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I. P R E L I M I N A R Y  

This paper continues the discussion (WI~YTE, 196o ) of developmental 

selection (D.S.) 1) in relation to evolution. " I f  genetic systems, or develop 

mental processes or, more broadly, the conditions of biological organization 

in the species ever determine the actual, or restrict the possible, directions of 

evolutionary change, then the now prevailing form of the theory of evolution 

by adaptive selection and its mathematical expressions are likely to require 

m o d i f i c a t i o n -  this is, generalization to include the very different effects of 

developmental selection". Here "evolution" means the emergence from some 
initial state of new forms of organic specificity forming part of a phylogenetic 

sequence. 
D.S. was defined as an internal selection of mutations, "in which the 

criterion is compatibility with the internal structure and processes of the 

system". This internal selective process may operate at any level: molecular, 

chromosomal, or cellular. It probably occurs mainly during the earliest 

phases of growth and the first cell divisions and hence, in species with 

I) The following abbreviations are used: 
D.S. (developmental selection). The internal selection of mutated genotypes and their 
consequences, the criterion being compatibility with the coordination of the internal 
structure and processes of the organism. The restriction of the otherwise possible 
directions of evolutionary change by organizational factors within the organism. 
A.S. (adaptive selection). The external Darwinian selection of mutated phenotypes, 
the criterion being competitive reproductive efficiency in a given environment. The 
restriction of the directions of change permitted by D.S., by factors involving the 
relation of the organism to external conditions. 
C.C. (coordinative conditions). The general mathematical conditions satisfied by all 
viable biological organization; the rules of spatio-temporal ordering which must be 
met by the internal parts and processes of any organism viable in an appropriate 
environment. The C.C. define a universal form of ordering; different organisms 
represent different specific realizations of that universal form; evolution is the passage 
from one specific realization to another. 
Acta Biotheoretica, XVI 3 
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a protected phase, prior to external adaptive selection (A.S.).  But it is not 
possible to separate (i) determination by the genome of the directions or 
rates of mutation, and (ii) the internal developmental selection of undirected 
mutations. In both processes the general conditions of organization necessary 
to all organisms and the specific genetic system of the individual impose 
restrictions on the modified genomes which can develop from pre-mutational 
disturbances of the genome into new reproductive phenotypes. 

D.S. is a new type of natural selection, i.e., an extension to the internal 
environment of the Darwinian selection of phenotypes in the external en- 
vironment. This extension is so natural that at first sight it might be con- 
sidered not to involve a new principle. We shall see that this is not so, 
because D.S. involves structural factors alien to the theory of the A.S. 

Four  influences may affect phylogeny: (i) genomic partial determination 
of mutations and/or their rates; (ii) genomie selection of mutations through 
the first few divisions, i.e., before the early phenotype begins to manifest 
itself; (iii) developmental selection (in a narrow sense) of an emerging 
protected phenotype; and (iv) external adaptive selection of an unprotected 
phenotype. (i), (ii), and (iii) are separable only with difficulty and may 
for the present conveniently be grouped together as d e v e 1 o p m e n t a 1 
s e 1 e c t i o n, since they all represent the influence of internal factors closely 
related to ontogenetic development. 

We shall therefore concern ourselves with internal selection, i.e., with 
D.S. in a comprehensive sense: the restriction of the possible directions of 
evolutionary change by factors internal to the organism. In contrast to the 
external adaptive factors these internal factors are structural and organi- 
zational and may operate either by focussing premutational disturbances so 
as to produce directed mutations, or by selecting from undirected mutations 
those which result in adequately coordinated mutated genotypes capable 
of successful development. (Here the term mutation covers any inherited 
change in specificity due to disturbances, recombination, etc.). The most 
significant phases of this internal partial determination and/or selection occur 
during the early history of the germ cell or of the zygote. However the 
basic distinction between D.S. and A.S. does not depend on the period in 
which they occur, but on the contrasted character of the criteria determining 
the two selective processes. There is a genome "homeostasis" in the individual, 
which d o e s n o t r e s i s t a 11 c h a n g e s but stabilizes those genomes 
satisfying certain conditions, and is distinct from the genetic homeostasis 
of populations. For  example, the criterion which determines whether or not 
a mutated genome is capable of coordinated self-replication and of any other 
catalytic actions bears no relation to the criterion that an adequate eco- 
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logical niche must exist for  the corresponding mutated phenotype. 

