself, the bigger that bit ought to be. The rule occasionally might
have some validity but not generally, and, as a sculptor of adaptation it
is a blunt hatchet in comparison to the fine chisels of natural selection.
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This point is universal. It does not depend on detailed facts about life on
this particular planet. The same goes for my misgivings about the
inheritance of acquired characters.

Inheritance of acquired characters

The problem here is that acquired characters are not always improvements.
There is no reason why they should be, and indeed the vast majority of
them are injuries. This is not just a fact about life on earth. It has a
universal rationale. If vou have a complex and reasonably well-adapted
systern, the number of things you can do to it that will make it perform
less well is vastly greater than the number of things vou can do to it that
will improve it (Fisher, 1958). Lamarckian evolution will move in adaptive
directions only if some mechanism — selection — exists for distinguishing
those acquired characters that are improvements from those that are not.
Only the improvements should be imprinted into the germ line,

Although he was not talking about Lamarckism, Lorenz (1966) empha-
sized a related point for the case of learned behaviour, which is perhaps
the most important kind of acquired adaptation. An animal learns to be
a better animal during its own lifetime. It learns to eat sweet foods, say,
thereby increasing its survival chances. But there is nothing inherently
nutritious about a sweet taste. Something, presumably natural selection,
has to have built into the nervous system the arbitrary rule: 'treat sweet
taste as reward', and this works because saccharine does not occur in
nature whereas sugar does.

Similarly, most animals learn to avoid situations that have, in the past,
led to pain. The stimuli that animals treat as painful tend, in nature, to
be associated with injury and increased chance of death. But again the
connection must ultimately be built info the nervous system by natural
selection, for it is not an obvious, necessary connection (M. Dawkins,
1980). It is easy to imagine artificially selecting a breed of animals that
enjoyed being injured, and felt pain whenever their physiological welfare
was being improved. If learning is adaptive improvement, there has to be,
in Lorenz's phrase, an innate teaching mechanism, or ‘innate schoolmarm ',
The principle holds even where the reinforcers are ‘secondary’, learned by
association with primary reinforcers (P. P. G. Bateson, this volume).

1t holds, too, for morphological characters. Feet that are subjected to
wear and tear grow tougher and more thick-skinned. The thickening of
the skin s an acquired adaptation, but it is not obvicus why the change
went in this direction. In man-made machines, parts that are subjected to
wear get thinner not thicker, for obvious reasons. Why does the skin on
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the feet do the opposite? Because, fundamentally, natural selection has
worked in the past to ensure an adaptive rather than a maladaptive
response to wear and tear.

The relevance of this for would-be Lamarckian evolution is that there
has to be a deep Darwinian underpinning even if there is a Lamarckian
surface structure: a Darwinian choice of which potentially acquirable
characters shall in fact be acquired and inherited. As [ have argued before
{(Dawkins, 19824, pp. 164-77), this is true of a recent, highly publicized
immunological theory of Lamarckian adaptation (Steele, 1979).
Lamarckian mechanisms cannot be fundamentally responsible for adaptive
evolution. Even if acquired characters are inherited on some planet,
evolution there will still rely on a Darwinian guide for its adaptive direction.

Theory 3. Direct induction by the environment

Adaptation, as we have seen, is a fit between organism and environment.
The set of conceivable organisms is wider than the actual set. And there
is a set of conceivable environments wider than the actual set. These two
subsets match each other to some extent, and the matching is adaptation.
We can re-express the point by saying that information from the environ-
ment is present in the organism. In a few cases this is vividly literal —a
frog carries a picture of its environment around on its back. Such
information is usually carried by an animal in the less literal sense that
a trained observer, dissecting a new animal, can reconstruct many details
of its natural environment.

Now, how could the information get from the environment into the
animal? Lorenz (1966} argues that there are two ways, natural selection
and reinforcement learning, but that these are both selective processes in
the broad sense (Pringle, 1951). There is, in theory, an alternative method
for the environment to imprint its information on the organism, and that
is by direct ‘instruction’ (Danchin, 1979). Some theories of how the
immune system works are ‘instructive’; antibody molecules are thought
to be shaped directly by moulding themselves around antigen molecules.
The currently favoured theory is, by contrast, selective (Burnet, 1969). 1
take ‘instruction’ to be synonymous with the ‘direct induction by the
environment' of Mayr's Theory 3. It is not always clearly distinct from
Theory 2.

