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ABSTRACT

Although reduction in biciogy or life sciences as the subject matter of the present essay has
been more and more attracting the attention of the philosophers of science for the past few decades,
the term "reduction” has been used for various logico-semantical operations and for epistemological
purposes in different domains of philosophy. The common point in all these appears to be an attempt
to give a simpler and seemingly more basic semantical account of a rather complex construction, be it
the terms of a syllogism or the sets of patural numbers, the structure of molecules and molecular
phenomena or the psychological processes. In philosophically technical terms, all these operations
may be said to share the application of the principle of conceptual economy or Occam’s razor so as to
arrive at a more essential level of abstract construction (in symbolic logic or mathematics) or of
empirical existence (in sciences). This seems to be quite in keeping with one of the apparently very
basic aims of doing philosophy, namely to formulate the possibly simplest conceptual construct that
would account for the related more complex abstractions or the appreciably more complex states of
affairs. ,

While the general characteristics of the reductive operation, including theory reduction and its
different aspects, form the subject matter of the first Part of this dissertation, Part Two as its core is
constituted by an analysis of the problem of reduction in biology, with a rather detailed discussion on
the levels of organization in the empirical world. Reduction in Genetics is presented and discussed as
a case in point within the context of the broader issue of reduction of the biological to the physical;
and reduction in biology and, by implication, Mwﬂmmmﬂmwﬂmwm
partial explanations, the term "partial® in this context signifying a qualitative rather than a quantitative
sense. As would be expected, the concepts of emergence, correspondence, causal connection and
supervenience are among the mnain philosophical concepts that are dealt with in this part in relation
:jo reduction viewed as explanation at the philosophical-conceptual and/or logico-semantical level of

iscourse.

Part Three has been devoted to possible implications of the essay in connection with certain
concepts as they are related to the concepts of reduction and reducibility - such concepts regarding in
particular the philosophy of science as causality, determinism, differentiation, emergence and

classification. Where necessary and/or applicable, the emphasis has been put on those aspects of
these concepts as they relate to life sciences, with special reference to the concept of evolution.

The three main parts of the dissertation are followed by a Conclusion whereby an attempt is

made to formulate a synthesis in which the semantical open-ended characteristic of the issue is
stressed; it is completed with a somewhat detailed Summary.
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KISA OZET

Bu ¢..i v 1anin konusunu ojugturan biyolojide ya da canhlik bilimi ::. 5 le indirgeme sorunu, son
yillarda bilim filozoflarinin dikkatlerini gittikce daha gok gekmeye baslamustir. Ancak "indirgeme”
terimi, felsefenin degigik alanlarinda gegitli mantiksal-anlambilgisel iglemler igin ve bilgikuramsal
amaglarla kullanilagelmigtir. Biitiin bu iglemlerdeki ortak nokta, ister bir tasimin 6nermeleri ya da
dogal say1 kiimeleri, isterse molekiillerin yapisi ile molekiil diizeyindeki olgular ya da ruhsal siiregler
olsun, az ya da ¢ok karmagik bir yapinin, daha temel, daha yalin bir anlambilgisel agiklamasini yapma
cabamizdir. Felsefi agidan daha teknik bir anlatimla biitiin bu iglemlerin ortak yammn, Occam’in
bigagt olarak bilinen kavramsal iktisat ilkesinin kullanimasi oldugu soylenebilir. Burada amag,
(simgesel mantik ya da matematikte oldugu gibi) soyut yapimlarla ya da (bilimlerde oldugu gibi)
empirik varclugla ilgili daha temel bir diizeye ulagmaktir. Boyle bir ¢abz, felsefe etkinliginin en bagta
gelen amaglarindan biri olan, karmagik soyut yapimlari ya da empirik diizeyde olup bitenleri
agiklayabilecek en yalin kavramsal yapiy: bulma egilimi ile tiimiyle uyugmaktadr.

Kuramlarin indirgenmesi ve bunun degisik yonleri de iginde olmak tizere indirgeme igleminin
genel nitelikleri, bu caliymanin birinci boliimiiniin konusunu olugturmaktadir. Onun gekirdegi
konumundaki ikinci béliimde biyolojide indirgeyicilik sorununun ¢oziimlenmesi, bu arada empirik
diinyadaki 6rgiitlenme diizeylerinin oldukga ayrintih bir tartigmas: yapimaktadir. Bir 6rnek olarak

alit aiundaki Indirgemenin, daha genig olarak biyolojik ol iziksel olana indi i
sorunu “kapsarmmda ele alindifn bu bolimde, biyolojide indirgeme ve buradan gikisla genel
olarak indirgeme islemi, kismi aciklama olarak belirlenmektedir; buradaki "kismi” terimi niceliksel
olmaktan ¢ok niteliksel bir anlam tagimaktadir. Bunun yanindz, yeni ortaya g¢ikis, uygunluk,
nedensellik jiigkisi ve istiine eklenim gibi kavramlar da, indirgemenin felsefi-kavramsal ya da
mantiksal-ar!ambilgisel diizeyde aciklama olarak goriildiigii boyle bir baglamda tartipiimaktadar.

Galigmasun igiincii boliimiinde, pedensellik, belirlevicilik, farkilasma, yeni ortaya cikis ve
siniflandirmz gibi 6zellikle bilim felsefesini ilgilendiren belli kavramlarin indirgeme ve indirgeyiciligin
ig1ginda ortaya gikarilabilecek yonleri tartigiimakta; boylece bu béliim ¢aiiymanin olanakh sonuglarin
icermektedir. Gerekli ya da uygulanabilir oldugu yerlerde bu kavramlarin ézellikle yagsam bilimlerini
ilgilendiren yénleri vurgulanmigtir. Beklenecefi gibi, evrim kavraminin burada 6zel bir yeri

bulunmaktacr.

Gahigmanin baglica ii¢ béliimiinii izleyen Sonug boliimii bir biresimin yapilmasina yoneliktir;
buradaki biregimde sorunun anlambilgisel agidan agik uglulugu vurgulanmigtir. Onun son bolimiinii
ise kapsamb, az ¢ok ayrintih bir Ozet olugturmaktadir.
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INTRODUCTION AND PRESENTATION

What the title of the present work may suggest would apparently seem as a topic
concerning exclusively the philosophy of biology. But reduction is a subject considered by
philosophers in quite different areas of their comprehensive and multi-aspect activity.

The qualifying term "overall critical” mentioned in the subtitle might characteristically
imply a general philosophical concept, namely, "epistemological”. Another term that would
immediately asoociate itself with the latter is, of course, "ontological". And although one might
be inclined to doubt whether there could be an gntological reduction at all, as I shall have the
opportunity to consider, my purpose in qualifying the term "analysis" as overall critical is due to
the need of a stress on the predominantly conceptual aspect of this essay.

Reductionism and antireductionism, as two opposing doctrines or claims, seem to be
age-old currents of thought in the evolution of both philosophy and science, assuming different
forms in different periods according to the main philosophical trends and the dominant views
in scientific thinking. Such seems to have been the case, above all, in what is called the
philosophy of mind, in biology and medicine. Accordingly, biological and psychological
phenomena have come to be seen, on the one hand and to a not negligible extent, in the light
of the physical and/or chemical approaches and theories of the time and, on the other hand,
irrespective of the latter. And today, this thesis-antithesis complex appears to be no less a
significant topic in different areas of philosophy, sometimes in greatly differing ways.

Whether, to repeat, one could speak of an ontological reduction will be made clear in the
passages to come, both through direct consideration and indirectly as a result of our conceptual
clarification. By way of a general preliminary remark and with a view of clearing the ground,
however, one could point out that the most primitive, coarsest and the most blatantly expressed
kind of reductionism would take the ontological form, "... nothing but..." or "... no more than..." -
"men are nothing but machines", "theories are nothing but conventional products of the human
mind", "love is no more than a habit", and so on. The logico-linguistic and, I think, uncritical
form of "A is nothing but, or no more than, B" signifies in its strong sense, the near identity of
"A" and "B". Understood in a weaker sense, it would signify a class relationship which would
leave little room for the entity "A" to possess other properties ensuring its belonging to at least
one other class or set. I think no one would assert, sensibly speaking, that men, theories and
love would have no other aspects than the respective ones mentioned.

Considered in a more tolerant manner, all one could say would perhaps be that
inevitable class relationships do exist in such cases but that being stated in a partial if not
elliptical form they may only be implied, or are expressed in an imputed way. And so far as the
class "B" is concerned, to present a fuller account in these cases one must introduce the
apparently omitted phrase, "a form of" - "A is nothing but, or no more than, a form of B". This
operation may not be the whole answer to the original difficulties, but evidently it completes
the missing dimension or dimensions giving us a chance, at least to save the appearances.
However, one could still ask the question whether reduction is an ontological necessity (to be
formulated in tolerable or "non-reductive” ways), or a conceptual procedure, or whether it is
botllL But the whole issue will not have been clarified, apparently, until after it has been fully
analyzed.

In the first part of this work concerned with a conceptual analysis of reduction and
reducibility, I shall begin with treating it from an etymological-semantical and then from a
philosophical standpoint. Later, I shall briefly discuss "kinds" of reduction in philosophy with a
view to clearing the ground further and delimiting the scope of our universe of discourse to the
consideration of theory reduction to make way to a philosophical-biological presentation of the



problem in hand by having eliminated others considered in different domains of philosophy. In
doing so, we shall also have seen our problem in a different perspective by means of
comparisons between different uses of the term "reduction”.

In the last section of Part 1, I shall consider the concepts of matter and the physical as
another prerequisite, so far as I can see it, to our main argument to be presented in the second
Part, "The problem of reducibility in life sciences”. 1 shall begin this part with an exposition of
the main views on our problem. Evidently, Part 2 is the central or core part of the work. I shall

first consider here the concept of the levels of organization in nature, and then discuss whether

or not there exists a_conceptually signific nce between the inorganic iologi

realms, understandably in the light of the concept of levels. Reduction in genetics as a case in
point and as related to reducibility in life sciences will constitute the subject matter of the third
chapter. This will be followed, in the fourth and last chapter of this Part, by an account of
reduction (in biology and elsewhere) whereby it is regarded, from a philosophical point of

view, as a form of partial explanation of life (and other sorts of) phenomena.

Part 3 will be devoted to a discussion on the implications of the foregoing points,
whereby I intend to consider first the principles of causality and determinism in connection
with reducibility, to be followed by a treatment of reducibility, in turn, in the light of the
concept of evolution. Among further implications to be discussed in this context will be the
topics of differentiation (diversification), extension and emergence, all being evidently
significant topics in biology (although they can be considered in other basic sciences as well).
Possible ontological implications will be dealt with together with problems of classification
which might ensue.

The work will be completed by a "Conclusion", a final (and, at the same time, pon-final)
synthesis whereby I am hoping to be able to present an overall picture of our main discussion,
with an emphasis on the philosophical and theoretical scientific significance of the whole
matter.



PART ONE

THE CONCE OF DUCTION A REDUCIBILITY

Introductory Remarks

This part of the study is planned to be conducive to a conceptual clarification in the
matter of reduction in general, and thus to serve as a preparation for a discussion on
reducibility in biology.

Clearing the ground is necessary for, evidently, biological reduction should be regarded
as what might be called a specific case of reduction in general or, to put it more precisely, as
the latter’s differentiated extension into the field of biology. What I mean by the term
"differentiated extension” will be made clear later in the work after we have discussed the
concepts of differentiation and extension in ontological terms, and this although I have used
the term here, understandably, in an epistemological sense.

Following the customary if not necessarily established course in the semantical treatment
of scientific and philosophical terms, and of any term in principle indeed, I intend to begin the
chapter with an etymological analysis of "reduction" and "reducibility”, departing from an
introductory treatment of the more basic verb form to reduce. The latter, being the adaptation
of the Latin re plus ducere, means in its core sense "to bring or lead back". In its sense relevant
to our context, it would mean "to bring down"; "to diminish to a smaller number, amount,
extent, in size or value, and so on, or to a single thing"; and, also, "to lower, diminish, lessen”;
"to bring under rules or within certain limits of description". Put briefly, it would denote an
economy in terms of the constituents of what we might call a whole, say a system or collection.
More clearly perhaps, the aim in the background seems to be the conceptual preservation of
some parts or components of the whole in question at the expense of other parts or
components that could be eliminated or kept apart for a certain purpose, above all to
economize concepts and formulations in our attempt to explain the functioning of that whole.

The adjectival derivative reducible clearly signifies "capable of being reduced”. In one of
the above senses, for instance, it would mean "capable of being diminished to a smaller
number, amount, extent, in size or value, and so on, or to a single thing". Further we could
understand by the term "capable of being brought under rules or within certain limits of
description”.

Reduction is obviously the related act. In two of the above instances, for example, it
would be "the act of diminishing to a smaller number, amount, extent, and so on, or to a single
thing," or that of "bringing under rules or within certain limits of description.”

As the expressions mentioned must show, I think, the term "reduction” as well as its
more basic verb form "to reduce" has essentially epistemological connotations. It appears to
signify our mental (conceptual) and/or linguistic (definitional) attitude towards what exists or
is described. This point is important in our discussion in that it must always be kept in mind in
our attempt to clarify the related concepts in different areas of philosophical endeavour, as we
shall have the opportunity to see in chapter 1.3.

Lastly, reducibility would mean "the state or capability of being reducible,” a capability
whereby something can be diminished to a smaller number, amount, extent, and so on, or to a
lower level, thus "occupying a lesser position, or having less."



h r 1
THE CONCEPT OF REDUCIBILITY FROM A PHILOSOPHICAL POINT OF VIEW

In our attempt to clear the ground in a discussion on the concept of reducibility, we
could next undertake the task of analysing the issue in a broader philosophical perspective. As
would generally be known, it was Occam who first pointed out the significance of "not
multiplying the entities beyond necessity” in the logical treatment of categories. This general
. princi ogical (or epi ogica n which later came to be known as Qccam’s

razor, has been variously formulated, another one being, "it is vain to do with more what can be
done with less." We should not, according to the principle and so far as could be done, have a
recourse to unnecessary epistemological entities to give an account of any "ontclogy”, or a unit
or collection of units of study whenever we can do away with them. In other words, whatever
there is must be accounted for in terms of as little constituents as possible, be it parts of a
system, determinants of a phenomenon, or antecedent conditions of general states of affairs,
and without the addition of any admittedly superfluous or redundant entity (or property,
relation, process).

There appears to be quite important semantic implications of Occam’s razor or principle
of economy, because the delimitation of the scope of terms, hence their definitions, necessitate
the application of the same or at least a basicly similar procedure. In more general terms, the
conceptual treatment of any philosophical issue, particularly perhaps in the course of clearing
the ground and trying to "philosophically found" a basic problem, say concept formation, would
require a recourse to the principle.

Evidently, Occam’s razor would be considered from the opposite direction too, that is to
say, cautiously with a view to making a trimming, but not cutting during this operation too
large an amount and thus reducing the set of entities (and/or properties, relations, processes)
unduely (as we shall have the opportunity to see, I think, in this work). :

The use of Occam’s technique of simplifying the universe of discourse certainly demands

an_ingenuity, not less perhaps in the present context than in the case of many other
philosophical issues, for many thinkers of the problem seem to have an inclination to take the
similarities between the biological and inorganic realms too far (and evidently as opposed to
what we might call the mystifying tendency in which entities are multiplied to explain the
inanimate nature by borrowing redundant ones from the living or biological world).

If the above discussion is basicly justified, it must then be clear that although reduction
and reducibility are above all conceptual if not strictly epistemological topics, the ontological
aspect would always make itself felt, and sometimes strongly I think, in the course of
conceptual considerations. Indeed, reduction is ultimately about whether the overall
categories, or rather constituents, of the world, that is entities, properties, relations and
processes, could be empirically as well as (empirico-) logically expressed, generally speaking, in
terms of lesser constituents or units.

The concept of reduction has been applied, somewhat unsparingly perhaps, outside the
scope of life sciences and what we might call their differentiated extensions like, for instance,
psychology or ethology (or maybe even sociology), to certain problems in other domains such
as formal disciplines as well as in those empirical fields with the phenomena of the nonliving
world as their subject matter. The issue has also been a very important one in the philosophy of
science in general, where the relationship between the "theoretical” and the "observable”
entities and properties has always constituted one of the leading or central problems. The



matter will be made clear in the next chapter where, I hope, I shall be able to put it forward in
its main outline or essential dimensions.



Chapter 1.2

"KINDS" OF REDUCTION IN DIFFERENT DOMAINS

In a discussion on different kinds of reduction in different domains as topics of
philosophical discourse, I think two distinctions must evidently be made. First of all, reductions
and reducibility problems in empirical fields must be considered in distinction from those of
the formal disciplines simply because of the synthetic nature of the former’s assertions (and
the nonemptiness of their sets) and the analyticity of the latter’s propositions (together with
their sets’ emptiness). There seems to be no connection, except a similarity in bare outline or a
pseudo formal likeness perhaps, of any significant conceptual similarity between, say, the
reduction of chemistry to physics or that of the biological to the physical on the one hand, and,
on the other hand, the reducibility of syllogistic theory to monadic predicate logic or the
Kuratowski reduction of the natural numbers to sets ultimately containing the null set.
Secondly, we must distinguish between intralevel and interlevel (and intra- and inter-
disciplinary) reductions - the reducibility of heat to motion in physics or Russell’s axiom of
reducibility in logic are instances of the first category while the reduction of psychic or
psychological phenomena to brain biochemistry and the Kuratowski reduction just mentioned
are of the second type.

Here I intend to give an expectedly concise account of the main sorts of reduction in
several forms of inquiry, discussing some of them in some detail while just mentionning others,
understandably according to their degree of interest to us. We may begin with examples of
logic, the essential formal discipline, which can be put into the very bottom of a "hierarchy” of
disciplines, certainly at most in an ad hoc manner and not forgetting at all the above distinction
between the empty and empirical sets (Comte’s logical and epistemological orders of "sciences”
could deserve a passing remark in this context). )

Reduction in traditional logic is the method of rearranging the terms in one or both
premises of a syllogism or argument form to express it in a different figure. Taking as primary
the first figure, Aristotle for example "reduced" the second, third and fourth figures to the first:

No AisB
All CisB

No C'is A can be reduced to a first figure syllogism by simply
converting the first premise to its equivalent, "No B is A". '

In the reduction of syllogistic theory to (monadic) logic, the natural language statements

with which the former theory deals are correlated with formulae of the special artificial
language of the latter. If the necessary constraints on the latter’s terms are also imposed on
their counterparts in the predicate calculus, it turns out that any deduction which is justified in
syllogistic theory is a theorem of the predicate calculus. Thus, syllogistic theory is "reduced" to
predicate logic in a way which satisfies both conditions of reducibility, namely, if (a) every term
of the theory T2 is representable in terms of some combinations of terms of theory T1, and (b)
every theorem of T2 is also a theorem of T1. (This, by the way, is apparently a clear example of
the reduction of one theory to another.)

As for the Kuratowski reduction of the natural numbers to sets ultimately containing the
null set, here the natural numbers are represented as sets by a method due to K. Kuratowski.
The method in question is a very simple mapping from the naturals to some sets, the natural
number "0", zero, being mapped into "g", the null set. And each natural number n is mapped
onto the set which has the null set as its n-deep number. The Kuratowski image of the natural



number n is K*(n) (@), the result of applying the K-operator n times successively to the null set.
Thus conceived, many simple operations among natural numbers are reflected in the set-
theoretic reconstruction as operations on the power indices of the K-operator.

This mapping would induce a set-theoretic model of simple arithmetic, a model whose
domain consists of sets. A set of axioms could be specified for the model in question which
would yield analogues of most theorems of simple arithmetic. It could then be argued that the -
resulting theory was a genuine reduction of simple arithmetic to set theory. But such a
reduction would have no "epistemic” or "ontological" significance, because the reducing theory
has been constructed on the image of the reduced theory - the only reason we are interested in
the reducing set-theoretic theory is that it reflects simple arithmetic. It would therefore be
quite unjustified to suggest that natural numbers no longer need to be considered as separate
entities, or that arithmetic need no longer be studied. While every natural number may be
represented as a K-set, this in itself is no reason to assume that what they represent, the
natural numbers, may thus be disregarded, banned from discourse and excluded from our

studies. It is the properties of the natural numbers per se, and not of those K-sets, which are of
interest to mathematicians (Rizatepe, 1984).