One purpose of this paper is to examine the validity and scope of this 
distinction between D.S. and A.S. in relation to evolutionary change. While 
the elimination of deleterious mutations during development is well known, 
the ability of only certain classes of mutations to replicate, to survive deve- 
lopment, and to produce new phenotypes may prove as important for  evo- 
lutionary theory, and is less understood. 

The elimination of harmful  mutations and the preservation of neutral 
or favourable mutations leading to new varieties of phenotypes (e.g., more 
highly differentiated) are not complementary aspects of a single process. 
In  the first a failure is eliminated; in the second a successful novelty is 

preserved. These are distinct processes in individuals, as different  as are 
death and continued reproduction, and each can occur without the other. 
Thought little is yet known of the criterion which distinguishes a successful 
f rom an unsuccessful variation, the difference in the results is crucial. For  

successful differentiative mutations are the source of phylogeny. While 
lethal mutations and hybrid inviability or sterility have long been known, 
relatively few successful differentiative mutations have yet been identified 
and investigated. 

Thus in passing f rom the A.S. of harmful  mutations - -  the area most 
fully investigated so far  - -  to the D.S. of favourable or differentiative 
mutations ( for  which no test is yet available) a double shift of attention 
is involved. We have to consider first the favourable mutations which have 
not been identified as yet, and second their relation to D.S., a process only 
studied up to now in relation to harmful  mutations. This double reorientation 

o f  viewpoint may be difficult, but it is necessary once it is realized that 
D.S. must in some degree contribute to determining the possible paths 
of phylogeny. Selection is the differential reproduction of genotypes, and 
there is no reason to assume, as in the standard theory, that this selection 
operates solely on phenotypes. 

Three assumptions will be made: 

A. That  the neo-Darwinian and Mendelian synthetic theory of evolution 

by adaptive selection, as developed I92O/I95O, covers certain n e c e s s a r y 
conditions for a history of terrestrial life, i.e., those relating to the external 
aspects of processes involved. 

B. That  this theory does not cover s u f f i c i e n t conditions for a com- 
prehensive theory of the history of life, since a structural theory of mutations 
and of ontogenetic development is lacking. 

C. That  it is not yet known to what extent, or in relation to what aspects, 
individual mutations when they occur are undirected, i.e., lack a significant 
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correlation with the adaptive properties of the corresponding phenotype. 
I f  internal factors restrict the possible directions of evolutionary change, 

this does not justify any prejudicial finalistic philosophy of organism or 
the limitation of the causes of evolution to any one class of factors. The 
operation of internal factors as here conceived is not v i t a 1 i s t i c, since 
it involves potentially observable structural parameters; nor o r t h o g e n e- 

t i c, since it allows many avenues of potential evolution; nor n o m o- 
g e n e t  i c (BERG, 1926 ) since it is complementary and not alternative to 
the operation of external factors. Attention to internal factors is a natural 
consequence of the o r g a n i c i s t view which regards the characteristics 
of organisms as consequences of a state of organization in complex struc- 
tured systems of certain kinds in appropriate environments. On this view 
the genome may not only be a self-regulating and self-repairing system 
(e.g., restitution by return of minor deleterious mutations), but in some 
degree determine its own viable transformations. 

I t  is of importance that the most appropriate general term be used to 

designate the characteristic structural ordering or spatio-temporal c o o r- 
d i n a t i o n of parts and processes within all living systems. Here  c o o r- 

d i n a t i o n  is selected as preferable to o r g a n i z a t i o n ,  o r d e r i n g ,  
c o r r e l a t i o n ,  i n t e g r a t i o n ,  u n i t y ,  c o h e r e n c e ,  b a l a n c e ,  
which may be better reserved for  other purposes. The general mathematical 

conditions of biological coordination, i.e., the rules of ordering (assumed 
to be discoverable and capable of rigorous formulation) which must be 
satisfied, to within a threshold, by the internal parts and processes of any 
organism capable of developing, sustaining, displacing, and reproducing itself 
within an appropriate external environment, will be called the c o o r d i- 
n a t i v e  c o n d i t i o n s  (C.C.). 

