Three Approaches to Biology
Part I. The Mechanistic Theory of Life
RUPERT SHELDRAKE
Introduction

THERE ARE
approaches

three models or paradigms which provide different

to the science of biology, the mechanistic, vitalist and

organismic. Within the confines of institutional science, the mech
anistic theory has been almost completely dominant for over fifty
years. Nevertheless, it has a number of important disadvantages,
which will be discussed in the first of this series of articles. Then, in
the second and third articles, the vitalist and organismic alternatives
will be considered, and the possibility of their future development
examined.

Modern Mechanistic Biology
In 1867, T. H. Huxley wrote as follows:
"Zoological physiology is the doctrine of the functions or actions of animals. It
regards animal bodies as machines impelled by various forces and performing a
certain amount of work which can be expressed in terms of the ordinary forces of
nature. The final object of physiology is to deduce the facts of morphology on the
one hand, and those of ecology on the other, from the laws of the molecular forces

of

matter".1

The subsequent developments of physiology,

biochemistry, bio
physics and molecular biology are all foreshadowed in these ideas.
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The programme outlined by Huxley

still the programme of
mechanistic biology, and its basic philosophy has hardly changed.
In many respects these sciences have been brilliantly successful,
none more so than molecular biology. The elucidation of the
structure of DNA, the 'cracking of the genetic code' and the
discovery of the mechanism of protein synthesis seem to be impressive
confirmations of the validity of the mechanistic approach. Not sur
prisingly, molecular biology has become one of the most influential
have
branches of biological science, and molecular biologists
emerged as the most articulate modern advocates of the mechanistic
theory of life.
Their accounts of the mechanistic theory usually begin with
a brief dismissal of the vitalist and organismic theories. These are
defined as survivals of 'primitive' beliefs which are bound to retreat
further and further as mechanistic biology advances. The accounts
then proceed along the following lines:
The chemical nature of the genetic material, DNA, is now known
and so is the genetic code by which it codes for the sequence of
amino-acids in proteins. The mechanism of protein synthesis is
understood in considerable detail. The structure of many proteins
has now been worked out. All enzymes are proteins, and enzymes
catalyse the complex chains and cycles of biochemical reactions
which constitute the metabolism of an organism. Metabolism is
controlled by biochemical 'feedback' and several mechanisms are
known by which the rates of activity can be regulated. Proteins and
nucleic acids aggregate spontaneously to form structures such as
viruses and ribosomes. Given the range of proteins, plus the pro
perties of other physico-chemical systems such as lipid membranes,
the properies of living cells can, in principle, be fully explained.
The key to the problems of differentiation and development,
about which very little is known, is the understanding of the control
of protein synthesis. The way in which the synthesis of certain
metabolic enzymes and other proteins is controlled is understood in
detail in the bacterium Escherishia coli. The control of protein
synthesis takes place by more complicated mechanisms in higher
organisms, but these should soon be elucidated. Thus differen
tiation and development should be explicable in terms of series of
is
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compounds involved in the metabolism of cells and
organisms are all chemicals and can be understood in terms of
chemistry. But the form of an organism or the behaviour of an
animal are not chemical molecules or physical quantities. The
coming-into-being of the form of an organism — its morphogenesis
certainly involves numerous chemical and physical changes, and
the expenditure of measurable quantities of energy. So does its
behaviour. But neither morphogenesis nor behaviour bears the
same immediate relation to chemistry as do the molecules studied by
biochemists and molecular biologists, or to physics as the physical
and

the

processes studied by biophysicists

and electrophysiologists.

It

is at

this point the the mechanistic theory runs into serious difficulties.

The spontaneous aggregation of protein sub-units and of nucleic
acids

to form

viruses

or small

sub-cellular

structures

such

as

Although these are
more complex than inorganic crystals, they probably involve no new
chemical or physical principles. Given the right chemicals in the
right concentrations under the right conditions, these morpho
presumably owing to the op
geneses take place spontaneously,
eration of normal laws of physics and chemistry. So far, so good.
ribosomes can be regarded

as

crystallizations.