As this observation must show, that every term of T2 is representable in terms of some
combination of terms of T1 does not of itself imply that the things about which T2 speaks need
no longer be assumed to exist. The former may be a necessary condition for the latter to hold,
but it is certainly not a sufficient condition (Rizatepe, 1984).

This critical discussion on the Kuratowski reduction is added here with a view to giving a
general idea of how a reductionary treatment in philosophy is as a rule realized, both in the
operational and conceptual senses of the term, not disregarding the fact that the example given
here is between two formal disciplines with empty sets constituting their subject matter.

So far as the empirical domains are concerned, what is significant for us in this essay is
certainly the reduction of the biological to the physical or, in unequivocally epistemological
terms, that of biology to physics. Before discussing cur main theme more closely, however, it
would be appropriate to mention and treat here quite briefly certain other forms of reduction
in or between sciences.

The reducibility of heat to motion in physics is formulated, as is known, in the kinetic
theory of gases, in which the phenomenon of heat is expressed in terms, or taken to be the
result, of the motions of gas molecules. In this context one could also speak, perhaps, of a
transformation of one phenomenon into another (hence between two concepts) in physics.

It might perhaps be interesting to remember now that many gases, being constituted by
compound molecules possessing more than one sort of atom, are in fact chemical structures.
What should be said about this obvious and apparently justifiable claim would be that such
gases are physical structures as well as chemical compounds, and that they would either
constitute a topic of physics or chemistry, understandably depending on the level of the
argument. Here, the physical aspect comes to the fore, and it does not matter at all whether a
gas is a simple or compound one so far as the kinetic theory is concerned.

In the reduction of chemistry to physics, molecular phenomena are considered in terms
of what happens at the atomic level, making an allegedly "classical" if not outmoded and, in my
view, still useful distinction, trying to put the matter in a clear perspective.

Defined concisely, chemistry is the science of the formation, structure, properties and
interactions of molecules. The reductionist question in this context would be, "Can all, or
almost all, the behaviour of molecules be seen as the direct extension of the properties of their



lower-level constituents, manely, atoms (and further still, subatomic particles)?" We may also
ask the question in the reverse direction, considering the issue as one of emergent qualities in
the hierarchical organization of matter: "Do chemical compounds show new qualities not
possessed by their constituent parts, whether atoms and/or simpler molecules?" In the case of
water as a frequently considered example, for instance, does the H20 molecule possess
different or only similar qualities as compared with H2 or O2, jointly or separately? The
answer seems to lie in the recognition that besides purely physical qualities such as weight,
freezing and boiling points and so on, and more significantly I think, water assumes a different
physical phase and becomes a fluid under those conditions in which oxygen and hydrogen are
"normally" gases. Due to its new, emergent (evolutionary) characteristics, as well as its
ubiquitous presence, water enters a multidimensional relationship with other chemical (and
physical?) units in nature, occupying, in different phases and forms, great areas and spaces. It
becomes, with a unique circulation between these phases and forms, the very source of an
utterly different and immensely complex level of emergence - that of the biosphere. It
becomes, at the same time, the basic component of the structure of living beings and
constitutes the infrastructure of their internal milieus, as well as a very significant part,
qualitatively and quantitatively, of their external environment. Many essential geological,
geographical and evolutionary happenings and ongoing phenomena have been the product of
water’s primary (and secondary, tertiary...) qualities such as good solvency and the capacity to
unite chemically or physicochemically with carbon and nitrogen to form biochemical building
blocks of the biosphere; evidently quite relevantly in our context, those qualities that are not
shared by its constituents at a lower level, hydrogen and oxygen. (I think the question of
"intrinsic" as opposed to “relational® properties need not necessarily concern us here.)

An expectedly classical or traditional claim would be that to be able to speak of "new”
qualities "emerging" from the unification of hydrogen and oxygen as constituents of water,
there must be a third (and fourth, and fifth, and so on?) factor entering the reaction so that
properties not observable in the constituents before the synthesis could appear. This would be
the typical a priori approach of speculative philosophy to the understanding and explanation of
the empirical world, with an evidently redundant and actually imaginary entity (or entites?)
defying an empirically rational account for its (their?) existence. There do exist factors indeed
that enter and enhance chemical reactions. However, these are chemical substances called
catalyzers (enzymes in the case of iiving entities), and not any speculatively philosophical
"thingish" something, expressed in a typically speculative philosophical language, with no
rationally comprehensible and calculable empirical, ontic status; and leaving the scene, so to
say, at the end, the catalyzers exert no qualitative effect upon the result(s) of the reaction. The
application of Occam’s razor is understandably needed here to do away with such superfluous
or redundant imaginary "entities".

I am not in a position to tackle with the problem of whether the success or failure of a
reductionist thesis in one of the formal disciplines would imply a similar outcome for a
reduction in a subdomain of that discipline. Nor could I dare to analyze the issue when it is a
matter of taking one successful (or unsuccessful) reduction, say in mathematics, as a support
for a similar result in some subdomain of logic, and vice versa.

In the case of the empirical fields, on the other hand, and as must generally be known, an
intertheoretic reduction between two different or separate disciplines, say between chemistry
and physics, and also between biochemistry and chemistry, is as a rule ragarded as a strong
support for the possibility of a reduction at higher levels, between biology and biochemistry for
instance. And this the very topic of this study.

Further, however, we might entitle ourselves with making comparisons in the matter of
reducibility between the formal disciplines on the one hand and those in the empirical sciences
on the other. Could we assert that a successful reductionist solution of a general nathematical



problem would serve as a "basis of action" for a similar attempt in the case of, say, the
psychological theories being reduced to their biological or neurological counterparts? Or
should we regard, conversely, an intertheoretic reduction between biology and physics as a
support for a reducibility thesis between, for instance, two subdomains of logic?

To stress the point again, there appears to be no analogies with supportive evidence
between the reduction in formal disciplines with their analytic propositions giving us no
information about the world, and the empirical sciences with their synthetic assertions
describing and/or explaining the world to us. As mentioned earlier, there could at best exist,
and there may indeed be, representational analogies between reductions in the two domains
with no philosophical support and just serving perhaps as a bare outline for illumination by way
of a comparison of the similarities. The definite demarcation line separating the two-domains,
or rather superdomains, so far as both their methodological and epistemological statuses are
concerned, would not allow us, I think, to make valid explanatory transitions. There appears to
be no "organic” or real connection that would render such transition possible and/or justifiable.

Furthermore, reduction in and between the two formal disciplines seem to have a
predominantly operational character. This aspect is apparently of secondary importance in the

case of empirical fields; here the matter of reducibility appears to be rather a "doctrine" or, to
use a simpler and perhaps more justifiable term, a “thesis” with an either partial or almost
totally exhaustive explanatory claim.



REDUCTION(S) IN PHILOSOPHY
A Schematic Outline

The Level of Distinction: The Formal and the Empirical

Formal Disciplines
(A) InLogic
(1) Reduction in Traditional Logic
(2) The Reduction of Syllogistic Theory to (Monadic) Logic
(3) Russell’s Axiom of Reducibility
(4) Carnap’s (what we might call) "Logico-Linguistic" Reduction

(B) In Mathematics
- The Kuratowski Reduction of the Natural Numbers to Sets Ultimately
Containing the Null Set

Empirical Domains

A Basic Philosophical Level of Distinction
Ontological Reduction *

Phenomenological (Transcendental) Reduction

Epistemological Reduction * ~ } Reduction in general in the
}
Logical Reduction (TG) * } Philosophy of Science, and
The Received View - Nagel’s } Theory Reduction in Science(s),
Original Account in } both having the logical
Theory Reduction } empiricist approach as their

departure point

( * So far as I am aware of, the coinage of the latter term and the formation of this triple set
is due to Teo Griinberg.)
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- Reduction in general in the Philosophy of Science:

that of Theoretical to Observable Entities - going back to Mach in its extreme empiricist
form.

THEORY REDUCTION
In and Between Sciences

General Considerations - Main Views

(1) The "Classical Account” or the "Received View";
(2) The Part-Whole Relationship and Epistemological Reduction;
(3) Indirect as opposed to Direct Reduction;

(4) Intra- and Interlevel (or Micro-) Reductions - Inhomogeneous or Heterogeneous
Reduction - Successional and Explanatory Reductions;

(5) Interfield Theories and Reduction;
(6) Type-Type and Token-Token Reductions;

(7) Compositional and Evolutionary Theories
in connection with Reduction (and Deduction).

Certain Specific Cases

(1) Reduction of Heat to Motion :

Not intertheoretical in the sense of the reduction of one theory to another; deduction
seemingly unlikely to apply;
intralevel in character (i.e. within physws) represents an interphenomenal redyction in
the sense that it relates a certain kind of phenomenon to another - one serving as a
causal explanation of the other; could we call it,
also, a nomological reduction because it can be formulated as a natural or scientific law?

(2) Reduction of Chemistry to Physics :

Intertheoretical and/or interfield (interdisciplinary);
deductive prese; preservation seemingly successful; interlevel;
also, nomological in the sense that the laws of the former
can be deduced from those of the latter; a direct reduction
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(3) The Reduction of the Biological to the Physical (Sciences) - the Core or Main Theme of

the Dissertation.

(4) The Psychophysical (rather to be called Psychoneurological or Psychoneurobiological)
Reduction - The Mind-Brain Relationship (but certainly not the traditional mind-

body problem!).

A Possible Chart as Related to Reduction:

In the light of the basic level of distinction

In Empirical Domains

In Physics:
Heat to Motion

In the Formal Realm
From the Intra- Reductions
Viewpoint level in Logic
of Levels
and/or
Fields, The Kuratowski
Discipll. Inter- Reduction bet.

level  Math. - Logic
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Chem. to Phys..
The Biclogia!
to the Physica!
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THEORY REDUCTION: THE "RECEIVED VIEW" AND THEREAFTER

Section 1.3.1
The "Classical" Account of Theory Reduction

In our time and leaving aside comprehensively historical considerations, our problem is
apparently best represented, in epistemological and/or conceptual terms, by the well-known
formulation of E. Nagel on what he has called the theory reduction. On his view, and as is
frequently mentioned, two conditions must be satisfied so that all the laws of a higher-level
ontological theory (T1) could be explicable in the theory of a lower level (T2). First, all the
concepts (or terms) Ch of Th should be systematically connected with some of the terms of Cl
of TL either by synthetic identity statements, explicit definitions or some other semantic
relation; this is called the condition of connectibility. Secondly, each law Lh must be deducibie
from T1, together with the statements that connect the Chs with Cls, and a description of
relevant boundary conditions in the vocabulary of TI; this is known as the condition of
derivability (Beckner, 1974).

The above account among the overall models of theory reduction has come to be
specifically known as direct reduction, and has also been contributed to by H. Woodger and W.
V. Quine. Expressed in slightly different terms, and assuming that the reducing, that is lower-
ievel, theory is an adequate one, the basic terms of one theory are related to the basic terms of
the other, and the axioms and laws of the reduced, higher-level theory become derivable from
the former (Schaffner, 1967).

Section 1.3.2
Reduction as a Kind of Deduction

Reduction has been viewed in different ways - for instance, as a well defined,
structurally universal operation, that is to say, as a kind of deduction, holding between well
understood and clearly defined and formalized theories. Further, it has been analysed in terms
of well understood functions in scientific and metascientific inquiries such as: (a) unification;
(b) systematization; (c) the consequent increase in precision and clarity; (d) ontological and
(e) postulational economies; (f) explanation of the reduced theory and/or phenoraena; and
possibly (g) correction of the now supplanted or reduced theory. With some exceptions,
however, most writers in the seventies have advanced increasing criticisms, even of the basic

presuppositions and motivations of this view of reduction (Wimsatt, 1979).

Section 1.3.3

Successional and Interlevel Reductions

One of the important distinctions in the matter of reduction is between what Wimsatt
has called successional and jnterlevel or explanatory reductions, based on a combination of
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logical and functional grounds. Most of the logical dissimilarities between these two sorts of
reduction appear to be the products of the fact that while the former involves a kind of
similarity relation, similarities here being only local and conceptual in structure, the latter is an
identity relation in the form of compositional identity. And while identity relations are
transitive, similarity relations are not. Accordingly, one should not be surprised to find that
successional reductions are intransitive, enough of them being added, in succession, up to a
replacement of one theory by another. By contrast, interlevel reductions are assumed to be
transitive, and this no matter how many levels are involve« (Wimsatt, 1979).

Section 1.3.4
An Intermedijate Position In Reduction

According to an "intermediate" reductionist position, although the reduction of biology
to physics, for instance, cannot be effected at present, it is possible in principle. Thus, the
factual reduction is made contingent upon further progress in the biological or in the physical
sciences, or in both (Ayala, 1968). This view will be mentioned later on in connection with
Hull’s critical evaluation of reduction in genetics (section 2.3.1). In the light of its
antireductionist counterpart in biology in general, indeed, such a reduction is not possible in
principle because organisms are not merely assemblages of atoms and molecules, nor even of
organs or tissues standing in merely external relation to one another. They are alleged to be
‘wholes’ that must be studied as wholes and not as the ’sum’ of isolable parts (Ayala, 1968).

Section 1.3.5

The Rationale in Reductionism - Its Critique

The rationale for reductionism ultimately rests on the reductionist’s concept of
causality, whereby he holds that the cause of any event is the occurence of a preceding physical
event. By physical event he means, of course, that an ("organic") event is describable in terms
of the actions of inanimate entities. Consciousness, for instance, is the end product of a
complex sequence of physico-chemical events, each of which being fully determined by
preceding physicochemical events, and it thus becomes an epiphenomenon at the end this
causal chain. As a mental phenomenon it can have no causal efficacy, that is, although it is
caused, it cannot be the cause of any further events. Accordingly, and being literally conceived
of as a metaphysical dead end, the reductionists find no reason to use the fact of consciousness
as an explanatory concept, because if a phenomenon can cause nothing it can explain nothing.
And a phenomenon which can cause nothing, having thus no effects, cannot be measured
(Efron, 1977).

As Efron points out, however, there are two implications of all psychoneural identity
theories which contradict the principle of reduction. A blatant contradiction is the argument
that mental states are identical with physicochemical states while maintaining at the same time
that the two can be correlated. Because to correlate is to compare the occurence of, or the
association between, two different existents, with the causal relationship being unknown or
unstated. The moment one attempts to establish a correlation one has implicitly ackowledged
that the two phenomena are different, as in the case of a particular frequency of discharge of
neurons in the optic nerve and a particular experience of "brightness" for instance. Secondly, to
maintain a psychoneural identity theory one must implicitly concede one’s inability to describe
the causal relationship between the physicochemical events in the brain and conscious
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experiences. While to correlate physico-chemical events in the brain and conscious experiences
is a scientifically appropriate activity, it cannot be construed to be epistemologically identical
with an explanation, which is a statement of the causal relationship between the events which
have been correlated. And to accept this epistemological position would necessarily lead to the
view that consciousness cannot be explained by the laws of physics, this being the denial of the
validity of the principle of reduction (Efron, 1977).

Section 1.3.6

Nagel’s Account as a Logical Empiricist View

In the logical empiricist view, theories are axiomatic systems and reduction is the
deduction of one theory from another. According to Nagel, for example, questions about
reducibility can be profitably discussed only if they are made definite by specifying the
established content at a given date of the sciences under consideration. Thus, the contrast
between reduction and replacement ceases to be a dichotomy and becomes a continuum (Hull,
1979b).

Different Aspects of Theory Reduction

As we are concerned in this chapter basicly with theory reduction, we need to stress
certain aspects of theories as conceptual structures with the function of explaining a wide range
of apparently interrelated phenomena. The task of the philosopher of science has been further
analytic-conceptual treatment of theories from different points of view such as consistency,
semantics, correspondence, relation to other theories (as in the case of reduction, for instance)
, and other philosophical concerns. As Hull (and also others) points out, however, theories as
they are set out by scientists are usually too incomplete and ill-formed for the philosopher’s
purposes. The latter must extract them from the literature, develop them, and formulate them
explicitly, and he is placed, frequently perhaps, in a dilemma: he must extract the scientific
examples which he is studying from the literature of science and reconstruct them, but he
cannot do this so extensively that they can no longer function as evidence for his views on the
nature of science (Hull, 1981).

Section 1.3.8

Indirect as opposed to Direct Reduction

At this stage of our review of theory reduction, we may mention direct and jndirect
reductions, a distinction made by Causey (and also by others; cf. section 1.3.1). The possibility
of a structure at one level cannot be deduced from the laws at that same level, but it can be
deduced from the laws and boundary conditions at a lower level. The possibility of DNA
molecules can be deduced, in principle, from quantum mechanics and its boundary conditions
with a necessary emphasis to be put on the ’in principle’ clause. While such derivations have
been performed for relatively simple molecules, they become increasingly unmanageable as the
complexity of the molecules increase; and the steps from molecules to cells and organisms are
accompanied by a geometric increase in the difficulty of such derivations, which have been
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called by Causey direct reductions. In jndirect reduction, the actual existence of a whole is
explained with the help of theories at levels higher than that whole. As pointed out by Causey,
such an explanation might be reduced to a level lower than that of the object (Hull, 1981).

Section 1.3.9

Intra- and Interlevel Reductions

In a parallel but more comprehensive manner, we could distiguish between intra- and
interlevel reductions. As is clear from the prefixes used, the first one concerns theories and
laws at the same level, as in the case of Kepler’s law dealing with the planets and the sun, and
Newton’s law on the motion of all bodies, including the planets and the sun, with close
approximation; in such a situation, the reduced formulation becomes a special case within the
framework of a more comprehensive formulation. In the second one, called also
microreduction (see Grene, 1974b and also section 13.3), the two theories deal with
phenomena existing at different levels of analysis; as Causey, again, remarked, such an
interlevel reduction is, roughly speaking, "an example of the behavior of a structured whole in
terms of the laws governing the parts of the whole® (Hull, 1981).

According to the logical empiricist’s analysis, a scientific theory is a set of inferentially
related statements, a few of them being taken as axioms and others being derived (from the
latter) as theorems. In theory reduction, in the light of this view, the axioms of the theory being
reduced are derived from those of the reducing theory with the aid of appropriate reduction
functions that associate certain key terms and phrases in one theory with corresponding words
in the other. But the two theories must first be reconstructed so that the necessary derivations
can be shown (Hull, 1973). ’

So far as the formalism of theory reduction is concerned, the reduced theory may
change to T*2 as a result of revisions in it necessitated by a desire to make it to conform to
evidence as highlighted by the reducing theory T1. It may happen, also, that T1 itself must be
altered for a reduction of T2 or T*2 (as Maxwell's electromagnetic theory, for instance, was
altered and supplemented by the electron theory of Lorentz to explain more adequately
dispersion phenomena and the results of experiments done in the field of optics of moving
bodies) (Schaffner, 1976).

Obviously, I think, what particularly concerns us here is interlevel reduction, although
we can never keep aside certain general or basic issues of reductive operation such as
connectibility and derivability. It seems to me that the matter will be clearer after a somewhat
detailed treatment of the levels of organization and when we have considered the relationship
between the organizational levels in biological systems or entities in Part 2.

We may now point out that while, in the view of Wimsatt, intralevel reduction refers to
a relation between theories and although changes in the meaning of key terms do require
elaboration on the part of the new (reducing) theory, interlevel reduction refers to the
development of a theory which comes to link different levels (in epistemological terms). In the
case of the relationship between the Mendelian and molecular theories of genetics, for
instance, the term "gene" shows a change in meaning in the molecular theory (as we shall
dicuss later on) and the phenotypic and the genotypic levels are linked via enzymatic pathways,
apparently, though, not exhaustively (Zucker, 1981).