The C.C. may be a single set which applies at all levels, or they may 
form a hierarchical set. They may define an aspect of invariant order which 
persists through all normal transformations of the organism, or they may be 
essentially dynamic and represent an ordering tendency or a self-ordering 
process. The C.C. are the mathematical expression of the general organic 
conditions which in the genome lead to its homeostasis and consequently 
to developmental homeostasis. The C.C. are s t r o n g, i.e., they impose 
a high degree of invariant order, but they are not m a x i m a 1, i.e., they 
leave some parameters free to vary. " I f  an organism were completely 
integrated developmentally in one sense of that vague term, any mutation 
would be grossly harmful  or even lethal." (HALDANE, 1958 ). The C.C. can 
apparently be satisfied in countless contrasted specific manners, each sharply 
distinguished by a characteristic molecular pattern evidenced in a hierarchy 
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of structures. The coding of specificity originates, and is only effective, under 
the C.C.s. 

The C. C. are best regarded as the c o n d i t i o n s  under which the 
basic laws of all complex structured systems permit the emergence and 
persistence of the phenomena of life, and not as being c o n s e q u e n c e s 
of a past process of adaptive organic evolution. If  the emergence and con- 
tinuance of life was only possible provided the C.C. were met, then the 
C.C. cannot be merely a result of adaptive selection. The C.C.s are the 
general conditions characteristic of all forms of life; the particular manner 
in which these conditions are met determines the specificity of a given species 
and is progressively modified by successive mutations in the course of 
evolution. 

The aims of this speculative exercise in theoretical microstructural biology 
are to elucidate the possible effect of internal factors; to suggest where 
and how D.S. can be separated from A.S.; and to argue that the time has 
come to take the internal factors seriously, since they may soon be sus- 
ceptible to structural investigation, both empirically and theoretically. 

The general issue with which we are concerned would only be confused 
by the consideration, which would be premature, of its possible relation to 
neighbouring problems such as systemic mutations, macroevolution, environ- 
mental or cytoplasmic influence on the genome, detailed aspects of devel- 
opment, e tc .  Nor will any attempt be made here to examine (i) the com- 
parative aspects of D.S., e .9 .  , in micro-organisms, plants, and animals; (ii) 
the precise physical and chemical conditions determining permissible struc- 
tural changes either in the DNA array or in other parts of the chromo- 
somal system; or (iii) the relation of the C.C.s to transitional forms between 
inert macro-molecules and living cells. 

2. H I S T O R I C A L  

A brief historical survey will throw light on the changing status of 
internal factors. 

T. H. HUXLEY (1888) considered it "quite conceivable that every species 
tends to produce varieties of a limited number and kind and that the effect 
of natural selection is to favour the development of some of these, while it 
opposes the development of others, along their predetermined line of modifi- 
cation". Conjecture along these lines was then common. For example, 
A. WEISMANN (1896) outlined a theory of germinal selection, providing "a 
spring of definitively determined variations". 
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But at that time, indeed until around I94o, there was no direct evidence 
for such internal determination and the dominant view, say from 191o to 
194o, was that expressed by T. H. MORCAN (1919) who put the question 

"Is the direction of mutation given in the constitution of the genes ?", and 
answered that this was "thinkable", but not "probable". For reasons then 
valid, the emphasis was placed on adaptive selection of undirected mutations; 
there were no observations suggesting that internal factors played any role 
in g'uiding phylogeny. 

None the less a modified form of the principle rejected by MORCAN was 
meantime being silently introduced into evolutionary theory by the students 
of lethal and sub-lethal mutations, who took for granted that deleterious 
mutations and the resulting mutated genotypes might be eliminated during 
ontogeny, with the implicit corollary that developmentally viable mutated 
genotypes are restricted to classes determined by the genome itself and by 
the developmental processes which it induces. Even if mutations are originally 
undirected, the concept of developmentally deleterious mutations implies that 
some mutations are not deleterious, i.e., the operation of an endogenous sifting 
process with its own criterion at work, as well as, and usually prior to, A.S. 

Around 193o/4o three influences were preparing the way for reconsidera- 
tion of the role of internal factors; - -  (i) It was recognized that A.S. 
operated not on single genes, but on the entire genetic system as a working 
unit, and system effects began to be investigated. (ii) It became increasingly 
obvious, with the development of structural biochemistry, that the organism 
constitutes a highly organized "environment" for genes and their mutations. 
(iii) Closer attention began to be paid to the relations of ontogenetic develop- 
ment to phylogeny, by WADDINGTON and others. Thus by 194o the background 
was favorable to the examination of internal factors. 