But while cyrstallization can account for the formation of crystals
and quasi-crystalline aggregates within living cells, it is by no means
so clear that it can account for the morphogenesis
of the cells
themselves. Cells are not in any normal sense of the word crystals or
even quasi-crystalline. Still less are tissues, composed of many cells,
or organs composed of tissues, or organisms as a whole. So how is
their morphogenesis to be explained? At this stage, the mechanistic
theory effectively abdicates. Biological morphogenesis is supposed
by the operation of physical and
to take place spontaneously
chemical laws. Since these laws lie in the provinces of physics and
chemistry, it is not considered necessary either to specify or discuss
them. The task of mechanistic biology reduces itself to finding out
how the synthesis is brought about of the right types of chemical, in
the right quantities, in the right cells. This problem in turn reduces
to that of the control of protein synthesis.
But even this task is dauntingly difficult. Consider the morpho
genesis of the arm and the leg. Both contain the same types of cells,
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the same proteins,
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the same enzymes and the same genes. Yet they

have different forms,

and the cells and tissues

are arranged in

different patterns. It is necessary to suppose that, during embryo
logy, the cells in the developing limbs are exposed to different
physico-chemical environments. Experiments show that the fate of
embryonic cells depends on their position. Hence what is often
referred to as positional information' must depend on chemical or
physical gradients, or some other physico-chemical stimuli.3 This
must in turn depend on the biochemical or physiological activity of
particular groups of cells in particular places, and the activation of
these cells can only be explained in terms of some preceding
physico-chemical stimuli, and so on. But now there are the follow
ing problems:
i) Biological development is epigenetic, that is to say it involves an
increase in complexity of form. Therefore the forms or patterns that
appear during morphogenesis cannot be explained indefinitely in
terms of preceding forms or patterns.
ii) M any developing embryos show remarkable powers of regulation,
i.e. after mutilation or damage, the pathways of development are
able to readjust

themselves so that a more or less normal final

structure is produced. This makes the problems of explaining the
physical or chemical basis of 'positional information' exceedingly
difficult even in the simplest systems.

iii) After decades of intensive investigation,

all attempts to obtain
unequivocal evidence for the hypothetical physical or chemical
morphogenetic gradients in animal embryos have failed. It is only in
higher plants that chemical morphogens, notably the hormone
auxin, have been chemically identified. This hormone plays an
important role in the control of the differentiation of vascular
tissue. But any explanation of patterns of differentiation in terms of
auxin must in turn depend on an explanation of the pattern of
production and distribution of auxin. Recent research indicates
that this hormone is produced in the differentiating vascular tissue
itself: the system is circular. Auxin may help to account for the
maintenance and repetition of patterns of vascular differentiation,
but it cannot account for the establishment of these patterns in the
first place.4
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of their DNA or RNA, by the biochemical mechanisms of the
cell. In the laboratory, the replication of the nucleic acid and
protein components of the virus can be brought about in the test
basis

tube by supplying the necessary enzymes, etc.; but the virus is still

in this case the cells from
which the enzymes etc. were extracted, and the molecular biologist
who so carefully provides the right conditions for the reactions to
occur. Viruses presuppose the existence of living organisms; they
cannot be used to explain the nature of life.

dependent

on other living organisms,

iii) The mechanistic theory

founded on the analogy between
living organisms and machines. Machines are purposeful and are at
the same time purely physico-chemical systems. Hence, it is argued,
is

purpose does not involve anything other than physics and chemistry

living organisms can be regarded as nothing but
complex machines.
But, obviously, machines are made by men to serve human
purposes, as extensions of human powers of movement, human
senses, memory and calculating ability. They are not independent,
self-motivating, and self-constructing entities with purposes of their
own. Their designs and purposes are imposed upon them from
and therefore

outside themselves.

Mechanists find the machine analogy so persuasive that they
sometimes suggest 'thought experiments' of the following type to
emphasize it even more strongly: human beings arrive on a strange
planet where they find entities moving around and behaving
purposefully. They do numerous tests and are unable to decide
whether they are animals or machines. Therefore there is no
difference between animals and machines because they cannot be
empirically distinguished from each other.
In fact, the imaginary astronauts would be less likely to conclude
1hat living organisms were machines, than that the entities were
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that there might be something seriously wrong with the theory itself.