.. One of the concepts of theory reduction, and in our case "the eventual reduction of
biological to physical science”, would be an "inhomogeneous" or "heterogenous reduction”, a
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term coined by Nagel. A reduction is called inhomogeneous by him when the two theories
involved do not have a common conceptual apparatus, that is to say, when the reduced theory
contains concepts not found in the reducing theory from the beginning; this would also imply,
certainly, an asymmetry (Roll-Hansen, 1969). In other words, in this kind of reduction some but
not all of the concepts of the secondary theory are shown to be eliminable, and being from a
higher to a lower level heterogeneous reductions are transitive in that if one theory reduces to
a second and the latter to a third then the first reduces to the third. In heterogeneous
reductions, further, it has been claimed that the entities of the secondary theory are collections
of entities of the primary theory. In what is called "homogeneous reductions”, on the other
hand, the two theories (are said to) deal with the same entities, and none of the concepts of the
secondary theory may be eliminated; being intralevel, homogeneous reductions are not
generally transitive. In addition, in contrast to heterogeneous reductions, there are many
examples of successful homogeneous reductions (Friedman, 1982). (See also section 1.3.3.)

Section 1.3.10

Interfield Theories and Reduction

As certain writers have questioned, however, the current emphasis on the relations
between different scientific theories has obscured the interactions between different areas or
fields of science (as a very much related topic). The relation that Ernest Nagel has discussed as
the reduction of one branch of science to another, for instance, is in reality nothing more than
the derivational reduction of the theory or experimental law of one branch of science to that of
another. Certain writers are interested in the interrelations between the areas of science that
they call fields. Cytology, genetics, and biochemistry, for instance, are more naturally (and
conveniently) called fields than theories. Fields may have theories within them, for example the
. classical theory of gene in genetics; these writers would call such theories intrafield theories.
More importantly for them in their context (and in mine here), interrelations between fields
may be established via interfield theories. For example, the fields of genetics and cytology are
related via the chromosome theory of Mendelian heredity
(Darden and Maull, 1977).

Seen in a developmental perspective, one should clearly distinguish between fields and
intrafield theories, for "a field at one point in time may not contain a theory, or may consist of
several competing theories, or may have one rather successful theory. Well-confirmed laws and
theories may become part of the domain and a more encompassing theory be sought to explain
them... fields do not compete, nor do theories in different fields..." And "one field does not
reduce another field; reduction in the sense of derivation would be impossible between such
elements of a field as techniques and explanatory goals" (Darden and Maull, 1977).

It must be clear, I think, that as Darden and Maull point out, and in spite of the fact
that they do not bear the relations formerly thought to exist between theories, fields may be
related to one another. These relations between fields would produce a different type of
theory, the interfield theory (Darden and Maull, 1977). While several examples might be given
from the development of life sciences, the most salient one seems to be the chromosome
theory of Mendelian heredity bridging the fields of cytology and genetics, and this is the one I
intend to consider in this study as an instance for reduction in biology.
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Historical Unification as Opposed to the Logical Unity

of Science

Processes of linkage betwzen biological and physical sciences have contributed to a
gradual "unification” in scientific activity, which is a historical fact ignored (in general) by the
philosophers with their methodological commitment to the "logical unity of science”. And
anticipating a logical unity among sciences, they commonly interpreted reduction as the
deductive-nomological explanation of one theory by another. Of course, deductive
relationships have the notable advantage of being truth-preserving (Maull, 1977). At what cost,
however, is an issue which we shall critically consider later on in the course of our main
discussion. Besides, historical development of sciences and their logical relationship if not
unity does not seem to be necessarily exclusive but rather, I think, complementary, although we
might hardly find an occasion here to elaborate the issue directly. I do hope that the
consideration of the issue of reduction in genetics would give important clues as to the
"togetherness", so to say, of the logical and historical aspects of scientific development in
biology.

Section_1.3.12

Analysis and Reduction

One of the possible conceptual mistakes in connection with our discussion is the
confusion of reduction of one theory to another with what is called analysis, that is the strategy
of breaking a whole into its parts in order to understand the properties of the whole. What
philosophers of science customarily have in mind when they speak of reductionism is not that
operation per se but the two necessary conditions of connectibility and derivability. Analysis as
a procedure plays a role in Nagel’s sense, too, as in the case of attempting to reduce
thermodynamics to mechanics in which gases as thermodynamic systems are analysed into
their component parts, atoms and molecules, and then to apply the laws of mechanics in order
to derive the laws of thermodynamics. But the view that we can best understand a whole by
analysing it into its component parts might be better designated as the analytic approach
(rather than reduction) (Howard, 1979).

Section 1.3.13

Deductive Preservation and Radical Unrepresentability

If deductive preservation is on the one extreme of a scale in the relationship between
theories, at the other end is the radical unrepresentability of one theory in the other theories
because the entities and properties of the former has no, not even an inexact, analog in the
latter - material theories of heat, for instance, were radically unrepresentable in later theories
based on molecular motion. As a slightly less extreme case, one might mention Dalton’s first
theory of gases which explained the constant proportion of air and the law of partial pressures
by postulating a repulsive force acting distinctly between molecules of the same compound.
The kinetic theory of gases explained the same phenomena on the basis of Brownian motion of
all gas molecules. While the two theories share molecules (as their ontological units), the
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latter’s underlying forces are radically different in the two theories, and thus neither theory
preserves the other (Goosens, 1978).

In reality, there is a host of possibilities between radical unrepresentability and
deductive preservation. Parts of a theory, for instance, could be preserved, or there may be, in
the commitments of the other theories, objects and properties close to what a theory requires.
One might be able to show that a theory is approximately preserved, that is to say, what one
theory claims would be approximately true on some other thories. In some other cases, a
theory may be restrictedly preserved, that is, what the theory says is exactly or approximately
true for some restricted situations. Kepler’s first law, for instance, is restrictedly preserved in
Newtonian mechanics in two body systems, and approximately preserved in some multiple
body systems (Goosens, 1978).

In the case of comparable theories, the high end of the scale of preservation has been
traditionally called reduction, and the low end replacement. So long as we understand that the
reality is the degree of preservation, whether reduction includes only deductive preservation or
a segment of the end of the scale becomes a fruitless linguistic question. To the degree that the
theories in genetics are preserved by molecular genetics, for instance, we could defend the
relation as reduction (Goosens, 1978) (italics mine).

Section 1.3.14

A Functional View of Reduction

~ Opposite to this deductive, formalistic, logical, or in short structuralist (and "received")
account of theory reduction, as discussed by Goosens, is the functional view whereb \
according to Wimsatt, the related concepts of reduction, replacement, identity and explanation
can yield important clarifications of their nature. The functional viewpoint is perhaps best
explicated, in the latter author’s view, by expanding upon and modifying Schaffner’s model,
with its many useful features and although the end result becomes quite different. Schaffner
distinguishes between and includes both a derivability condition between the reducing theory
(T1) and a corrected version of the reduced theory (T2*), and a condition of strong analogy
between T2* and its uncorrected predecessor, T2. And while these two relations are prototypic
of two distinct relationships, each of them has been called "reduction’ (Wimsatt, 1976).

Schaffner’s condition of strong analogy is closely related, adds Wimsatt, to what he has
called ’successional’ or ’intra-level’ reduction. It has the features of being (1) a relation
between theories, unlike explanatory reduction which is not (except in very simple cases); (2)
the opposite of replacement (which is closer to and is treated by many as a synonym for
reduction - or rather replaceability for reducibility); and (3) intransitive, with a number of
them ’adding up’ to a replacement (whereas explanatory reductions are transitive). While the
opposition between reduction and replacement is appropriate for successional reduction, it is
not for explanatory or interlevel reduction (Wimsatt, 1976). (See also section 1.33)

These views will be mentioned again when the relevant points are discussed in later
passages.
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Section 1.3.15

Type-Type and Token-Token Reductions

Before considering the antireductionist thesis in general and its offshoots in the field of
biology, a last point seems to be worth mentioning with regard to the topic of reduction. This is
the issue of type-type and token-token reductions which, as we shall see, are particularly
relevant to, and frequently mentioned in the case of, genetics, our central example for our
discussion on reduction in biology.

The first one that can be mentioned in this context is called strong type-type reduction.
Here there exists a simple, one-one equivalence of concepts in the two sciences, such that the
laws of the reduced science, S2, can be derived from the laws of the reducing science, S1, as can
be shown as follows:

Ax ---> By
7Zx ---> Ax
By ---> Wy
Zx ---> Wy

In the weak type-type reduction, on the other hand, a many-one correspondence between the
types of S1 and S2 is permitted, which could go as follows:

(Cx v Ax) ---> (By v Dy)
Zx ---> (Cxv Ax)
(Dyv By) ---> Wy

Zx ---> Wy

Nagel could have either of these reductions in mind (Kimbrough, 1979).

Weak type-type reduction may fail for two reasons: (1) when one or both of the
sciences does not contain laws which can serve to perform the reduction; and (2) in the
absence of proper bridge laws. A still weaker sort of reduction is what Kimbrough calls limited
type-type reduction, in which all that is required of is that the types of the reduced science be
derived from the types of the reducing science (Kimbrough, 1979).

Yet another sort of reduction is token-token reduction where individuals described in
the language of one science are identified with individuals described in the language of another
. science. Being implied by but not implying other reductions just mentioned, it is a weak sort of
reduction. In symbolic terms, its reduction functions or bridge laws may be expressed in the
following way:

1. (for some x, y}(Zx.Ay X = y)
2. M = (some x such that Ax)
3. N = (some x such that Zx)
4 N=M

where M is an individual constant of S2; N an individual constant of S1; A a predicate of S1;
and Z a predicate of S2 (Kimbrough, 1979).
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Section 1.3.16

Antireductionist Views Considered More Closely

All the above conceptual tools developed through reductionary efforts in the
philosophical accounts of science at the level of theory and laws would expectedly produce
their dialectical counterpart in the form of antireductionist views. These have evolved,
expectedly again, in different branches of scientific activity, from thermodynamics, if you like
and as we have seen, to psychobiology, the study of our emotional and/or mental life in terms
or in the light of biological facts. But one of the most technical and evidently most "fruitful”
antithetical discussions in philosophy have apparently been developed in the area of the
relationship between physics, or the so-called physical sciences, on the one hand, and biology
or life sciences on the other, with their resultant conceptual and formal-logical products.

My discussions in the coming sections will yield something more substantial, I hope, as
related to what might seemingly be called a__moderately, or perhaps balanced,
antireductionist account. In the meantime, I will try to present certain basic conceptual
antireductionist approaches to the issue of reductionism, some of which I have already
mentioned in relevant passages above.

In his introduction to "Studies in the Philosophy of Biology", with a subtitle, "Reduction
and Related Problems", Fransisco Ayala stresses the complexity of organization as one of the
outstanding characteristics of living matter, and distinguishes three domains in which questions
of reductionism arise - they concern ontological, methodological and epistemological areas
(Ayala, 1974). For my part, I intend to discuss these basic distinctions in the related sections of
the work later on and compare them with my related notions as I have treated them in outline
in this introductory chapter.

Relevantly for us in this context are approaches to certain biological concepts such as
cell, organ, species, genetic homeostasis, and so on, arising, according to Ayala, clearly from a
definitional insufficiency in physicochemical terms in the current state of scientific
development. Introducing the presentations of the participants to the above-mentioned work,
he mentions two conflicting views discussed by G. Montalenti, one reductionistic and the other
antireductionistic, that have existed since the most remote origins of biological studies. Among
Greek philosophers, for instance, Aristotle had a holistic or vitalistic viewpoint, while
Democritus advanced a mechanistic interpretation of life phenomena. However, if there is no
need to introduce vital forces’ or any other metaphysical entities in our time, principles not
lreducible to those of physics and chemistry are required to explain biological processes (Ayala,
974; p. xi). ‘

Section 1.3.17

Epistemological Reduction and the Clarification of the Terms

W. H. Thorpe, writing in the same volume, uses C. D. Broad’s notion of ’emergence’ in his
arguments against epistemological reductionism. To be able to explain, in Broad’s words, the
behaviour of any whole, "we need to know the law or laws according to which the behaviour of
the separate parts is compounded when they are acting together”; and the laws that explain the
behaviour of the whole cannot be derived from laws explainig the behaviour of the parts
(Ayala, 1974; p. xiii).

21



D. Campbell’s general remark on the ambiguity of the terms "reductionist” and "anti-
reductionist" when they are used without qualification to describe the position of a scientist or
philosopher (Ayala, 1974; p. xiii) is evidently a point of highest conceptual importance in any
serious discussion on the issue of reduction. And in a way, it could be the most significant
background or step in our attempt to epistemologically clarify the concepts in connection with
the relationship between physics and biology.

Section 1.3.18

The Classical Account of Theory Reduction

as "the Received View"

Borrowing Putnam’s term (1962) as related to the approach of the philosophers of
science earlier in this century to scientific theories, in response to the developments of physics
at the time, as axiomatic calculi which are given a partial observational interpretation by means
of correspondence rules (Suppe, 1977), we may perhaps call The Received View on Theories
those formulations of reduction centered around Nagel's original understanding of the
problem. The antireductionist challenge, too, may perhaps be likened to those criticisms,
beginning in the 1950, directed to earlier interpretations of scientific theories and which may
be roughly classified as partial and complete. But I do not intend to take the analogy further,
nor will it be my job here to make a direct attempt to find real connections between reductive
operations and the status of scientific theories in general.

In the case of biological theories, as we have seen, genetics has apparently been the
most extensively studied area for reduction. The reasons for this interest in genetical theories
to clarify the problem of reduction in biology generally might itself be made clear in the course
of our discussion, even if not necessarily directly in all its dimensions.
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"KINDS" OF THEORY REDUCTION IN THE PHILOSOPHY OF SCIENCE

An Incomplete List in Temporal Order

Particularly those which have been.developed by certain philosophers. interested in
reduction in biology and/or whose work can be referred to for such a purpose.

- "Epistemological reduction” (W.H. Thorpe, [in F.J. Ayala] 1974);

- "Compositional and evolutionary theories" (D. Shapere, [in F.J. Ayala] 1974);

- "Intra- and interfield theories" (L. Darden and N. Maull, 1977);

- "Historical unification" (N. Maull, 1977);

- "Deductive preservation" (W. K. Goosens, 1978);

- "Reduction as a kind of deduction" (W. C. Wimsatt, 1979);

- "Successional and interlevel - explanatory - reductions" (W. C. Wimsatt, 1979);
- "Direct and indirect reductions" (R. L. Causey, [in D. L. Hull] 1981);

- "Intra- and interlevel - micro- - reductions" (R. L. Causey, [in D. L. Hull] 1981);
- "Homogeneous reduction” (K. Friedman, 1982).

Most of the above terms, in addition to certain others, have been mentioned and/or
discussed in this chapter, while one or two of them will be considered in Chapter 2.3. The
opposite of the last term, "inhomogeneous (heterogeneous) reduction”, was already used by E.
Nagel (Roll-Hansen, 1969), who is justifiably known as the first "formulizer”, in 1961, of the two
necessary and sufficient conditions which (allegedly) enables the philosopher to effect the

reduction of one branch (or theory) of science to another - namely, the conditions of
derivability and connectibility (Ayala, 1974; Beckner, 1974; and others).
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Chapter 14

THE CONCEPTS OF MATTER AND THE PHYSICAL

In an attempt to clear the ground in the matter of reduction so far as our knowledge of
the empirical world is concerned, it seems that one more point of general importance needs to
be taken into account. The idea of matter as representing an all-penetrating entity is often
confused, I think (and as has apparently been thought by not a few other people), with the
notion of what is physical. Evidently, and both having spatiotemporal existence or space-time
occupancy, the two intersect but do not coincide. In other words, they are similar but not
identical concepts. From the point of view of the concept of levels which we shall consider
soon, matter would represent the lowest level of organization in the empirical world, and thus
form one of the very basic units of, and concepts in, physics. Matter is organized to form, so to
say, the higher and complex levels of spatiotemporal existence and assumes different qualities
thanks to, apparently, new relations and configurations, that is to say new forms or species of
space-time occupancy. What is physical, on the other hand, (and for which I have no term in
noun form in mind) is represented just by whatever exists spatiotemporally, irrespective of
whether it belongs to a simple or complex level of organization; it thus comprises the whole
gamut of the empirically possible or rather existent manifestations of matter. And it
constitutes, in its various forms, the subject matter of all the sciences, from mechanics and
subatomic physics to human psychology and sociology, so far as direct perceivability and
indirect conceivability (as in the case of atoms or the subconscious) are concerned.

That a circularity would be established between the concepts of matter and the physical
on the one hand and the notion of the levels of organization on the other seems to be almost
inevitable, at least at the present stage of our conceptual approach to the problem of reduction.
And what is going to be discussed in this section together with what has been pointed out in the
introductory paragraph above would appear to be basicly of the nature of a preliminary sketch
or departure point to be taken into account for the completion of the overall picture of our
topic. Not unexpectedly, I think, the dictionary definitions of either term do not appreciably
differ from each other, with the semantical core being constituted by "having the properties of
occupying space and being known to us by our senses." Matter is defined as that of which the
whole sensible world is composed and apparently as being equivalent to the older term
"substance" and, also, as being opposed to what is called "mind". The adjectives "material" and
"physical" both signify the quality of pertaining to or connected with nature, matter, or material
nature, as opposed to being mental or moral (and, to mention a term rather outmoded in what
we might call secular philosophy, "spiritual") and perceived by the senses; "material" also
means, of course, "consisting of or related to matter". Evidently of particular interest to us in
this context, matter is thought to mean "the substance of which a physical object is made," and
also any "physical substance" not definitely particularized. And in a sense basicly of historical
interest going back to Aristotelian ontology, matter would be that component of the "essence"
of anything or being which has bare existence but which requires the addition of a particular
form.

Though as a passing remark, we could relevantly point out to the authors of such
dictionaries the inevitability now of the incorporation of the concept of time into any serious
discussion of matter and its organization. But here we may leave the undertaking of a closer
look at the issue to later chapters.

It must be rather apparent if not quite obvious that what is physical is related, for the -

most part perhaps, to the world of our senses, directly to the macroscopic world, and indirectly
to its extensions into the microscopic realm. And as our visual power increases thanks to the
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development of optical and/or other instruments, our observational world becomes more and
more enlarged at the expense of, so to say, its theoretical or not directly observational
extension. In any case, that which is physical is either directly and observationally, or indirectly
and inferentially conceivable and empirically analysable. In such a sense, what is physical, or
the "physical" as menticned in the title of this work, becomes (almost?) identical with what is

empirical (or the empirical).

In the case of matter, however, and in its sense used in our context, the conceptual
element in ontological-epistemological considerations evidently covers the whole empirical
range, exhausting the possibilities of existence for any entity (and relation, and so on). It is
ubiquitously present in the empirical world, and is indeed the substratum of this world.
Although from being purely conceptual it becomes more and more empiricly inferential by
means of mathematical formulations and/or conceptual models in theoretical physics, it is
nevertheless the purely conceptual or presuppositional aspect of the term "matter” which
seems to be in the foreground of its meaning.

Of course, what it is in more concrete terms that we seem to be entitled to call "matter"
would not readily be explainable. It must be obvious, however, that what is meant would
depend on the historical context and the related conceptual framework. More significantly for
us in this essay and as it is essentially a philosophical and not predominantly scientific concept,
it seems that we shall never be able to arrive, so to say, at a tangible clarity. It may be
seemingly justifiable to compare it with the apparently worn-out and obsolescent if not
altogether obsolete (philosophical) term "substance"; just like "essence" or "noumenon”, I think,
the latter obviously has certain historical-philosophical connotations, to discuss which here
would evidently lead us to a serious deviation from our main course. Besides and not less
importantly, we might well dispense with such terms simply because they would appear to be
redundant and could make things more complicated rather than illuminating for us.

It seems to be justifiable to say that as the world’s ontology will become more and more
deciphered, so to speak, by scientific activity, purely philosophical concepts, with their
predominant historical background and load, will have to be eliminated from our universe of
discourse, the classical cognitive function of philosophy being totally taken up, ultimately, by
science.