None the less between I92O and 196o relatively few biologists explicitly 
considered in a general context the possibility that the constitution of an 
organism may not only result in the elimination of deleterious mutations but 
also set restrictions to the directions of evolutionary change open to its descen- 
dents, in contradiction to the assumptions of the dominant synthetic theory. 
J. c. SMUTS (1926) asked "Are (variations) all individually selected before 
they have any survival value or strength? . . . .  It is thus the organism, as a 
whole which in the first instance 'selects' the variation." But this was a 
mere philosophical conjecture, and the attention of most working biologists 
concerned with the causes of evolution was concentrated on the external 
adaptive factors and members of the dominant school only began to re- 
examine the status of internal factors after 194o. Here are some of the 
most instructive examples: - -  
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Z. DOBZHANSKY (1941). " - -  it would follow that the evolutionary courses of races 
and species differing in gene arrangement  are likely to diverge owing to modi- 
fication of the rates and possibly of the directions of mutations in certain genes". 

C. STERn (1943)- (Observations on mutations suggested that) "new points of attack 
for selective forces would originate. - -  I t  can hardly be estimated how much of 
such concealed evolution (i.e., internal selection leading to different  genotypes, 
phenotypically alike) due to the kind of 'germinal selection' described, is taking 
place at any time." 

H. SI'URWAY. (1949) " A  group of related organisms is characterized by similar possi- 
bilities of mutation - -  these possibilities of mutation determine the evolutionary 
possibilities of the group, - -  it suggests a specific control of mutability in excess 
of anything we know so far. - -  A given species, family, or class mutate more 
readily towards certain phenotypes than others. - -  the mutation spectrum of a 
group may - -  determine its possibilities of evolution." SPURWAu (196o) suggested 
that  a change in genetic make-up (e.g., translocation) may at once constitute an 
isolating mechanism, that "chromosomal sterility is direct consequence of the 
structure of the chromosomes" and of "the actual way in which the integrated 
genetic system is transmitted." 

L. v. BERTALANFFY. (1952) "Thus the changes undergone by organisms in the course 
of evolution do not appear t o  be completely fortuitous and accidental; rather they 
are restricted, first by the variations possible in the genes, secondly, by those 
possible in development, that  is, in the action of the genic system, thirdly, by 
general laws of organization." 

A. LI?aA-DE-FArdA. (I952, 1954, 1956, 1962) Certain evidence favours the view that 
"selection should take place not only at the organism level but at the chromo- 
some level. - -  The genotype of an organism evolves under defined conditions". 
(1954). He suggested (1956) that "the constitution and organized pattern of a 
chromosome are the prime determinants of its evolutionary trend and that  t h e  
g . e n o t y p e  o f  a n  o r g a n i s m  e v o l v e s  c h i e f l y  u n d e r  c o n d i t i o n s  
d e f i n e d  b y  t h e  c o n s t i t u t i o n  a n d  o r g a n i z a t i o n  o f  i t s  c h r o m o -  
s o m a l  c o m p o n e n t s . "  

C. H. WADDINGTON. (1957)- "There has been at least one suggestion that processes 
of selection may sometimes occur at the level of the gene itself. - -  these cases 
could perhaps be considered to provide examples of a category of selection which 
operates, not on the phenotypic results of the developmental activities of genes, 
but directly on the genotype itself. - -  These examples are, however, not very 
convincing." 

J. B. S. HALDANE. (I958), following SpuRwAY, considered a "selection based on geno- 
types", a "directional evolution" not due to environmental changes, and the possi- 
bility that "the disturbance of a particular developmental process is more or less 
harmless in one species, but lethal or sub-lethal in another closely related one." 
Later (1959) he argued that "if certain mutations interrupt some important devel- 
opmental process - -  the possibilities of evolution open to a species depend not 
so much on its genes and their mutability, as on its developmental processes." 

A n  e x a m i n a t i o n  o f  t h e s e  p a s s a g e s  is i n s t r u c t i v e .  SMUTS r e a c h e d  h i s  

n o t i o n  f r o m  a ho l i s t i e  p h i l o s o p h y  o f  o r g a n i s m ,  b u t  l e f t  i t  v a g u e  a n d  n o n -  

