people in whose skeletons evidence of
ancient diseases has been found, the
disease process must be understood, not
merely identified. Only in this way can
such studies add to our knowledge of
the daily lives, hereditary relation-
ships, cultural practices, diets, and con-
tacts of prehistoric peoples.
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Antireductionism and
Molecular Biology

Though the antireductionist thesis is unwarranted,
research in classical biology may well be of value.

The question of whether biological or-
ganisms are anything “more than”
chemical systems- has often been con-
fused in the minds of many thinkers
with the question of whether there are
alternative ways of studying biological
organisms. It seems to many that an
unequivocal no to the first question
implies that the chemical description
and explanation of a biological or-
ganism is the only one. I think that
both the history of genetics and simple
prudence indicate that this implication
is wrong.

Associated with this question of what
point of view to take have been claims
asserting that the chemical description
is an essentially incomplete one for a
living organism. Distinguished biolo-
gists and physicists have argued in the
past, as well as quite recently, that it
is impossible, not merely difficult or
impossible at the present time, to ex-~
plain the behavior of living organisms
on the basis of their chemical consti-
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tution. In this article I take into ac-
count both the question of the point
of view and the question of the im-
possibility of chemical explanation of
vital phenomena. Bentley Glass (Z,
p. 223), Walter Elsasser (2—-4), and
Barry Commoner (5) have had things
to say on these topics in recent years,
and I think that it is important to as-
sess what is correct and incorrect in
what they claim (6).

I begin with an argument which
Bentley Glass has proposed to demon-
strate that chemical explanation—of
the type molecular biologists might at-
tempt—is insufficient to account for
existing biological laws, and then fol-
low up this argument and deepen it
by considering the thesis which Elsas-
ser developed in several articles in the
Journal of Theoretical Biology (2-4).
The relevance to Barry Commoner’s
concerns of the position which I take
will be obvious I think, so I do not
need to recount what he says.
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Yearbook Amer. Phil. Soc.

In his article entitled “The relation
of the physical sciences to biology—
indeterminancy and causality” (I, pp.
241-243), Bentley Glass states:

Statistical behavior , . . exists at all levels
of organization, from elementary particles
to galaxies. It clearly operates at all bio-
logical levels, from the molecule to the
organism, . . . The Mendelian ratios de-
pend upon the equal probability of an
egg’s fertilization by any one of two or
more kinds of sperms when these kinds
exist in equal numbers.

The randomness of the behavior of the
units involved at one level does not neces-
sarily depend on the randomness of units
at lower levels of organization, [and
the] . . . laws of science . . . arising di-
rectly from the nature of chance, and
the mathematical expression of probabili-
ties do not seem to be reducible to laws
at a lower level of physical organization,
because they describe the random be-
havior of entities at one particular level
of organization.

[Accordingly] we may conclude that the
statistical laws of one level of organiza-
tion [for example the cellular] are not
reducible to the statistical laws of another
[for example, the chemical].

This is an intriguing argument but
one which I believe contains a non
sequitur. The fact that a macroscopic
probabilistic generalization—say, that
the average number of times the
“head” side of a fair coin will turn
up in 1000 throws will be near 500—
can be asserted does not warrant the
claim that this relative frequency could
not have been explained in terms of
microscopic variables. There easily
could have been a randomization of
the initial (microscopic) conditions. Of
course one need not give a microscopic
explanation, but Glass’s claim is far
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stronger than that: he asserts that one
cannot give a microscopic explanation.

To clarify the issue, and to indicate
where Glass fails in his attempt to es-
tablish irreducibility, let me consider a
very different matter—von Neumann’s
celebrated theorem concerning the im-
possibility of “hidden parameters” in
quantum mechanical theory. My rea-
sons for doing this will soon be ap-
parent. _

In his book The Mathematical Foun-
dation of Quantum Mechanics (7), von
Neumann questions whether the prima
facie statistical theory of quantum me-
chanics can be transformed into a
“causal theory” by identifying “hidden
parameters,” which, if specified in ad-
dition to the data provided by the
function, would determine everything
causally. “The statistics of the homo-
geneous ensemble [the statistically de-
termined system] would then have re-
sulted from the averaging over all the
actual states of which it was composed,
i.e., by averaging over that region of
values of the ‘hidden parameters’ which
is involved in those states.”