There seems to be one more point which may be regarded as being manifestly important
in our context in this section. Although the lower (mechanical, atomic, simple molecular...)
levels of organization (with the so well known exception of the subatomic level) reveal in
principle a much more definite and clearer mathematical expressibilty than the higher levels,
mathematicity appears to be a definitely ubiquitous property of the world - if a thing does exist,
that is, if it possesses an empiricly or spatiotemporally qualitative reality, then it exists in a
certain amount or quantity expressible in numbers and has one or more dimensions which are
measurable. Thus, strong or high mathematical expressibility is no evidence for any (sort) of
phenomenon that it should be conceptually more entrenched, so to speak, in our
understanding of the world (although it would have more quantitative dependability in terms
of scientific accuracy).

Likewise, I think, with axiomatization. You could as a rule axiomatize any coherent set
of propositions, but that would give no conceptual certainty to a set with empirical import (an
empirical set) and impart to our knowledge of it a higher degree of explanatory power.
Axiomatization is a logically operational procedure and evidently not an explanatory device.
Hence the weakness, I think, of the thesis that the more readily axiomatizable (or, for that
matter, formalizable) epistemological formulations such as theories concerning lower levels of
existence would possess an intrinsic superiority over those related to higher levels.
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The relevance and importance of the last two points will be clear, I hope, in the course of
our main discussion in the next part.
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PART TWO

THE PROBLEM OF REDUCIBILITY IN LIFE SCIENCES

Chapter 2.1

THE CONCEPT OF THE LEVELS OF ORGANIZATION

Section 2.1.0

Introductory Remarks and Analysis

: The general empirical, existential or ontological framework within which our discussion
is taking place can best be expressed, apparently, by the term "world". Stated otherwise, the
whole context that is covered by what has been termed "the levels of organization” seems to be
exhausted by what exists and by what, interdependently, we think exists - the empirical, sensible
world that we observe either directly, in an unaided way; or, in addititon, by means of tools or
instruments, and which we "complete” by theoretical entities - those eatities, properties,
relations, steady states and processes which we have not so far been able to reach and which
are possibly, at least approximately, not too different from what we have constructed for want
of a direct access to them.

Roughly speaking, the world is in principle to be constituted by nature and the
universe. As we are not in a position to consider definitely the "biosphere" or "biospheres”
beyond the realm of the earth, however, we have to contend ourselves with living beings or
living systems. as we find them "here" (if not just "here and now"). Hence the term "world"
would imply "our world" in, on and over the earth with its "living" (as well as "nonliving")
- components. And for the purposes of this essay, I see no reason why we should not use the
term "nature” interchangeably with it.

-Before taking a closer, analytical look at the organic or biological entities or systems
and their comparison and relationship with the inorganic ones from the point of view of the
concept of levels of organization and in the light of our dicussion on reductionism, we might
perhaps consider different terms or term-like expressions used in the related literature, and
which we might regard, apparently, as semantic equivalents or counterparts of the concept I
am going to elaborate. This I have to do, I think, at the expense of presenting an apparently
unduely long "introduction” to the chapter.

"Levels of reality" (Grene, 1974a), to begin with, appears to have a major drawback.
First, the term "reality" seems to have, in our time, a strongly naive, perhaps even non- or quasi
philosophical, pseudo epistemological connotation. Although, ontologically speaking, we have
to be realists, I think, to the extent at least that scientific activity rests on the inevitable
acceptance of a "real" world and because we base our framework of discourse on what scientific
theorizing and research offer us, "reality" seems to take so much for granted the existence of
the world that as a term it would fall short of, apparently, representing a genuine philosophical
concept. Leaving aside our concern for linguistic form for the time being, the "level(s)" of
ontological existence would possess, it seems to me, a hxgher degree of sceptically balanced
semantical power.
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The term "levels of existence” would certainly sound, philosophically speaking, as a
much preferable term; it seems to me to be one with a real promise of entrenchment but for
the fact that the term "existence" could mean different things to different philosophers, and for
some it has become the departure point of their "school of thought" with strong subjective and
apparently philosophically unaccountable connotations, in my view, as in the case of existential
philosophy. And in general philosophical terms, the term "existence" seems to have too much

entrenched and even coloured indeed, so to say, to have a satisfactory function in some areas -~

of the philosophy of science such as ours.

The expressions "levels of reduction” or "layers of reduction” (Stolz, 1986) have the
obvious drawback, I think, of having already the term "reduction”, pointing directly to the
critical and disputed question to be treated. And "layer”, although it could seemingly be a
substitute for "level”, appears nevertheless to lack the semantical multidimensionality of the
latter.

The term "organizational levels" (Grobstein, 1976) has obviously the same semantical
status as the levels of organization and has apparently the economy and form that a scientific
or philosophical term would in principle possess. They both relate very strongly to the inherent
dimensionality and complexity of the underlying ontology. The "levels of organization” is
expressive of the distance between different and/or consecutive states in the empirical world -
it makes us aware of their existence with its emphasis on the term "level”, while in the
"organizational levels" the stress is apparently on the inherently complex relational aspect of
the concept of organization. The second one has perhaps a rather abstract connotation
whereas the first appears to tell us the compact nature of cur framework of discourse.

Although the two may safely be used interchangeably for all academic purposes, and I
- may do so at least as a matter of style, my ultimate preference lies with the term "levels of
organization", probably in part due to my own established usage of it since the very beginning
of my interest in the concept.

Section 2.1.1

The Idea of Levels

By "level", we could mean, first and foremost, a horizontality - a horizontal, perhaps
unspecified aspect of existence, and which might, and do indeed, suggest bidimensionality. In
such an abstract sense, it obviously implies a horizontal state or condition, represented by a
surface. However, regarded in the light of "concrete" instances or applications such as atomic,
molecular, cellular, organ, biological or psychological levels, we should add a third dimension -
height or verticality, the property based, apparently in more simple terms, on the idea of
perpendicularity or having a perpendicular quality. Sometimes, too, this third dimension is in
the foreground with a horizontal line marking its upper boundary, the dimensions of width and
length, or the two-dimensional quality of having a surface, being pushed back.

From our point of view in this work, all the three dimensions of the concept of levels
are important and interrelated or interwoven, so far as the concept of space is concerned,
although the "third" one, height, may at first sight seem to dominate our conceptual framework
in our context. It is the verticality of the united or combined, interrelated "concrete" parts or
components revealing upward and downward arrangement that our concept of matter would be
most closely related to our overall framework. The interrelatedly existing or organized matter
would fill, so to say, the whole height of a level in question, atomic, molecular, or biological,
with the necessary inclusion of whatever exists at the levels below. (It may be that ontologically
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speaking all the dimensions are on a par from a physical point of view as it was analysed in
section 1.4, but that our "upward" biological organization and our corresponding relationship
with our environment apparently puts the dimension of height in a different perspective.)

Section 2.1.2

Levels of Organization

As the above discussion would suggest, I think, and as we must be intuitively taking it
"for granted" as regards our usage of these terms, the concept of levels does indeed appear to
be indispensibly connected with that of organization, which gives to the former’s analysis an
empirical clarity or fullness, so to say, if not a complete content. It suggests, further, the
interlevel relationship. Components occupying one or more levels would be interconnected and
help form, as it were, tangible space-time occupancies. The additional idea of sublevels is
evidently indispensanle, as we know that what could be called main or basic levels have a
"thickness" and are brought about by those of lesser "thicknesses": subatomic particles,
molecules of lesser size and complexity, subcellular organelles, organ systems, various
functional layers of the brain, different levels of our mental life, and so on, as compared with
the larger constructs they belong to. And the term "layer” might indeed be an equivalent, hence
a substitute for "level"; however, I shall prefer the latter term here, as I have pointed out above,
for its apparent comprehensiveness and entrenched philosophical usage; and, further, unless it
becomes necessary for me to specify whether a given universe of discourse concerns 4 certain
sublevel or several sublevels, I shall use the more comprehensive term "level(s)".

Our analysis of the empirical levels, including theoretical ones such as those brought
about by the organization of atoms and subatomic particles (and not to mention their
metamorphizad extensions such as psychic phenomena), might imply three properties or rather
aspects of organization which seem to be particularly important in a theoretical approach to
the concept of levels. So far as I can see, these are unity or togetherness, coordination, and
coherence, or rather perhaps consistency. The first implies structure, the second function (in
the sense of non-accidental, systemic, or "meaningful”, "organic” relationship among the parts
of a whole), and the third one a continuity or extension or identity in time as well as in space.
Taken together, all these characteristics and possible others would strongly suggest, in my view,
the idea of system, a concept which I shall treat somewhat in detail in a later section of this
chapter. The significantly relevant point in the present context seems to be that the concept of
system suggests, immediately or at first sight, the notion of three dimensionality.

From a scientific as well as existential point of view (and whatever their philosophical
status may be), we may say that wherever there are states of affairs there is matter, and vice
versa. From a philosophical (and also scientific) viewpoint, states of affairs may be of two sorts
- events which are specific and happen once and only once, such as my letting this thing fall
here and now; and phenomena which occur again and again, in principle indefinitely perhaps,
as in the case of the falling of anything in very different space-time settings. As on the present
account, all states of affairs are related to different manifestations of matter at different levels
of organization, and the latter may be said to exhaust the empirical possibilities in the world, as
we know it, from a certain point of view; other, additional points of view, such as, and possibly
above all, the idea of systems, would be needed for a "full" conceptual exhaustion. From such a
comprehensive point of view, what matters would be a coherent unity, each part having a
special function or relation and the totality of the entity being unified into a coordinated
functional whole, most typically in the case of living systems.
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Understandably, all the above points centered around the concept of organization have
indeed a special relevance in the case of living entities which constitute the biosphere and
where we find the first and foremost sense of the term "function". And the relationship
between the idea of organization and the essentially biological term "organ" as the entity or
part composed of several tissues and adapted to the performance of specific function(s) must
be quite clear. For the general, philosophical purposes of this work, however, 1 shall as a rule
use the term "organization" in an overall comprehensive sense as related to the concept of
levels as a whole.

The Earlier Thinkers of the Concept

Just as in the case of the recognition of the impossibility of trying to explain
phenomena (of nature) outside the scope of a material basis, the exchange of matter and the
circular relationship between the inorganic world, plants and animals (Béclard, 1862; pp. 6 and
10) together with the consideration of organized matter and the concept of organization
(Béclard, 1862; p. 1) is not new and goes back to the 19th century. At about the same time in
that century, we witness a more or less clear notion of the levels of organization (Littré and
Robin, 1858; "maladie"), and earlier than that the idea that there exist three main levels of
phenomena in nature, namely physical, chemical and dynamic (Broussais, 1829; p. 138).
Further, and more interestingly I think, an author in the same century writes that to be able to
- make a definition of living beings, "it would be impossible to dispense with attempts to find a
parallelism between them and the nonliving entities"; this had first been mentioned, allegedly,
by Vicq d’Azyr (Robin, 1849; pp. 84-85) in the previous century. Still more interesting, I think,
would be to learn that Avicenna, in the 11th century, mentions "organs composed of organized
parts" (Krueger, 1963; p. 26), although, expectedly, not with the same force as we find, for
instance, in the last century (Béclard, 1862; p. 6) when it seems to have "reappeared” (cf., for
example, "Cours d’Etudes...", 1803; title p.).

Claude Bernard was apparently one of the leading figures of the same century who had

-+ a clear awareness of the concept of organization, particularly when he mentions "the organized

ana;omical components” and "the special organization of living beings" (Bernard, 1866; pp. 120,
143).

Section 2.14

The Contemporary Views of the Concept

In our time, levels of organization are mentioned or discussed apparently with
increasing frequency in relation to reductionism or the idea of reduction. Not surprisingly 1
think, rather than in general or purely philosophical works you would find it in those of the
philosophy of biology. It seems that unlike several other concepts and above all reduction and
reductionism perhaps, there happens to be no appreciable controversy as to the basic
semantics of the term "levels of organization".

Interest in it having grown rapidly, however, organization now forms a major theme in
very many different areas, and the properties that characterize it are no longer regarded as
typical or definitive of the living state. A collection or aggregate may become an organization
"by establishing some functional relation between its components or units". It is not created
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"simply by the number or size of its elementary units but by the existence of the organizing or
operational rules that define functional relationships between the units and regulate their
interactions, "these integrating, operational regulations giving "coherence, integration,
meaning, and purpose to the activities of the organization and define it as a distinct,
recognizable entity." And "without such rules the units simply revert to the unorganized
collection or happening” (Mercer, 1981).

The idea of the levels of organization, on the other hand, is a concept "arising from the
possibility that a group of organizations may themselves become units of a higher level
organization operating in accordance with its own rules and regulations." Further and further
levels of organization would be created in this way which would lead to a hierarchy of levels of
organization; here, "the organization at any particular level unites the units of the next lower
level, which are themselves organized by the level above” (Mercer, 1981).

A further concept that would immediately come to mind at this point in relation to our
main theme could best be considered, I think, in a separate section.

Section 2.1.5

Emergence

While developing his idea of organization, E. H. Mercer bases an implied notion of
emergence, without mentioning the term, on his account summarized in the previous section.
"Higher levels of organization formed by the addition of further restrictive conditions to an
existing organization may cause a new function, a distinctive behavior or capability, to appear.”
The new organizational levels may be obvious and distinctive in natural systems, whereas in
- others they may be arbitrary to some degree or a matter of convenience. And while the units of
an organization at a particular level would still operate in accordance with their own principles,
~they are subject, at the same time, to additional overriding constraints that establish or impose
the organization of the level above. The principles in question are not necessarily related to or
- derivable from the properties of the units it controls or their internal operating principles,
which means that the principles organizing an upper level are novelties not necessarily
predictable from the level below (Mercer, 1981) (my italics). A description of hierarchies
among sciences, on the other hand, is understandably related to discussions of reduction and
novelty (Beckner, 1974) (my italics).

As must generally be known, biological phenomena are hierarchically organized and
can be dissected conceptually and physically into subsets which are again dissectable into
subsets, each having a reasonably integral set of properties (Grobstein, 1976).

The players of a game such as bridge, chess or football are each an organized whole,
and a new organization of a "higher" rank (or level) is created by the rules of the game
prescribing the functional activities of the players. Clearly, these rules, which are operating
principles, are quite independent of the players, "who are themselves operating in accordance
with other internally organizing principles (biochemical, physiological, etc.)” and who may
indeed participate, at other times, in other organizations. "Furthermore, players may be
interchangeable with others without altering the rules of the game” (Mercer, 1981).

Most importantly for us and as I shall try to further elaborate in later chapters in direct
relation to our main theme, Mercer points out the vital implication of the above passages - the
arbitrary or indeterminate character of the rules of the game and the impossibility of inferring
them from the biochemistry, physiology. and so forth, of the players. Such a game has evidently
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an independence of the physical and other properties of the players except insofar as it accepts
their limitations. "It may indeed be played entirely ’in the heads’ of the players,” and "as
organizational principles these rules exist as something distinct and different - suj generis"
(Mercer, 1981) (my italics, except the Latin).

I think we may readily assume that the incorporation of an evolutionary approach to
this account would only make it much more clear and dynamically comprehensible, filling up
the temporal gap and serving as a reminder of the notion of emergence, one of the
cornerstones of this essay to be elaborated both in this and the next chapters. We have to treat
this notion, here as well as in the chapter on Implications, in a more comprehensive manner,
ontologically as well as epistemologically.

Before discussing the matter of temporality from a more comprehensive point of view,
however, I might quote the well-known remarks of a philosopher on the notion of emergence.
"An emergent quality," according to C. D. Broad, "is roughly a quality which belongs to a
complex as a whole and not to its parts.” For example, "if we want to explain the behaviour of
any whole in terms of its structure and components we always need two independent kinds of
information." We need to know, firstly, how the parts would behave separately and, secondly,
what the law or laws are according to which "the behaviour of the separate parts is
compounded when they are acting together in any proportion and arrangement”. Broad then
considers what he calls the simplest possible case. “We know that a certain tap, when running
by itself, will put so many cubic centimetres of water into a tank in a minute. We know that a
certain other tap, when running by itself, will put so many cubic centimetres of water into this
tank in the same minute. It does not follow logically from these two bits of information that,
when the two taps are turned on together, the sum of these two numbers of cubic centimetres
will be added to the contents of the tank every minute." Because, in the first place, “it is quite
likely that, if the two taps came from the same pipe, less would flow from each when both were
turned on together than when each was turned on separately," that is, "the separate factors do
not behave together as they would have behaved in isolation;" secondly, "if one tap delivered
hot water and the other cold water, the simple assumption about composition would break
down although the separate factors continued to obey the same laws as they had followed when
acting in isolation," as "there would be a change of volume on mixture of the hot and cold
water” (Broad, 1923; pp. 22 and 61-62).

Bertrand Russell, while considering Broad’s concept of "emergent" properties, aptly
summarizes his views and overall approach to the matter. “He holds that a mind is a material -
structure, but that it has properties which could not, even theoretically (that is, in principle), be
inferred from those of its material constituents. He points out that structures very often have
properties which, in the present state of our knowledge, cannot be inferred from the properties -
and relations of their parts. Water has many properties which we cannot infer from those of
hydrogen and oxygen, even if we suppose ourselves to know the structure of the molecule of
water more completely than we do as yet” (Russell, [1927] 1956; p. 293). (In the first sentence
of the quotation, "...that mind is a material structure...," is a should be replaced, according to
the main thesis of this essay, by one of the phrases has, or is associated with, or possesses
a corresponding, as will be clear in the chapters to come.)

Interestingly, and relevantly, I think, to our present discussion, it is stated in a leading
medical dictionary of the last century that the classification of diseases cannot be made on the
basis of their physical and chemical characteristics only (Littré and Robin, 1858; "maladie"); in
a later edition of this dictionary, and interestingly again in my view, this expression which
apparently implies emergence has been omitted (Littré, 1893).
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When we consider the ontological units in the light of the idea of levels in one of the
following sections, I think that the question of what emerges or is emergent will be put into a
clearer perspective.

Much of the discussion on emergence has been clouded, in the words of R. L. Klee, by
a lack of agreement on what the appropriate "unit" of emergence is; these units have also been
called "marks". While some workers refer to them as “characteristics" and others as
"properties", certain thinkers assert that it is ultimately the laws that emerge (Klee, 1984). It
thus seems that some thinkers see the matter as an ontological issue and others, depending on
the notion of "law", as an epistemological or nearly epistemological problem. I shall discuss the
problem from my point of view later on in this part, and consider it in the related passages to
come and within the context of evolution in the related chapter of the Implications part of this
essay, for evidently underlying the concept of emergence must be an overall temporal approach
which can only be termed "evolutionary". In such inevitably or unavoidably evolutionary terms,
the qualities emerging in the course of time are obviously not reducible to or derivable from
which they have emerged. The full meaning of this observation is to be clearly understood
following our discussion in the next sections on different aspects of the concept of levels.

Section 2.1.6

Temporality and Levels

I think that the reader would not expect me to say something, under this heading, about
the "nature” of time on a supposedly very basic philosophical level. In a way, I have to take time
for granted, so to say, and try to see the idea of levels in the light of the concept of temporality,
although, to be sure, not necessarily in what might be called the common sense approach, the
main difference of our approach from the latter being an expectedly analytical orientation.

Without considering the interrelationship between levels of organization, including the
temporal one, to be considered in the following sections, the idea of levels and their
- organization would be almost meaningless, and without such a departure point or
presupposition there could be no reductionary arguments and no antireductionist views as
their dialectical counterparts. ‘

Temporality in our context appears to be twofold. First, and perhaps as in the case of
almost every other major topic of theoretical importance, this concept has an evolutionary
aspect (as we shall have the opportunity to see in the Implications) - emergence or appearance
of hitherto nonexistent properties and/or laws comes to the foreground as the development, in
time, of new sublevels and levels occur. Secondly, and this is what would particularly concern us
in the present context, for a relationship to occur between any two levels, however "close" they
may be to each other, there must elapse, empirico-logically speaking, a certain "amount of
time" because just as in the case of the causal relationship, an occurence at one (and as a rule
higher) level or sublevel must be preceded by another occurence at a different (and in principle
lower) level or sublevel, and all this in the setting of a flow which would be nothing else than
what we call time. If this relationship would be one of interaction, then the direction or rather
the sequence of occurences would on occasion be reversed, and so also the time relation
between levels and/or sublevels. In other and perhaps more concrete terms, if the relationship
between two levels of organization is to be seen as a process, which seems to be inevitable, as
an empirical occurence it should have a temporal duration as well as spatial occupancy.