Instruction is the process whereby information flows directly from its
environment into an animal. A case could be made for treating imitation
learning, latent learning and imprinting (Thorpe, 1963) as instructive, but
for clarity it is safer to use a hypothetical example. Think of an animal
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on some planet, deriving camouflage from its tiger-like stripes. It lives in
long dry ‘grass’, and its stripes closely match the typical thickness and
spacing of local grass blades. On our own planet such adaptation would
come about through the selection of random genetic vartation, but on the
imaginary planet it comes about through direct instruction. The animals
go brown except where their skin is shaded from the ‘sun’ by blades of
grass. Their stripes are therefore adapted with great precision, not just to
any old habitat, but to the precise habitat in which they have sunbathed,
and it is this same habitat in which they are going to have to survive, Local
populations are automatically camouflaged against local grasses.
Information about the habitat, in this case about the spacing patterns of
the grass blades, has flowed into the animals, and is embodied in the
spacing pattern of their skin pigment.

Instructive adaptation demands the inheritance of acquired characters
if it is to give rise to permanent or progressive evolutionary change.
‘Instruction’ received in one generation must be ‘remembered’ in the
genetic (or equivalent) information. This process is in principle cumulative
and progressive. However, if the genetic store is not to become overloaded
by the accumulations of generations, some mechanism must exist for
discarding unwanted 'instructions’, and retaining desirable ones. I suspect
that this must lead us, once again, to the need for some kind of selective
process.

Imagine, for instance, a form of mammal-ike life in which a stout
‘umbilical nerve’ enabled a mother to ‘dump’ the entire contents of her
memory in the brain of her foetus. The technology is available even to our
nervous systems: the corpus callosum can shunt large quantities of
information from right hemisphere to left. An umbilical nerve could make
the experience and wisdom of each generation auntomatically available to
the next, and this might seem very desirable. But without a selective filter,
it would take few generations for the load of information to become
unmanageably large. Once again we come up against the need for a
selective underpinning. [ will leave this now, and make one more point
about instructive adaptation (which applies equally to all Lamarckian types
of theory).

The point is that there is a logical link-up between the two major theories
of adaptive evolution — selection and instruction - and the two major
theories of embryonic development — epigenesis and preformationism.
Instructive evolution can work only if embryology is preformationistic. If
embryology is epigenetic, asit is on our planet, instructive avolution cannot
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work. I have expounded the argument before {Dawkins, 19824, pp. 174-6),
so I will abbreviate it here.

If acquired characters are to be inherited, embryonic processes must be
reversible: phenotypic change has to be read back into the genes (or
equivalent). T embryology is preformationistic — the genes are a true
blueprint — then it may indeed be reversible. You can translate a house back
into its blueprint. But if embryonic development is epigenetic: if, as on this
planet, the genetic information is more like a recipe for a cake (Bateson,
1976) than a blueprint for a house, it is irreversible. There is no one-to-one
mapping between bits of genome and bits of phenatype, any more than
there is mapping between criumbs of cake and words of recipe. The recipe
is not a blueprint that can be reconstructed from the cake. The
transformation of recipe into cake cannot be put into reverse, and nor can
the process of making a body. Therefore acquired adaptations cannot be
read back into the ‘genes’, on any planet where embryology is epigenetic.

This is not to say that there could not, on some planet, be a form of life
whose embryology was preformationistic. Thatis a separate question. How
likely is it? The form of life would have to be very different from ours, so
much so that it is hard to visualize how it might work. As for reversible
embryology itself, it is even harder to visualize. Some mechanism would
have to scan the detailed form of the adult body, carefully noting down,
for instance, the exact location of brown pigment in a sun-striped skin,
perhaps turning it into a linear stream of code numbers, as in a television
camera. Embryonic development would read the scan out again, like a
television receiver. I have an intuitive hunch that there is an objection in
principle to this kind of embryology, but I cannot at present formulate it
clearly. All ] am saying here is that, if planets are divided into those where
embryology is preformationistic and those, like Earth, where embryology
Is epigenetic, Darwinian evolution could be supported on both kinds of
planet, but Lamarckian evolution, even if there were no other reasons for
doubting its existence, could be supported only on the preformationistic
planets — if there are any.

