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Having thus found experimental genetic demonstration of the potential for 

transfonning morphoses into adaptive reactions by stabilising selection, 

Schmalhausen returned to studying the phylogenetically established forms of such 

selectively generated adaptive reactions. The developmental effects of these he split 

into three categories. Firstly there were general physiologic modifications, for 

example, variations in growth rate dependent upon nutrition, humidity, and 

temperature. Secondly, physiogenic modifications, which consisted of specific 

adaptations of the organism or of its parts to variations in the physical environment. 

Thirdly there were functional modifications of organs, described as "indirect 

responses of the organism to variations in the external environment" (p. 184). These 

corresponded closely to the above mentioned dependent, autoregulative-dependent, 

and autonomous-regulative modes of development respectively. The third category, 

functional modifications, specifically concerned higher vertebrates, and were "always 

determined by the role of certain tissues and organs in the vital activity of the 

organism as a whole" (p. 188). Examples included the familiar functional 

hypertrophy of neurones and skeletal muscle in response to increased loads, and 

vascular reorganisation in response to neuromuscular changes (p. 189). 

A close similarity can be seen between Schmalhausen's evolutionarily important 

physiogenic and functional modifications, and the neo-Lamarckian palaeontologist 

Cope's "physiogenetic" and ''kinetogenetic'' modifications.4o Delage and Goldsmith 

believed that for Cope, kinetogenetic modification was ''by far the most important in 

animal life." This, they added, was a view "in perfect accord with the Lamarckian 

viewpoint" (Delage and Goldsmith 1912, p. 254).41 In Schmalhausen's discussion of 

40 As Cope said in 1896: "I propose to cite examples of the direct modifying effect of external 
influences of the characters of individual animals and plants. These influences fall naturally 
into two classes, viz., the physico-chemical (molecular), and the mechanical (molar) .... To 
the two types of influence which thus express themselves in evolution, I have given the names 
Physiogenesis and Kinetogenesis." As an example of physiogenetic modifications, Cope 
related that "By exposing the pupae of butterflies to low temperatures material changes in the 
coloration of the mature insects can be produced." Schmalhausen's only examples from 
animals were also temperature dependent colour changes. Cope continued: "In the vegetable 
kingdom it is quite evident that evolution is more usually physiogenetic than kinetogenetic. In 
the animal kingdom we may reasonably suppose that kinetogenesis is more potent as an 
efficient cause of evolution than physiogenesis." (Cope, 1896, pp. 225-230; in Delage and 
Goldsmith 1912, pp. 252-253). 

41 Bowler has made an historical point about physiogenesis which relates directly to the disputed 
concept of morphosis. Many Lamarckians in the 1890s professed the non-adaptive nature of 



215 

functional modifications, their most important attribute was that they connected 

structure, function, and evolutionary development, in an ever closer causal relation. 

The strongly Lamarckian tone of the following passage, and the ubiquitous role of 

stabilising selection, are evident: 

Thus it is assumed that the origin of new functional differentiations is 
always based upon the vital activity of the organism itself. The new division 
of function is accompanied by the formation of new structures as a result of 
the functional activity of the organism. Functional differentiations arise 
under the influence of function itself; in the course of evolution, they are 
stabilized and incorporated into the autonomously developing structures 
through a change in the morphogenetic factors. The evolution of active 
functional structures thus becomes fully comprehensible. (pp. 189-190; 
author's emphasis). 

This fascinating passage illustrates the depth of functionalist and progressivist 

sentiment at the heart of Schmalhausen's morphological synthetic theory. It may be 

that that this still only constitutes a formal, and not a causal Lamarckism, yet it comes 

perilously close to the latter. The stabilization and hereditary incorporation of 

functionally produced novelties is simply the phenomenon of Lamarckian use­

inheritance. For Schmalhausen, at least in higher vertebrates, it was the fixation of 

changes in morphogenetic (that is, epigenetic) factors, not genetic ones, that brought 

about the hereditary fixation of functional differentiations. What is more, in higher 

organisms, such changes arose "under the influence of function itself." These 

specific hereditary changes--that is, the morpho genetic changes initially supporting 

the novel differentiation--were then rapidly underpinned by the non-specific 

hereditary changes incorporated by stabilising selection. In other words, small and 

often deleterious mutations are rapidly selected, within a few generations, to underpin 

the newly acquired developmental pathway. Here, then, was "direct adaptation" 

functioning not at the genetic, but at the epigenetic leve1.42 The time-worn example 

many physiogenic changes, says Bowler, "as it allowed them to use the existence of non­
adaptive characters as evidence against selection" (Bowler 1983, p. 64). Unfortunately, this 
undermined what Bowler calls "the more optimistic image of Lamarckism, which rested on the 
assumption that acquired characters are normally adaptive" (ibid.). Schmalhausen may well 
have been aware of the perceived difficulties with Cope's categories among neo-Lamarckians. 
Nevertheless, for Schmalhausen, normal characters were nearly always adaptive by definition. 
Only a temporary mutational disruption of the norm, or a temporary need to react to abnormal 
environmental stimuli, led to the physiogenic production of non-adaptive morphoses (and only 
then as a necessary preamble to their selective stabilisation, within the continuing adaptive 
evolutionary cycle). 

42 In discussing the neo-Weismannian understanding (and dismissal) of direct adaptation at the 
strictly genetic level, Waddington stated: "It has been usual indeed, to consider this suggestion 
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of callous formation in birds and mammals, is given as an example of a common 

functional adaptation. Schmalhausen concluded that functional adaptation ''is 

considered very important in the origin of new differentiations in the course of 

evolution of the higher vertebrates." He also believed this mechanism shed light on 

''the very origin of the capacity for functional modifications," that is, on the origin of 

adaptability itself in higher organisms (p. 190). 

4.4.1. The Significance of Adaptive Modifications in Evolution. 

The evolutionary significance of adaptive modifications was finnlyat the heart 

of Schmalhausen's argument for stabilising selection. On the history of this subject, 

he believed: 

The significance of adaptive modification in evolution has been evaluated by 
Charles Darwin. Some subsequent Darwinists however, regarded his 
statement regarding this problem as merely unnecessary concessions to 
Lamarckism. Nevertheless, the works of Lloyd Morgan, Baldwin, and a 
number of other Darwinian animal psychologists show an excellent and 
hitherto unexcelled analysis of the evolutionary importance of adaptive 
modifications from the Darwinian point of view. Unfortunately, the more 
recent advances of genetics have prompted the spread of neo-Darwinian 
concepts. Moreover, adaptive modifications generally have not been 
accorded any place among the factors of evolution. Only recently has this 
problem been rescued from oblivion by a number of Soviet investigators 
[here referring directly to Kirpichnikov, Lukin, and himself]. However, the 
evolutionary importance of adaptive modifications still has not been studied 
in all its aspects. Nor has it been properly evaluated. Here, therefore, an 
attempt will be made to indicate the fundamental direction of the future 
analysis of this problem. (1949a, p. 198; emphasis added). 

If this passage can be taken at face value, then it is clear that Schmalhausen held 

the Darwinian analysis of this problem in high regard, and neo-Darwinian dismissals 

of the problem--along with neo-Darwinism itself--in somewhat lower regard.43 Thus 

Schmalhausen would probably have agreed with Waddington's negative view of 

Soviet biologists' contributions to the problem in the 1930s and 1940s. Waddington 

was extremely scathing of the "Russian" work, believing it to be merely neo-

as the only possible alternative to the opposed view that environmental effects have no 
hereditary consequences, the phenomena of adaptation being solely due to natural selection of 
chance variations." Waddington felt that his own work suggested the epigenetic alternative 
described here but, in his 1952 paper, yet he made no mention ofSchmalhausen's 1946 views 
(Waddington 1952a). 

43 See footnote 3 above on Schmalhausen's evident capacity to stand up for his genuinely held 
scientific opinions despite the hostile political environment within Soviet biology in the 1940s. 
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Mendelian gene selectionism repackaged.44 It was, after all, the analyses of Lukin 

and Kirpichnikov that prompted Schmalhausen to conclude, prior to his own analysis, 

that the problem had still not been properly evaluated. 

Schmalhausen's illustrated the value of adaptive modifications via a discussion 

of modificational eurybionty, or adaptation to more than one biotope (local biotic 

environment). This adaptive capacity led to decreased mortality due to physical 

factors, which in tum helped maintain the hidden reserves of genetic variability. Until 

this introduction of the biotic environment, the effects of stabilising selection were 

described by Schmalhausen either in the context of its visible effect on populations; 

that is, increasing normalisation, or in terms of its internal developmental mechanism; 

that is, increasing autonomisation. He now added the ecological description of 

increasing "specialization or the transformation of eurybionty into stenobionty"; 

literally, the constriction of a species' environmental range (ibid.; emphasis added). 

Should local or seasonal environmental changes become permanent, the organism 

was already adapted and, said Schmalhausen, ''the adaptive norm, which previously 

was of secondary importance, may become the principal or even exclusive norm" (p. 

200). With regard to the transition from eurybionty to stenobionty, Schmalhausen 

stated: 

This type of organic adaptation proceeds very rapidly--in the course of one 
generation--and is followed by a hereditary transformation of the organism 
in correspondence to its new position in the external environment. The 
hereditary transformation occurs gradually as a result of stabilizing 
selection. In this case, the adaptive modification acquires fundamental 
importance, since the specific adaptive modifications shape the course of 
further evolution . . . . in all these instances of adaptation, nothing new 
actually arises. The organism merely responds to variations in the external 
environment by means of definite reactions. The capacity for these already 
had been acquired during the preceding evolution of the organism in a 
variable environment. (Ibid.; emphasis added). 

44 With respect to Waddington's designation "neo-Mendelian" to the synthetic theory, Lovtrup 
makes the following useful observation: "The use of the expression 'Neo-Darwinism' as the 
name of the ruling theory of evolution has been criticised because it was adopted by Weismann 
at the end of the last century to represent his particular version of Darwinism. It seems that 
today very few biologists are familiar with this historical fact, and therefore this objection may 
be safely neglected. Of much greater importance is that . . . there is a difference between 
Darwin's theory and 'Neo-Darwinism' so fundamental that it is a mistake to associate the 
latter theory with Darwin's name. The currently accepted theory is more correctly called 
Mendelian population genetics; for convenience I shall here employ the name 'Neo­
Mendelism,' as suggested by Waddington" (Waddington 1975, p. 168; in Lovtrup 1987, p. 6). 



218 

The phrase "nothing new arises," is important in two senses. Firstly, stabilising 

selection was radically divergent, in Schmalhausen's view, from the neo-organic 

selectionism of Kirpichnikov and Lukin. Thus Schmalhausen had never suggested 

the subsequent fixation of any novel hereditary imitation of an original "non­

hereditary" modification, as part of the mechanism of stabilizing selection. 

However, he accepted the reality of such a mechanism as an expression of "common 

dynamic" selection (as defined in my section 4.2.). As the term "stabilisation" itself 

clearly indicated, there is only ever the original modification whose phenotype, if 

adaptive, received gradually increasing genetic support due to natural selection. 

Hence "nothing new rises" in stabilisation, because its mechanism did not allow for 

any neo-organic selectionist phenovariant-genovariant distinction. Hence genetic 

stabilisation could come about relatively rapidly in comparison to dynamic selection, 

since thanks to Kamshilov's experiments we now know that genes under selection 

are radically alterable in their phenotypic effects. Gene expression is fully 

subordinated to the organism's stringent adaptive requirements, most especially when 

in the service of higher functional modifications.45 

There is, of course, a second significance to Schmalhausen's phrase "nothing 

new arises." Gilbert also quotes from p. 200 of the Factors as he contrasts 

Schmalhausen's supposed gradualism with Waddington's acceptance of saltationism. 