Von Neumann then proves that, if
his given characterization of quantum
mechanics “is assumed to be a true
one—that is, if the theory is not as-
sumed to be false—then undiscovered
physical quantities that would fulfill
the role of hidden parameters cannot
exist: they would involve “dispersion-
free” quantities, and von Neumann, as-
suming the current axioms of quantum
theory, deductively proved that there
can be no such quantities (8).

The relevance of von Neumann’s
theorem is that it indicates what Glass
would have to do to eliminate the pos-
sibility of interlevel reduction—that is,
reduction by a theory of one level (say
biological) by a theory, or theories, on
another level (say chemical). Glass
would have to present an appropriate
axiomatization of a true probabilistic
theory in biology and demonstrate that
the identification of biological entities
with physicochemical entities and ex-
planation of the biological entities’ be-
havior on the basis of either causal or
statistical laws involving physicochem-
ical terms would entail a contradic-
tion. This, I believe, he has not done.

Glass has another argument (7, p.
247) for the inherent irreducibility of
biology by theories drawn from the
physical sciences. This is based on the
argument that biological entities are
unique, and that consequently there do
not exist a sufficiently large number
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of similar individuals to permit predic-
tions of the type one encounters in
the physical sciences:

The probability mathematics of small
numbers and unique events is simply not
the same as the probability mathematics
of large samples and large populations.
This is the reason why the “explanations”
of biology can in some respects not be
reduced to the laws of physical science.

This assertion is perhaps not suffi-
ciently clear. To find eclucidation, we
can turn to a similar argument which
has been put forth by W. M. Elsasser
in slightly different formulations in
some of his recent articles (2-4) ap-
pearing in the Journal of Theoretical
Biology. Elsasser’s claim is that orga-
nismic laws (laws applying to extremely
complex living systems) are not deduci-
ble from the principles of quantum
mechanics; chemistry is so deducible—
at least in principle.

The basis of his claim is the indi-
viduality of organisms (2):

One basic assumption which characterizes
the physical sciences is the assumption of
homogeneity of classes [for example, all
electrons.are alike and constitute a homo-
geneous, potentially infinite class. This as-
sumption, however,] . . . does not apply
to biological classes . . . [since] organisms
are structurally and dynamically so com-
plex that one can always find individual
differences, at least microscopic ones . . .
between any two organisms of the same
class. no matter how one defines the class.

This inhomogeneity of biological classes
is apparently supposed to restrict the
possibility of formulating a physico-
chemical explanation -of biological, or
“organismic,” phenomena. Elsasser
claims (2) that the “methodology [of
experimental physics and chemistry]
will break down in the course of any
attempt to relate [organismic]
regularities to pure physics and chem-
istry by the conventional procedures of
precise experimentation as understood
in physical science.” His conclusion is
(4) that “the main resuit of inhomo-
geneity of individuals and classes is
to make predictions based on the laws
of -physics so ineffective that no con-
tradiction between the two sets of laws
[physicochemical and organismic] can
ever be constructed.” By restricting the
classes to one member, then, Elsasser
hopes to demonstrate that physico-
chemical explanation (and reduction)
of the biological sciences is not pos-
sible.

It seems, however, that with respect
to this type of argument both Glass
and Elsasser have assumed in advance

what they hope to demonstrate. Genu-
ine and unanalyzable uniqueness en-
tails irreducibility, but in order to
make the argument compelling one
must assume that the uniqueness of

‘the biological individual cannot be ex-

plained on the basis of the concatena-
tion of amino acids and other chemi-
cal structures. The Empire State Build-
ing is unique, nevertheless one would
not expect that the laws of stresses and
strains would not apply because of this
uniqueness, and that the structure of
the building would not be explicable
on the basis of the principles of me-
chanics (9). ‘
Elsasser supplements his claim by
introducing a generalized version of
Bohr’s principle of complementarity
(10; see also 7171). In Elsasser’s words

(2):

If we make elaborate measurements pre-
cise enough to determine the microscopic
state of a system at a given instant, we
can indeed find out what the state is but
the disturbance engendered (for instance
the breaking of chemical bonds) would
be so radical that the system would be-
have thereafter in a quite different way
from the way it did before; it can no
longer be considered as the same dynam-
ical system. . We have killed the
organism by our too detailed measure-
ments.