The close theoretical link that I have demonstrated between Lamarckian
evolution and preformationistic embryology gives rise to a mildly enter-
taining irony. Those with tdeological reasons for hankering after a
neo-Lamarckian view of evolution are often especially militant partisans
of epigenetic, ‘interactionist’, ideas of development, possibly — and here is
the irony — for the very same ideological reasons (Koestler, 1967; Ho &
Saunders, 1982).
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Theory 4. Saltationism

The great virtue of the idea of evolution is that it explains, in terms of blind
physical forces, the existence of undisputed adaptations whose statistical
improbability is enormous, without recourse to the supernatural or the
mystical. Since we define an undisputed adaptation as an adaptation that
is too complex to have come about by chance, how is it possible for a theory
to invoke only blind physical forces in explanation? The answer — Darwin’s
answer — is astonishingly simple when we consider how self-evident
Paley's Divine Watchmaker must have seemed to his contemporaries. The
key is that the coadapted parts do not have to be assembled all at once. They
can be put together in small stages. But they really do have to be small
stages. Otherwise we are back again with the problem we started with: the
creation by chance of complexity that is too great to have been created by
chance]

Take the eye again, as an example of an organ that contains a large
number of independent coadapted parts, say N. The a priori probability of
any one of these N features coming into existence by chance is low, but
not incredibly low. It is comparable to the chance of a crystal pebble being
washed by the sea so that it acts as a lens. Any one adaptation on its own
could, plausibly, have come into existence through blind physical forces.
If each of the N coadapted features confers some slight advantage on its
own, then the whole many-parted organ can be put together over a long
period of time. This is particularly plausible for the eye — irontcally in view
of that organ’s niche of honour in the creationist pantheon. The eye Is,
par excellence, a case where a fraction of an organ is better than no organ
at all; an eye without a lens or even a pupil, for instance, could still detect
the looming shadow of a predator.

To repeat, the key to the Darwinian explanation of adaptive complexity
is the replacement of instantaneous, coincidental, multi-dimensional
Juck, by gradual, inch by inch, smeared-out luck. Luck is involved, to be
sure. But a theory that bunches the luck up into major steps is more in-
credible than a theory that spreads the luck out in small stages. This leads
to the following general principle of universal biclogy. Wherever in the
universe adaptive complexity shall be found, it will have come into being
gradually through a series of small alterations, never through large and
sudden increments in adaptive complexity. We must reject Mayr's 4th
theory, saltationism, as a candidate for explanation of the evolution of
complexity.

It is almost impossible to dispute this rejection. It is implicit in the
definition of adaptive complexity that the only alternative to gradualistic
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evolution is supernatural magic. This is not to say that the argument in
favour of gradualism is a worthless tautology, an unfalsifiable dogma of
the sort that creationists and philosophers are so fond of jumping about
on. It is not logically impossible for a full-fashioned eye to spring de novo
from virgin bare skin, It is just that the possibility is statistically negligible.

Now it has recently been widely and repeatedly publicized that some
modern evolutionists reject ' gradualism’, and espouse what Turner (1982)
has called theories of evolution by jerks. Since these are reasonable people
without mystical leanings, they must be gradualists in the sense in which
I am here using the term: the ‘ gradualism’ that they oppose must be defined
differently. There are actually two confusions of language here, and I
intend to clear them up in turn. The first is the common confusion between
‘punctuated equilibrium’ (Eldredge & Gould, 1972) and true saltationism,
The second is a confusion between two theoretically distinct kinds of
saltation.

Punctuated equilibrium is not macromutation, not saltation at all in the
traditional sense of the term. It is, however, necessary to discuss it here,
because it is popularly regarded as a theory of saltation, and its partisans
quote, with approval, Huxley's criticism of Darwin for upholding the
principle of Natura non facit saltum (Gould, 1980). The punctuationist
theory is portrayed as radical and revolutionary and at variance with the
‘gradualistic ' assumptions of both Darwin and the neo-Darwinian synthesis
(e.g. Lewin, 1980). Punctuated equilibrium, however, was originally
conceived as what the orthodox neo-Darwinian synthetic theory should
truly predict, on a palaeontological timescale, if we take its embedded ideas
of allopatric speciation seriously (Eldredge & Gould, 1972). It derives its
‘jerks’ by taking the ‘stately unfolding’ of the neo-Darwinian synthesis,
and inserting long periods of stasis separating brief bursts of gradual, albeit
rapid, evolution.

The plausibility of such 'rapid gradualism’ is dramatized by a thought
experiment of Stebbins (1982). He imagines a species of mouse, evolving
larger body size at such an imperceptibly sfow rate that the differences
between the means of successive generations would be utterly swamped
by sampling error. Yet even at this slow rate Stebbins's mouse lineage
would attain the body size of a large elephant in about 60000 years, a
time-span so short that it would be regarded as instantaneous by palaeon-
tologists. Evolutionary change too slow to be detected by microevolutionists
can nevertheless be too fast to be detected by macroevolutionists. What
a palaeontologist sees as a ‘saltation’ can in fact be a smooth and gradual
change so slow as to be undetectable to the microevolutionist. This kind
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of palaeontological ‘saltation’ has nothing to do with the one-generation
macromutations that, I suspect, Huxley and Darwin had in mind when they
debated Natura non facit saltum. Confusion has arisen here, possibly
because some individual champions of punctuated equilibrium have also,
inctdentally, championed macromutation (Gould, 1982). Other ‘punctu-
ationists' have either confused their theory with macromutationism, or
have explicitly invoked macromutation as one of the mechanisms of
punctuatton {e.g. Stanley, 1981).