Thus Gilbert states: "Unlike Waddington, who stresses that genetic assimilation could 

give new types of organisms, Schmalhausen emphasised that 'in these instances of 

adaptation, nothing new actually arises" (Gilbert 1994, p. 153). Yet Gilbert 

overlooks the immediate context of Schmalhausen's phrase. Nothing new actually 

arises, in the transition from eurybionty to stenobionty, because eurybionty is 

characterised within the population by a pre-existent broad selection of relatively 

uncanalised local adaptive norms. It is from these pre-existent adaptive reactions that 

stabilising selection chooses the most adaptive, when one set of environmental 

circumstances comes to predominate. The statement that nothing adaptively new 

arises in the transition to stenobionty, cannot therefore be construed as a judgement 

45 In an echo of Conn's Simian illustration of classical organic selection, Schmalhausen suggested 
as an example that "forest dwelling mammals may find protection in trees so that the 
extremities become adapted for climbing. Hence fundamental new adaptations may arise on 
the basis of functional modifications" (ibid.). 
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about the kinds of variant forms available for stabilisation within the eurybiontic 

population; that is, whether micro variations or novel macro variations. Gilbert has 

tried to generalise Schmalhausen's phrase in order to portray him as an evolutionary 

gradualist, and supporter of Dobzhansky's population genetical contribution to the 

synthetic theory. Yet to accept this portrayal would entail having to deny too much 

good evidence to the contrary, not least Schmalhausen's frequent avowals that 

fundamentally new structures may arise on the basis of his functional adaptations. 

Other reasons need to be invoked for us to explain Dobzhansky's considerable 

support of the theory of stabilising selection. 

Like Waddington, Schmalhausen also focused on what he called the "striking 

example" of the fixation and ontogenetic acceleration of callosities; specifically the 

soles of the feet in humans, and the elbows of the wart hog.46 Thus Schmalhausen 

concluded that "callosities which first arose as modifications in response to a local 

stimulus have subsequently begun to develop at the same locus in the absence of the 

external stimulus. Thus a new structure which first was produced by the direct 

differentiating action of a functional stimulus has become stabilized" (p. 204). 

Having commended Darwin's successors on their analysis of adaptive modification; 

namely, Lloyd Morgan, Baldwin, and the "other Darwinian animal psychologists," 

Schmalhausen significantly added a denial of the uniqueness of the neo-organic 

selection mechanism proposed by Lukin: 

It is known that the action of stabilizing selection is based upon a selective 
advantage possessed by the adaptive nonn (including also new adaptations) 
over all deviations from it. It operates by the accumulation of all mutations 
which do not bring the phenotype beyond the limits of the established norm. 
It may be assumed that common dynamic selection operates simultaneously 
in the same direction in which the modification of the organism is 
proceeding; that is, on the basis of the selective advantage of further 
deviation over the established nonn. This is possible if the modifications are 
inadequate, unstable under the given conditions, or occur late in the 
ontogeny of the particular fonn. This replacement of modifications by 
inherited variations with definite advantages has been studied extensively by 
Lukin (1935, 1936, 1940). There is no doubt of the existence of these 
processes. However, they do not constitute a special form of natural 
selection. Since, in this case, selection is based upon advantageous 

46 With respect to the link between stabilising selection, canalising selection, and selectionist 
supports for recapitulation, see my chapter 1 section 1.1. Schmalhausen states that Leche 
(1902) had demonstrated the accelerated appearance of callosities into embryonic stages of 
development (Schmalhausen I 949a, p. 203). 
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hereditary variations whose probability is rather limited, the process of 
dynamic selection is very slow. (p. 204; emphasis added). 

This second paragraph, focusing on Lukin's "substituting" (coincident) selection 

(see section 2.6), could just as easily have been referring to Simpson's soon to be 

published "Baldwin effect." As discussed in my section 2.5. Simpson was in 

agreement with Schmalhausen over the infrequency of the dynamic selection of 

coincident hereditary variations--stage 3 of the Baldwin effect. 47 Their views were 

also aligned in the belief that this did not constitute a special form of natural 

selection. Yet their writings fundamentally disagreed, for reasons that are now made 

clear, over Simpson's characterisation of coincident selection as a particular example 

of "the broader principle" of stabilising selection.48 

4.4.2. The Origin of Regulatory Mechanisms of Morphogenesis. 

Having described the mechanism by which natural selection stabilised adaptive 

modifications--a process leading to the production of a new and stable adaptive 

norm--Schmalhausen discussed in his terms the ''mechanisms which preserve the 

norm during variations of the external, and, partly also, of the internal factors of 

development" (p. 206). The genetic means of preservation were principally genic 

balance and the all-important factor of hidden genetic variability (p. 207). Although 

linkage helped create and maintain stable combinations of genes, of much greater 

value, said Schmalhausen, "are the regulating mechanisms which consist of the 

phenomena of diploidy, genic balance (regulating genomic correlation), dominance of 

the norm, and morphophysiologic regulation" (ibid.).49 

47 As discussed in my chapter 3, Simpson provided his own three part definition of the Baldwin 
effect (Simpson 1952a, p. 112; see my section 2.3.2.). 

48 In his 1953 paper, Simpson wrote as though Lukin, Kirpichnikov, Gause, and Schmalhausen, 
were all in agreement that organic selection was simply a mode of stabilizing selection. Hence 
Simpson quite misleadingly asserted: "Schmalhausen and some others (mostly Russian) speak 
of 'stabilizing selection.' Noting that stabilising selection was sometimes equated with 
Baldwin's organic selection, Simpson then added: "Stabilizing selection applies to any 
mechanism tending to fix an adaptive type . . . The Baldwin effect is one such mechanism, but 
not the only one and not (even in Schmalhausen's opinion) the most important" (Simpson 
1953, p. 112; emphasis added). 

49 As a measure of the importance Schmalhausen the morphologist placed upon genetic systems, 
diploidy and genic balance received between 10 and 20 lines. Dominance received a mere 3 
lines. Yet, as we emerge into the epigenetic levels, phenogenetic systems received II pages of 
discussion, and morphophysiologic systems (including development of morphogenetic 
regulations), received a further II pages. 



221 

Schmalhausen focused on the morphogenetic significance of "genohonnones" 

(morphogenetic substances) in vertebrate embryonic development. so Normal 

development that is complex, with correlation of development between parts (such as 

in skull development in the chick), depended upon the genotype as a whole. In such 

cases, he added, ''the role of the individual genes is reduced to the level of modifiers" 

(p.219). The final and most significant means for preserving the stability of the nonn 

were, of course, morphogenetic. It is in this context that Schmalhausen focuses 

much less on genetics, and more directly upon embryogenesis. Thus he stated that: 

"As the systems of correlations become more complex, they lose their genetic 

character; in other words the effects on [sic] individual genes can no longer be 

distinguished (more precisely their disruption by mutations has lethal consequences). 

Morphophysiologic interrelations and their systems may be regarded as entities that 

are not capable of analysis in genetic terms" (Ibid.) Put another way, such 

physiological systems are so deeply canalised that genetic disturbance will only visibly 

effect the organism should such disturbance be lethal. 

Schmalhausen created two higher categories of morphophysiologic correlations, 

existing above the purely physiological level. These functioned at the "ergontic" 

level, and the evolutionarily highest or ''morphogenetic'' level. Ergontic correlations­

-for example the variable fonnation of bone under the action of muscle--are described 

as a "contingent result of the existence of functional interrelationships" (p. 220). In 

other words, ergontically produced structures were essentially by-products of the 

mode of function of working organs--by-products that stabilising selection had been 

able to act upon. The morphogenetic category was characterised by the loss of any 

such contingency. At this highest level, said Schmalhausen, ''the interaction of parts 

of a developing organism may be a direct cause of morphogenetic processes." 

Morphogenesis becomes ''not an incidental but a fundamental effect of the interaction 

of two or more parts" (ibid.; emphasis added). Yet practically, drawing sharp 

50 In the case of invertebrates, the works of Ephrussi, Clancy and Beadle (1936) on diffusible eye 
colour determinants in Drosophila are discussed. Also Kuhn's similar investigations into 
diffusible pigment-forming substances in Ephestia Kuhnellia from 1935. 
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boundaries between these very abstract categories of correlation was admitted to be 

impossible.51 

This transition, from ergontic to morphogenetic correlation, recalled 

Schmalhausen's other descriptions of the evolution of regulating mechanisms of 

morphogenesis: namely, the transitions from dependent development to 

autonomisation, and from eurybionty to stenobionty. At least the connection with 

autonomisation was made explicit, by his observation that the ergontic­

morphogenetic transition "apparently resembles the processes involved in the 

formation of autoregulation in the ontogeny of forms dependent upon external 

factors" (p. 222). In another expression of strong (in Sober's sense of causal) neo­

Lamarckist tendencies, Schmalhausen's mechanisms for both the acquisition and 

inheritance of new morphogenetic correlations are so closely connected, as to be 

virtually indistinguishable. In open advertisement to the morphologist's evolutionary 

ascendancy in these matters, Schmalhausen proclaimed: "The problem of the origin 

of new morphogenetic correlations does not present any difficulties from the point of 

view of a morphologist. The appearance of new differentiations in the course of 

evolution is simultaneously accompanied by the formation of new interrelationships 

in the form of internal factors determining the heritability of these differentiations 

(the processes of integration are a necessary condition for hereditary determination of 

differentiation)" (p. 221; emphasis added). Thus it seemed that the activity­

dependent causation of new differentiations, the necessary functional integration of 

the new structures thus produced, and their resultant heritability, are all but different 

aspects of a single mechanism of heredity. In other words, a necessary condition for 

new differentiations to occur at all in phylogeny, was the simultaneous appearance of 

fully functional and heritable relations to the rest of the organism. Unfortunately, 

Schmalhausen provided no empirical examples from actual development with which 

to ground the reader, leaving her once again with a sense of floating in a sea of 

51 As with many of Schmalhausen's concepts, the need for clear explanatory examples was never 
quite fulfilled. Although he noted that it is "clear that many transitions exist between 
physiologic, ergontic, and morphogenetic correlations," only an obscure embryological analogy 
is provided to help the reader clearly identify the three processes. Thus he stated: "In the 
embryo in which almost all the energy is expended in morphogenetic processes, ergontic 
correlations detennine the interrelationship between those fonns of vital activity which 
characterize embryonic life. Here the correlations acts as specific morphogenetic 
interrelationships" (1949a, p. 220). 
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tenninological abstraction. Such correlation of variations had, of course, long been 

accepted by biologists as a requirement for the organism's surviva1.52 However, what 

appears decidedly unorthodox in Schmalhausen's views, is the notion that it is the 

very mechanisms of these relations themselves that constitute their specific hereditary 

basis. The carriers of heredity, at the morphogenetic level, become nothing other 

than the very structures that facilitate the function of new differentiations. Put 

another way by Schmalhausen, "the mutual relationships of parts, which become 

more complex in the course of evolution, act at each stage of development as factors 

determining the further course of development" (ibid.) 

In describing such regulative morphogenetic development due to "the mutual 

relationships of parts," Schmalhausen reiterated that the terms of geneticists are no 

longer sufficient. Hence he maintained: ''The terms genic balance, dominant genes, 

double reserve of genic activity, etc. employed by geneticists merely serve as 

approximate expressions for describing complex phenomena. Behind these terms are 

hidden extremely intricate interactions, not between genes, but firstly, between the 

processes of intracellular metabolism and, secondly, between the more complex 

physiologic and morphogenetic processes" (ibid.). This had also to be true, then, of 

the explicitly genetic lower levels of protection of the norm ( as described by him in a 

mere three lines, see footnote 47 above). Schmalhausen therefore justified his use of 

these lower level categories, as being a convenient means of illustrating the emergent 

inadequacy of formal genetics. As he explained, "our distinction between genetic and 

morphogenetic systems reflects the increased complexity of the interrelationships 

which at first were amenable to analysis by genetic methods but which have become 

unanalyzable in the course of further evolution" (ibid.).53 

The clearest similarities between Schmalhausen's evolutionary mechanisms and 

Waddington's, emerged in Schmalhausen's discussion of these higher, morphogenetic 

means of protecting normal development. Three general mechanisms were involved: 

a) extension of the thresholds of normal reactivity of tissues, b) decrease of 

52 An appropriate example in this context would be Weismann's concept of "intra-selection," which 
Alister Hardy mistakenly identified with Lloyd Morgan's coincident selection (section 2.3., 
footnote 15). 