As a matter of basic principle and roughly speaking, a lower-level phenomenon would
come earlier in time than its upper-level counterpart or homologue and would thus always
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precede the latter in the flow of phenomena. The feedback mechanisms, particularly so far as it
concerns the living systems and takes the form of a negative feedback, will be discussed later
on in this chapter. So far as simple temporality is concerned, we may say that once the
reciprocal phenomena between levels are triggered, those phenomena that have a control over
low-level ones must precede the latter when they are considered in isolation. In reality, and
evidently because of the complex multilayer and bidirectional or reciprocal inter- and intralevel
--interactions, the functioning of the living systems -must-be very highly complex indeed.
Considered at physical, chemical, cellular, and overall biological levels, the running of biped or
four-legged animals, for instance, would be a good example with its reflex arcs as biofeedbacks.

As for the speed of phenomena in the course of all that happen, considered whether in
an overall or partial manner so far as biological processes are concerned, I think that as a
matter of scientific rather than philosophical interest this would go beyond the limits of our
main topic. :

Mathematicity in Relation to Levels

The question of what lies below or rather what exists beyond the lowest level of
organization, the subatomic realm, might be seen as a "metaphysical” problem in the sense that
this sort of inquiry has apparently kept so many philosophers busy in their attempt to give an
overall ontologicai picture of the world. But there would come a point at which the question of
"what lies behind" would become meaningless, because, as Hans Reichenbach would possibly
put it, there would be no "other" level of phenomena between which and the recognizably or
imaginably smallest one we could find a connection or relationship. As in the case of an
attempt to find a "cause" for the universe as a whole (Reichenbach, 1966), for instance, the
most satisfactory expectation for an answer here would lie in trying to establish relationships
between what can be observed and/or scientifically constructed and that which can be
theoretically formulated (and certainly not speculatively imagined).

However, the above question in relation to our topic might be of interest to us, perhaps
in an indirect way though, when we intend to discuss the relation of (pure) mathematics to the
empirical world. Leaving aside, in a way apparently similar to the above approach, its
consideration as an “"ultimate" philosophical (or "metaphysical') matter, we may see
mathematical gualities of countability, measurability and calculability within the hierarchy
scheme of the levels of organization. If we number these levels, beginning with that of physics
as level 1 and going upwards, as it were, and with sublevels to be labelled as 1a, 1b, 1c..., 2a, 2b,
2c.., and so on, then the subject matter of pure mathematics as a body of analytical
propositions without empirical content could be termed level 0. I think it is no wonder that we
would be at a loss to find a "concretely" ontological word (such as level) and could only use the
epistemological term (analytical) "proposition” to express the products and conceptual tools of
(pure) mathematical activity.

As for the mathematical qualities as part of the constituents or overall properties of the
empirical world, we might perhaps encounter another though not a similar difficulty in placing
it at the "0" level - the mathematical qualities of countability, measurability and calculability
(the second of which would, I think, exhaust the properties of the traditional philosophical
concept of "form" as well) concern or are related to all the empirical levels whatever the
complexity of their organization or the related phenomena - if a thing does exist, that is, if it
possesses an empirically qualitative reality, then it exists in a certain amount or quantity
expressible in numbers and has one or more dimensions which are measurable (Ors, 1983);
and if it would present a complex mathematical quality, such as we find in the flight of a fly or
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in any complex process in living organisms for instance, then it would need to be calculated by
means of more or less complex mathematical operations.

From an everyday life or "common sense" point of view, or at first sight, we might
perhaps say that "logically speaking”, quality precedes quaintity, or that, in more concrete
terms, the empirical quality of a thing precedes its quantity. In other words, a thing must first
exist, seemingly, so that it could possess, derivatively as it were, certain mathematical qualities.
In a certain analytical sense this may be true, because but for the empirical existence, or
without the levels of organization for that matter, there would be no mathematical properties -
that is, if no electrons and other subatomic particles, no atoms, no molecules, then no
empirically countable numbers, no empirically observed geometrical forms and relations
dependent on them. And further consideration would make it clear to us that this would the
case for the ontological reality at any level of its organization - if no subcellular structures, no
- cells, no organs..,, no individuals, no societies.. then no mathematical entities, or rather
characteristics, at the corresponding levels (Ors, 1983). In other words, if no levels (of
empirical organization), then no level zero (of mathematical properties).

: This seems to be in compliance with what was pointed out by Russell - we wrongly

think that because a word is fixed and definite it must refer to something changeless and
substantial; we do not take into account that, after the removal, so to say, of the attributes like
its shape, weight, the matter which it is made of, and so on, a thing expressed by the word, say,
"table”, would no longer exist as something to be called as such (Wood, 1963; p. 58). Hegel,
before, had also questioned this point (Hook, 1955). In the words of Russell (and in the
language of an empirical logic if you like) there would be "no essence without attributes"
(Wood, 1963; p. 58).

Relevantly in our present context, there can be no "mathematical phenomena” or
"mathematical events", but only mathematical truth of pure mathematics on the one hand and
the mathematical qualities of the empirical world on the other. The latter are parts or
constituents of ontology in a very direct manner, while mathematical truth exists indirectly,
necessitating - the existence of "thinking minds" to be conceived, processed, developed and
operationally enlarged.

- - The relationship, for instance, between natural, physical geometry and mathematical
- geometry .can  best be explained by pointing out by what Reichenbach has called
. coordinative definitions which transform abstract analytical statements of mathematics into
-empirical synthetic statements by finding the geometrical properties of the physical world.
Between several "relative" systems of geometry, based on "convention", the different is not in
their content but in the languages in which they are formulated by means of classes of
equivalent descriptions. This enables us "to describe world objectively by assigning empirical
truth to only one class of (such) descriptions". The relationship between the classes of
geometrical definitions and the empirical world has been called congruence (Reichenbach,
1966; pp. 131-140).

We could possibly enlarge the scope of mathematicity here by including the
arithmetical and algebraic, integral, and perhaps other properties in addition to geometrical
qualities, of the empirical world, although operationally there could be significant differences
in differing (empirico-mathematical) divisions. However, already in the light of the preceding
discussion and possibly without closer analysis, the status of mathematical properties would
ontologically be seen differently than in the case of the seemingly entrenched approach, and as
being synchronic, so to say, with other qualities of existence. After all, they are among the
constituents of the ontological units in the world, namely entities, properties, relations,
prulcesses and steady states, just like any other essential quality observable in the empirical
realm.
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Section 2.1.8

Levels and the Ontological Units of the Empirical World

It is the multidimensionality, a three-dimensional continuum with temporality as a
fourth dimension, that we have to take into account in an analytic-semantical discussion on the
notion of levels in the empirical world. The term "quality" I mentioned at the end of the
preceding paragraph must be considered as related to the rather classical concept of
"thingness", the state or rather the property of being a "thing" or entity. Classically, again,
"properties” and "relations” have been considered together with "entities” and apparently with a
view to conceptually exhausting that which exists. To complete the picture in a more
comprehensive manner, however, we have to see them in the light of time, that is, from a
dynamic point of view as well, as has been the case almost certainly in all the areas of science.
The temporal gap, so to say, left by the traditional distinction of entities, properties and
relations, is now to be filled by processes and their momentary counterparts, status quos or
steady states - thus, although the non-stop flow of occurences and happenings would make it
difficult for us to recognize them separately in the overall states of affairs, we do delimit them
in time as well as in space, and make out the processes and break them up into situations or
states of whatever (though not necessarily short) duration.

The point certainly needs to be illuminated by proper examples to give an overall and
coherent philosophical account of all that constitutes the world’s ontology. An aging person, for
instance, as an entity with many properties and with his or her relations with the surroundings,
undergoes change which is a process and which can be divided, for theoretical as well as
practical purposes, into seemingly or, if you like, pseudo static steady states. I think these may
all be regarded as different and dynamically ontological aspects of what we call phenomena or
regularities, those occurences which are in principle repeated ad infinitum: atomic and
chemical reactions, functioning of organs and organ parts, mental processes, economic states of
affairs in human societies (and in the communities of other species)... Thus, although some
remain relatively or seemingly stable for a certain period of time, entities do change, and
similar and even (in principle) set-identical entities with similar or identical properties and
relations reveal similar or "identical” changes and steady states.

Other universally ontological components or units may be "discovered” in the future,
but I think that this would rot change, in principle, their overall empirical (and
epistemological) status and interrelationship- they appear to be exhaustive in principle with no
need of a foundationalist approach in any philosophical universe of discourse. An entity exists,
at one and the same time, with its properties, relations, its different steady states, and in terms

of certain changes through time, thus assuming the quality of a process. Apart from all these, 1
can see no justification in conceiving any "fundamental” entity or "thing" or whatever, on which

to base the whole of the empirical world, and which would seemingly assume the role of an
"ultimate” constituent (of the speculative philosopher).

As for the relationship between levels of organization and the ontological units, this

seems to me to be an issue that needs yet to be developed. Certain units or aspects of the
empirical world, of reality if you like, such as processes and relations, have been mentioned in
the introductory section, and more will have been said on the intersections of the two realms in
the related sections or passages to come. Briefly speaking in this context, one might indicate
that entities could be considered with their properties as they appear at a certain level; with
their relationships or interrelations at different levels; as steady states at their own and related
upper and lower levels; and constituting processes, as different entities at different levels occur
interdependently. One might also point out that in most general ontological terms, empirical
reality can be divided into two different though inevitably interrelated constituents: structural
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or existential and relational or dynamic. Roughly speaking, the former group has a quasi static
ontological status, its components and overall composition being only seemingly unchanging.
As a rule they constitute the objects, existing things or existences, material entities or beings.
They are the units of existence in the world: a tree, wood, ants, a human being, the human
society or animal communities, cities, nests, and so on and on. At the theoretical level, we have
atoms and subatomic particles, molecules, "genes" and other entities not directly observable.
On the other hand, relational kind or aspect of reality is, prima faciae, dynamic, representing
the connections, so to say, between entities or beings. Their existence seems to be, at first sight
at least, of a somewhat dependent or derivative and less concrete kind. They relate entities in
the form of loose or tight connections - atoms and their parts, systems of living organisms with
their interrelations, living beings and their environment, individual human beings and the
societies they live in, and so on. In reality, every existence appears to represent, in the final
analysis, a process; and considered temporally, entities too would assume a dynamic character -
a decaying wood, a growing plant or child, an aging animal, the changing society, the worn-out
rock... (Ors, 1984).

We could perhaps add a last point in this section in connection with one of our main
topics - emergence. We may remark, I think, and although this would apparently bring no real
dynamic or explanatory force to the idea, that new entites, properties, relations, steady states
and processes appear or come into being in the evolutionary flow; and when this appeararce or
coming into being shows substantial difference as regards the already existing overall
component units of the world, we wouid be in a position to talk about the birth of a new level
or sublevel of organization.

Section 2.1.9

The Relationship Between Levels of Organization; Parallelism or Correspondence

Even for a "strict" reductionist, i would not be possible, evidently, to disregard the
relationship and not to "see the distance” between the levels of organization. Because,
otherwise, what could be reduced to what in any coceptual and/or philosophically operational
sense of the term? In other words and more generally, the "reduction” of one or more levels to
lower ones would certainly imply the existence of such relations - reduction in an
epistemological sense is an expression, to whatever extent it may be realized, of this
relationship in the ontological realm. On the other hand, even from a strong "antireductionist"
point of view, too, such a relationship would clearly be undeniable, provided that an
unscientific element, for instance a vitalistic principle in biology as a scientifically redundant
factor, should not be introduced into the universe of discourse. Unrelatedness between levels
would imply an epistemological vacsum, a nonconnectibility from both a scientific and, in an
inevitable and realistic sense of the term, philosophical viewpoint. An unrelatedness between
the world of atoms and (simple) molecules on the one hand, and cells and organs on the other
hand appears to be no longer tenable - the issue would seem to be one concerning the history
of philosophy (and also, of course, of science).

This relationship has been variously called, "epiphenomenon” being perhaps the most
historical one; and the terms "parallelism" and "correspondence” seems to me to be the most
suitable ones for our purpose in the present context. Apparently, the latter term has a more
recent history and could possibly be preferred, in the light of our modern scientific approach,
to earlier "philosophical" terminology, particularly within the context of the reduction-
antireduction controversy. "Parallelism" appears to imply, possibly with the addition of its
historical connotations, a rather moot or loose relationship; it might even denote a non-
regular, non-reciprocal if not accidental "relation", as was apparently the case, for instance, in
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certain arguments related to the so-called "mind-body" problem (not to mention the "duality”
question). "Correspondence”, on the other hand, does not seem to leave any serious doubt as
to the definiteness or tightness of a relationship or connection between different groups of
entities, properties, and so on, belonging to different levels of organization. Without the
acceptance of such a close relationship in the empirical world, the concepts we have discussed
earlier such as organization, emergence, temporality, and those concepts we shall consider in
connection with our topic, such as causality or function, could evidently be dispensed with
following a rather short treatment. In this essay, on the other hand, and mainly for stylistic
purposes, I might sometimes use the term "parallelism” (or one of its etymological relatives)
more or less equivalently to "correspondence”.

I think that whatever one’s basic stance might be in the matter of reduction in our time,
one should see the inevitability of considering together the idea of the levels of organization
and the concept of correspondence; otherwise it would be meaningless and idle to treat the
matter of reduction in empirical domains in general, and in the realm of biology in particular -
-an unrelated ontology would mean the disintegration, and an ultimate collapse, of a
-conceptual, methodological and operational unity between different fields in life sciences (as
well as in the so-called physical sciences), cellular biology, biochemistry, molecular genetics,
virology, and others. One would also state, justifiably I think, that correspondence is a
"necessary empirical condition" in the relationship between the structure (of a cell, part or
organ) and the function (of that "corresponding” structural unit). Structure implies, in the light
of the network of the theories and data of modern science, organization, whereas function is a
specific kind of relationship (this is in contrast to disorganization which is destruction,
dysfunction, decay, and ultimately "death"); both concepts, from an evolutionary point of view,
‘have been entrenched within an increasingly complex and dynamic conceptual framework.

The relationship between levels is certainly very highly complex, multidimensional and
reciprocal. To stress the point again, so different phenomena (or subphenomena) take place in
the realm of life whenever a certain apparently single but actually very complex phenomenon
- occur at the level of biological organization - when, for instance, blood is pumped by the heart
~and sent into the blood stream during the systol, the whole cardiovascular system shows great

alterations, as compared with the diastole which is the resting state, and this at the physico-
chemical, subcellular, cellular, tissue and organ levels, and when the neural, muscular, and
connective tissue elements making up the system undertake, and "share the responsibility of",
the functioning of this system as a whole. No less complex change and phenomena are to be
expected, quite evidently, in the realization of any important and complex activity taking place
in any multisystem form of life - digestion of food following a meal, detoxication of a hazardous
substance by the liver, growth of tissues and organs due mainly to the activity of the endocrine
glands, perception on the part of any sense organ and the related part of the brain, fecundation
of the ovum by a sperm... In all these, the complexity is contributed to by the control
mechanisms at different levels of organization, above all by circular control or negative
feedback (as we shall see in some detail later on).

Correspondence would mean, in our context, the parallel occurence of a set of
phenomena at two more layers andfor sublayers of (a certain kind of) organization in the
empirical world. Our earlier discussion on temporality and levels must have contributed to our
understanding of the correspondence of levels - the time lapse between the subsets of
corresponding or related phenomena would imply that they could not, in a strict sense, be
synchronic or temporally co- existent.

In a dynamic or temporally more satisfying manner, we could preferably speak of
corresponding processes at different levels, and certainly also of relations, and so on. The
consideration of processes and other ontological units as possibly exhaustively constituent parts
of occurences in related levels would of course make our discussion on levels of organization
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much more complex, as we shall see in later sections and in the next chapter. This p_oint vyill
also be an important topic in our discussion on causality and levels in the coming section, with
an overall integration to be realized in the last section of this chapter.

A topic relevantly to be considered in the light of the correspondence between levels of
organization is the relation of mathematical qualities to the latter, which we have already seen
in a previous section (2.1.7). From the viewpoint of correspondence-between levels and as an
issue to be clarified, the near motto, "accumulation in quantity leads to change in quality”
appears to be an undue, superficial oversimplification; it seems to reflect an uncritical and too
distant a look at the related states of affairs. A seemingly better and conceptually more
satisfying formulation of it, in terms of dialectical materialism, is that "gradual alterations in
the quality of something are not necessarily accompanied by a merely gradual alteration in its
characteristics". By "gradual alteration(s)" is apparently meant, in this context, a mathematical
or rather mathematically expressible quantitative change. But what really matters here is that
underlying this mathematical expressibility is an empirical existence, or the existence of a level
of organization, because as there can be no mathematical property without an empirical
existence, quantity cannot be thought of separately from at least one level of organization - be
it that of matter or any other level (if we keep apart the evolutionary considerations in which
we should first take into account the former). "Quantity" as an abstract, pure, analytical
concept cannot be thought of as having a potential to produce "anything" in the empirical world
as there would be no transitivity between the two, but only a togetherness without any duality
or, better still, distance; hence, no parallelism or correspondence between the empirical levels
and pure mathematics can be said to exist. Instead, we could justifiably speak of (the)
congruence, to mention again a term proposed by Hans Reichenbach to express the
relationship between geomeirical definitions and the empirical world (Reichenbach, 1966, 131-
140), this time, however, using it in the overall context of mathematics.

When quantity depends, empirically speaking, upon a certain level of organization,
then the principle of correspondence would require another level for an effect or connection to
occur between what produces and that which is produced. In other words, and irrespective of
whether or not a mathematical property is to be taken into account at this stage of analysis,
there must at least be two leveis (which may also be equivalents of actual sublevels) of
organization for a correspondence to occur, and correspondence appears to be the very basis
or necessary condition for a change at one level to be caused by the related one at another
level. And this would explain, at a philosophical level, how a quantitative change at one level
would lead, expectedly in a cumulative manner, to a qualitative change at another one - as
exemplified, for instance, by the diabetic coma as a result of high levels of blood sugar; the
educational quality of a course contributed to by an optimum number of students; or by a riot
caused by a constant or near-constant shortage of food supply and possibly other basic
necessities. (In all such examples, the resultant change, too, has certainly quantitative [if not
necessarily measurable or mathematically expressible] as well as qualitative aspects.) The two-
related pairs of levels in these instances are biochemical-biological, social (in a small group)-
intellectual, and biological(-economic)-social. In short, mathematical values can be considered,
in connection with qualitative changes in the empirical world, only in relation to the levels of
organization, and definitely not in an analytical vacuum, so to say.
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Section 2.1.10

Causality and Levels

The relationship between levels would imply that there must be a close and "organic”,
tight connection,-a-rather firm tie involved; otherwise, we would be in a position-to-refuse the
existence of corresponding or parallel phenomena or regularities occuring in a time sequence,
however complex and difficult to establish it may be. This is what I have already called an
empirical necessity. Considered in the light of our discussion so far, and particularly in that of
temporality, such a relationship could denote a kind of determinism, hence also a causal
connection. ,

Such a connection would be more difficult to describe as compared with the part-whole
(actually part-whole minus part) relationship as is frequently considered in the matter of
reduction, particularly in the. light of the systems approach. This must evidently be due to a
basicly concrete or comparatively "unextended" space occupancy of a system - even when it is
not directly here (and now) with all its components observable, any system, even the universe
or a complex living entity, is in principle "visualizable", however dimly this may be (see section
2.1.13). Comparable to the parts of a system would perhaps be the corresponding, empirically

conceivable pieces between levels. :

The concept of system is linked, I think, with the idea of structure - that of
construction, or the coming together or evolving of pieces or parts to form a whole with more
or less causal relations between them. The notion of levels, on the other hand, would best be
made clear by the idea of organization, whereby a structure is expected "to enjoy a degree of
stability and endurance" (Mercer, 1981). This is a deterministic consideration, for a regularity
is thereby expected to be identifiable in spatio-temporal terms. Determinism becomes
meaningful in the light of the principle of causality, because the former is the application of the
latter in the form of the predictability of events (phenomena) (Bourquin, 1952). In other
words, determinism is the extension of causality, that nothing happens without a cause (in its
strict formulation), into future occurences. To put it in a somewhat different way, determinism
would very strongly imply that causality as a principle of the empirical world would be valid in
the future as well as at present (and in the past).