Turning to macromutation, or true saltation itself, the second confusion
that I want to clear up is between two kinds of macromutation that we
might conceive of. I could name them, unmemorably, saltation (1) and
saltation (2), but instead I shall pursue an earlier fancy for airliners as
metaphors, and label them 'Boeing 747’ and * Stretched DC-8 ' saltation.
747 saltation is the inconceivable kind. It gets its name from Sir Fred
Hoyle's much quoted metaphor for his own cosmic misunderstanding of
Darwinism (Hoyle & Wickramasinghe, 1981). Hoyle compared Darwinian
selection to a tornado, blowing through a junkyard and assembling a
Boeing 747 (what he overlooked, of course, was the point about luck being
‘smeared-out’ in small steps — see above). Stretched DC-8 saltation is quite
different. It is not in principle hard to believe in at all. Tt refers to large
and sudden changes in magnitude of some biological measure, without an
accompanying large increase in adaptive information. It is named after an
airliner that was made by elongating the fuselage of an existing design,
not adding significant new complexity. The change from DC-8 to Stretched
DC-8 is a big change in magnitude - a saltation not a gradualistic series
of tiny changes. But, unlike the change from junk-heap to 747, it is not
a big increase in information content or complexity, and that is the point
I am emphasizing by the analogy.

An example of DC-8 saltation would be the following. Suppose the
giratfe’s neck shot out in one spectacular mutational step. Two parents had
necks of standard antelope length. They had a freak child with a neck of
modern giraffe length, and all giraffes are descended from this freak. This
is unlikely to be true on Earth, but something like it may happen elsewhere
in the universe. There is no objection to it in principle, in the sense that
there is a profound objection to the (747) idea that a complex organ like
an eye could arise from bare skin by a single mutation. The crucial
difference is one of complexity,

I am assuming that the change from short antelope's neck to long
giraffe’s neck is net an increase in complexity, To be sure, both necks are
exceedingly complex structures. You couldn’t go {rom no-neck to either
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kind of neck in one step: that would be 747 saltation. But once the complex
organization of the antelope’s neck already exists, the step to giraffe’s neck
is just an elongation: various things have to grow faster at some stage in
embryonic development; existing complexity is preserved. In practice, of
course, such a drastic change in magnitude would be highly likely to have
deleterious repercussions which would render the macromutant unlikely
to survive. The existing antelope heart probably could not pump the blood
up to the newly elevated giraffe head. Such practical objections to evolution
by ‘DC-8 saltation’ can only help my case in favour of gradualism, but
I still want to make a separate, and more universal, case against 747
saltation.

It may be argued that the distinction between 747 and DC-8 saltation
is impossible to draw in practice. After all, DC-8 saltations, such as the
proposed macromutational elongation of the giraffe’s neck, may appear
very complex: myotomes, vertebrae, nerves, blood vessels, all have to
elongate together. Why does this not make it a 747 saltation, and therefore
rule it out? But although this type of ‘coadaptation’ has indeed often been
thought of as a problem for any evolutionary theory, not just macro-
mutational ones (see Ridley, 1982, for a history), it is so only if we take
an impoverished view of developmental mechanisms. We know that single
mutations can orchestrate changes in growth rates of many diverse parts
of organs, and, when we think about developmental processes, it is not in
the least surprising that this should be so. When a single mutation causes
a Drosophila to grow a leg where an antenna ought to be, the leg grows
in all its formidable complexity. Buat this is not mysterious or surprising,
not a 747 saltation, because the organization of a leg is already present
in the body before the mutation. Wherever, as in embryogenesis, we have
a hierarchically branching tree of causal relationships, a small alteration
at a senior node of the tree can have large and complex ramified effects
on the tips of the twigs. But although the change may be large in
magnitude, there can be no large and sudden increments in adaptive
information. If you think you have found 4 particular example of a large
and sudden increment in adaptively complex information in practice, you
can be certain the adaptive information was already there, even if it is an
atavistic ‘throwback’ to an earlier ancestor.