53 Indeed, throughout chapters 1 and 3 of Factors, there is an abiding impression of the secondary 
importance to the author of the Mendelian genetic level of description and analysis. 
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specificity of morphogenetic substances, and c) complexity of morphogenic 

correlations. In mechanism a), both the quantitative and qualitative variability of 

morphogenic substances, made extension of the thresholds ofnonnal tissue reactivity 

to accommodate these fluctuations extremely important. 54 Yet morphogens do 

sometimes transcend upper and lower thresholds of target tissue reactivity, even 

during crucial aspects of development. Such excesses, said Schmalhausen, "appear at 

once either as large mutations or as lethals, if they affect vitally important 

morphogenetic processes" (p. 224). Morphogens can also shift their time of 

appearance beyond the window of a tissue's competence, preventing a reaction and 

its dependent reactions. This mechanism explains why small mutations only have a 

visible effect upon the late developmental stages, when the vital processes of 

morphogenesis are completed (p. 225). 

Turning to mechanism b), here stabilising selection for the individuals least 

responsive to changes in the morphogenic substances occurs. Evolution thus freed 

development from the contingencies of the organisms own internal environment. 

Hence both qualitative and quantitative aspects of morpho gens, said Schmalhausen, 

"lose their importance in the course of evolution parallel with the development of a 

definite nonnal tissue reactivity" (pp. 225-226). Hence we now possess a 

morphogenetic explanation of the evolutionary transition--described in such varied 

ways by Schmalhausen--from dependent, through autoregulative, into autonomous 

modes of development. 55 Without exception, Schmalhausen believed, "all the 

54 Schmalhausen provided as an example Goldschmidt's work on the development of intersexes in 
Lymantria dispar, where "The morphogenetic effect is normal, and almost independent of the 
concentration of morphogenetic or inducing substances" (1949a, p. 223). 

55 In a passage very reminiscent of Waddington circa 1942, Schmalhausen explained: "We have 
seen that in the autoregulatory type of individual development the factors of the external 
environment lose their determining importance and merely become stimuli which release an 
autonomous sequence of morphogenetic processes, and, that in the course of the progressive 
autonomization of ontogenesis, the internal morphogenetic factors also lose their specificity 
and are finally reduced to the level of stimuli which release an autonomous sequence of 
morphogenetic processes (self-differentiation)" (1949, p. 226). In 1941, Waddington likewise 
began with a loss of external stimulus (for example, friction for the production of a callous) 
specificity when, due to canalisation: "the action of the external stimulus is reduced to that of a 
switch mechanism, simply in order that the optimum response shall be regularly produced." 
Next, and effectively replacing Schmalhausen's "internal morphogenetic factors" with concrete 
"evocators," Waddington described loss of specificity at the internal level: "But switch 
mechanisms may notoriously be set off by any number of factors. The choice between the 
alternative developmental pathways open to gastrula ectoderm, for example, may be made by 
the normal evocator or a number of other things." Finally, said Waddington, "once a 
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experiments of reciprocal transplantation of pieces of tissue from one embryo to 

another show that the specificity of a morphogenic reaction is determined by the 

properties of the reacting tissue itself." Holtfreter's, Needham's, and Waddington's 

experiments, on the inductive effects of a variety of embryonic tissue extracts, were 

cited as evidence. 56 Such loss of specificity means that morphogenesis has acquired a 

maximum degree of protection from any destructive influences. However, this does 

not mean that induction itself has become irrelevant, since it determines rate, timing, 

and co-ordination of developmental reactions (ibid.) 

Lastly, in mechanism c), the complexity of morphogenic correlations, is found 

the most sophisticated in this long list of systems protecting the norm of reaction. It 

consisted in the gradual development, under stabilising selection, of the underlying 

conditions necessary for all the previous systems. Schmalhausen concluded that all 

morphogenetic interactions form a very complex integrated system. He added: "Each 

individual reaction is assured by an entire aggregate of concurring factors; each factor 

separately may undergo extensive variations without seriously affecting the 

dependent reaction." Thus Schmalhausen has progressed from Braus's "double 

assurance" to what might be called ''multiple assurance," increasing markedly the 

stability of normal morphogenesis (p. 230).57 

4.4.3. Evolution of Individual Adaptability and Morphogenesis. 

In a very interesting passage, Schmalhausen conceded that the question of the 

relative importance of dynamic and stabilizing selection was, as yet, unanswered: "At 

developmental response to an environmental stimulus has become canalized [Schmalhausen's 
autoregulation, see 1949a, p. viii] it should not be too difficult to switch development into that 
track [by an] even more regularly acting gene" (Waddington 1942, p. 565). Hence 
Schmalhausen's autonomisation and Waddington's genetic assimilation appeared almost 
synonymous, but for Schmalhausen' s insistence upon the insufficiency of the genetic mode of 
description, especially at morphogenetic levels of developmental regulation (See section 3.1.2., 
footnote 29). 

56 In my chapter 1, I discuss the importance to Waddington's evolutionary thought of his acceptance 
of reacting tissue specificity, as opposed to evocator specificity, as stimulated by this research. 
The developmental mechanisms responsible for producing reacting tissue specificity in 
Waddington's theory were very similar to those producing autonomization in Schmalhausen's. 
(For Waddington's retrospective views on evocator versus reacting tissue specificity, see 
Robertson 1977, p. 598). 

57 For the significance of Braus's notion of Dope/te Sicherung (double assurance) to Spemann's, 
and particularly to Waddington's research, see Saha 1991, p. 101; Horder and Weindling 
1986, p. 191; and Waddington 1940a, p. 49. 
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present, we do not know to what extent evolution has been due to direct selection of 

new types of reactions (dynamic selection) and what has been the role of 

differentiation of existing reactions into more specialized reactions, with the ensuing 

establishment of a hereditary foundation through stabilizing natural selection. A 

discussion of this subject at the present state of our knowledge would not be 

profitable" (p. 237). This clearly suggested a tactical withdrawal from his earlier 

position that stabilising selection was the prevalent mechanism of all adaptive 

evolution. The question, just as it had been for Hardy in the early 1940s, was an 

empirical one for which there was not, as yet, insufficient evidence. It also reinforced 

the view that Schmalhausen, contrary to received opinion, was no neo-Darwinian 

supporter of a one-sided dependence upon common dynamic selection, as he indeed 

indicated he was not in his Preface and Chapter 1. A strong suggestion of 

Schmalhausen's leanings over this question were provided by his remark: "It IS, 

however, an indisputable fact that only the sex cells are inherited directly (ibid.).58 

In his summarisation of these processes of autonomization, Schmalhausen re­

emphasised the level of functional adaptations, believing it to be of fundamental 

importance for determining the continuing course of evolution. Hence, he 

emphasised, ''the burrowing paw of a mammal can develop only in a burrowing 

animal" and "a flipper can arise only in an actually swimming animal" --a point many 

staunch neo-Darwinians would surely accept, but on very different (neo-Mendelian 

and strong selectionist) grounds to Schmalhausen's functionalist developmentalism. 

The converse process, he believed, was inconceivable; "a flipper cannot develop in a 

terrestrial animal" (p. 240). Thus Schmalhausen again appeared to suggest that the 

58 In other words, there could be no absolute causal separation of directly transmitted or so-called 
"hereditary" characters (Weismannian blastogenic characters), and acquired or so-called "non­
hereditary" characters (Weismannian somatogenic characters), except in the very obvious case 
of the direct donation of the blastomeres themselves. And synthetic neo-Darwinism's 
suggestion that such a separation is possible, merely highlights that movement's historical 
focus on the abstraction Mather characterised in 1943 as ''the characteristic expression of the 
gene." Thus for Schmalhausen, the genetic and epigenetic factors needed to produce adaptive 
modifications were as inherited as those needed for the production of hereditary variations. 
Put alternatively, the phenotypic expression of variations was as much a question of 
development and stabilisation as was the phenotypic expression of adaptive modifications. 
Given these facts, made explicit by many, including Goodrich in 1924 (and of course 
Waddington), Schmalhausen used the reductio about germ cell transmission to intimate that 
only the theory of stabilising selection, with its acceptance of the phylogenetic significance of 
adaptive modifications, could provide an adequate conceptual scheme for adaptive evolution. 
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activities of higher organisms are directly causally related to novel differentiations in 

a Lamarckian fashion. Yet at all times, of course, he stressed the absolute 

importance of stabilising natural selection to autonomization, saying confidently: "All 

these changes have been the result of stabilizing selection. Hence, stabilizing 

selection is the most important agent altering the factors of individual development, 

determining the continuous process whereby individual adaptations are gradually 

incorporated into the normal organization, and consequently, transforming all of 

ontogeny by progressively raising the regularity of normal morphogenesis and the 

stability of the adapted norm" (p. 242).59 Finally, we are reminded that the 

stabilisation of ontogeny--stimulated by the environment, and effected by natural 

selection--is an accelerating force behind progressive change. In other words, the 

relatively rapid action of stabilising selection, as opposed to slower classical dynamic 

selection, increases in importance proportionately as evolutionary progress continues 

to advance (ibid.)60 

4.5. Discussion. 

Not surprisingly, Simpson at the end of his review of Factors of Evolution said: 

The book as a whole is exceptionally difficult. This arises in part from the 
complexity of the subjects treated, for few can bring to the reading such 
broad knowledge and such comprehension of abstruse details as are 

59 Schmalhausen rejected any suggestion of a reduction in evolutionary plasticity as a result of 
continuous stabilising selection (Beurlen's suggested "congelation of form"). "On the 
contrary," Schmalhausen noted, "attention is called to the increasing plasticity of organic 
forms" (1949a, p. 242). It appears counter intuitive that the mechanisms of stabilisation 
should produce lability at the level of the general reaction norm. Yet, Schmalhausen strongly 
asserted: "Simultaneously with the continuous stabilization of special types of reaction . . . 
there are also acquired entirely new reaction forms. And the capacity for individual 
adaptability, including the capacity for adaptive modifications, is based upon these new 
reaction forms. The capacity for more extensive adaptation is an important acquisition which 
leads the organism into new paths of progressive evolution" (p. 243). Williams (1966) 
produced a similar argument to Buerlen's against Waddington's genetic assimilation; and 
Iablonka and Lamb (1995) partly supported Williams' objection that development of a 
stimulus-independent response causes a reduction in phenotypic and genetic flexibility. 
However, Iablonka and Lamb defended Waddington, adding that "selection for a stimulus­
independent phenotype could affect the frequency of alleles at additional loci. It could lead to 
functional interdependence between previously independent developmental pathways; as a 
consequence, the production of the modified character would involve a larger number of 
interacting loci than previously. Genetic flexibility might actually increase, not decrease as a 
result of genetic assimilation." (Iablonka and Lamb 1995, p. 36). 

60 For a discussion of the extent and significance of Waddington's own staunch progressivism, see 
Hahlweg 1981. 
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possessed by the author. The difficulties are, however, partly semantic and 
organizational and might have been avoidable either in the original or in the 
translation. A few special terms of the Russian school of morphogenesis are 
explained in the foreword, but others strew the rough path of the English 
reader. The translator may be to blame for some infelicities (Simpson 1949, 
p.322). 