Causality and determinism in the context of levels would imply, particularly from the
viewpoint of reductionism, that lower-level occurences precede and become the cause of, or
determine, the corresponding upper-level phenomena - for instance, enzymes as biochemical
structures determine, that is causally lead to, biologically meaningful phenomena such as
growth, repair, digestion, intoxication, and so on.

Correspondence or_correlation may also be looked at from the standpoint of
regularities, that js in principle incessantly repeated or repeatable occurences. If there exist
correlated entities and phenomena between different levels which present themselves as
regularly observable occurences, and if there appears to be a constant unidirectional time
sequence involved, then we would evidently be entitled to talk about a causal relation between
what has happened, "organically speaking,” at two or more levels.

This consideration apparently brings in its wake two more points among possible
others. On the one hand, and evidently particularly in sociology, psychology, or higher-level
biology (such as the functioning and dysfunctioning of organs in advanced multicellular
organisms), we have multiple causality - those contributory factors and more loosely connected
general conditions that would be relevant, for instance, in infectious diseases; mycobacterium
tuberculosis is the causative agent, or the necessary cause of tuberculous infection, but without
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certain individual factors such as the relevant characteristics of one’s genetical makeup and/or
the vicissitudes of one’s family history, and the adverse socioeconomic conditions in one’s
milieu, that is "under normal conditions" or, conversely, without sufficient conditions,
tuberculosis would not as a rule develop in a human being. On the other hand, one might
perhaps ask the question whether there could be omitted levels. We might treat the point in
the next chapter on the relation of the biological to the physical level. As a matter of principle,
however, I would admit that I am not so clear about the issue although my intuitive answer
would be "no"; that is to say, no intermediate level can be omitted in ontological (hence
epistemological) terms. This might be touched upon, also, in the last chapter where we shall
have the opportunity to discuss the issue from an evolutionary perspective as well.

In any case, and considered from a general perspective in this section, if
correspondence between levels is to be seen as a congruence relationship, as Reichenbach uses
the term in relation t,0 geometrical (generally speaking, mathematical) qualities of empirical
phenomena (see section 2.1.7 above), then the causal quality of the relationship between levels
(if not at all levels or between all sublevels) seem to imply strongly a causal connection in the
form of temporally (apparently) coextensive and empirically relatable regularities. The
principle of asymmetry involved in causal connection, too, seem to be supported by the
imbalance between levels, at least due to the quantitative difference in organization which is
sometimes great indeed, as.in the case of the relationship between a high-level complex
organism and its simple molecules.

Consideration of the notion of levels together with empirical principles in nature other
than causality and determinism, such as indeterminacy, chance or dialectics, would take us too
far away from our main course without, possibly and so far as I can see, any appreciable
contribution to our main theme.

Section 2.1.11

Simultaneity, Identity and Coincidence

If I mention at the very beginning of this section expressions such as "temporal identity"
or "identity (preserved) through time", the reader would be reminded, almost to be sure, of one
of the main or "traditional" issues of philosophy - that of sameness or identity. Considered
concisely, the problem is whether, or rather to what extent, an entity, changing in the course of
time, would be seen as being identical with, or at least very similar to, its original or earlier
forms - is the old man the same individual as the {corresponding) child or even the adult? Is
the professor the same person as the (corresponding) student of so many years ago? Or is it
the same tree which spatially occupies the same (or almost the same) place as the seedling.

But the term "simultaneity” may seem somewhat out of place, mainly because, possibly,
the concept of identity has not been treated, as a rule and so far as I am aware of, in
connection with this notion. However, in the light of space-time occupancy and the idea of
levels, I think that a relationship can relevantly be established.

The temporal dimension of identity would come to the fore, it seems to me, when we
examine the structuralist consideration of a more general kind of relation which they identify
as being synchronic (or co-temporal, if you like); structuralists believe that synchronic relations
are fundamental in a structure. At times, however, they speak of "structural causality”, and as
causal relations are diachronic (or temporally apart), and not synchronic or cotemporal, these
two views seem to be contradicting each other (Puterman, 1980) (italics mine).
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If we introduce the idea of levels into our considerations at this level of our discussion,
it would greatly help clarify, I think, the connection between identity and simultaneity. If we
would take the identity sufficiently strictly, in the way Leibniz considered it for instance, and
for all theoretical as well as practical purposes, the "identity relation” becomes, or perhaps
rather leads to, one of replaceability. However, in a stricter sense still, such a relationship could
be seen as an inevitable coincidence with no room, by definition as it were, for an exception
within the framework of space-time occupancy. Any entity (and property, relation, steady-state
and process) becomes "identical with itself", nothing but itself, and can become nothing else.
This would certainly be regarded as an awkward assertion, the expression of an untouchability,
so to say, of any ontological unit, in which case, as a consequence, we would not be able to
recognize universals ontologically, if we may use such an expression, and to formulate them
epistemologically. In such a situation, there would be no connection between similar and
sometimes "almost identically similar" particulars. When any two very similar or almost
identical existences do not coincide with each other, then, speaking empirico-logically, their
space-time occupancy should be different - they cannot be strictly identical, because either
temporally or spatially, and so far as certain characteristics (such as colour, mass, and so on)
are concerned, they might differ, to whatever a small extent it may be. '

It must be clear that in an overall and strict sense, simultaneity, identity and
‘coincidence are very much related. The existence of just one of them in the empirical world
seem to necessitate the other two. The strictness in this context is evidently due to an analytic-
. formal philosophical treatment of synthetic propositions concerning the empirical world, which
inevitably express spatio-temporal characteristics, differently from the atemporal, non-spatial,
~abstract or pure (that is, non-empirical) mathematical and logical entities. At what we might
call an intuitive level at least, one could perhaps remark that the contingency of the empirical
world would not be reconcilable with an almost analytical simultaneity-identity-coincidence
togetherness - the latter would represent an unchanging Parmenidian world, evidently an
impossibility.

Temporal continuity in the empirical world, which is represented by its preservation, is

only possible, and thinkable it seems to me, in accompaniment with change, that is the
attainment of a non-identical stage, and the same can be said of the relation of change to, or its
dependency on, continuity.

The ongoing discussion would lead us to an inevitable loosening of the concept of
identity, which must have been done already by so many others. When identity is taken to be
close orvery close to similarity, or to being identical nonsimultaneously hence not bein
coincidental, then it is empirico-logically possible to treat as one category all the particulars of
an empirical set - carbon atoms, human DNA molecules or chromosomes, erythrocytes, livers,
adolescents, communities, species... It must be clear that the higher the level of the entity, the
farther is the distance between the strict identity model and the similarity relationship within
the set which the entities (and/or other ontological units) form.

The introduction of the idea of vertical organization into our discussion would put the
distinctions between different entities (and other ontological units) at different levels in a
concrete perspective so far as the three main concepts of this section is concerned - the
distance between two or more levels (and/or sublevels) implies a temporal relation, that is it
signifies a difference in temporal dimension so that simultaneity in a somewhat strict
philosophical sense would be out of question. The problem of identity could be seen differently
or not depending on the relationship of the ontological units at two or more different levels, as
the change at the lower level(s) would lead as a rule to change at the upper ones; the strict
identity would not be defendable once we take into account the change in the empirical or
ontological units of existence. As for the idea of coincidence, our very analysis in the light of
the concept of levels would imply that the spatio-temporal distance between the levels of
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organization makes it impossible for any two related entities to coincide with each other, just
as in the case of (particular) entities (and other ontological units) in the world at large and
without any recourse to a detailed analysis of levels.

The most important corollary of the above discussion seems to be, so far as I can see,
threefold, whereby certain already clarified points would apparently become supported and
thus more entrenched in our related conceptual apparatus. One is that it stresses the fact that
it is not only entities that we should take into account as ontological units - not even the
addition of properties and relations would suffice in our discussion, but we have to consider
the steady states and processes as well. Secondly, it must be clear that all these five ontological
units should be considered from the point of view of the concept of identity. Lastly, "identity"
becomes a philosophically dynamic and operational concept when we loosen it and accept as
valid not the token but kind (or tvpe or set) identity which would imply a more or less strong
similarity relutionship between its clements, depending on the universe of discourse, or on the
ontological properties of the sets established or to be established, and at bottom on the balance
between the similarities and differences of the sets in question. This would be more in
conformity with a basic science approach because science so understood deals with phenomena-
which are universals, in ontic as well as epistemic terms, and can be equated, in contrast to
(What is called) applied science such as clinical medicine, with “kinds" rather than single events
which are particulars and can be seen as tokens.

The concepts mentioned in this section, particularly synchrony (simultaneity) and
diachrony, could make it necessary for us to discuss them in the light of the principle of
relativity, too; for they strongly imply, and should expectedly so imply I think, the presence of
an observer and different points of reference. As this matter is not directly related to our main
topic, however, we can very well dispense with it altogether in our context.

Section 2.1.12

Structure and Function in Relation to the Concept of Levels

The evolutionary biologist Julian Huxley draws to our attention the fact that the level
of organization reached by the biological sector in nature is aimost infinitely greater, though its
spatial extension is very much restricted, than that of the inorganic sector in which the only
overall tendency so far detected could be summarized in the Second Law of Thermodynamics,
that is the tendency to run down (Huxley, 1963; pp. 14-15). In terms of this law indeed, the
passage of time in the universe at large (at the lowest level) is marked by an increasing state of
physical disorder or randomness, and while the physical universe is drifting into greater
disorder, the essential property of life is that it is opposed to this current by imposing greater
order from moment to moment (Bronowski, 1968; p. 124).

Viewing life as a whole, it wins its victory (so to say) over entropy through the principle
of self-duplication, as if death of the individual was the penalty that life had to pay for violating
the second law of thermodynamics; this is the principle which appears to be valid, at least
theoreticly, for closed systems as in the case of the inorganic structures and not for the living
entities which are open systems (Gutman, 1964; p. 12).

At all the levels of organization that the living entities possess, the structure and
function appear to be interdependent. In evolutionary terms (and although we shall discuss the
point in some detail later on), we may say that the processes that we call function have
established themselves, so to speak, as repeated phenomena at certain levels and within the
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context of, and dependent upon, a certain kind of organization or structure. But first we must
make clear what we mean by the term "function”. '

It does not seem to be an exaggeration to say that what matters in the activities of
living beings in the last analysis or in general biological terms (both at the individual and group
and/or species levels) is their relation to their environment, or their relationship with the .
environment, physical, biological, social. Furthermore, relationality in life is certainly no less
important in the case of subsystems of organisms, namely organs, cells, subcellular parts,

biomolecules and so on, than so far as individuals and groups are concerned. Indeed, we have
~ developed our concept of function thanks to our evaluation of these relationships. Not all such
relationships, however, can be called to be "functional" or can be seen as *functions".
Anatomical relations or relations of macroscopic (and sometimes even microanatomical)
neighbourhood appear to be, not infrequently, non-functional, and from a physiological point
of view they may be taken (disregarding their embryonic-fetal developmental origin and
relationships) to be an "accidental" kind of relationship - the anatomical togetherness of the
spleen with either the stomach or the pancreas is evidently of no functional significance, just as
the microanatomical joint location of the two functional parts of the pancreas, one being
related to digestion and the other to sugar metabolism. And, in the opposite direction as it
were, functionally related organs may be quite apart from each other with no anatomical
relationship among them, as in the case of the endocrine glands, which have been dispersed in
the organism and which form an overall functional whole directed to the growth, functioning
and maintenance of the organism. In other words, anatomical relations in the form of contact,
at least closeness or coextensiveness, being together in the same region of the organism, need
not, at least not necessarily, to be taken as implying a functional relationship.

As a special sort of relation, or relational phenomena if you like, function must possess
at least one essential difference or differentia, which should certainly be included in its
definition. In our general context and borrowing a term from social sciences, a given function
would be seen as an empirical necessity arising from the division of labour within living systems
for which a certain, specific kind of structure should be available. One could fairly justifiably
speak of a structure-function parallelism or relationship in which the former would apparently
represent, ontologically speaking and apparently, an "entity-steady state pair” while the latter
"the relation-process aspect" of the states of affairs in living organisms. Thus, at first sight at
least and as I discussed earlier as well, structure is basicly a static and function, by definition, a
relational or dynamic concept. And so far as the totality of a functionally (or "purposively")
working system or entity in a given milieu is concerned, it is the function as the relational
aspect of reality which has evidently a more direct significance.

Function, as a relationship and activity of a part within a structure or whole, may
perhaps be regarded, by way of a teleological expression, as what a part or substructure "owes"
to other parts or structures within that whole as a result of the division of labour. In more
technical terms, this would be expressed in remarking that functions (of the parts) would
constitute parts of the boundary conditions on the same and lower levels, set up by the
emergence of a new level or sublevel of organization. The heart’s pumping the blood into the
circulation through the vascular system is a boundary condition, I think, because it controls,
and is also contolled by, a (very complex) set of circumstances or phenomena without which
the overall structure in which the system takes place would be unthinkable. If function is an
action on the part of a given substructure at a certain level of an organized whole such as a
living organism, then functions are interactions at different levels with the final effect on that
organism as a whole. And if it is through coordination that the integration of a structure is
achieved (Mesarovic, 1970), then function as coordination should be seen as the main or most
significant set of relations that keep the structure together with its varied levels and depending
on their number. : ’
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In our time, even if the developments in atomic and molecular physics are (or rather
thought of) within the scope of morphology, the reborn morphology of the 1940’s moved from
physics to molecular biology; and on the fine structural level, structure and function merge, just
as the normal and the abnormal, or the principles commom to man, animals and micro-
organisms. These developments have obviously tightened the unity of biology (Popper, 1969).

Section 2.1.13

The Concept of Levels and the Idea of Systems

Leaving aside the temporal dimension for the moment, I think we must consider here
the combination of systems and the levels of organization as being one of hierarchical
integration and unity of the whole. In structuralists’ terms, the emphasis would be on the idea
of structure covering most of what could be meant by "organized systems" (Mercer, 1981).
Organization in such a three- dimensional context would indeed signify wholes and

subwholes formed by the integration of certain constituents, as a result of their coming
together, structurally and functionally, in an empirical, space-time setting.

We might, and I think we should, make a distinction between an-ontological and an
~ epistemological approach to both levels and systems. Apparently due to its comparatively more
conspicuous compactness with rather conceivable boundaries in principle, a system is, I think, a
spatially hence ontologically much more definable if not necessarily directly perceivable entity.
It is indeed an entity, however complex the structures and internal relationships of certain
entities, such as living systems, may be. In the case of levels, on the other hand, it seems to be
rather difficult even to visualize let alone recognize a "section” of reality, so to say, because of
the seemingly boundless extension, above all on a horizontal plane, of many entities. But we do
consider levels and their concrete constituents as mental constructs as regards the empirical
world, that is to say, epistemologically. It may be said I think that relationships implied by the
idea of levels primarily depends on an extendedness over an area, and not, as in the case of
systems, on a more or less definable space setting.

Thus, while even a certain definable level is difficult to locate mentally, so to speak,
because of the minuteness of the entities as we go down the scale and because of the inevitable
connection or relationships between adjacent levels, a system apears to be a readily
conceivable and sometimes even perceptibly demonstrable entity. However, such an approach
seems to have a certain drawback or limitation, just because, possibly, our expectation of an
overall entirety or perfect wholeness in the case of systems is so high. This makes the concept
vulnerable - when that expectation of completeness is met with seemingly little empirical
justification, that is if no causal or comparable relationship between the parts of a supposed
"system" is established, we would apparently be in doubt as to its very existence. The
astronomical constellations, for instance, with their analogical names but no organic
relationships, so to speak, between their "constituents”, the stars, form or rather give the
appearance of a certain "system" when looked at and observed from our human reference, that

~is a certain point in our "solar system", Evidently, and scientifically speaking, they have no
ontological, non-anthropocentric existential significance or existence in the universe; in other
words, they are not true systems. It seems that in our context they might at most be considered

as quasi or pseudo systems.

Two other ontological units of the world, properties and processes, could also be
mentioned at this stage of our discussion; the former would be more closely related, at first
sight at least, to organizational levels, while the latter would rather be related to the notion of
systems. In evolutionary terms, above all, new, emergent qualities would mean new levels;
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however, and not to exclude the fifth ontological unit, namely steady states, newly appearing
existences in the form of emergence evidently represent all the ontological units, because the
latter seem to be so "intimately", inseparably interconnected.

The evidently significant and interesting point which should be stressed appears to be
that a system, to whatever degree of internal sophistication and in however a complex manner
it may be related to the external world (that is to other systems), possesses a_basic
individuality. A level on the other hand, in whatever simplicity (that is, however small in
dimensions) it may be related to other levels of organization, would represent a complexity
and, in an interestingly contrasting way, an overall diffuseness or extendedness:

It must be clear that in an overall manner systems and levels of organization are, far
from being mutually exclusive, interdependent and complementary, apparently both
ontologically and epistemologically. Hence a need, from a conceptual point of view, for the
unification of the two notions and for seeing the problem of reduction in this light as well. In a
conceptually extensional way, so to speak, this togetherness covers the whole area of empirical
- existence, composed of the total volume of a level (or levels) of organization plus all the
systems as structures with their parts within that level (or those levels). Even when taken singly
and depending on its complexity, a system can be said to comprise different levels at which it
has been organized, though it is conceptually much more concrete and tangible, with a
delimitable space (-time) organization. ‘

Lastly in this section, one more point may be added to the topic of levels and systems
being considered together. Any subsystem (and system) may be placed at a certain level of
organization; or, conversely and I think more truly, any structure at any given level stratum can
be regarded as a subsystem (or system). In all this, however, consideration of the interactions
in the form of cross-strata interdependence appears to be inevitable for a cemplete
understanding of the system (Mesarovic and others, 1970; pp. 30-33) and the levels (my italics).
We must consider the combination of systems thinking and the conception of levels, to put it
again, as being one of hierarchical integration and unity of the whole.

Section 2.1.14

Complexity, Relationality and Levels

The apparently elusive nature of a philosophical discussion on the ontology of the
world would assume more and more a circular character, I think, because the ontological units
of the world appear to be, with the proviso "as far as can be said for the time being", not
independent but jointly and exhaustively complementary, leaving no gap behind in the overall
empirical realm. In a significant sense, they seem to be different aspects of the same reality in
a complex space-time setting, a reality which we cannot name outside the scope of the
ontological units of entities, properties, relations, processes and steady states, just because,
apparently and so far as we can conceive, there would be no other way to approach this core
except through one of these units. If entities represent somehow dense cosolidations of matter
which we know through their properties, they are then in relation with other entities as are
their parts internally, and are dependent on the flow of change in the course of time with
resultant processes covering all the other four, quasi independent ontological units.

, We have already discussed these and similar points, in slightly different contexts
though. The point may be stressed here that except a comparative analysis of such general
concepts as matter and the physical for instance, a "metaphysical" basis for ontology appears to
be doomed to failure, for such an unchangeable, seemingly "given" solid basis is unreal and,
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scientifically speaking, virtually nonexistent. The same relationality and interdependence can
be said, we must add, of such concepts as regularities and uniformities, discussed by the
philosophers of science, and phenomena and systems as they are used by scientists. In actual
fact, they represent, apparently in differing degrees, the qualities of generality or universality,
existentiality, continuity, temporality (and possibly similar concepts of philosophical interest).
Again, and from a slightly different perspective perhaps, these too form an ontological whole
(if not a totality) and are representatives of that whole.