There is not, then, any objection in principle to theories of evolution by
jerks, even the theory of hopeful monsters (Goldschmidt, 1940), provided
that it is DC-8 saltation, not 747 saltation that is meant. Gould (1982)
would clearly agree: ‘I regard forms of macromutation which include the
sudden origin of new species with all their multifarious adaptations intact
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ab initio, as illegitimate’. No educated biologist actually believes in 747
saltation, but not all have been sufficiently explicit about the distinction
between DC-8 and 747 saltation, An unfortunate conseqguence is that
creationists and their journalistic fellow-travellers have been able to exploit
saltationist-sounding statements of respected bioclogists. The biologist's
intended meaning may have been what I am calling DC-8 saltation, or even
non-saltatory punctuation; but the creationist assumes saltation in the
sense that Thave dubbed 747, and 747 saltation would, indeed, be a blessed
miracle. :

I also wonder whether an injustice is not being done to Darwin, owing
to this same failure to come to grips with the distinction between DC-8
and 747 saltation. It is frequently alleged that Darwin was wedded to
gradualism, and therefore that, if some form of evolution by jerks is proved,
Darwin will have been shown wrong. This is undoubtedly the reason for
the ballyhoo and publicity that has attended the theory of punctuated
equilibrium, But was Darwin really opposed to all jerks? Or was he, as [
suspect, strongly opposed only to 747 saltation?

As we have already seen, punctuated equilibrium has nothing to do with
saltation, but anyway I think it is not at all clear that, as is often alleged,
Darwin would have been discomfited by punctuationist interpretations of
the fossil record. The following passage, from later editions of the Origin,
sounds like something from a current issue of Paleobiology: ‘the periods
during which species have been undergoing modification, though very long
as measured by years, have probably been short in compartson with the
periods during which these same species remained without undergoing any
change’.

Gould (1982) shrugs this off as somehow anomalous and away from
the mainstream of Darwin's thought. As he correctly says: ‘You cannot
do history by selective quotation and search for qualifying footnotes.
General tenor and historical impact are the proper criteria. Did his
contemporaries or descendants ever read Darwin as a saltationist?’
Certainly nobody ever accused Darwin of being a saltationist. But to most
people saltation means macromutation, and, as Gould himself stresses,
‘Punctuated equilibrium is not a theory of macromutation’. More impor-
tantly, I believe we can reach a better understanding of Darwin’s general
gradualistic bias if we invoke the distinction between 747 and DC-8
saltation.

Perhaps part of the problem is that Darwin himself did not have the
distinction. In some anti-saltation passages it seems to be DC-8 saltation
that he has in mind. But on those occasions he does not seem to feel very
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strongly about it: ‘ About sudden jumps’, he wrote in a letter in 1860, ‘T
have no objection to them — they would aid me in some cases. All T can
say is, that I went into the subject and found no evidence to make me
believe in jumps [as a source of new species] and a good deal pointing in
the other direction’ (quoted in Gillespie, 1979). This does not sound like
a man fervently opposed, in principle, to sudden jumps. And of course there
is no reason why he should have been fervently cpposed, if he only had
DC-8 saltations in mind.

But at other times he really is pretty fervent, and on those occasions,
I suggest, he is thinking of 747 saltation: ‘...it is impossible to imagine
so many co-adaptations being formed all by a chance blow’ {quoted in
Ridley, 1982). As the histortan Neal Gillespie puts it: ‘For Darwin,
manstrous births, a doctrine favored by Chambers, Owen, Argyll, Mivart,
and others, from clear theological as well as scientific motives, as an
explanation of how new species, or even higher taxa, had developed, was
no better than a miracle: *'it leaves the case of the co-adaptation of organic
beings to each other and to their physical conditions of life, untouched and
unexplained . It was ‘‘no explanation” at all, of no more scientific value
than creation “from the dust of the earth” ' (Gillespie, 1979, p. 118).

AsRidley (1982) says of the ‘religious tradition of idealist thinkers [who]
were committed to the explanation of complex adaptive contrivances by
intelligent design’, 'The greatest concession they could make to Darwin
was that the Designer operated by tinkering with the generation of
diversity, designing the variation’. Darwin’s response was: ‘If I were
convinced that I required such additions to the theory of natural selection,
I would reject it as rubbish. . .I would give nothing for the theory of Natural
selection, if it requires miraculous additions at any one stage of descent’.

Darwin's hostility to ..onstrous saltation, then, makes sense if we
assume that he was thinking in terms of 747 saltation — the sudden
invention of new adaptive complexity. It is highly likely that that is what
he was thinking of, because that is exactly what many of his opponents
had in mind. Saltationists such as the Duke of Argyll {though presumably
not Huxley!} wanted to believe in 747 saltation, precisely because it did
demand supernatural intervention. Darwin did not believe in it, for exactly
the same reason. To quote Gillespie again (p. 120): ‘...for Darwin,
designed evolution, whether manifested in saltation, monstrous births, or
manipulated variations, was but a disguised form of special creation’.