s t r u c t u r a l .  DOBZHANSl~u m a y  h a v e  b e e n  t he  f i r s t  g e n e t i c i s t  exp l i c i t l y  to  re-  
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introduce the conception of a probable control by the genome of its own 
directions of mutation, after MORGAN'S repudiation of this idea in I9I 9. 
STERN observed what he interpreted as an internal selection, in this case 
leading to contrasted genotypes with similar phenotypes. St'URWAY inferred 
from observations of homologous variation the likelihood of a restricted 
"mutation spectrum." BERTALANFFY, an organicist philosopher, maintained the 
operation of a triple internal restriction on phylogenetic changes: by the per- 
missible variations in genes, by the genetic system during development, 
and by the general laws of organization. LIMA-DE-FAIRIA (1952 onwards) 
inferred the presence of internal selection acting on the chromosomes from 
the study of chromosomal gradients and field effects, but surely went too 
far in regarding it as the "prime" determinant of evolutionary trends. 
WADDINGTON, drawn to the problem by concern with the relations of devel- 
opment and evolution, considered the possibility of one form of internal 
selection, but regarded the evidence as inadequate. HALDANE treated D.S. 
as a potentially important issue. 

Both DOBZHANSKY and HALDANE reached the idea through consideration 
of the observed differences in nmtation rates, these being, it seemed, gene- 
tically determined in certain cases. From this it is a small step to the partial 
genetic determination of the successful directions of genotypic change. 
SPURWAY'S remarks are noteworthy, since as early as 1949 she gave clear 
expression to a hypothesis regarding the general importance of internal 
factors, reached from an analysis of examples of homologous variation, 
which she has since developed. Soon after LIMA-DE-FARIA ascribed an even 
greater role to internal factors. 

These quotations represent, in this respect, the most advanced thought 
of the period. Many other discussions of the elimination of deleterious mu- 
tations during development implicitly involved the consequence that internal 
factors restrict the successful directions of evolutionary change and came 
to the threshold of this inference, but without passing over and making it 
explicit, or considering its possible general importance. For example, 
SCHMALHAUSEN (1949) based his theory of stabilizing selection on the ability 
of the mechanism of individual development to undergo changes indepen- 
dently of the adaptive properties of the phenotype, but did not infer that 
this implied restrictions on the successful changes leading to new evolution- 
ary steps. LERNER (1954) considered developmental or ontogenetic home- 
ostasis, but his concept of genetic homeostasis is a population property. 
Moreover the influence of internal factors was not mentioned as of possible 
evolutionary importance in any of the leading Darwin Centenary Surveys, 
published I959/6o , though it had been the subject of private discussion 
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during the I95O'S, e.y., by readers of SPURWAY, BERTALANFFY, and LIMA- 
DE-FARIA. 

Thus while many s p e c i a 1 conceptions had been developed (develop- 
mental elimination of deleterious mutations, factors influencing mutagenesis, 
differential mutation rates, mutator genes, developmental homeostasis, devel- 
opmental channels or barriers affecting the results of mutations, etc.) few 
attempts had been made to draw the g e n e r a 1 conclusion that one of 
the basic postulates of the synthetic theory was too restricted: the assump- 
tion that the variations undergoing A.S. were adaptively undirected. For 
example, if D.S. is effective it is not necessary to ascribe all the biologically 
significant properties of the genome (e.g., linkage of genes with related 
functions) to past adaptive selection. They may be a direct consequence of 
the C.C. 

The present situation is marked by a paradox of a kind frequent in the 
history of science: the operation of internal factors in several special con- 
texts is already regarded as a commonplace, particularly in private dis- 
cussions, but the fact that this contradicts an asumption of the general 
theory of evolution is unduly neglected in the literature, this being for many 
an emotionally charged issue. 

The elimination of deleterious mutations during development was a corn 
monplace during the I93o's. Yet the influence of internal factors in deter- 
mining what can constitute successful mutations (and so phylogeny) is only 
in the I96o's becoming widely recognized as an important issue. This 3 ~ 
year lag is instructive. The main reasons may have been: concentration on 
observations rather than theory; a continuing stress on statistical and eco- 
logical aspects with consequent relative neglect of the internal structural 
developmental processes; the absence of direct evidence regarding the cha- 
racter of successful mutations leading to new differentiations; and the diffi- 
culty - -  until the conception of the C.C. had been clearly formulated - -  of 
achieving a valid theoretical and observational separation of developmental 
from adaptive selection. These influences combined to stifle discussion of 
the relation of D.S. to phylogeny. 