If

it were purely metaphysical,

there might be no way

of resolving

doubts. But it is, or claims to be, a scientific theory. According
to the generally accepted philosophy of science, a scientific theory
should be testable: it should make definite predictions which differ
from those of alternative theories; it should be distinguishable from
these other theories by experiment or observation. In the words of
Sir Karl Popper, "the criterion of the scientific status of a theory is
its falsifiability, or refutability, or testability".10
Believers in the mechanistic theory generally regard the in
these

creasingly detailed findings

of sciences such

as genetics, physiology,

biochemistry and molecular biology as evidence in its favour, if not
actual proof of the theory. But all that this evidence establishes is
that physico-chemical aspects of living organisms can be explained
in terms of physics and chemistry. This is freely admitted by the
alternative theories of life. Mechanistic biology has so far failed to
demonstrate that specifically biological phenomena such as the
morphogenesis of living organisms, instinct and memory involve
nothing more than the laws of physics and chemistry. If it had done
so, this might indeed have increased its credibility, since it is
precisely these phenomena that the alternative theories claim are
not reducible to physics and chemistry. The most that mechanists
can do is to express the belief that these problems will be solved
mechanistically at some time in the future. But acts of faith in
future consummations have no value as scientific arguments. Mech
anists would certainly not admit contrary beliefs as evidence against
their theory; therefore their own beliefs cannot be used as evidence
in its favour.
There is in any case a fundamental difficulty in this line of
argument: it is a general principle that evidence in favour of a
theory can only make it increasingly plausible, but can never prove
it. On the other hand, a theory can be refuted, in principle
definitively. In practice, the theory can usually be saved by the
elaboration of ad hoc modifications and subsidiary theories to
account for apparently unfavourable facts.
The mechanistic theory clearly states that all the phenomena of
It would
ife are explicable in terms of physics and chemistry.
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Mechanistic Vitalism

One of the most common criticisms levelled against vitalism by
the mechanists was that it sought to explain all the unsolved
problems of biology in terms of 'vital factors', which were merely
empty words. However, this criticism applies with far more force to
the mechanistic theory itself than it ever did to genuine vitalism. By
a curious paradox, the paradigm of modern biology has in effect
become a degenerate form of vitalism in a mechanistic guise. Its
'vital factor' is the so-called genetic programme. Whatever the
problem — be it the human mind, the social behaviour of bees, the
development of embryos, the migration of birds — it is considered
to be explicable in terms of 'genetic programmes' or 'instructions' in
the DNA. These explain everything, and therefore nothing. Any
thing living organisms can do, the genetically-programmed physicochemical machines of mechanistic biology can do. But these
physico-chemical machines are no ordinary machines; they are vital
machines. Words have lost their meaning.

The concept of 'genetic programmes'15

is based on an analogy

with
Its apparent
explanatory power depends on two thoroughly dubious ideas
implicit within it. The first is that the fertilized egg contains a
preformed 'programme' for the development and instinctive be
haviour of the organism. But the whole idea of the 'programme'
loses its force if it is simply identified with DNA, since identical
copies of DNA are passed on to all cells: if all cells were 'pro
grammed' identically, they could not develop differently. So the
'programme' must be something other than a mere chemical
structure: it must be a dynamic, seemingly purposive entity that
somehow directs development itself. But then what exactly is it in
mechanistic terms? At this stage the idea can only disintegrate into
vague suggestions about physico-chemical interactions somehow
'structured' in time and space; the problem is simply re-stated.
Second, a computer programme is put into the computer by an
intelligent conscious being, the computer programmer. The
analogy appears to imply that the 'genetic programme' is designed
the programmes which direct the activity of computers.
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by some intelligent 'vital principle'. Now

if it
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argued that 'genetic
programmes' are not analogous to ordinary computer programmes,
but to those of self- reproducing, self-programming computers, the
analogy is most misleading, since such machines do not exist. And if
they did, they would have to have been programmed in the most
elaborate way by their inventor to start with. The only way out of
this dilemma is to say that 'genetic programmes' have been built up
in the course of evolution by chance mutations and natural
selection. But then the similarity to any actual or conceivable
computer programme simply disappears, and the analogy becomes
is

meaningless.

Thus the 'genetic programme'

simply an empty phrase. But it
differs in one important respect from even the vaguest 'vital factors'
of the genuine vitalists: its pseudo-mechanistic appearance serves to
conceal the fundamental ignorance that lies behind it. The 'vital
factors' of explicit vitalism did not pretend to be more than words
which indicated the existence in living organisms of causal agencies
not yet known or understood.
is
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