My reason for discussing these concepts seemingly at the expense of an apparent
deviation from our main course is best expressible, I think, in the concern for a total
accountability of the ontology of the world for our conceptual-epistemological analysis of the
problem of (a certain kind of) reduction in science. Whether all the above considerations
would be relevantly and successfully, though sometimes indirectly incorporated into the idea of
levels will certainly be clear in the course of our later discussion. '

I think that the concept of complexity implies, above all, a system, so far as the internal
dynamics of a complex structure is concerned, and certainly among other concepts such as
multidimensionality, historicity and relationality. Because the term leads us to take into
account the many parts or components, and this necessarily in a relational context; otherwise
there would be no whole, no complex structure to be considered. The concept of relationality,
too, signifies, at least, a certain number of parts, and usually a high number of them. And -
particularly in the light of our discussion in the last section, we might say that complexity is
rather a property of systems, and relationality, in the form of correspondence or parallelism,
could be seen as a characteristic mainly of levels, though in reality this may be a semantic point
of lesser significance.

As must have been clear so far, and to repeat. the overall picture of the ontological
levels of organization appears to be closely related to the idea of systems and the two are
evidently complementary. And with the addition of the temporal dimension, that is within a
dynamic context, they seem to be ontologically exhaustive so far as a scientific conception of
the world is concerned (that is to say, apart from the realm of our values and the mystical and
similar sheerly speculative creations). This dynamic scientific conception, as we might perhaps
call it, and as I have tried to make clear in earlier secticns, is evidently not reconcilable with
the traditionally static ontology of the world in philosophy with its essences, noumenae, and
what not, that is with almost unchanging and unknowable or unattainable cores, and in which
there would apparently be little place for processes. ‘

In accordance with such a view, the problem of what exists is an all-or-none affair -
anything either does not exist (in a "real" empirical sense), or else it exists in several basic
aspects: It is at one and the same time an entity implying properties, relationships, steady
states and processes. If we take a relationship as our ontological departure point, then this
would in turn signify entities, their properties, steady states, the related processes or at least
one related process; likewise with properties and processes. There can thus be no sort of
"ontological referent" without all these ontological units - the former appears to be a
conceptual or artificial construct and not an independent existence. The ontologically conscious
thinker would conceive and treat it as if there were such a "thing" or "given something".

There seems to be nothing surprising in all this just because reality is relational and
complex, and not composed of isolated or single, unrelated existences. ‘
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Chapter 2.2

THE DISTANCE BETWEEN THE INORGANIC AND THE BIOLOGICAL REALMS:

IS IT CONCEPTUALLY TRIVIAL?

Section 2.2.0

Introductory Remarks

My purpose in this chapter is basicly if not predominantly descriptive, leaving an
essentially critical and argumentative evaluation of my main thesis to the last chapter of this
part. This should not be taken, however, as signifying a neutral stance, so to say, and it would
actually be rather difficult I think, as must the case in the treatment of any philosophically
important topic, to draw the distinction between the two approaches. On the other hand,
someone with a different philosophical view in the matter of the relationship between the
inorganic and the biological realms could certamly present a more or less different account in
the way of description in this context, just as it would quite expectedly be the case in the eritical
consideration of the problem of biological reduction in general.

I shall try, within the possible limits of a doctoral thesis, to make use of the material
and the views presented in the last chapter and to incorporate the notion of levels and render
them relevant, as much as I can, in my discussions in this chapter. I do hope that what will
appear in the end will not be an artificial product, so to speak, but a coherent picture which will
help clarify the empirico logical status of living organisms or entities in my quest for a
contribution to the issue of reduction at what we might call the phﬂosophxcal level. In this way,
the allocation of a whole chapter to the idea of levels will not have been in vain.

And for our purposes in thls chapter, the terms "inorganic” and "physical” (in its general
sense mentioned in Chapter 1.4) on the one hand, and those of "organic" and "biological" on
the other, could be used interchangeably.

Section. 2.2.1

The Concept of Life

"Life", in its first and foremost sense and like "mind" for instance, appears to be too
complex a term with a rather comprehensive scope and, evidently, extremely rich content.
From a philosophical point of view, such a complex general term could certainly signify quite
different connotations for thinkers widely varying in their approach to philosophical inquiry in
general and to a comprehensive consideration of the biological realm of existence in particular.
This is understandably one of the main reasons why the present work has been conceived - the
very problem of reduction may justifiably be said, I think, to owe its existence to the diversity
of conceptual and methodological approaches, views, stances and so on, which we assume when
we are confronted with the concept of the biological and its relation to what is thsical.

In the Introduction to their work, Invitation to Biology, two authors depart from the
definition of biolgy as "the science of life" and suggest that "life does not exist in the abstract";
put differently, "there is no ’life’, only living things". "And these living things come in a
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bewildering variety of forms, from a microscopic but potentially deadly bacterium to a giant
sequoia, the largest of all living organisms. They all, however, share certain properties that,
taken together, distinguish them from inanimate (that is, nonliving) objects” (Curtis and
Barnes, 1985; p.1). The authors then study what they call "the Signs of Life", that is to say, its
properties or characteristics. It is my purpose, also, to discuss the issue, above all, in truly
empirical if not strictly observational terms, that is, by means of what we establish through our
senses plus construct theoretically (and vice versa) for their explanation in scientific activity.
Before that, however, it seems to me almost as a philosophical imperative to stress a very basic
point in the above quotation.

As a matter of truism or by definition, no general empirical existence can be said "to
exist in the abstract”, and this is evidently so in the case of "life" as well. However, to assert that
"there is no ’life’, (but) only living things" would, or at least could, lead to a confusion and, in
addition, to the classical philosophical problem of the relationship between the universals and
the particulars. Seen in the light of the evolutionary development particularly, and high in the
evolutionary hierarchy, living beings exist "arithmetically", so to say, that is in the form of
“groups - as individuals forming groups composed of sexual partners plus their overall offspring.
In other words, life exists in the form. of, or is represented by, what we call species which are
obviously empirical sets. So conceived, life in its multiplicity is an ontological fact, and not just
an epistemological fiction, so to say, as many scientists and thinkers are apparently inclined to
see it. In such a general or comprehensively realistic (but certainly non-Platonic) sense, then,

life does exist; that is, there is life in empirically abstract terms.

As for those abstract sets composed of the common properties of individual living
beings, these are evidently to be regarded as universals expressed linguistically by adjectives
("red", "large", "prehensile-tailed”, "mammalian®, "intelligent"...). These are to be considered,
moreover, in distinction from those collections of individuals in concrete terms with all their
characteristics taken together that distinguish them from the individuals of other, different but
similarly formed sets representing collectivity; and for which we use nouns expressing species
or larger or less comprehensive groups [rose(s), oak(s), spider(s), crow(s), horse(s), spider
monkey(s)...]. (The relationship between the two kinds of sets could apparently be kept out of
our universe of discourse in this specific context.)

I would also like to replace the very general and supposedly "objective" and seemingly
"neutral" term "thing" in the expression "living things" by the philosophically more technical
one, entity, or perhaps even by the predominantly existential term being. And this for obvious
reasons on my part because I would prefer to use those terms which have been in scientific use
in different domains and which would not imply a reductionary bias that comes to mind at the
very outset of a philosophical or logico-semantical analysis, because the very basic or
characteristic properties of living systems that distinguish them from the inanimate "objects"
would thus not be omitted without valid reasons. As for the matter of the relation or
connection between the two sets of characteristics, namely those of the nonliving realm and the
additional properties of the biosphere, I wonder if T have to stress the point that the main aim
of this essay is an attempt to help clarify this issue.

In the work from which the quotations at the beginning of this section have been taken,
the term "sign” is apparently used as an equivalent of "characteristic”; but I think that actually it
signifies more than that - obviously, and in my view rightly, it denotes the overall distinguishing
features of whatever we may mean by the term 'life". We may have had the clarification

needed on this point following the next three sections on the characteristics of life.

If a definition is a rather coherent and desirably explicit conceptual-linguistic

formulation as to what the first and foremost characteristics of the entity, property, relation,
process or the steady state under consideration are, then what we are expected to do is to
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mention, as systematically as we can do, its main and distinguishing properties, and to give a
more or less satisfying picture of what it is. As our knowledge, views, approaches and other
conceptual tools are logico-semantically operational in a network, however, it seems to me that
a definition can never be "ideal", that is, it can neither be definitely exhaustive (or inclusive)
nor perfectly exclusive. A definition of the "atom", however comprehensive and exact it may be,
would not comprise its role or interactions in a molecular setting,

Seen in such a complex or relational empirical perspective, the concept of Life would
signify the common characteristics of living beings, and not just an abstract "entity” with an
allegedly doubtful scientific footing. Put quite briefly, life in this sense becomes a collection of
characteristics that would distinguish the phenomenon in question, expectedly, from non-life.
And however "descriptive” if not necessarily "neutral” I may have claimed to be, my essentially
antireductionist approach or tendency would evidently affect my presentation in this chapter,
as must have been implied by its title as well. '

So far as levels of organization are concerned, it could just be reminded that by
definition the biochemical or biomolecular, cellular, organ, system, biological, psychological
and social levels have come into being through the evolutionary development or the grand
process of what we call life.

Section 2.2.2

Characteristics of Life (1)

I already mentioned (2.1.7) that as Bertrand Russell has justifiably discussed, we are
inclined to think that because a word is fixed and definite it must refer to something changeless
and substantial, and we do not take into account the fact that, after the removal, so to say, of
the attributes like its shape, weight, and the matter which it is made of, and so on, a thing
expressed by the word, say, “table®, would no longer exist as such (Wood, 1963; p. 58). Hegel,
before him, had also questioned this point (Hook, 1955). In other words, and contrary to what
has been thought since Socrates (see Plato, 1961; pp. 33, 187), the removal of (all) the
properties of any entity would leave no "object without qualities"; this would mean that there
could be no "essence without attributes” (Wood, 1963; p. 58).

Seen from such a perspective, there can be no "essence of living entities", hence no
room for '"life" to be regarded as such - that is to say, there would be no conceptually
unattainable core common to all the instances of the former apart from their common and/or
basic (or most centrally situated) characteristics which should be enumerated in a definition of
the term. A core definition is certainly possible, but what appears to be relevant for us in this
essay is a brief treatment of the basic characteristics of living organisms. In any case, as no
detailed treatment of any complex concept let alone a core definition of it would be ideally
neat and conceptually exhaustive, clearly separable from the network of our definitions of
related concepts (for instance, non-life in this context), I shall not be attempting at a perfect
conceptual-definitional consideration of the characteristics of living systems. Whatever
properties or attributes I may have left out of the scope of my discussion here, my intention
will be, in accordance with what I stressed in the introductory part, an optimum use of Occam’s
razor. «

Individuals of species, as "phenotypes”, being the foremost living entities in concrete
terms, may be considered as units of life in a direct empirical sense, at least for our purposes
here and not taking their genetic structures, the "genotypes”, as our departure point. Relevantly
for us, their coming into being, their growth and its stages, the vicissitudes of their lifetime, and

50



their ceasing to be part of the biosphere through what we call "death” offer quite different
stories than what the nonliving systems or entities present in the course of their existence. For
a thorough comparison of the two sorts of entities or two realms in nature (and disregarding
for the time bing the so-called artefacts produced by human beings), the most suitable way
would obviously be, as I have been stressing, to have a look at the possibly distinguishing
characteristics of the living or life systems, or their differentiae, and try to see if they are
indeed meaningfully (and/or significantly) different from those in the nonliving world (Ors,
1984).

Structurally, life systems appear to be immensely and incomparably more complex.
They are constituted by organic molecules or macromolecules some of which are composed of
thousands and thousands of atoms. Compared with a subcellular structure such as a
mitochondrium or the nucleolus, for instance, a solar system would seem a rather simple entity,
in spite of its grandiosity. And relationally, as opposed to the apparent simplicity of relations
within, or between the parts of, such systems, living individuals, except perhaps their very
primitive forms such as viruses, have a very wide variety of parts, subparts and even smaller
parts, all of which reveal quite complex series of interrelationships within and between
themselves for the functioning and maintenance, from the teleological perspective, of the
system as a whole (Ors, 1984).

As I discussed in a previous section, not fully though (see section 2.1.12), the parts of a
living entity, say a high multicellular organism, basicly reveal three sorts of relationship:
functional, semifunctional and nonfunctional. The latter is anatomical or topographical, and
depend on the neighbourhood or continuity of the parts or organs of the organism. The second
arises from the fact that the parts within the same system work together with an overall
outcome in relation to certain other part(s), system(s) or the totality of the organism; there
may (the respiratory system) or may not (the separately located endocrine glands) be direct
continuity within the parts of a system. As for the first kind of relationship within a life system,
it is evidently the most characteristic and really significant one so far as the totality of the
individual organisms as biological units are concerned. It is what constitutes the function or
functions of a part of an organism, whether it is a cell, an organ, a system (Ors, 1978), or any
other structure, that is to say, the proper or specific action of the part in question on one or
more parts of the organism (Ors, 1984), and that which would contribute to its maintenance,
adaptation and development.

In the nonliving realm, too, and perhaps exclusively in the world of human artefacts, we
observe what we may call "functional relationships" between the parts of a system such as an
automobile or microscopes of different sorts. This seems to be due to the teleological or
purposive property or component underlying the corresponding activities of living systems in
general (to be discussed presently). In other words, this kind of relationship may be seen as an
extension of this property in the case of human beings - change of place being brought about by
vehicles instead of legs (only), the capacity of vision being magnified by the aid of lens systems
- or their functional homologues (based on other principles) instead of seeing with the naked
eyes, the capability to strike and kill being realized by means of long-range missiles instead of
- punching... Such "artificial" means as products of "cultural" development could be created only
to serve biological wholes such as human individuals (as social beings) with a view to meeting
their demands by enhancing a specific original or natural function of a part of their organism.

This indirect or roundabot kind of teleology with its "hardware structure” must quite
evidently be seen, in my view, as a secondary form of purposeful organization and activity,
deriving or originating from the need to meet the increasing demands of certain living, "soft"
systems at a certain level of organization, and this could possibly include, in principle, all the
tool-making species. The matter certainly needs to be discussed more extensively and critically,
as has been done by different writers in different contexts. » :
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Charactcristics of Life (2)

A living system, an organism, with all its parts functioning smoothly, that is without
disturbance at any given time, and granting that the circumstances are not going to be, in the
immediate future, so adverse as to threaten its integrity, would adapt itself to the environment
in which it "lives". In higher organisms this is secured by the constancy of what is termed
the internal environment, their fluid milieu, physically and chemically. And the range of
optimum, that is, the most favourable or best conditions, necessary for the maintenance of life

processes, contributes to homeostasis, the tendency to uniformity or stability in the "normal”

body states (Ors, 1984).

At a somewhat lower level, the significant mechanism in the maintenance of the
dynamic equilibrium of the organism is the negative feedback or circular control. Thanks to
this balance-maintaining mechanism, the limits of physicho-chemical and organic values of the
organism such as those of body temperature, blood pH level or the extent of muscular
movement and so on are kept within the range of a "normal" steady state. This is secured by
the return of some of the "output” of the related control systems as "input". The overall result
would be gptimization, or the maintenance of the optimum in what we call normalcy, a
dynamic steady state kept within certain limits of values (as regards the vital functions or
characteristics or parameters). Any serious disturbance in one of the mechanisms of a
subsystem such as a cell or organ would lead to those steady states called diseases, or may even
result in the death of the overall system, the organism, with resultant disintegration and
destruction at higher levels, thus leading to a much lower level of existence or organization of
matter (Ors, 1984).

Another significant characteristic of a living system is the capacity of irritability, of
responding to stimuli, internal as well as external. The muscle contracts under the stimulus of
the related parts of the nervous system, and salivary glands respond to the presence (or
imagining) of food by salivation. Undue increase or decrease of stimuli may alter the structure
of a specitic region and disturb its fuction, leading to a disease phenomenon (Ors, 1984).

Any region of the biosphere, and living systems in general, are open to continuous
exchange of matter and energy with their surroundings (Wicken, 1979). As self-preserving (and
species-maintaining) systems, living organisms possess the capacity of negative entropy
(Waddington, 1977; p. 143) or negentropy - that is, they resist the apparently general tendency
in the universe to increase entropy. (The word "entropy" can be traced to the Greek roots for
"energy" and "change", conveying the idea of changed energy or, more specifically, what comes
after useful energy when its capacity for work has been exhausted (Wicken, 1979).) They
maintain (as negentropic systems) the ordered low-probability states as opposed to the
tendency in the nonliving world to high-probability states of disorder (Reichenbach, 1966; pp.
161-162) as a result of the dissemination of energy, hence destruction. They resist destruction
by construction, building up organic material of their own. They do tear down complex
molecules into simpler biochemical and chemical structures by means of the process called
((:él)taboll;ssrgs but they also build up large molecules out of smaller ones by dint of anabolism

s, .

Not a few nonliving entities may be said to possess some of the above-mentioned and
perhaps even other qualities of living systems. Glaciers "move", crystals "repair themselves",
nonradioactive atoms, crystals and solar systems "reveal the qualities of negentropic wholes"
that resist, apparently in principle, the tendency to destruction. But these are shown by part of
the nonliving world only, while certain properties such as homeostasis or negentropy appear to
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be the sine qua non of life systems (Ors, 1984). Besides, and quite significantly, the former
have evidently no specific mechanisms for the maintenance of such qualities, negentropy for
instance (Ors, 1984), and the entities in question have the same basic structural quality as they
had in the beginning with little if ever any development taking place in this respect. The overall
development and change in the nonliving world in the universe is apparently a different matter
- the principles of (not strictly determinative) causality, chance and so on "responsible for" this
change cannot be said, within the limits of modern scientific thinking, to possess an inner
mechanism of negentropy or an equivalent of it. And we might perhaps be justified to call the
tendency in question in the nonliving world pseudo negentropy because the level of
organization at which such entities are composed of are basicly or in principle the same as or
very close to that of their component parts - they have no sex, no reproduction, no senses, no
perception, no communication, no family, no social life, and so on.

One might also see the issue in the light of an apparently possible generalization or
dictum which need not, however, necessarily be all-covering or exceptionless, and this possibly
just because of the intersection between the two realms - a critical and comparative evaluation
of the physical world and the biosphere need not and should not be unduely analytic and
"atomistic"; a general contextual or rather relational approach would give us the opportunity of
considering the entities, parts, regularities and so on in question in their different aspects and
plurality, which would mean an exhaustive or almost exhaustive enumeration of distinguishing
or most significant or salient features of living systems. And this is obviously in keeping with
the practice of defining any term, even one that would represent a sufficiently comprehensive
concept such as the life comprising the living systems as a whole - any aspect of them seen as
entities, properties, processes and so on can be exhaustively considered by means of the
enumeration of all of their characteristics with, as a matter of theoretical principle, no residue
left. ' ,

Section 2.2.4

Characteristics of Life (3)
In the Light of Family Resemblances

As for an overall or "ultimate" and satisfying comparison between the living and
inanimate realms, in our context in this chapter at least, we should treat them, I think, in a way
analogous to the consideration of family resemblances between entities and phenomena, rather
than taking single characteristics as criteria, so to speak, between the individuals of species and
nonliving entities. When all the major distinguishing characteristics of living beings are
enumerated, no reductionary objection pointing out or referring to a single property such as
movement or self-preservation or (pseudo) negentropy would be justified. It is the overall
confrontation, so to say, of the essential properties of life phenomena with those of the
nonliving entities and processes which would invalidate any view minimizing the distinguishing
characteristics of living entities. Then, it would appear that the validity of the strictly
reductionary or one-sided arguments would be too doubtful to be taken into account, from
both a sceptical (philosophical) and a probabilistic (scientific) point of view.

In terms of the idea of levels, all such considerations would mean that what we might
call an ideal definition of life would comprise all the significant or distinguishing characteristics
of living beings at those levels of their organization which would give us the best idea of what
they indeed are. However, as the choice of levels in question would in principle be determined
by one’s basic approach to the problem of reduction, whether one is clearly aware of it or not,
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we have to wait for a critical discussion in the Chapter four of this part to have an overall
clarification of the issue.