There is an analogy here with our in-
ability to simultaneously determine the
position and the momentum of an elec-
tron. From this extension of the un-
certainty principle (Z7) Elsasser con-
cludes that the phenomena of life
complement chemical phenomena: “bi-
ological” phenomena and ‘“chemical”
phenomena cannot be simultaneously
determined, and if we believe that all
living individuals are absolutely unique,
knowledge that is obtained from one
killed specimen does not assist our
efforts.

But this pessimistic claim seems not
to be justified in the light of the de-
veloping techniques of contemporary
molecular biology, even .if Elsasser’s
dubious uniqueness principle is as-
sumed to be true. Though quite often
the organism is killed and its chemical
content is analyzed, as a matter of fact
the molecular biologist is able to fruit-
fully apply his knowledge to other,
similar organisms. In addition, artifi-
cially synthesized chemicals whose
structure is known in advance can be
“fed” into living creatures and used
to reveal a wealth of information about
their functioning chemical processes.
Molecular biology is still young, but

645



so far none of its features seem to sup-
port the thesis of Elsasser, Bohr, and
Glass. Their claims are at best conjec-
tures, and conjectures that seemingly

could lead to exacerbation of the divi- -

sion in biology which Commoner de-
plores.

A Unitable Science

From a study of the historical pa-
pers in genetics and molecular biolo-
gy, and from a perusal of the current
journals, I think I can draw some sub-
stantive conclusions. First, I do think
that there is still an enormous amount
of work to be done at the macroscopic
nonmolecular level. It is only because
of the genuinely biological techniques
that were developed in the areas of
genetics and cytology that molecular
biology has made such startling break-
throughs. As a contemporary text in
molecular biology asserts (/2), “it is
the final convergence of the different
approaches [genetics, cytology, chemis-
try, and physics] which has brought
us to the point where we can tenta-
tively identify [the gene with chemical
constructs].” The antireductionist biolo-
gist, accordingly, seems to be restrict-
ed to asserting a type of “make-believe”
autonomy. He may plan, execute, and
interpret his experiments without wor-
rying about reduction to a molecular
level, but this is no reason for main-
taining that a biological entity is any-
thing more than something ultimately
characterizable and explicable by mo-
lecular biology. (To be sure, contem-
porary molecular biology may not be
adequate to effect reductions of all
classical biology; Newtonian mechan-
ics without statistical assumptions was
not adequate for reducing thermody-
namics. But, as far as I am aware,
there is no good basis for assuming
that that complex of chemistry and
physics which constitutes molecular bi-
ology is inadequate.) This make-believe
autonomy may well be heuristically
valuable, though perhaps relative to a
particular stage of development of the
sciences. There seems to be no posi-
tive evidence, either logical or empiri-
cal, for any real autonomy (73).

The relation between the antireduc-
tionist approach, sometimes called the
organismic approach, and the stand-
point of the molecular biologist might
be clarified by mention of a notion
that Ashby has developed. In his book
An Introduction to Cybernetics (14, p.
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103), Ashby borrows the notion of a
“homomorphism” from mathematics in
an attempt to elucidate the relation be-
tween a biological description and the
physicochemical principles which un-
derlie it. A homomorphism is best de-
fined as follows:

If two . . . [systems] are so related that
a many-one transformation can be found
that applied to one of the . . . [systems]
gives a . . . [system] that is isomorphic
with the other (the simpler of the two),
then the other is a homomorphism of the
first.

The notion of a transformation is that
of a set of operations which operate
on a set of terms in a specified way,
turning them into other terms. The no-
tion of operation used here is this: an
operation or operator ¢ is one that,
when applied to a letter of the alpha-
bet, gives the next letter—for example
¢ [c] = d. The idea of a “trans-
formation™ can be generalized so that
(in principle) some chemical systems
can be transformed into biological
ones, and vice versa.