Infelicities notwithstanding, as a developmentalist synthesis of all the processes 

relevant to adaptive evolution in plants and animals, nothing remotely comparable to 

Factors existed by the end of the Second World War. Waddington's 1940 

mono graph Organisers and Genes, apart from being more modest in size, contained 

the relevant material only within one or two chapters. This, then, provides us with 

the first and most obvious reason for Dobzhansky's choice of Schmalhausen over 

Waddington: that at the time of publication of the Factors in 1946, no other major 

work provided Dobzhansky with the synthesis' ''missing link."61 Waddington had yet 

to publish anything of book length on the canalisation and hereditary fixation of 

adaptive modifications. This fact Waddington wryly attributed to the intrusion of the 

Second World War.62 

In 1959, Waddington wrote to Dobzhansky suggesting that Schmalhausen had 

conflated two types of selection: "stabilising selection type 1," which Waddington 

believed held the gene pool constant, and "stabilising selection type 2" which, in 

Waddington's words, ''built up genotypes which determine developmental pathways, 

which exhibit what you [Dobzhansky] call homeostasis and I call homeorhesis" 

(Waddington 1975, p. 96). But in December of 1952, Waddington had published the 

following much fuller account of his criticisms: 

The idea of the "canalization" or "buffering" of development (Waddington 
1939, 1940) which underlies the theory of genetic assimilation, is also 
closely related to the concept of homeostasis, which has recently been 
introduced in genetical theory. This word has been used in two senses, 
which should be distinguished. Lerner... has applied it in connection with 
the tendency of the gene frequencies in a population, after disturbance by 

61 Gilbert makes the observation that, "Like Dobzhansky, Waddington also used the "missing link" 
trope to describe the absence of embryology from the Modem Synthesis," adding in 
parentheses: "interestingly, this trope is Haeckelian; only if there is a linear chain can there be 
a missing link" (Gilbert 1994, p. 146). 

62 Tongue in cheek Waddington tells us that: "Before the grain of thought which originally led to 
the formulation of these ideas had proceeded very far it was unfortunately broken off by some 
of the more pressing business that demanded ones' attention at that time (in point of fact, an 
ecological study of predation between aircraft, V-boats and ships became for a time more 
engrossing even than Nature red in tooth and claw") (Waddington 1957, p. 73). 
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artificial selection, to return, under the influence of natural selection, to an 
equilibrium state. This may be called "homeostasis of gene ratios" or 
"genetic homeostasis." The aspect of natural selection concerned in 
maintaining it is what I have called "normalising selection" (y.I addington, 
1953). Dobzhansky and Wallace ... use the term in quite a different 
connection; an organism is said to be homeostatic when it adjusts itself to 
recurrent environmental changes in such a way that its function continues 
unimpaired." This might perhaps be called "developmental homeostasis." 
But the word homeostasis is perhaps an unfortunate one, since it seems to 
imply a stationary state, whereas development essentially involves change in 
time. It is for this reason that I have preferred the words canalization or 
buffering, which refer to an equilibrium sequence of states rather than to one 
unchanging equilibrium state. F or the aspect of natural selection concerned 
with setting up such buffered developmental systems, I have recently (1953) 
used the term "stabilising selection," which was introduced by 
Schmalhausen (1949) who, however, does not clearly distinguish it from 
normalising selection. But again, this is perhaps not a very satisfactory 
expression, since the stabilisation of development would seem to imply that 
change had been brought to a standstill. Probably the best expression would 
be "canalizing selection", derived from the word used in the original 
discussion of the concept. (Waddington 1953b, pp. 386-387).63 

However, Waddington's criticisms of Schmalhausen, made here within a reply 

to Simpson's "Baldwin effect" paper of the same year, had already been made by 

Simpson in his 1949 review of the Factors--a fact which Waddington later pointed 

out in his 1961 genetic assimilation review paper. In his account, Simpson first 

described Schmalhausen's categories of dependent, autoregulatory, and autonomous 

development, adding in very general terms: "A role of stabilizing selection is that it 

tends in the course of evolution to transfer developmental processes progressively 

from the first to the last of these categories" (Simpson 1949, p. 323). Yet, after 

giving an example of autonomisation in mammalian development (in this case, the 

embryonic fixation of callosities in baboons), Simpson then introduced the underlying 

theme of his review: "In this sense, 'stabilizing selection' is most strictly defined and 

is narrowly equivalent to the 'organic selection' of Baldwin and others down to 

Gause." After this highly contentious assertion, Simpson immediately continued: 

"Schmalhausen, however, also uses 'stabilizing selection' in at least two other senses, 

without clearly explicit distinction. In some passages it seems merely to mean 

selection in favour of wild type, or of an established norm, what is sometimes called 

'centripetal selection'" (ibid.). This, then, is probably the stimulus for Waddington's 

63 Waddington clearly makes a direct claim here for priority over what he described in The Strategy 
a/the Genes as stabilising selection "sensu stricto" (Waddington 1957, p. 73). 
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own subsequent objections, with the precedent of "centripetal selection" setting the 

stage for his own invocation of normalising selection. 64 

Turning first to address the question of centripetal, or normalising, selection. 

Clearly, Schmalhausen often stated that stabilising selection effected its results 

through the elimination of phenotypes marginal to the adaptive norm. As 

Waddington himself later explained, "it is a commonplace to point out that the 

primary effect of natural selection is to eliminate deviant forms" (Waddington 1953c, 

p. 192). However, to suggest that this phenomenon indicated the action of a separate 

kind of selection which, in Waddington's words, ''holds the gene pool constant," was 

either to indulge in stating the commonplace, or merely to describe an obvious 

consequence of stabilising selection, with respect to major genetic disruptions to the 

norm. Put differently, Schmalhausen's stabilising selection is an ongoing process. 

Given some stringent environmental requirement for the regularisation of an adaptive 

character, then of course stabilisation necessitates the elimination of, firstly, 

individuals with a grossly deviant morphology from the population. This will be 

necessarily be followed, in accordance with selection pressures, by elimination of 

somewhat less deviant individuals, due to their possession of a somewhat more stable 

morphogenesis. To suggest that the first phase of this process does not represent 

selection for more stable morphogenesis, simply because it could be defined in terms 

of Lerner's genetic homeostasis, was to suggest--against the whole thrust of 

Waddington's developmentalism--that the elimination of some genes can be 

morphogenetically insignificant.65 At the very least, then, Waddington's objection 

64 Several others, including Mather, Lerner, and Dobzhansky, somewhat uncritically accepted 
Simpson's viewpoint as veridical. For example Lerner stated: "The rejection by natural 
selection of the extreme deviates is a process referred to by Schmalhausen (1949) as stabilizing 
selection (in one of his usages of the term; see Simpson, 1949)" (Lerner 1954). 

65 Adams, who has extensively studied Soviet evolutionary morphology, seems to be the only 
commentator to appreciate the distinction between the deep morphogenetic effects, and surface 
phenomenal consequences, of the singular causal mechanism of stabilising selection. Thus, 
differentiating the phenomenal consequences of stabilising selection from those of dynamic 
selection, he states: "Schmalhausen distinguishes ... dynamic selection, which tends to move 
the population mean for a given trait directionally . . . from stabilizing selection, which 
eliminates extremes from the norm and tends to maintain the population mean" (Adams 1988, 
p. 282). Then, addressing the deep morphogenetic effects, he immediately adds: "In 
Schmalhausen's view this stabilizing selection has two important effects: it leads to the 
integration of the genic complex and to the development of tightly interwoven developmental 
and autoregulatory mechanisms, and it leads to the build-up of a 'reserve' of hidden variability 
that can, under certain conditions, be 'mobilized' (ibid.). 
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violated the principle of parsimony, at most it violated his own express principles of 

evo lutionary developmentalism.66 

Moving to Simpson's third perceived sense of the way in which stabilising 

selection was being used, he continued: "Elsewhere, and more frequently, it means 

selection favouring and, in a sense, producing 'internal regulating mechanisms which 

counteract the harmful influences of the external environment, or of disadvantageous 

mutations and other disintegrating factors. Among the mechanisms of this sort 

discussed at some length are diploidy, dominance of wild type [Schmalhausen's 

dominance of the norm], balanced genetic systems, determination of morphogenesis 

by the genome as a whole, wide range of normal tissue reactivity, and complexity of 

morphogenetic correlations" (ibid.). Simpson's list is, of course, immediately 

recognisable as corresponding to Schmalhausen's lengthy discussion of mechanisms 

for protecting the norm of reaction, culminating in the complex "multiple assurance" 

of development (Schmalhausen 1949, p. 230; my section 4.4.2.). For Simpson, it 

was only in relation to his own understanding of neo-organic selectionism (which he 

later designated the "Baldwin effect"), that the phenomenon of stabilising selection 

was undoubtedly real. Hence he continued: 

Stabilizing selection in the narrowest sense, or 'organic selection' of 
genotypes coincidental with adaptive induced modifications, is doubtless a 
real phenomenon. It seems to have been established experimentally by 
Gause and to be the most probable explanation of some observed cases of 
adaptation. It is also of considerable interest in its bearing on some of the 
test cases of neo-Lamarckism. There is, however, room for question 
whether it merits such extreme emphasis, aside from the ideological struggle 
which evidently stimulated some of these studies. That it is really of 
relatively minor importance is suggested by the fact that when 
Schmalhausen is discussing broader problems and general historical aspects 
of evolution he hardly ever uses "stabilising selection" in this sense, but 

66 Waddington described normalising selection, as selection for "the elimination of phenotypes 
directly dependent on the presence of abnormal genes" (Waddington 1953c, p. 192; emphasis 
added. This was contrasted to stabilising selection "sensu stricto" (that is, canalizing 
selection), which selected against phenotypes ''whose disadvantage is due to the relative 
instability of their genetic system.") (ibid., author's emphasis). However, when applying 
Waddington's own strictly developmentalist principles, based upon Goodrich's dictum (see 
section 2.5.), deviant phenotypes "directly dependent on the presence of abnormal genes," were 
a priori phenotypes ''whose disadvantage is due to the relative instability of their genetic 
system." Hence, in every other debate Waddington had with modern synthesis geneticists 
(particularly those supporting neo-organic selectionism), he always emphasised the direct 
dependence of the phenotype upon the epigenotype, whether the genes involved might be 
described as abnormal or not. It was only in relation to the question of whether 
Schmalhausen's stabilisation was actually better defined as Waddington ian normalisation, that 
he temporarily ignored a radically epigeneticist story on the role of genes in development. 
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almost exclusively in the sense of the development of regulating 
mechanisms (Simpson 1949, p. 323; emphasis added).67 

Thus, for Simpson, the indubitably legitimate sense in which stabilising selection 

was being used--that is, in signifying the Baldwin effect--was so insignificant as to be 

the one which Schmalhausen hardly ever used. In fact, a closer examination of the 

Factors might have shown that it was one which the author never used, and one 

which he both implicitly and expressly denied on several occasions (Schmalhausen 

1949a, pp. 198, 204, and 237). This was because, for Schmalhausen, the neo­

Mendelian interpretations of organic selection of Lukin, Kirpichnikov, and Gause, 

were merely one mode of action of "common dynamic selection": dynamic selection, 

or the classical form of natural selection, having been graphically defined in antithesis 

to stabilising selection in Chapter 2 of Factors. Indeed, with regard to neo-organic 

selection's being reducible to a minor mode of action of classical natural selection, 

Simpson and Schmalhausen were in complete accord. Thus it was Schmalhausen's 

postulation of the existence of a separate, causally antithetical, and evolutionarily 

highly significant kind of selection, concerned with the autonomisation of acquired 

modifications, which was the major issue that separated the two morphologists 

Simpson and Schmalhausen. An issue, furthermore, which threatened to leave them 

at complete odds over Dobzhansky's ''real issue," and hence the status of the neo­

Darwinian synthetic theory. 68 

Interestingly Waddington--who's 1942 theory bore strong resemblance to 

Schmalhausen's (in its focus upon canalisation, indifference to ''normalisation,'' and 

distinction from Huxley's neo-organic selection), nevertheless appeared to concur 

with Simpson's negative analysis of Schmalhausen's monograph. In fact, 

Waddington clearly attempted in 1953 to claim priority for his concept of 

canalisation, employing direct support from Simpson's analysis. Thus in his paper 

67 Interestingly, Simpson confuses throughout his writings Baldwin's organic selection sensu 
stricto, that is, the further adaptive modification of previous coincident variations, with Lloyd 
Morgan's original concept of coincident selection (closely related to stage 3 of Simpson's own 
Baldwin effect). This was distinction which Baldwin and Lloyd Morgan devised, and Osborn 
concurred with, by 1897 (See section 2.5.1., footnote 43). 