3. CRITIQUE 

Organisms display a high degree of structural and functional coordination, 
a multiple cross-correlation of parts and processes, which lapses only in 
pathology, senescence, and death. If this characteristic biological form of 
ordering, including its expression in the genome, is such that it can be 
precisely identified, it follows that any modifications of the genome capable 
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of surviving development must satisfy restrictive conditions which await 
discovery. Even if mutations or pre-mutational disurbances are originally 
undirected, the ones which survive even the earliest cell divisions will be 
those forming part of a new well coordinated genome. "The struggle for 
survival of mutations begins at' the moment mutation occurs" (WHYTE, I960 ). 
The new genome must f i r s t ,  satisfy the general C.C., and s e c o n d ,  
not be so different from the unmutated genome as to prejudice a successful 
transition. Since the previous coordinated system has been discarded, a new 
and sufficiently accessible and stable coordination must replace it, if the 
mutated system is to develop successfully. Only certain classes of mutations 
will permit the mutated genome to satisfy the C.C. in such a manner as 
to permit a successful transition. 

To employ a useful, but probably incorrect, analogy: Not only the general 
d i f f e r e n t i a l  o r  o t h e r  e q u a t i o n s  of life must still be satis- 
fied, but the new p a r t i c u l a r  s o l u t i o n  Of the equations which re- 
presents the mutated system must not involve too great a transition from the 
previous solution. Organic s e 1 e c t i o n r u 1 e s must determine the per- 
missible transitions, and so restrict the paths of evolutionary change. 

This partial analogy can help to clarify conjectures regarding D.S. pro- 
vided it is remembered that the organism is an open system. How severe 
these genetic selection rules are, and to what extent and at what times they 
actually contributed to determining the multiple historical paths of evolution, 
remains to be discovered. But it is clear that there is no reason to ascribe 
the directions of evolutionary changes to one primary factor alone, com- 
petitive A.S., when a structural theory of organism implies that internal 
factors must also have played a part. 

None the less the separation of internal from external factors raises diffi- 
culties which some have regarded as fundamental, I believe wrongly. 

O b j e c t i o n  A. S i n c e  t h e r e  i s  u n i v e r s a l  i n t e r a c t i o n ,  t h e  
t w o  s e l e c t i v e  p r o c e s s e s  a r e  n o t  s e p a r a b l e .  I n t e r n a l  
a n d  e x t e r n a l  e n v i r o n m e n t ,  o n t o g e n y  a n d  p h y l o g e n y ,  
a r e  a s p e c t s  o f  a s i n g l e  t o t a l  s t o r y :  t h e  h i s t o r y  o f  t h e  
c h a n g i n g  f o r m s  o f  l i f e  g u i d e d  b y  o n e  c o m p r e h e n s i v e  
p r o c e s s  o f  s e l e c t i o n .  A d i s t i n c t i o n  b e t w e e n  t h e  t w o  

h a s  n o  f u n d a m e n t a l  v a l i d i t y .  

Science advances by selecting phenomena which during certain periods, 
to a certain precision, and for certain purposes, can be treated as isolable, 
though none are in the strictest sense isolated. The past history of life is 
a highly complex matter hidden from current observation, whose basic laws 
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can only be disclosed by chains of inferences. It is therefore proper scientific 
method to pay the closest possible attention to those aspects of the total 
history of life which can now, or soon, be subjected to d i  r e ct  obser- 
vation, analysis, and experimental control. The fact that certain aspects of 
genomes and of their operation are the result of adaptive selection in the 
past does not render it any less desirable to study other properties which 
can be directly correlated with internal factors. One of these latter is t h e 
s t r u c t u r e  o f  d e v e l o p m e n t a l  p r o c e s s e s  as  a f f e c t e d  by  
s p e c i f i c  m u t a t i o n s ,  p a r t i c u l a r l y  t h o s e  l e a d i n g  t o  n e w  
s u c c e s s f u l  d i f f e r e n t i a t i o n s .  This is rapidly becoming acces- 
sible to exact analysis using the empirical and theoretical methods of the 
various structural sciences. 

In fact it is here suggested: I. That theoretical separation of D.S. from 
A.S. is already possible over a significant part of the organic realm, though 
it may be difficult in micro-organisms such as bacteria until the C.C. have 
been identified. 2. That observational separation is likely to be achieved for 
many taxa in the coming decades. 

The basic features of the proposed theoretical separation may be sum- 
marized thus: - -  

C r i t e r i o n  o f  S e l e c t i o n .  D.S. Conformity of the mutated 
genotype to the C.C., and adequate closeness to previous type, so that coor- 
dinated replication and development are possible. A.S. External adaptive, 
competitive, and reproductive efficiency. 