I think this approach provides us with the only sensible reading of
Darwin’s well known remark that ‘If it could be demonstrated that any
complex organ existed, which could not possibly have been formed by
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numerous, successive, slight modifications, my theory would absolutely
break down'. That is not a plea for gradualism, as a modern palacobiologist
uses the term. Darwin’s theory is falsifiable, but he was much too wise to
make his theory that easy to falsify! Why on earth should Darwin have
committed himself to such an arbitrarily restrictive version of evolution, a
version that positively inviies falsification 7 I think it is clear that he didn't.
His use of the term ‘complex’ seems to me to be clinching. Gould (1982}
describes this passage from Darwin as ‘clearly invalid’. So it is invalid if
the alternative to slight modifications is seen as DC-8 saltation. But if the
alternative is seen as 747 saltation, Darwin’s remark is valid and very wise.
Notwithstanding those whom Miller (1982) has unkindly called Darwin's
more foolish critics, his theory is indeed falsifiable, and in the passage
guoted he puts his finger on one way in which it might be falsified.

There are two kinds of imaginable saltation, then, DC-8 saltation and
747 saltation. DC-8 saltation is perfectly possible, undoubtedly happens in
the laboratory and the farmyard, and may have made important contri-
butions to evolation. 747 saltation is statistically ruled out unless there is
supernaturalintervention. In Darwin'sown time, proponents and opponents
of saltation often had 747 saltation in mind, because they believed in — or
were arguing against — divine intervention. Darwin was hostile to (747)
saltation, because he correctly saw natural selection as an alternative to the
miraculous as an explanation for adaptive complexity. Nowadays saltation
either means punctuation (which isn't saltation at all) or DC-8 saltation,
neither of which Darwin would have had sirong objections to in principle,
merely doubts about the facts. In the modern context, therefore, I do not
think Darwin should be labelled a strong gradualist. In the modern context,
I suspect that he would be rather open-minded.

It is in the anti-747 sense that Darwin was a passionate gradualist, and
it is in the same sense that we must all be gradualists, not just with respect
to life on earth, but with respect to life all over the universe. Gradualism
in this sense is essentially synonymous with evolution. The sense in which
we may be non-gradualists is a much less radical, although still gquite
interesting, sense. The theory of evolation by jerks has been hailed on
television and elsewhere as radical and revolutionary, a paradigm shift.
There is, indeed, an interpretation of it which is revolutionary, but that
interpretation (the 747 macromutation version) is certainly wrong, and
is apparently not held by its original proponents. The sense in which the
theory might be right is not particularly revolutionary. In this fleld you
may choose your jerks so as to be revelutionary, or so as te be correct, but
not both,
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Theory 5. Randem evolution

Various members of this family of thecries have beén in vogue at various
times. The ‘mutationists” of the early part of this century — De Vries,
W. Bateson and their colleagues — believed that selection served only to
weed out deleterious freaks, and that the real driving force in evolution
was mutation pressure. Unless you believe mutations are directed by some
mysterious life force, it is sufficiently obvious that you can be a mutationist
only if you forget about adaptive complexity — forget, in other words, most
of the consequences of evolution that are of any interest! For historians
there remains the baffling enigma of how such distinguished biologists as
De Vries, W. Bateson and T. H. Morgan could rest satisfied with such a
crassly inadequate theory. Tt is not enough to say that De Vries's view was
blinkered by his working only on the evening primrose. He only had to look
at the adaptive complexity in his own body to see that ‘mutationism’ was
not just a wrong theory: it was an obvious non-starter.

These post-Darwinian mutationists were also saltationists and anti-
gradualists, and Mayr treats them under that heading, but the aspect of
their view that I am criticizing here is more fundamental. It appears that
they actually thought that mutation, on its own without selection, was
sufficient to explain evolution. This could not be so on any non-mystical
view of mutation, whether gradualist or saltationist. If mutation is
undirected, it is clearly unable to explain the adaptive directions of
evolution. If mutation is directed in adaptive ways we are entitled to ask
how this comes about. At least Lamarck’s principle of use and disuse makes
a valiant attempt at explaining how vartation might be directed. The
‘mutationists’ didn't even seem to see that there was a problem, possibly
because they under-rated the importance of adaptation — and they were
not the last to do so. The irony with which we must now read W. Bateson's
dismissal of Darwin is almost painful: ‘the transformation of masses of
populations by imperceptible steps guided by selection is, as most of us now
see, so inapplicable to the fact that we can only marvel...at the want of
penetration displayed by the advocates of such a proposition...” {1913,
quoted in Mayr, 1982).