68 In the 1937 and 1941 editions of Genetics and the Origin of Species, Dobzhansky wrote: ''No 
coherent attempts to account for the origin of adaptations other than the theory of natural 
selection and the theory of the inheritance of acquired characteristics have ever been proposed. 
Whether or not these theories are adequate for the purpose just stated is a real issue." 
(Dobzhansky 1941, p. 187; see my section 2.1.) 
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"Epigenetics and evolution," and after identifying Simpson's three versIOns of 

stabilising selection, he commented: 

The lack of precision in the use of the tenn makes it difficult to decide how 
far Schmalhausen had realised the causal connexion which, it is argued here, 
exists between the canalization referred to in his second use of the tenn and 
the genetic assimilation involved in the third. Simpson (1949) appears to 
believe that Schmalhausen thought of assimilation taking place only by the 
spread through the population of chance mutations which happen to produce 
the same effects as the environmental stimulus, and he claims (as does 
Huxley, 1942) that this is the strict meaning of the older idea of organic 
selection. The essential point of the idea which is being advanced here is 
that the canalization of the response to an environmental stimulus so moulds 
the general genetic background that it becomes almost inevitable that a gene 
or system of genes will appear which can adequately substitute for the 
external stimulus (Waddington 1953, pp. 195-196). 

After a detailed analysis of Factors of Evolution such as undertaken above, it 

becomes difficult to see how anyone could have construed Schmalhausen as failing to 

understand the causal connection between canalisation and genetic assimilation. 

Waddington certainly could not agree with Huxley's and Simpson's interpretation of 

the evolutionary significance of adaptive modifications, and must equally certainly 

have recognised a very close relationship between his own synthetic theory and 

Schmalhausen's. It might be argued, then, that Waddington felt an imputation of 

confusion within Schmalhausen's own understanding of stabilising selection, would 

leave clear the opportunity to claim priority for his own canalisation theory of 

evolutionary morphogenetic stabilisation. At least, Schmalhausen's monograph 

positively influenced Waddington's revision of the original 1940 concept of the 

genetic supersession of an external stimulus, changing it into "stabilising selection 

type 2." 

Finally, a difficulty that seems to be overlooked in contemporary Western 

criticisms of Schmalhausen's thesis, is the problem of maintaining a distinction 

between classical and stabilising selection based upon the dynamics of their relation 

to the norm of reaction. This difficulty becomes acute when Schmalhausen attempts 

to maintain a dynamic aspect to stabilising selection, stating that its action does not 

necessarily diminish future adaptability (Schmalhausen 1949, p. 243). On occasions, 

Schmalhausen in fact retreated to the position that stabilising selection produces only 

minor changes to the norm of reaction. However, since mutations are themselves 

defined as alterations to the norm, and since stabilising selection depends upon the 

accumulation of many mutations, whatever their effects, the difficulty remained. 
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In conclusion, Waddington and Schmalhausen still stood very much together 

over the evolutionary mechanisms for the fixation of adaptive modifications, and very 

much apart from attempts to incorporate their views within a classical dynamic 

selectionist framework. The epigenetic or morphogenetic bases of their theories, and 

the roles they saw for embryology and genetics within an adequate modem theory of 

adaptive evolution, were broadly equivalent once Schmalhausen's work had been 

assimilated into Waddington's scheme. It is clear, at least to this author, that 

Waddington's assent to the views of new synthesis supporters, suggesting that 

Schmalhausen's concept of stabilising selection was confused, relate primarily to 

Waddington's priority concerns over the true mechanism for evolutionary 

morphogenetic stabilisation. Finally, for both men, the only escape they saw from the 

adaptationists' dilemma was a genetically enlightened evolutionary 

developmentalism--which, at a time of hardening selectionism within the synthesis, 

they alone were fully qualified to provide. The issue of the relationship between neo­

Lamarckism and Schmalhausen's and Waddington's syntheses, will be addressed at 

length within my concluding Chapter 5. 



Chapter 5. 

Summary Conclusion: A Modern Developmentalist Synthesis. 

To be sure, little time now needs to be spent on the neo-Lamarckian theory 
that hereditary adaptation arises by direct interaction of organism and 
environment. This theory was, I think, surely correct in designating 
organism-environment interaction as the cause of adaptation and adaptation 
as the main orienting force in evolution (which, incidentally, Lamarck 
himself did not believe). The neo-Lamarckians did great service to 
evolutionary theory by insisting on this relationship and by producing a 
great deal of evidence for it. There is, however, no longer any real doubt 
that they mistook the nature of the interaction, which does not produce 
adaptation directly but through the mediation of genetical selection. The 
postulated neo-Lamarckian mechanism for direct transfer of modification to 
a genetical system does not exist, and all the evidence for its action as well 
as much evidence it could not possibly explain can be wholly accounted for 
by the indirect mechanism of selection. l 

George Gaylord Simpson. 

5.1. Embryology, Epigenetic Inheritance and Evolution: "Old 

Terminology" Versus "New Terminology" in the Modern 

Synthesis. 

Synthetic neo-Darwinism endeavoured to leave behind the late nineteenth and 

early twentieth century's most persistent evolutionary doctrines: strong 

recapitulationism and neo-Lamarckian heredity. These two central components of 

the "Old Synthesis" in evolutionary biology, had worked together since the rise of 

Haecke1's biogenetic law. Lamarckian inheritance was central to Haeckelian 

recapitulation, because evolutionary change by terminal additions to ontogeny was as 

crucial to Haeckel's adaptationism and progressivism, as it was to the recapitulatory 

acceleration mechanism itself (section 1.1., see also Bowler 1983, p. 68). 

Furthermore, although Haeckel championed Darwinismus in Germany, he in fact 

ranked Goethe and Lamarck as Darwin's equals in the origination of a 

transmutationist theory. Therefore Haeckel's own views on evolution constituted, in 

I Simpson 1953b, p. 266. 
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Gould's words, a "curious and inseparable mixture" of these three men's insights 

(Gould 1977, p. 80). 

The "phylogenizing" of post Darwinian morphology was a very successful 

research programme, at least in terms of its longevity and intensity. During the 

period from publication of Haeckel's 1866 Generelle Morphologie until Garstang's 

important and damaging 1922 critique of the biogenetic law, embryology was 

transformed by recapitulationism. Yet the new power Haeckel had apparently 

imparted to evolutionary embryologists; namely, to directly view the lineage of 

ancestral adult forms by analysing an organism's embryonic stages of development, 

had many reverberations far beyond embryology itself. In Conklin's words, 

recapitulation "promised to reveal not only the animal ancestry of man and the line of 

his descent but also the method of origin of his mental, social and ethical faculties" 

(Conklin 1928; in Gould 1977, p. 116). Hence Gould has discussed five areas of the 

human sciences deeply influenced, if not deeply traumatised, by unbridled Haeckelian 

recapitulationism.2 

However, the late nineteenth century's expedient relativisation of the biogenetic 

law, with its untenable "adult stage" recapitulationism, initiated the description of 

relative rates of ontogenetic acceleration for individual organs and structures. This 

obviated the strict Haeckelian view which had funded the doctrine's most obvious 

and widespread abuses; namely, that embryology was essentially a series of frozen 

adult forms (also see Mayr on Meckel, section 1.2.)3 Nevertheless, despite the fact 

2 Just three of Gould's examples suffice to make the point. In ethnology, recapitulation was 
employed to link the transitory behaviours of children of "higher" races with the fixed habits of 
adult "savages" (Chamberlain 1900; in 1977, p. 117). Again, in criminal anthropology, 
normal children were believed to pass through a "savage" phase, and were therefore 
predetermined "criminals" at one stage of their development. But whilst the normal adult 
achieved civilisation in later life, the "born criminal" remained trapped at the brute stage 
(Parmelee 1912; in 1977, p. 121). In psychoanalysis, the trained biologist and staunch 
recapitulationist Freud believed: "Each individual somehow recapitulates in an abbreviated 
form the entire development of the human race (Freud 1916; in Gould 1977, p. 156). For 
example, in Gould's words, Freud "linked the infant's oral and anal sexuality to a quadrupedal 
ancestry before vision became a dominant sense and eclipsed a previous reliance upon smells 
and tastes" (1977, p. 157). 

3 Gould speaks at length on this dismantling of the strict Haeckelian doctrine: "The obvious 
alteration involved a simple shift of perspective. If organs are accelerated at different rates, 
then each organ must be considered separately, for each still repeats the stage of its own 
evolution .... Cope and Weismann developed this alteration [and] it quickly became the 
methodological focus of nearly all serious work in comparative embryology. Recapitulation 
was preserved--indeed, it was strengthened--byaccommodation" (Gould 1977, p. 174). He 
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that the exclusively selectionist Weismann was himself an organ and structure 

recapitulationist, the anti-Lamarckian and anti-recapitulationary forces within neo­

Darwinism increased in strength. In the light of this ongoing agenda within the 

synthetic theory, the evolutionary syntheses of Waddington in the West and 

Schmalhausen in the Soviet Union were indeed radical alternatives, and not just 

footnotes to its completion. As phenogeneticists, embryologists and morphologists, 

Waddington and Schmalhausen both believed in an actual, and not merely an 

apparent, inheritance of acquired characters. Stabilising selection, properly 

understood, could never have been accepted into the emerging synthesis of the 

1940s, no matter how well it may have been founded in good science and the 

"impeccable logic" of its exponents.4 

Furthermore, Waddington the palaeontologist was a strong organ and structure 

recapitulationist, with a belief that genetic assimilation provided its explanation 

(section 1.2.2.). Likewise, Schmalhausen's evolutionary synthesis of morphology 

and genetics was by no means incompatible with the recapitulationist morphology of 

his mentor Severtsov.5 Because of the general perception in the 1930s and 1940s 

that strong recapitulationism had finally been discredited, very few people were 

looking for selectionist explanations for recapitulation. Those who were, stood in 

opposition to T. H. Morgan's passive explanation of recapitulation, as merely the 

causally insignificant survival of ancestral characters in descendent embryos (See 

adds: "Haeckel's reading fell from favour and his law, refractory as ever to empirical criticism, 
retained its popularity through a redefmition in terms of individual organs" (1977, p. 175). 

4 As Simpson related in his review of Factors of Evolution, Dobzhansky had spoken of the 
"impeccable logic" of Schmalhausen, just as Schmalhausen had spoken of the "impeccable 
logic" of Charles Darwin himself. 

5 Ghiselin has commented: "To many it has seemed enigmatic that morphology contributed virtually 
nothing to the synthetic theory of evolution. Beyond the accumulation of more phylogenetic 
data and the elucidation of long-term trends, it seems to have existed in another world. One 
might conjecture that there was something about morphologists that led them to dislike 
selection theory" (Ghiselin 1980, p 181). Similarly Coleman States: "Morphology made no 
concrete contribution to the synthesis, but rather the reverse: the synthesis had an impact on 
the field of morphology" (Coleman 1980, p. 173). Waisbren has made reply to this opinion 
with a review of the work of the Oxford trio of Goodrich, Huxley and de Beer (Waisbren 
1988). Yet as we have seen, only Goodrich positively stimulated a genuine integration of 
morphology into the synthesis. However, Ghiselin is justifiably impressed with the 
contributions made to evolutionary morphology by Schmalhausen's teacher, Severtsov. 
Therefore I hope that a reappraisal, in the light of the present history, of the contributions 
made to a genuine synthesis by Waddington's embryology and Schmalhausen' s functionalist 
morphology will stimulate fresh discussion in this area. 
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Rasmussen 1991, p. 61, and also T. H. Morgan 1932, pp. 174-175; in Rasmussen 

1991, p. 82). Thus in the West at the time of the selectionist hardening of the 

synthetic theory, only Waddington's ideas, based on Morgan's genetics, provided 

such an explanation. Waddington's alternative synthesis was unique, both in the 

embryologically developed basis of its developmental approach, and in its direct 

threat to the neo-Darwinists' rejection of strong organ and structure 

recapitulationism. In 1930, with de Beer's discrediting job done and with Haeckelian 

recapitulation and neo-Lamarckian heredity jointly offered the coup de grace, the 

founders of the synthetic theory believed that they could ignore embryology, and 

continue unhindered to investigate Dobzhansky's true mechanism of the origin of 

adaptations. 