It seems plausible to claim that the
classical biologist is working with a
homomorphism of the system of the
molecular biologist. The two systems
are accordingly equivalent with respect
to physical referents, but they differ
with respect to detail (14, p. 106).
Ashby indicates that the engineer who
in building bridges confines his atten-
tion to blocks and girders as rigid
bodies is working with a homomor-
phism of an “atomic” system. “As it
happens” Ashby says, “the nature of gir-
ders permits this simplification and the
engineer’s work becomes a practical
possibility” (14, p. 107). The same type
of reasoning can be applied to the sys-
tem of the organismic biologist.

An interesting consequence of this
approach is the fact that there is no
necessity to limit the number of sim-
plifications to one. There may be sev-
eral, each system a homomorphism of
the one below it. This indeed seemed
to be the case with respect to inves-
tigations in genetics by my associates
and myself (15), the most complete
system being chemical, the next “level”
being the cellular system with its chro-
mosomes construed as sets of genes,
and the simplest system being Mendel’s,
concerned with unlinked genes that
segregate in the traditional way. The
existence of various approaches, then,
does not imply an antireductionist
thesis.

I tend to favor the position taken

by Morton Beckner, who suggests
(I16) that.the “organismic biologist is
proposing that we describe the parts
of organic wholes in their activities
qua parts by employing concepts that
are defined by reference to the higher-
level phenomena exhibited by the whole

. [and that this is a proposal which]
can only be justified by its success in
yielding generalizations.”

Accordingly, the organismic point of
view may well prove heuristically val-
uable at certain stages of biological
inquiry (I7). Nevertheless, no evidence
has been unearthed in our inquiries
into genetics and molecular biology
that would argue positively and per-
suasively for the inherent autonomy of
biology. Moreover, since genetics occu-
pies a central position with respect to
the problem of growth and differen-
tiation of an organism, there is evi-
dence that these processes will even-
tually admit of a complete chemical
explanation.

Organization and Emergence

In their arguments, antireductionist
biologists often place a good deal of
emphasis on the organization present
in living organisms. For example, L.
von Bertalanffy has asserted (18):

Mechanism . . . [read “molecular biology”1
provides us with no grasp of the specific
characteristics of organisms, of the orga-
nization of organic processes among one
another, of organic “wholeness”. . . . It
is a self-contradictory conceptual system,
because it can deal with the undeniable
“wholeness” of life only by means of
notions which contradict its own funda-
mental principles.

I am not proposing to eliminate the
need for an emphasis on organization,
but I do not believe that the complex
interdependencies and structures so
characteristic of living organisms con-
stitute an argument for the autonomy
of biology. The reason why organiza-
tion is so important, and why mech-
anists might well be criticized for un-
derstressing it, can, I believe, be stated
more or less as follows.

For a given complex of chemical ele-
ments, the possible number of arrange-
ments of molecules which are consist-
ent with the current theories of chem-
istry is very large. Molecules can be
composed of elements in many differ-
ent ways, and the molecules in turn
can be strung into macromolecular con-
figurations which allow of many per-
mutations and which consequently can
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exhibit many different modes of be-
havior. In order .to account. for the
perceived behavior of an organized
system, one must note the arrange-
ment of the system’s parts, and this
arrangement must appear as “initial
conditions” in the explanans—the sen-
tences that will yield an explanation
of the system’s behavior.

The fact that these initial conditions
are not easily (or even possibly) de-
rivable from the physicochemical theo-
ry is not an argument against reduc-
tion. The history of the system—or of
its parent system and other related sys-
tems—is undoubtedly a record which
is explicable in terms of the physico-
chemical theory (or of other theories
in the physicochemical domain) when
they are supplemented by statements
describing the actions of wind, water,
radiation, heat, air pressure, and so
on, throughout time. To explain the
system in these terms would be prag-
matically impossible; consequently we
take the organization of the chemical
elements of the biological system as
given in most cases, the chemistry of
biological evolution being a significant
exception.

Conclusion

My general conclusion, then, is that,
given the current state of biological
science, there may be good heuristic
reasons for not attempting in all possi-
ble areas to develop physicochemical
explanations of biological phenomena,
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and good reasons for attempting to
formulate specifically biological theo-
ries. This, however, is an argument
which supports an irreducibility thesis
for methodological reasons. Any at-
tempt to twist this into a claim of real
irreducibility for all time is, in the

light of recent work in molecular biolo-

gy, logically untenable, empirically un-
warranted, and heuristically useless.
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