Nowadays some population geneticists describe themselves as supporters
of ‘non-Darwinian evolution’. They believe that a substantial rumber of
the genereplacementsthat occurin evolution arenon-adaptive substitutions
of alleles whose effects are indifferent relative to one another {Kimura,
1968). This may well be true, if not in Israel (Nevo, this volume) maybe
somewhere in the Universe. But it obviously has nothing whatever to
contribute to solving the problem of the evolution of adaptive complexity.
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Modern advocates of neutralism admit that their theory cannot account
for adaptation, but that doesn't seem to stop them regarding the theory
as interesting. Different pecple are interested in different things.

The phrase 'random genetic drift’ is often associated with the name of
Sewall Wright, but Wright's conception of the relationship between
random drift and adaptation is altogether subtler than the others I have
mentioned (Wright, 1980). Wright does not belong in Mayr's fifth
category, for he clearly sees selection as the driving force of adaptive
evolution. Random drift may make it easier for selection to do its job by
assisting the escape from local optima (Dawkins, 19824, p. 40), but it is
still selection that is determining the rise of adaptive complexity.

Recently palacontologists have come up with fascinating results when
they perform computer simulations of ‘random phylogenies’ (e.g. Raup,
1977). These random walks through evolutionary time produce trends that
look uncannily like real ones, and it is disquietingly easy, and tempting,
to read into the random phylogenies apparently adaptive trends which,
however, are not there. But this does not mean that we can admit randem
drift as an explanation of real adaptive trends. What it might mean is that
some of us have been too facile and gullible in what we think are adaptive
trends. That does not alter the fact that there are some trends that really
are adaptive - even if we don't always identify them correctly in practice —
and those real adaptive trends can't be produced by random drift. They
must be produced by some non-random force, presumably selection.

So, finally, we arrive at the sixth of Mayr's theories of evolutior:.

Theory 6. Direction (order) imposed on random variation by natural selection
Darwinism - the non-random selection of randomly varying replicating
entities by reason of their ‘phenotypic’ effects — is the only force I know
that can, in principle, guide evolution in the direction of adaptive
complexity. It works on this planet. It doesn't suffer from any of the
drawbacks that beset the other five classes of theory, and there is no reason
to doubt its efficacy throughout the universe.

Theingredientsin a general recipe for Darwinian evolution are replicating
entities of some kind, exerting phenotypic ‘power’ of some kind over their
replication success. I have referred to these necessary entities as 'active
germ-line replicators’ or ‘optimons’ (Dawkins, 1982a, Chapter 5). It is
important to keep their replication conceptually separate from their
phenotypic effects, even though, on some planets, there may be a blurring
In practice. Phenotypic adaptations can be seen as tools of replicator
propagation.
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Gould (this volume) disparages the replicator’s-eye view of evolution as
preoccupied with ‘book-keeping'. The metaphor is a superficially happy
one: it is casy to see the genetic changes that accompany evolution as
book-keeping entries, mere accountant’s records of the really interesting
phenotypic events going on in the outside world. Deeper constderation,
however, shows that the truth is almost the exact opposite. It ts central
and essential to Darwinian {as opposed to Lamarckian) evolution that there
shall be causal arrows flowing from genotype to phenotype, but not in the
reverse direction. Changes in gene frequéncies are not passive book-keeping
records of phenotypic changes: it is precisely because (and to the extent
that) they actively cause phenotypic changes that evolution of the phenotype
can occur. Serious errors flow, both from a failure to understand the
importance of this one-way flow (Dawkins, 19824, Chapter 6), and from
an over-interpretation of it as inflexible and undeviating ‘genetic deter-
minism' (Dawkins, 1982a, Chapter 2).

" The universal perspective leads me to emphasize a distinction between
what may be called ‘one-off selection’ and ‘cumulative selection’. Order
in the non-living world may result from processes that can be portrayed
as a rudimentary kind of selection. The pebbles on a seashore become sorted
by the waves, so that larger pebbles come to lie in layers separate from
smaller ones. We can regard this as an example of the selection of a stable
configuration out of initially more random diserder. The same can be said
of the *harmonious’ orbital patterns of planets around stars, and electrons
around nuclet, of the shapes of crystals, bubbles and droplets, even,
perhaps, of the dimensionality of the universe in which we find ourselves
(Atkins, 1981). But this is all one-off selection. It does not give rise to
progressive evolution because there is no replication, no succession of
generations. Complex adaptation reguires many generations of cornulative
selection, each generation’s change butlding upon what has gone before.
In one-off selection, a stable state develops and is then maintained. It does
not multiply, does not have offspring.