Yet at Cambridge in the 1930s, chemical embryological studies of the processes 

that caused the series of tissue differentiations in vertebrate ontogeny, showed how 

embryology had become the furthest thing possible from an irrelevance to the 

synthesis. These processes, when viewed as internal aspects of the phenotype just as 

subject to selection as the external and behavioural morpho type, brought otherwise 

marginally interesting processes, in particular Braus' and Spemann's "double 

assurance," to assume a new adaptive evolutionary significance (sections 1.3.1. and 

1.3.2.). Powerfully, then, Waddington's twin concepts of reacting tissue specificity 

in embryonic induction, and selection for increased tissue "competence" (that is, the 

ability to react very sensitively and invariantly to the evocator stimulus causing that 

induction) led to a truly synthetic explanation of the genuine inheritance of acquired 

adaptive characters. They led, in other words, to the concept of "genetic 

assimilation" (section 1.3.2.). Once Waddington had identified evocatory substances 

with primary gene products, the natural selection for ever greater competence 

efficiencies formed an empirical and theoretical conduit strongly linking population 

genetics and embryology. Furthermore, the idea that selection for greater 

competence efficiences would necessarily cause a migration of induced adaptive 

characters to earlier stages of development, synthesised Waddington's embryo­

genetics and the selectionist explanations for recapitulation given by F. M. Balfour 

and Fritz Muller (section 1.2.2., see also Gould 1977, p. 101) For Waddington, all 

these empirical findings and theoretical developments led him to call for a nexus of 

disciplines, under the general rubric of "diachronic biology" (section 1.2.1.). 
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The difference between his concept of diachronic biology and the recently 

consolidated synthetic theory, enabled the maverick Waddington to publish deep 

reservations over the emergent neo-Darwinian orthodoxy in the early 1940s. Unlike 

the staunchly neo-Darwinist de Beer, Waddington had no ideological commitment to 

toppling neo-Lamarckism and the biogenetic law (section 1.4.). Furthermore, 

Waddington's embryological theory could, as mentioned above, just as easily 

accommodate Haeckelian recapitulation as it could Garstang's paedomorphic 

retardation. 6 Most importantly, Waddington's mechanism explaining the hereditary 

fixation and acceleration of acquired characters threatened to undermine Morgan's, 

Garstang's, and de Beer's supposed deductive disproof of Haeckel's biogenetic law, 

by showing how external factors of development could indeed become internalised. 

Waddington's embryological synthesis had, then, served to answer de Beer's 

rhetorical question regarding the basis of recapitulation in neo-Lamarckian heredity. 

De Beer had asked, concerning one reputed example of the accelerated inheritance of 

acquired characters, whether anyone could suppose that friction wearing down the 

upper molars of the adult dugong ''has anything to do with the origin of the internal 

factor which controls the resorption of the tooth in the unborn embryo?" 

Waddington's strategic response was to state that "it certainly seems very far-fetched 

to attempt to explain such phenomena without bringing in the fact that the 

environment might be expected to produce similar effects" (See Waddington 1953c; 

reprinted verbatim 1975, p. 30). Moreover, Waddington addressed the issue within 

the language of de Beer's ''new terminology," rather than the "old terminology" of 

the traditional Lamarckism debate (section 1.4.).1 In fact, Waddington's explanation 

of recapitulation whole-heartedly embraced the new opportunity, presented by de 

Beer, for a terminological break with the late nineteenth century's narrow obsession 

6 De Beer's eight modes of heterochrony were convincingly reduced by Gould to just two; 
ontogenetic acceleration and retardation (Gould 1977, p. 228). Both these processes could be 
explained by canalisation (section 1.2.2., footnote 32). 

7 As discussed in my Chapter 1, de Beer asserted in 1930 that "the question--Are acquired 
characters inherited?--has no meaning, and what the questioners really mean is--Can external 
factors become internal" (de Beer 1930, p. 15). Thus the question was shifted from what he 
characterised as ''the old terminology" of the inheritance of acquired characters, to the more 
precisely phrased question of whether or not the external forces acting upon ontogenetic 
processes can become "internalised" (1930, p. 18). Such a move was perfectly accommodated 
within Waddington's strategy of discrediting both neo-Lamarckian and neo-Darwinian 
mechanisms of adaptive evolution, as conceived by Weismann (section 5.2.). 
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with the hypothetical mechanism of somatic induction. 8 Both Waddington and 

Schmalhausen, from the early 1940s, were much happier with the broader question of 

whether or not a genuine inheritance of acquired characters occurred: that is, with 

whether or not external factors, known to be responsible for the stable and regular 

unfolding of ontogenetic development, could become internalised and 

phylogenetically fixed. 

Turning to the question of neo-Lamarckian heredity in modem synthesis 

historiography, attitudes to the syntheses of Waddington and Schmalhausen have, to 

date, been entirely conservative. It is usually the opinion of modem historians that 

Waddington and Schmalhausen (and most especially Waddington), were acceptable 

to the prevailing neo-Darwinian orthodoxy, but of minor significance to the emerging 

modem synthesis. Jablonka and Lamb's recent book, though challenging in many 

other respects, clearly adopts this received view of history. Thus Jablonka and Lamb 

assert that although the evolutionary processes forwarded by Waddington and 

Schmalhausen could be regarded, in their words, as ''having a Lamarckian outcome," 

they only had such in the sense ofMedawar's ''weak'' form of Lamarckism. 9 As the 

authors explain, "Waddington and Schmalhausen did not suggest, as is required in the 

8 The neo-Darwinian equation of neo-Lamarckism with somatic induction was a result of the 
extremely exacting demands of proof, originally made by Weismann, laid upon the proponents 
of neo-Lamarckian heredity. These demands were readily adopted by the neo-Weismannian 
supporters of the synthetic theory. Yet, as Mayr has stated, neo-Lamarckists tended also to 
accept orthogenesis, as well as "Geoffroyism" (which ascribed evolutionary change to the 
direct influence of the environment). In Mayr's words, "The product of this [direct] induction 
is transmitted to future generations, by means of an inheritance of acquired characters" (Mayr 
1980, p. 5; see also section 3.3.l. footnote 56). 

9 In Medawar's "weak" form of Lamarckism, "Modifications acquired in each member of a 
succession of individual lifetimes, as a result of recurrent responses to environmental stimuli, 
may eventually make their appearance in ontogeny even when the environmental stimuli are 
absent or are deliberately withheld" (Medawar 1957, p.83). To this, Medawar added the 
recapitulatory tenet that "the age of appearance of these modifications in ontogeny will 
eventually anticipate the age at which environmental stimuli could in any case have been 
responsible for them" (ibid.). This, Medawar's "purely descriptive" weak form had a specific 
statement of genetic cause added to it to give Medawar's formulation of the "strong" form, 
where: "The repeated induction of character-differences within the lifetimes of individuals of 
successive generations is accompanied by a genetic change in each individual, the change 
being such as eventually to reproduce the character-difference elicited by environmental 
stimuli even when those stimuli are withheld" (1957, p. 91; emphasis added). Hence for 
Medawar, unlike for Weismann, no partiCUlarly strong causal connection between external 
stimuli and genetic change (viz. somatic induction) was insisted upon as evidence for the 
strong form, since the phrase "is accompanied by" allowed equally for somatic, direct, and 
parallel induction mechanisms. 
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'strong' form of Lamarckism, that the acquired characters were accompanied by the 

origin of adaptive genetic changes in the individuals in which they were induced" " 

(Jablonka and Lamb 1995, p. 37). For Waddington and Schmalhausen, therefore, 

"the environment effects the expression of genes, not the genes themselves" (ibid.). 

Jablonka and Lamb here witness to the continuing dominance of the late 

nineteenth and early twentieth century conceptual framework--the framework of de 

Beer's "old terminology"--for debating the mechanism of the origin of evolutionary 

adaptations. In fact, using this framework, Mayr, Simpson, and many other neo­

Darwinians in the 1950s (including de Beer), dismissed suggestions of the inheritance 

of acquired characters as failed attempts to legitimate the "strong" Lamarckian 

mechanism of somatic induction. Since adequate evidence for the existence of a 

mechanism for somatic induction had never been forthcoming, the neo-Darwinian 

selectionism of the synthetic theory could continue hardening unchallenged. 

However, real difficulties for the hardening synthesis, caused by its total dependence 

upon this narrow justification for the exclusion of the inheritance of acquired 

characters, were presented by the problem of the hereditary fixation of adaptive 

modifications. These difficulties, so vividly identified by Simpson in the early 1950s, 

necessitated a dismissive approach among synthesis supporters to the evolutionary 

significance of phenotype-genotype interactions. The debate over the evolutionary 

significance of adaptive modifications to the phenotype was always haunted by fears, 

openly expressed by Simpson, that it still left the decision between neo-Darwinian 

and neo-Lamarckian heredity to be made (section 2.3.2.). 

Yet many evolutionists, writing from the early years of the twentieth century, 

had fully understood that the equation of Lamarckism with some mechanism of 

somatic induction, was simply a result of the doctrinal extremities of Weismannism. 

Delage and Goldsmith noted in 1909 that due to his ''too narrow and too exclusive" 

concept of heredity, Weismann would only accept somatic induction as evidence of 

neo-Lamarckian heredity (Delage and Goldsmith 1912, p. 197). He therefore rigidly 

excluded as evidence the sometimes adaptively directed alteration of the germ plasm 

by an environmental stimulus, so as to produce the heritable facsimile of a somatic 
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modification produced by the same stimulus (namely, parallel induction).10 A 

fortiori, in Delage and Goldsmith's words, Weismann excluded "all cases in which an 

action is exerted simultaneously on the soma and on the germ cells," regardless of 

whether an adaptive modification precedes the production of an adaptive germinal 

variation: that is, both the closely related mechanisms of parallel and direct induction 

(ibid.).ll Regarding this demarcation between somatic induction and other 

mechanisms, the authors wisely commented that ''the line is very hard to draw in the 

majority of cases and the evidence demanded from the Lamarckians is very difficult 

to produce, for the two actions are not easily dissociated in real life" (1912, p. 198). 

And even if this were possible, they added tellingly, "it would only have a theoretical 

bearing on Weismann's theory of the germ plasm; it would have no bearing at all on 

the question of the heredity of acquired characters as a factor in the evolution of 

species" (ibid., emphasis added).12 

Likewise in 1923, Dendy shrewdly recognised that the demarcation between 

somatic and other forms of induction, was rooted directly in Weismann's highly 

problematic distinction between "somatogenic" and ''blastogenic'' characters. In his 

1893 The Germ-Plasm: A Theory of Heredity, Weismann identified somatogenic 

characters with acquired characters, writing: "By acquired characters I mean those 

which are not preformed in the germ, but which arise only through special influences 

10 Dendy describes parallel induction using the following general example: "We know from the 
study of hormones ... that almost infinitesimal quantities of specific chemical substances are 
able to produce very conspicuous and very definite effects upon the animal body . . . but no 
permanent modification of the germ plasm is effected, and, hence, there is no true inheritance. 
It is a case of what is sometimes called 'parallel induction,' in which the body and the germ 
cells are exposed at the same time to the same stimulus, but in the case of the germ cells, of 
course, the effect is delayed until the development of a new individual takes place" (Dendy 
1923, p. 210). 

II Delage and Goldsmith offered the following example of direct induction: "Paul Bert tried to 
acclimatise some Daphnae to salt water by gradually adding salt to the aquarium. At the end 
forty-five days, when the water contained 1.5% of salt, all the adults had died, but the eggs in 
their brood chambers had survived, and the new generation arising from these flourished well 
in the salt medium. Packard, a Lamarckian, who cites this case from Cuenot, sees in it 
evidence of the heritability of a modification, but Thomson, a Weismannian, regards it merely 
as an instance of the direct modification of the germ cells or of the embryos" (Delage and 
Goldsmith 1912, p. 198). 