S c i e n t i f i c  S t a t u s  o f  t h e s e  C r i t e r i a .  D.S. This criterion 
may soon be susceptible to direct observational confirmation by structural 
studies, independently of its phylogenetic consequences. For example, if 
(i) HADORN'S analysis (I948, 1961 ) of the ontogenetic events caused by 
lethal genes in insects were suplemented by similar studies of successful 
mutations, and (ii) the lethal and successful mutations could be shown r e s -  

pectively not to satisfy and to satisfy certain C.C.s, this might be considered 
to provide a direct confirmation of the operation of D . S . A . S .  Adaptive 
effeciency in the past being beyond direct examination, the only evidence 
is indirect, from the consequences of such efficency: differential repro- 
duction shown in population changes inferred from paleontological data, etc. 

" T a u t o l o g y " ?  D.S. T h a t  w e l l - o r d e r e d  g e n o t y p e s  s u r -  
v iv  e D.S. (in a constant appropriate environment) will become a scien- 
tific hypothesis capable of confirmation when (a) the C.C. being known, 
provide a structural definition of "well-ordered" capable of direct test; 
and (b) the development of the corresponding genotype can be followed. 
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A.S.  That t h e f i t t e s t s u r v i v e is meaningful, but quasi-tautological 
in terms of the available evidence, since past individual fitness cannot be 
directly investigated, only records of species populations in various periods 
being preserved. 

E v o l u t i o n a r y  C h a n g e .  D.S.  Changes permitted by D.S. can 
occur even in a constant environment or without significant environmental 
changes, provided the genome is subject to variation (spontaneous or in- 
duced mutation, recombination, etc.) A.S.  Changes permitted by A.S. are 
associated with changes in the physical and organic environment, including 
outbreeding, inter-breeding, drift, isolation, etc. A 11 major evolutionary 
changes must have been based on genetic variations permitted by D.S.; 
A.S. may not always have played an important role, e.g., clumsy animals 
may survive for long. 

F e a t u r e s  o f  s e l e c t i v e  p r o c e s s .  D.S.  Operates on the 
individual organism in all-or-none manner, usually early in development. Per- 
missible mutations may occur most easily and be selected before or during 
the DNA replication and coherent structured metabolism involved in cell 
growth before the first division. Result: elimination or survival of devel- 
oping individual. Some examples (developmental lethals) are already re- 
peatable. A.S .  Operates statistically in the history of populations, through 
hours or millions of years. The primary history is not repeatable. N.B.  
The developmental selective process has two distinct successive consequences: 
(i) on the survival of the developing individual; (ii), a s  a result of (i), 
on the statistics of the corresponding population. The second effect amounts 
to a statistical book-keeping of the first, as affected also by A.S., but the 
statistical structure of a population bears no direct relation to the micro- 
structural criteria involved in D.S. 

C h a r a c t e r s  p r e s e r v e d  b y  s e l e c t i v e  p r o c e s s .  D.S.  
Stability and efficiency of replication and internal coordination in an appro- 
priate environment. Also possibly certain secondary, adaptively neutral, 
characters, such as some coloration, number of plant petals, etc., which 
may be consequences of structural conditions in the genome. Adaptively 
clumsy or inefficient types may survive D . S . A . S .  New, differentiated 
or other, phenotypes with adaptively valuable competitive characters (size, 
strength, speed, mode of reproduction, fecundity, sense organs, brain, etc.). 

A basic theoretical separation applicable to all species, even to bacteria 
and other micro-organisms, will only be possible when the C.C. have been 
identified. But the above contrasts are more than adequate to provide the 
basis for a provisional separation in several realms of the two classes of 
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factors. This is already possible, for example, where a protected develop- 
mental, e.9., embryonic, phase can be distinguished from a subsequent open 
phase; where sufficient is already known of the chemical morphology of 
the earliest form-determining and growth processes; and where evolutionary 
changes can be studied in a constant environment. 

O b j e c t i o n  B. H o w e v e r  r e a s o n a b l e  s u c h  a r g u m e n t s  m a y  
a p p e a r ,  t h e y  a r e  p r e m a t u r e  a n d  l a c k  s c i e n t i f i c  p r e c i -  
s i o n  a n d  p r e d i c t i v e  p o w e r .  W h a t  o b s e r v a t i o n a l  ev i -  

d e n c e  is t h e r e  f o r  D.S.? 