Section 2.2.5

Family Differences and the Overall Process of Life

Wittgenstein’s concept of family relationships could bring in its wake what we might
call family differences, for, evidently, we perceive, understand, learn the world by experiencing
and conceiving the differences against a background of similarities. We can perhaps express
this in the form a relationship between a common field of similarities and an added dimension
of differences arising from the gaps existing in the former so far as the ontological units of
existence are concerned.

This is evidently quite in keeping (in empirico-logical terms) with the fact that
empirical sets, unlike analytic or empty sets, represent vaguely demarcated, inexact similarity
classes with no sharp demarcation lines between them (Taylor, 1979; pp. 46-59), a point to be
stressed later on. ' ~

And in the case of “life", it is obviously this multidimensional intersection between
comparable and contrastable empirical sets that would render impossible the drawing of a
clear demarcation line between the set of organic entities, properties, relations, processes and
steady states and the set composed of those of the inorganic realm. Our general rationalistic
tendency to expect from our universe of discourse two apparently logically irreconcilable halves
and, at the same time, to "unify" them by means of an operation we call reduction (in its strict
form), almost forces us, it seems, to disregard the complex relationality that exists between the
related (or relatable) empirical sets.

Much more could be said, certainly, about the validity and/or limits of a sceptical-
rationalistic approach to the empirical world, or rather to an inquiry oriented to some part of
it. In our present context, and leaving a critical analysis to the last chapter, we might possibly
point out in a preliminary manner that we could see the relationship between the organic and
inorganic realms in nature as two intersecting empirical sets; this could help clarify the issue in
hand even though it would also bring a setback in the form of an undesirable complexity that
would apparently resist an "ordinary" or classical philosophical analysis. But this appears to be,
in principle, inevitable, because the whole philosophy (so far as the empirical world is
concerned) could be considered in this respect as an attempt to find the conceptual limits as
regards the states of affairs in a certain part of the world that constitutes a given (and
supposedly corresponding) part of our overall universe of discourse. .

The above analysis would also give us a clue, I think, as to how we could further see the
issue from an organizational levels perspective, although it may be somewhat difficult, at least
at the present stage of the evolution of the concept of reduction, to formulate what I have in
mind. What such a perspective could give us might roughly be expressed as an inevitably
complex interdependency between phenomena at different levels of organization - to
concentrate on one or two related levels at an almost total expense of others would mean the
elimination of a significant amount of conceptual material from our universe of discourse, even
if, in this context, from a possibly descriptive rather than recognizably explanatory point of
view. ‘

The very high degree of differences, hence a very high number of variety, observed in
the living realm reflect, among other points I think, a dependency on the interactions between
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levels, for they appear to be an expression of a much higher probability of entities, properties,
and so on. Hence, evidently, the immense diversity appearing among the individuals of species
as we go higher up in the biological complexity of possibly more than two million species of
plants and animals.

Section 2.2.6

From a Biological Standpoint

From a technically biological point of view, the "signs" of life or the fundamental or
universal characteristics of living entities, considered somewhat in detail above, could be
summarized as follows: the high degree of organization arrived at through the coming together
of a vast number of macromolecules; homeostasis, which means the maintenance of a stable
and characteristic internal environment, and this in spite of the fact that living systems
constantly exchange (energy and) materials with the external environment; the capacity to take
in. transform and use energy from the environment, as shown by the process of photosynthesis
in the green plants used to power their life processes and to build their characteristic
structures, with animals eating plants and changing this into other forms of energy such as
heat, motion, electricity and chemical energy; the fundamental and almost universal capacity of
responding to stimuli (although different organisms respond to widely varying ones: bacteria
move toward or away from certain chemical substances, green plants bend toward light, cats
pounce on small moving objects...); the capacity of reproducing themselves with remarkable
fidelity, with slight variations in each generation though; the growth and development
displayed by most organisms in their stages from the fertilized egg to the mature forms; and an
exquisite capacity to adapt themselves to their environment as expressed by their form, size,
color, musculature, the capacity of their sense organs, and so on (Curtis and Barnes, 1985; pp.
1-3).

These characteristics or capacities are intimately interrelated and interdependent
(Curtis and Barnes, 1985; p.4); for. instance, the organization, transformation and use of
energy, response to stimuli, reproduction, growth and development, and adaptation to the
environment each necessitates, and is in turn necessitated by, the others. And the immense
variety and diversity displayed by about two million or more species (not to mention the
differences between the individuals) is evidently related to the great differences in, and a
combination of, these essential and other characteristics, delimited, apparently, by the
circumstances whereby life has become possible. "At any given moment in its life, an organism
is organized, maintains a stable internal environment, transforms energy, responds to stimuli,
and is adapted to its external environment; the organism may or may not be reproducing,
growing, developing (at this given moment), but it possesses the capacity to do so (Curtis and
Barnes, 198S; p. 4).

Section 2.2.7

Living Systems, the Optimum and Time

Certain qualities of living systems, such as homeostasis or negentropy appear to be sine
qua non of life, as already expressed above (section 2.2.3). The human tendency to "pinpoint
reality" (which we apparently share with other, comparable species), conceptually as well as
sensorially, to render it more or less readily recognizable, knowable, understandable and which
would make action possible, becomes a hindrance, 1 think, in the way to an overall
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philosophical evaluation of living systems. Here, the time dimension (or temporality), just as
the multifactoriality concerning living systems, seems to be of utmost significance, particularly
in developmental terms. In the nonliving world, on the other hand, the past appears, in
principle, to be little if ever so important. Such is the case, also, for the future - living systems
do consider the coming states of affairs, for they are teleological systems (as we have already
touched upon earlier in the chapter and as we shall see presently again in section 2.2.9), while
in the nonliving world we observe a complete inertia in this respect. (Understandably, the
general dynamic property of all nature and, epistemologically speaking, its predictability, to
whatever extent and depending on the kind of phenomena, are beyond the scope of this
work.) ‘ ‘ :

As species-maintainig units, life systems come into being, develop and die, "leaving
room" for the coming generations. Thus, time or temporality appears to be a particular,
evolutionary significance in the realm of life. From the viewpoint of organizational levels and
critically speaking, the points mentioned in this section could best be treated, perhaps, in the
next section whereby they would preferably be discussed within an overall dynamic context,
that is to say with an explanatory force.

Section 2.2.8

Living Beings as Semi-Open Systems-

In general terms and generally speaking, and as it is mentioned in the related literature,
two basically different kinds of systems are distinguished: closed and open systems. As the
term implies, the former are closed off from their environments in the sense that there exists
no exchange of material and energy between the system and its environment. In other words,
these systems can be described and understood without taking their environment into
consideration. On the other hand, open systems depend, in their functioning, on the exchange
of energy or matter, or both, with their environment (Gutman, 1964; pp. 10-11) (italics mine).

According to this distinction, and as must be clear I think, all living organisms are to be
regarded as open systems. But an open_system plus its environment is a closed system. As
demanded by the second law of thermodynamics, a closed system attains a state of equilibrium
in which entropy has reached a maximum and free energy a minimum. An open system, too,
may attain a state of equilibrium, but while as a whole it may remain constant, its component
elements may be in flux. This sort of equilibrium has been called "steady state." Once in
equilibrium, a closed system does not need energy for its preservation, and no energy can be
obtained from it. Thus, to perform work, a closed system must be in a state tending toward
equilibrium - not in a state of equilibrium (Gutman, 1964; p. 11).

We must keep in mind that the concepts of "open" and "closed" systems are mere
approximations or abstractions. In the actual world, there are no truly closed systems bacause
nothing in the universe exists in pure isolation but is subject to the influence of external forces,
gravitational or other. Yet, the term “closed system" is still meaningful if it connotes a system
that does not depend on its environment for its preservation or functioning, at least not during
the time under consideration. The last qualification becomes essential because all systems,
with the possible exception of the systems called atoms, have a history in which forces in the
environment had something to do with the systems and with what went into them. The neglect
of the history of organized structures as well as the disregard of larger systems of which a
given system is inescapably a part, spatially and temporally, is responsible for much conceptual
confusion pertainig to the functions of systems. Historically speaking, the state of equilibrium
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of a certain closed system is always due to its becoming involved, at one time, in the functions
of a larger system (Gutman, 1964; pp. 11-12).

As mentioned and stressed earlier in the chapter, an exclusive characteristic of a living
system is the capacity of irritability, or responding to stimuli, internal as well as external. The
muscle contracts under the stimulus of the related parts of the nervous system, and salivary
glands respond to the presence of food by salivation. This seems to be closely related to the
fact that living systems are susceptible to a continuous excange of matter and energy with their
surroundings - accordingly, and as was explained above, they are said to be open systems. On
the other hand, however, organisms as self-replicating wholes possess the capacity of negative
entropy or negentropy-that is, they resist the tendency in the world to increase entropy, hence
destruction. Besides, they are selective in what they intake from without. Thus, living entities
deserve to be named, in my view, semi- or partially open systems, for evidently they respond
to stimuli and receive energy and matter from their environment in a selective way. This
happens, of course, within certain limits of success, and in the event of either too little or too
much input, what follows would be disease, disability, or death.

Selectivity appears to be present at every level of the organization of living entities - in
the mucosae, that is the inner membranes of those systems that have opennings to and thus
contact with the world (respiratory system, digestive system, and so on). The double-layered
or double-walled membranes of the cytoplasm and the nucleus, those of the endoplasmic
reticulum and the Golgi apparatus and mitochondria within the cell are actually trilaminar
membranes with a basicly fluid nature known to secure a passage or transport of matter into
and out of the structural unit they surround. This passage may be, biochemically speaking,
active or passive depending on the case, that is on the organ and the "matter” in question.

In a way, it seems, living entities are protected from an "inorganically natural or
uncontrolled” flow of the states of affairs within the system, that is to say the organism, by a
principle of partial openness and the maintenance of a negentropic order.

- Section 229

Living Entities as Teleological or Teleonomic Systems

The question whether the distinction between the living and the non-living is primarily
morphological (that is, for our purposes here at least, structural), or functional (Grene, 1974a)
appears to me to be a trivial point. Our account so far, particularly that of the previous
section, must have shown this. While the organization of matter cannot be thought of without
a context of structure or structuring, a functional consideration in turn, becomes meaningless,
empirically and/or analytical-epistemologically, in the absence of a relational network of
* organization. In living beings, as we have seen, the most meaningful if not a very significant
aspect of this is brought about by a network of specific relations, namely function or functions,
oriented, directly or indirectly, to the maintenance of the overall system. The structural and
relational aspects, inseparably interrelated as they are, have an evidently direct relation to the
maintenance, development, adaptation and reproduction of the individual; hence of the
species. And this seems to be secured by a mechanism, if it can be called so, working,
ultimately, for the existence of the overall system represented by the individual living entity or
being, and the society (or community) the individual lives in. The essential point here appears
to be the apparent "consideration" of the time factor or temporality on the part of the living
organism. As our actions are as a rule oriented to our future expectations (cf. Broad, 1962),
there seems to be nothing surprising in all these. We might probably establish an analogy with
prediction, in a philosophically informal and partial manner though, stressing the
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"expectation® involved - it is not the scientific spatio-temporal location of events or
phenomena with precision, but the probability of a space-time encounter of certain significant
expectations for the individual and/or the group, such as food, mate, shelter and so on, that
matters in this context. And in man, additionally, the mental aspect of these expectations
takes the form of a plan concerning a future action, activity, or realization.

All the above account could justifiably be seen, I think, as one vista that would lead to
the concept of teleology which, in our context, would mean the fact or quality of being directed
toward a definite consequence or happenning so far as living beings are concerned. The latter
are systems evolved in such a way that they act beforehand to obtain or secure a certain state
of affairs that is expected to occur later and which we would call an end. (This must certainly
be distinguished categorically from the idea of an overall design or purpose which would
transcend the individual, the group or a whole species, and ultimately all the species - a belief
necessitated at bottom by a mystical force possibly, and analogous to or not unlike the defense
of a scientifically unexplainable "entity" such as vital force (of the doctrine of vitalism), which
we left out of our discussion from the very beginning.)

We might perhaps mention in this context the concept of inwardness or centricity
pointing to yet anotheer characteristic of living entities, and much more conspicuously in the
case of animals (Grene, 1974a). It could perhaps be defined quite succinctly as the
organizational or "inner” parallel of their behaviour, to use the term in a comprehensive sense,
that is, more than and differently from the outwardly observable actions of organisms. This
point would certainly deserve and demand much more than a passing mention, but it seems
appropriate in this context to elaborate the concept of teleology whereby that of centricity,
too, could be clarified, even if indirectly. , '

In contrast to the inorganic world which is controlled (for the most part perhaps) by the
laws of cause and effect, and in which the past determines the future by way of the present, in
the living realm what happens now is so arranged that it serves a future purpose, and the
happenings of the present appear to be determined by the future rather than by the past. As
Reichenbach makes clear succinctly, such a determination in terms of the future, namely
teleology or finality, has been assigned, since the time of Aristotle, to the function of a logical
parallel of causality. In the generic and not simply correlational sense of the term,
determination goes from the past to the future and not vice versa, and neither common sense
nor science would admit a generic determination which contradicts causality. Teleology in
such an unscientific sense is analogism and a psendo explanation; it is a confusion - what
determines a purposeful action of a living organism is, in reality, not the future occurence but
its anticipation of the future which, in the case of human beings, may be called a plan
(Reichenbach, 1966; pp. 192-195).

At what we might call the philosophical level, and as Reichenbach goes on quite aptly, it
was the great discovery of Charles Darwin that the apparent teleology (in the "classical" sense)
of living organisms can be explained in a way in which a combination of chance and selection
produces order. The systematic order of coexisting species, in Darwinian terms, represents the
historical order of their genesis in the course of evolution and through a process of
complexification. The theory of natural selection is the tool by which the apparent teleology of
%o;ution is reduced (or rather is explained in terms of) causality (Reichenbach, 1966; pp. 196-

1).

However, and as I have just mentioned already, the term "teleology” has assumed today
a different meaning not incompatible with a scientific approach to biological thinking. And
this has been necessitated by the lacune left, indeed, by a critical analysis of the concept such
as Reichenbach’s. If living organisms do have intentions, anticipations, or plans for future
action, the formulation of which being amenable to scientific consideration, then we must
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assign a term that would express the common aspects of these qualities or "internal
formulations” in living organisms which can be studied in a way not in contradiction with
rationality and a scientific approach. "Teleology" is now used to meet such a requirement, and
which is devoid of its earlier transcendental semantical component and is in compliance with
today’s scientific outlook.

All the same, another term, teleonomy, has recently been coined to distinguish the
scientific connotation of the old term "teleology" from its historical "metaphysical" component.
The purposiveness or purposefulness in the actions of living beings’ has thus become a major
aspect of modern biology, whether in the theoretical domain or in concrete research - it
appears to be scientifically explainable, verifiable and falsifiable. (I shall further discuss the
concept of Teleonomy in its relation to reduction in the last chapter of this part (section
2.4.7).) :

Section 2.2.10

Causality, Teleonomy and Genetics

It must be rather obvious, I think, that the purposiveness or teleonomy in living entities
involves, at least as a matter of principle or in the final analysis, all the levels of organization
concerning them, because it is the totality of their organization with interacting processes that
apparently determines their future-directedness through adaptive mechanisms.

In what Michael Ruse calls "genuine teleology”, we try to understand the world with
reference to the future rather than to the past. We try to understand the eyes and the eggs, for
instance, with reference to what they do, rather than or at least as well as with reference to
what went on before. We find it illuminating to consider the organic world with respect to its
future as well as its past (Ruse, 1983; p. 196).

We see that even when one distinguishes in a clearcut manner between the new,
scientific and what we might call the traditional, speculative or perhaps even vitalistic
teleology, there would remain a problem which appears to be of a developmental or, using a
more technical biological term, ontogenetical nature - an entity could, and should, be viewed
in terms of its earliear life or stages. Then it seems to be the case that the earlier stages of a
living organism could be regarded, in an explanatory perspective, as being among the
"determinants" and/or "initial conditions" of a certain stage, or of its "present" stage, in the
sense that the former are the latter’s foremost or most determinative producers. Evidently,
the other determinants would be constituted, the ratio changing according to the phenomena
in question, by what we might call the external, environmental conditions. If the cause(s) and
factors and conditions, that is, those phenomena or ontological units that constantly contribute
to the emergence or production of what we call the effect(s), that is to say, other though
spatiotemporally related phenomena as ontological units, then the former group must by
definition be extraneous to the latter. Because an effect appears to be a change, a new "status
quo” or steady state, a new existential situation in the states of affairs brought about by what
lies outside the scope of the related entity, process, and so on. The internal dynamics of a
complex or even a relatively simple system such as an atom (particularly perhaps in the case of
radioactivity) can be said to be causally related, in a general and loose sense of the term, to
the modified stage, for it can be regarded as a determinant, sometimes without the
intervention on the part of the factors external to the system. '

_ But such a somewhat non-analytic approach to the internal dynamics of a system or
entity would necessitate a re- consideration of the concepts of cause and causal relationship, a
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task which is to remain outside the scope of our present context. In any case, however, it
seems that it would be most pertinent to pay attention to the (conceptual) danger of confusing
the history of becoming of an entity with the entity as it has become. Just because C arouse
out of B, and B out of A, we are inclined to think that C is pothing but A in a disguised form
(Broad, 1962; pp. 12-13). In other words, the origin and/or earlier stages of an entity and/or
process should not and cannot be taken as a constant, direct producer, as it were, of its

present stage as we happen to find and observe it. "To analyse anything you must examine and
reflect upon it; and the most elaborate account of what preceded it in the course of history is
no substitute for this" (Broad, 1962; p. 13). We may have chance to discuss this issue later on
in the next chapter with reduction in genetics as its central theme.

Following a related consideration of causality, the relationship between the genotype,
that is the overall genetic make-up of an organism, and the phenotype, the adult or partly

grown-up organism as the case may be, and as we directly observe and know it, can be
conveniently discussed here. And this appears to be an occasion, also, for the consideration of
the levels of organization in relation to the topics just discussed. Indeed, the matter of
causality in the phenomenon or rather the process of growth or development seems to be
inseparably related to the idea of levels, as I hope to be able to show presently.

The idea of growth implies, as a rule, an increase in the dimensions of an entity or
system, with an addition of "organized matter" to the already existing organization, and a
resulting cumulative change. While the (seemingly) concomitant phenomena of growth at the
cellular, subcellular and biochemical levels are delimited by the limiting conditions of living
organisms (as we shall consider more argumentatively in the next chapter), these phenomena
are certainly deterministically related to the upper-level biological phenomena (as we shall
see, again, later on) such as development, growth, aging, and so on. The lower-level
occurences and the upper-level (and, perhaps, interlevel) feedback mechanisms "controlling”
them possibly at almost every step appear to be intrinsically and most interestingly inter-
related, I think, in the transformation of what is called the genetic material into an embryo,
fetus, the baby and ultimately the adult organism. This transformation, or metamorphosis if
you like, of a unicellular entity into a very complex biological existent deserves, to my mind, a
philosophical as well as scientific understanding (see section 2.4.5 and other related sections in
Chapter 2.4).

Now, and as I just discussed, phenomena or subprocesses that link the very origin, the
unicellular stage of life with its later, "mature" phases appear to be causally related, and this in
the sense that they show a regularity and dependency in a temporal order; and the production
of one phenomenon at a certain stage would empirically necessitate the realization of another
one at a different though related level. But it would be more pertinent, to be able to fuily know
this relationship, to consider in some detail the genetic structure and its functioning in the
human species as is known today and to the extent that it would be necessary to know this in
our context. »

Section 2.2.11

The Human Genetical Structure and Its Functioning (1)

Unlike Mendelian genetics, to be considered in the next section, we cannot really
understand molecular genetics unless we approach the problems of heredity by first
considering the nature of the cell. From a molecular point of view, most of the cells seem to be
made up (mainly) of two kinds of entities - the structural proteins as the building blocks of the
cell that go to make up the walls, membranes, and so on; and enzymes, those proteins which
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