12 Delage and Goldsmith nevertheless added that the distinction "assumes a certain importance in 
the case of characters resulting from the use or disuse of organs and generally localised," 
although the detailed basis for this assertion was not given (ibid.). 
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affecting the body or individual parts of it. They are due to the reaction of these 

parts to any external influences apart from the necessary conditions of development' 

(Weismann 1893; in Dendy 1923, p. 201; :first emphasis author's). Such characters 

Weismann called somatogenic, ''because they are produced by the reaction of the 

body or soma." These Weismann contrasted with blastogenic characters, which were 

defined as "those which originate solely in the primary constituents of the germ 

(,keimesanlagen')" (ibid.). Dendy immediately homed in on the most problematic 

phrase in Weismann's distinction: 

The expression "apart from the necessary conditions for development" 
clearly indicates a difficulty with which Weismann was faced in 
endeavouring to draw an absolutely clear-cut line of demarcation between 
somatogenic and blastogenic. It is obviously impossible to make any sharp 
distinction between the influences of the environment upon the developing 
organism, which in fact constitute the necessary conditions of development, 
and those environmental stimuli to which the adult is exposed, just as it is 
impossible to draw a sharp distinction between the period of development 
and that of adult life. (Dendy 1923, p. 202). 

Thus, as Denby made clear, Weismann's distinction can only be arbitrarily made 

since (as others such as Goodrich later reiterated) every character is necessarily the 

combined result of internal and external influences. Therefore, the extent to which 

external influences may become internalised, by becoming a fixed part of the 

''necessary conditions of development" of so-called blastogenic characters, was 

always an extremely vexed empirical question. More importantly, it is thereby made 

the only important question, when deciding whether acquired adaptive modifications, 

produced as a response to such external influences, can themselves become, to use de 

Beer's 1930 term, "internalised" (section 1.4.). It was an irony of the development 

of synthetic neo-Darwinism that Weismann's blastogenic-somatogenic distinction 

had, by turns, been both too strong and too weak to support its ends. I3 

13 The arbitrary polarity of Weismann's categories lay at the roots of the deepening adaptationists' 
dilemma. At one extreme, de Beer's early modern synthesis campaign against Haeckel's 
phylogenetic causes forced him to weaken the preformist heredity of the blastogenic­
somatogenic distinction. Supporting Dendy's and Goodrich's views, de Beer insisted that: 
"Each ontogeny is a fresh creation to which the past contributes only the internal factors by 
means of heredity" (de Beer 1930, p. 18). However, such a softening of Weismannian heredity 
proved too dangerous a concession to an epigenetic view of development, and hence possibly to 
neo-Lamarckian heredity, during the later synthesis period. Therefore in 1953 Simpson 
cautioned those neo-Darwinians seemingly seduced by organic se1ectionism either there was or 
was not a causal connection between adaptive modifications and subsequent genetic changes in 
a population. If there were, then neo-Lamarckism was "as much supported as supplanted" 
(Simpson 1953, p. 115; section 2.3.2.). 
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With regard to the blastogenic-somatogenic distinction, Schmalhausen in 1946 

offered the superficially banal but important insight that "it is, however, an 

indisputable fact that only the sex cells are inherited directly" (Schmalhausen 1949a, 

p. 237; section 4.4.3.). This simple reductio of Weismannian heredity clearly made 

the point that, from the beginning of ontogeny, no structure beyond the zygotic 

blastomere itself has the privileged status of being exclusively blastogenic in origin. 

Nevertheless, the substitution of "somatogenic" characters for supposed adaptively 

and morphologically equivalent ''blastogenic'' characters--that is, neo-organic 

selectionism--still appeared acceptable to Schmalhausen. In other words, the 

hypothesis of the coincident selection of hereditary variations was, for him, a 

plausible (if slow and insignificant) mode of classical dynamic selection, as it was for 

leading supporters of the modem synthesis, such as Huxley and Simpson. 

Yet the somatogenic-blastogenic distinction was not, for the most part, 

acceptable to Waddington. For him, the whole concept of coincident selection-­

especially when held as a universal theory of adaptive evolution to replace both neo­

Darwinism and neo-Lamarckism--concealed a fallacy: namely, the fallacy exposed by 

Dendy and Goodrich, that any character could be either completely inherited or 

completely acquired. With respect to the second part of the fallacy, Mayr's notion of 

a ''non-genetic phenotypic plasticity" (1951), suggested to Waddington the view that 

acquired modifications to the phenotype had no hereditary basis, and therefore no 

possible phylogenetic significance (section 2.5.). With respect to the first part of the 

fallacy, extreme concepts such as Gause's "substituting selection," suggested to 

Waddington a view that the hereditary fixation of adaptive environmentally induced 

modifications was merely apparent. For the Soviet neo-organic selectionists, 

particular Gause, with his appropriation of Chetverikov's 1926 genovariant­

phenovariant distinction, held especially rigidly to the blastogenic-somatogenic 

distinction (section 2.6.1.).14 

Both Waddington and Schmalhausen, and particularly Schmalhausen, descnbed 

field evidence of the actual, and not merely apparent, hereditary fixation of adaptive 

modifications via stabilising selection. Unfortunately, although such evidence 

14 Gause's resurrection of Geoffi"oy Saint-Hilaire's "principle of compensation" is testimony to the 
strength with which he held to this view. The initial modification and the substituting 
variation were necessarily materially distinct because of Geoffroy's principle. 
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appeared plentiful, what it signified had traditionally remained equivocal, at least as 

far as neo-Darwinian critics were concerned. The anti-Lamarckian Thomson had 

long before demonstrated that the amassed evidence for the inheritance of acquired 

characters was, though very extensive, rarely if ever decisive. 15 There was, perhaps, 

little to distinguish Jordan's and Kellogg's examples of the apparent inheritance of 

the effects of environmental influences from 1921, and Schmalhausen's theoretical 

examples of the transition from dependent to autoregulative development from 1946 

(section 4.4.3., footnote 32).16 Unfortunately, it was still the case that their 

mechanisms for these undoubtedly real phenomena remained radically 

underdetermined by theory; notwithstanding that the explanatory power of that 

theory had increased greatly, as had its consilience with physiological genetics and 

experimental embryology. 

Nevertheless, after the Second World War, Waddington attempted to 

experimentally determine the causes of his genetic assimilation. Yet, from the point 

of view of observing supporters of the synthetic theory, the 1952 crossveinless 

experiment was irrelevant to the mechanism of adaptive evolution, because 

Waddington had chosen to demonstrate the genetic assimilation of a phenotype with 

zero adaptive value (3.1.2.). Waddington fully realised that objections raised against 

his total reliance upon artificial selection were invalid, as long as selection effectively 

linked surviving phenotypes and descendent genotypes. 17 One might also have 

15 In 1926, Thomson listed a long series of supposed examples, under nine headings, illustrating 
what he called the major "misunderstandings as to the question at issue." However, he 
formulated the question in the old terminology of somatic induction (and hence the rigid 
blastogenic-somatic distinction), in such a way as to leave room for direct and parallel forms of 
induction: "The precise question is this : Can a structural change in the body, induced by 
some change in use or disuse, or by a change in surrounding influence, affect the germ-cells 
in such a specific or representative way that the offspring will through its inheritance exhibit, 
even in slight dwee, the modification which the parent acquired? (Thomson 1926, p. 174; 
author's emphasis). 

16 Jordan and Kellogg ended their example-packed chapter on the inheritance of acquired 
characteristics thus: "To sum up, there is no convincing evidence that the direct influence of 
environment is a factor in the separation of species, except as its results may be acted upon by 
natural selection. We have no proof to show that the environment of one generation 
determines the heredity of the next--and yet perhaps most naturalists feel that the effects of 
extrinsic influences work their way into the species, although a mechanism by which this 
might be accomplished is as yet unknown to us. (Jordan and Kellogg 1921, p. 210). 

17 This was perhaps a point that many Darwinians might have been expected to recognise from 
having read the Origin of Species, and noted the significance imputed to artificial selection by 
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expected a more favourable response from modern synthesis supporters for other 

reasons. Surely, Waddington's employment of mal-adaptive phenodeviants and 

artificial selection for the verification of canalisation, added a certain mechanistic and 

reductionistic authenticity to his experiments. I8 Such protocol would undoubtedly 

have appealed to Waddington's own dialectical affinity for both the mechanistic and 

reductionist systems of laboratory genetics, and the process-morphological 

implications of the canalisation doctrine. 

Waddington's difficulties with the genetic assimilation research programme, 

came not from want of results, or failure in experimental design, but from a 

deepening of the very problem of under determination that the experiments had been 

designed to resolve. Far from coming to a resolution, the problem appeared to have 

become entrenched at the detailed genetic level of interpretation. No one doubted 

that the genetic fixation of chemically induced phenocopies occurred in these 

experiments. Nor, in fact, did his colleagues at Edinburgh doubt that several genes 

were often (though neither always, nor indubitably) collectively responsible for this 

fixation. Yet nobody, inside or outside Edinburgh, shared Waddington's view that 

canalisation of the phenotype was a prerequisite for genetic assimilation. Without 

canalisation, however, Waddington's theory had nothing obviously new to offer 

evolutionary biology. The contrary views of his Edinburgh colleagues that selection 

for major genes, whether pre-existent or spontaneously occurring, fully accounted for 

genetic assimilation, were played down by Waddington as incidental divergences of 

opinion, rather than evidence of the completely alternate and deeply canalised 

pathways of opinion that they were. Probably in Bateman's view, and certainly in 

Darwin himself. Furthermore, as Provine reminds us, its significance had not altered by the 
time of the impending synthetic theory: "In 1925 it was still true that the best evidence for 
natural selection in nature came from its similarity to the efficacy of artificial selection, the 
evidence for which (as in the experiments of Hopkins, Castle, Sturtevant, Payne, and others) 
was overwhelming" (provine 1986, p. 234). However, Waddington showed that he was not 
insensitive to these criticisms. At a late stage during the genetic assimilation research 
programme, experiments were carried out on the assimilation of a quantitative adaptive 
modification; the enlargement of anal pappilae in Drosophila larvae in saline conditions. 
These experiments were completely dependent upon natural selection. As Waddington 
remarked: " The experiments which have been described so far have dealt with characters 
which (a) would not be adaptive in Nature, and (b) the production of which involved threshold 
phenomena. Both these limitations have been removed in a recent experiment" (Waddington 
1959, p. 1654). 

18 The term ''phenodeviant'' was first used by Landauer in his experiments to investigate the nature 
and causes of Goldschmidt's phenocopy phenomenon. (Landauer 1957, 1958). 
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Alan Robertson's, the canalisation hypothesis was entirely unproven, and 

unnecessary. The "genetic assimilation" of Waddington's Edinburgh colleagues 

would have amounted to little more, in Waddington's mind, than coincident 

selectionism: that is, Simpson's "Baldwin effect." In short, Waddingtonian 

canalisation was not an acceptable working hypothesis to developmental geneticists 

in Great Britain at the time of the synthesis, at least not in Edinburgh in the early 

1950s, and certainly not in Birmingham. 

With the rejection of Waddington's canalisation, the language of genetic 

assimilation could more easily be adopted by modem synthesis evolutionary 

geneticists. Thus genetic assimilation became merely a handy term for the process 

which had been known since the mid 1890s as organic selection. Waddington's 

mechanism for the genuine inheritance of acquired characters, validating neo­

Lamarckist phenomenology whilst bypassing the Weismannian demand for evidence 

of somatic induction, was dismissed as at best unverifiable, and at worst completely 

fanciful. The canalisation term also became an equally handy expression, descnbing 

the results of orthodox processes of physiological and genetic homeostasis, honed 

under classical Mendelian gene selection. Waddington's perceived experimental 

failure to convince the orthodox establishment of its deeper phylogenetic significance, 

had rendered it no serious threat to the neo-Darwinism of the synthesis. Worse still 

for Waddington in the 1950s, Dobzhansky's support for Schmalhausen, combined 

with his deafening silence over Waddington's theory, even undermined Waddington's 

hopes that his "canalising selection" would be adopted ahead of Schma1hausen's 

stabilising selection (sections 3.3. and 3.3.1.). 