Eliminative D.S., which is well known, implies some degree of permissive 
D.S. Moreover if the genetic system determines the relative rates of certain 
kinds of mutations, for which there is evidence, then it must also set restric- 
tions on the effective directions of evolutionary change. These indirect argu- 
ments are sufficient to provide a warning of the possible importance of 
internal factors. 

Moreover since 194o many workers (e.g., STERN, 1943; SPUI~WAY, 1949, 
196o; LIMA-DE-FARIA, 1952, onwards; LANGRIDGE, 1958; SONDHI, 1961; and 
others less explicitly) have found themselves led to interpret particular genetic 
observations in terms of the influence of internal factors (such as pre- 
mutational conditions, genetic control of mutations, mutator genes, genetic 
and developmental homeostatis, developmental barriers, etc.) restricting the 
possible lines of evolutionary change. For example, LIMA-DE-FARIA (1962) 
has stressed the importance of the criterion of "compatibility with the system 
of order which is the chromosome field". 

Though it may be difficult to anticipate how a particular perturbation or 
transformation of the developmental processes will be traced to a specific 
locus and chromosomal structure, many techniques are already converging on 
this task, which is crucial to the theory of ontogeny. Within a generation it 
should be possible to produce selected mutations of known genome structures 
in particular species and to observe the elimination of some, and the success- 
ful operation of others, in the processes of development. 

Another line of research which is already leading towards the identification 
of the C.C. as they affect the genome and its mutations is the statistical study 
of non-random arrangements in biological macro-molecules. Recent bio- 
chemical and theoretical studies (e.g., R. V. EcK, 1961 , 1962; H. H. PATTEE, 
1961) point to restrictions on the possible sequences in the linear biomolecules 
expressing specificity. PATTEE considers that there is an important element 
of order in such macromolecules which is a pre-condition, not a consequence, 
of adaptive evolution. Certain changes in the order in biomolecules may be 
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more  stable or  probable  than  others.  Such constra ints  fo rm par t  of the C.C. 

and  studies of coding must  u l t imately  th row light on the C.C. Coding 

determines  a specif ic i ty  which is not  a rb i t r a ry ,  but  must  sa t i s fy  the C.C. 

W h e n  the C.C. have been par t ly  or  wholly  iden t i f i ed  and when  knowledge 

of the s t ructure  of chromosomes and thei r  immedia te  env i ronmen t  is suf-  

f ic ient ly  advanced,  it may  become "possible  to predic t  the class of muta t ions  

which is capable of surv iv ing  D.S.  in a given species in a constant  envi ron-  

men t"  (WHYTE, 1960 ). 

S U M M A R Y  

I. It is likely that internal factors play an important role in restricting the possible 
avenues of evolutionary change from any starting point. Internal selective processes 
operating on premutational disturbances, on mutations, and on developmental phases 
may usefully be separated from the adaptive selection of phenotypes. 

2. The precise structural and morphological consequences of internal factors should 
soon become an isolable problem owing to a) the observational correlation of definite 
changes in hereditary specificity with particular developmental consequences; and 
b) the progressive theoretical identification of the coordinative conditions in organisms. 

3. Increasing clarity regarding the coordinative conditions should throw light on 
the "mutational selection rules" and on the differentiative mutations which led to the 
most important steps in the past history of evolution. 

Z U S A M M E N F A S S U N G  

Die Wege der Evolution kSnnen sowohl durch innere Auslese der Genotypen w~ihrend 
der Entwicklung als auch durch die ~,ussere Darwinische Auslese der Phenotypen 
bestimmt werden. Seit 1949 haben sich zumindest fiinf Forscher (SPuRWAY, VO~r 
BERTALaXFm~, LIMA-DE-FARIA, HALDANE und der Verfasser) mit dieser MSglichkeit 
befasst. Es ist zur Zeit mSglich, zwischen den beiden Arten von Zuchtwahl theo- 
retisch und experimentelt zu unterscheiden. 
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Les chemins de l'4volution peuvent &re d6termin6s non seulement par la s61ection 
ext6rieure Darwinienne des ph4notypes mais aussi par la s61ection int6rienre des geno- 
types pendant le d6veloppement. Depuis I949 aux moins cinq investigateurs (SPuRWAY, 
VOK BERTALANFFY, LIMA-DE-FAR, IA, HALDANE, et l 'auteur) en ont eonsid6r6 la possibilit6. 
I1 est possible ~ pr6sent de faire la distinction entre les deux types de s61eetion dans 
la th6orie comme dans t'exp6rience. 
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