In life the selection that goes on in any one generation is one-off selection,
analogous to the sorting of pebbles on a beach. The peculiar feature of life
is that successive generations of such selection build up, progressively and
cumulatively, structures that are eventually complex enough to foster the
strong illusion of design. One-off selection is a commonplace of physics and
cannot give rise to adaptive complexity, Cumulative selection is the
hallmark of biology and is, I believe, the force underlying all adaptive
complexity.
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Other topics for a future science of Universal Darwinism

Active germ-line replicators together with their phenotypic consequences,
then, constitute the general recipe for life, but the form of the system may
vary greatly from planet to planet, both with respect to the replicating
entities themselves, and with respect to the 'phenotypic’ means by which
they ensure their survival. Indeed the very distinction between ‘ genotype’
and ‘phenotype’ may be bhirred (L. Orgel, personal communication). The
replicating entities do not have to be DNA or RNA. They do not have to
be organic molecules at all. Even on this planet it is possible that DNA ttself
is a late usurper of the role, taking over from some earlier, inorganic
crystalline replicator (Cairns-Smith, 1982). It is also arguable that today
selection operates on several levels, for instance the levels of the gene and
the species or lineage, and perhaps some unit of cultural transmission
(Lewontin, 1970},

- Afull science of Universal Darwinism might consider aspects of replicators
transcending their detailed nature and the time-scale over which they are
copied. For instance, the extent to which they are 'particulate’ as opposed
to ‘blending’ probably has a more important bearing on evolution than
their detailed molecular or physical nature. Similarly, a universe-wide
classtfication of replicators might make more reference to their dimension-
ality and coding principles than to their size and structure. DNA is a
digitally coded one-dimensional array. A ‘genetic’ code in the form of a
two-dimensional matrix is conceivable. Even a three-dimensional code is
imaginable, although students of Universal Darwinism will probably worry
about how such a code could be ‘read’. (DNA is, of course, a molecule
whose 3-dimensional structure determines how it is replicated and trans-
cribed, but that doesn't make it a 3-dimensional code. DNA's meaning
depends upon the 1-dimensional sequential arrangement of its symbols,
not upon their 3-dimensional position relative to one another in the cell.)
There might also be theoretical problems with analogue, as opposed to
digital codes, similar to the theoretical problems that would be raised by
a purely analogue nervous system (Rushton, 1961).

As for the phenotypic levers of power by which replicators influence their
survival, we are so used to their being bound up into discrete organisms
or ‘vehicles' that we forget the possibility of a more diffuse extra-corporeal
or ‘extended’ phenotype. Even on this Earth a large amount of interesting
adaptation can be interpreted as part of the extended phenotype (Dawkins,
1982a, Chapters 11, 12 and 13). There is, however, a general theoretical
case that can be made in favour of the discrete organismal body, with its



Universal Darwinism 423

own recurrent life cycle, as a necessity in any process of evolution of
advanced adaptive complexity (Dawkins, 1982a, Chapter 14), and this
topic might have a place in a full account of Universal Darwinism.

Another candidate for full discussion might be what I shall call
divergence, and convergence or recombination of replicator lineages. In the
case of Earthbound DNA, 'convergence’ is provided by sex and related
processes. Here the DNA ‘converges’ within the species after having very
recently ‘diverged’. But suggestions are now being made that a different
kind of convergence can occur among lineages that originally diverged an
exceedingly long time ago. For instance there is evidence of gene transfer
between fish and bacteria (Jacob, this volume). The replicating lineages on
other planets may permit very varied kinds of recombination, on very
different time-scales. On Earth the rivers of phylogeny are almost entirely
divergent: if main tributaries ever recontact each other after branching
apart it is only through the tiniest of trickling cross-streamlets, as in the
fish/bacteria case. There is, of course, a richly anastomosing delta of
divergence and convergence due to sexual recombinaiion within the
species, but only within the species. There may be planets on which the
‘genetic’ system permits much more cross-talk at all levels of the branching
hierarchy, one huge fertile delta.

I have not thought enough about the fantasies of the previous paragraphs
to evaluate their plausibility. My general point is that there is one limiting
constraint upon all speculations about life in the universe. If a life-form
displays adaptive complexity, it must possess an evolutionary mechanism
capable of generating adaptive complexity. However diverse evolutionary
mechanisms may be, if there is no other generalization that can be made
about life all around the Universe, I am betting it will always be
recognizable as Darwinian life. The Darwinian Law (Figen, this volume)
may be as universal as the great laws of physics.

As usual I have benefited from discussions with. many people, including especially
Mark Ridley, who also criticized the manuscript, and Alan Grafen. Dr F. J. Avala
called attention to an important error in the original spoken version of the paper.
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