The debate over the Lamarckian inheritance of acquired characters was, 

however, only one issue raised by modem synthesis developmentalism. There was 

also deep concern over whether evolutionary trends were the results of acceptably 

contingent and externalist constraints upon the direction taken by natural selection, or 

unacceptable internalist teleological constraints. Among the former, acceptable 

mechanisms were included subsidiary historical restriction; especially Baldwin's 

organic selection, and dominant historical restriction; namely Plate's orthoselection. 

Among the latter, unacceptable mechanisms were all but the weakest forms of 

orthogenetic restriction, thus including Eimer's definitely directed evolution, or Julian 

Huxley's dominant orthogenetic restriction (section 2.3.3.). At the deepest level, the 
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unacceptability of internal developmental constraints to the synthesis in the 1940s, 

was similarly a consequence of strong selectionism. Therefore, the rejection of 

Waddington's and Schmalhausen's syntheses of selectionism and developmental 

constraint, needs to be discussed. 

5.1.1. The Strong Selectionism of Post-War Developmentalist Syntheses: 

Adaptationism and Local Developmental Constraint. 

I tum now to some broader issues raised by the present history of modem 

synthesis developmentalism. In the spirit of Gould's words from the epigraph to the 

Introduction (head of section 0.1), Amundson has recently attempted to support the 

existence of a clean historical division between developmentalists and adaptationists. 

He characterises this division in terms of "adaptation-versus-constraint disputes" 

which, he says, run continuously throughout 19th and 20th century biology and 

traverse the categories of evolutionism versus creationism.I 9 Thus for Amundson, 

the big question is: "Why does accommodation between adaptation and constraint 

seem so difficult?" On some descriptions, he adds, ''they sound merely 

complementary, but debates persist."20 The answer, he believes, lies in the opponents 

"dramatic difference in explanatory strategies and assumptions" (Amundson u.d., p. 

3). However, in modem synthesis deve1opmentalism, a strict application of the 

adaptation-versus-constraint divide breaks down: both Waddington's and 

Schmalhausen's theories provided a developmentalist solution to the adaptationists' 

dilemma, and incorporated a strong selectionist explanation of local developmental 

constraints upon the phenotype. Nevertheless, Amundson's idea is useful for 

19 For example, says Amundson, in pre-evolutionary biology Paley's Natural Theology (1802) 
represented "an extremely influential codification of adaptationist British natural theology. 
Meanwhile French and German Unity of Type concepts represented the "constraint-style 
theories [which] gave non-adaptationist explanations of organic form, and therefore did not 
provide support for an inference to a supernatural adaptation-producing designer" (Amundson 
u.d., p. 7). 

20 Amundson also discusses Maynard Smith et al IS important distinction between "local" 
developmental constraints, and ''universal'' constraints. Developmental constraints are 
generally defined as "biases on the production of variant phenotypes or limitations on 
phenotypic variability caused by the structure, character, composition, or dynamics of the 
developmental system" (Maynard Smith et al 1985, p. 266). Amundson paraphrases the 
10caVuniversal distinction, stating that the former are "specific to particular related groups of 
organisms (e.g. mammals)," whilst the latter involve "general laws of nature (e.g. the principle 
of the lever)" (Amundson u.d., p. 10). 
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providing an explanation for the historical shepherding apart of Schmalhausen's 

conception of evolution from Waddington's; that is, for explaining the historical 

legitimisation of stabilising selection, and de-Iegitimisation of canalising selection. 

The concept of local developmental constraint is centrally important to the 

history of modem synthesis developmentalism. Waddington's contest with 

Schmalhausen, for priority over discovery of the true mechanism of evolutionary 

morphogenetic stabilisation, directly reflected the paucity of such developmental 

constraint approaches to evolution in the 1940s and 1950s. Tremendous scientific 

capital was potentially involved in being the sole instigator of a genuine 

developmentalist synthesis. Such nominal syntheses of deVelopment and evolution as 

had existed just after the second war, either failed to accept Morgan's theory of the 

gene, as had Goldschmidt's, or failed to forge a genuine synthesis of, in Provine's 

words, "positive or logical unification" between experimental embryology and 

genetics, as had de Beer's (Shapere 1980, p. 390). However, another aspect which 

unified Waddington and Schmalhausen's syntheses was their strong selectionism. 

Consequently, the debates between Waddington and Schmalhausen's champion 

Dobzhansky, the criticisms of Schmalhausen from Western supporters of the 

synthetic theory, and the debates between Schmalhausen and the Soviet neo-organic 

selectionists, all centred upon the status of the natural selection of adaptive 

modifications. 

It is important to recall these selectionist debates, since Waddington and 

Schmalhausen's theories were primarily attempts to resolve the adaptationists' 

dilemma. Firstly, Schmalhausen's concept of stabilising selection was consistently 

misunderstood, and unfailingly misappropriated (sections 2.5., 2.6., 2.6.2., and 4.5.). 

The main objections from Western critics to Factors of Evolution, had been over its 

lack of clarity (due to rushed production under deprived conditions), poor 

translation, and the more dubious suggestion that its central concept lacked a single 

meaning. Hence Simpson complained that stabilisation was being used in at least 

three separate senses; namely, coincident selection, selection for the wild type, (or 

centripetal selection), and selection for the development of regulating mechanisms in 

morphogenesis. Waddington passively concurred, adding personal though 

unwarranted doubts that the third and, for him, solely legitimate sense had even been 

properly understood by Schmalhausen (section 4.5.). It was Simpson's third sense 
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which synthesised adaptive changes with the emergence of local developmental 

constraints. Thus, by the time of Waddington's publishing The Strategy of the Genes 

in 1957, Schmalhausen's supposed third sense, describing his mechanism for the 

evolution of morphogenetic stabilisation, had been characterised by Waddington as 

stabilising selection "sensu stricto." Furthermore, after summarising Schmalhausen's 

concept of the autonomisation of development, Waddington stated: ''For a series of 

events of this kind, the name "genetic assimilation" may be suggested" (Waddington 

1953a, p. 125).21 

Neither Simpson nor Schmalhausen promoted the proliferation of kinds of 

natural selection. Simpson rightly said that in the context of the historical aspect of 

evolution (that is, virtually throughout the important sections of Factors), 

Schmalhausen discussed stabilising selection "almost exclusively in the sense of the 

development of regulating mechanisms"; in other words, in the sense of local 

developmental constraints (Simpson 1949, p. 323; section 4.5.). It is surely safe to 

conclude, therefore, that Schmalhausen did not overlook the independent existence of 

a third form of natural selection, to be defined in purely population genetical terms. 

As discussed in my Chapter 4, the genetical basis for developmental stabilisation 

became progressively less important to Schmalhausen, as the language of genetics 

becomes less adequate to description of the evolutionary process of autonomisation 

(Schmalhausen 1949a, pp. 219-222). Schmalhausen was too much a classical 

Darwinian morphologist, and too little a Mendelian population geneticist, to have 

seen the need to further proliferate kinds of selection. Hence, the phenomena 

explained by Simpson's "selection for the wild type" and Waddington's ''normalising 

selection" were undoubtedly recognised by Schmalhausen, but only as a necessary 

external consequence of selection for the stabilisation of morphogenesis (section 

4.5.). 

However, the absence in Schmalhausen's Factors of talk about universal 

developmental constraints, was very favourable to those who, like Dobzhansky, 

wished to tailor Schmalhausen's morphological insights to the synthetic theory. 

21 Interestingly, this paper's extensive discussion of Schmalhausen's ideas did not appear in 
Waddington's 1975 collection of reprints, The Evolution of an Evolutionist. Schmalhausen 
had likewise maintained, in the preface to Factors, that Waddington's "genetic assimilation" 
corresponded to his own "autonomization" (Schmalhausen I 949a, p. viii; see section 3.3.1.). 
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Hence stabilising selection--more so than Waddington's genetic assimilation and 

canalisation--could be readily deployed within the synthetic theory. Effectively, 

Schmalhausen's stabilising selection was seamlessly translated by supporters of the 

synthetic theory into "dynamic selection for the stabilisation of ontogenetic 

development, via improved mechanisms of homeostasis." Such a process could 

comfortably bear the title stabilising selection, whilst remaining causally identical with 

the classical selection of synthetic neo-Darwinism. Thus Schmalhausen's own 

express intentions to elaborate stabilising selection's deeper phylogenetic significance 

could be ignored; conveniently mired, as they were to remain for half a century, in the 

conceptual morass of Factors of Evolution. Also, Schmalhausen's local 

developmental constraints--producing his local "adaptive norms" --could be construed 

(at least from the English translation of Factors of Evolution) as simply the result of 

continued dynamic, or even neo-organic, selection for random genetic variations in 

the population. 

By contrast, many of Waddington's concepts from the mid 1950s displayed an 

overt emphasis upon more universal developmental constraints. These concepts 

would have surely convinced the emerging orthodoxy--which allowed only for 

subsidiary historical restrictions upon the direction of selection--that his theory was 

unacceptable to the modem synthesis (section 2.3.3.). A prime example is provided 

by Waddington's teleological notion of the "creode" or "necessary path," as visually 

expressed in the mystical metaphor of the epigenetic landscape.22 Waddington also 

multiplied the number of constraining forces acting in evolution to four. These 

included the familiar mutational and natural selective forces, plus his own less familiar 

"exploitive" and "epigenetic" forces. Each of these four was connected in a "circular 

and not merely unidirectional causal sequence," and which guide the pathway of 

development (1960, p. 400). These terms, in particular the creode, actually added 

little to the teleological impact of the epigenetic landscape, with its topographical 

representation of both present and future constraints upon morphology. They 

described technically what the landscape could quite readily, after a brief explanation, 

22 See Waddington 1957, pp. 30-38, for an extended discussion of the epigenetic landscape in 
relation to his 1950s notions of the creode and homeorhesis. The original notion of a temporal 
series of secondary competencies grew, as discussed in section 5.1., out of Waddington's 
Cambridge work on the chemical nature of the vertebrate evocator in the mid 1930s. 
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be seen to depict (section 1.3.2.). Yet these notions of Waddington's were certainly 

not a reaction against modem synthesis adaptationism (ibid. ) Empirically, the 

exploitive system was no more than a coadaptationist notion of feedback between 

organisms, their neighbours, and the physical environment. It provided a fuller, 

ecological explanation of the causes of Waddington's exogenous adaptations (section 

1.3.2. footnote 50, and section 5.4.). 

Clearly, an increasingly teleological dimension to Waddington's theorising in the 

late 1950s, expressed his ever-present leanings towards universal developmental 

constraints in explaining adaptive evolution. These were to resurface throughout his 

later career. For example, in his 1959 letter to Dobzhansky, Waddington discussed 

experiments he was undertaking to "demonstrate a mechanism which makes it easier 

for selection to continue for long periods in the same direction, as in the lineages one 

used to call 'orthogenetic. '" This proclivity in Waddington, and its attendant anti­

reductionism, was epitomised by his positive attitude towards Rene Thom's 

catastrophist mathematics from the 1960s, for modelling the choices made at 

developmental branchpoints in ontogeny and phylogeny.23 

5.1.2. Current Notions of Local Developmental Constraint: The 

Continuing Controversy over Waddingtonian Canalisation. 

Just as in the 1950s, contemporary neo-Darwinism does not recogmse 

Waddington's synthesis of adaptation and developmental constraint. Furthermore, 

his evolutionary thinking has continued to be misrepresented, for reasons directly 

related to those in evidence at the time of the synthesis. 

A good example of Waddington's misrepresentation is given by Maynard Smith 

et al. In a collaborative 1985 review paper, "developmental constraints and 

23 Looking for a way to mathematically model the development of a few well-defined macrostates 
(as are produced during canalisation), Waddington displayed his anti-reductionist and anti­
atomist tendencies within a summary of the I.U.B.S. symposia, stating: "Many of our 
discussions have [been] explorations of ways of handling simple macrostates without having to 
break them down into an unmanageable plethora of vastly complex microstates. One of the 
most fully developed approaches has been by way of Rene Thorn's theory of catastrophes. This 
is a general theory about discontinuities, which may divide a multi-variate phase-space into 
regions which have a definite identity, since they are bounded against each other by the 
catastrophe surfaces. We have here a conceptual framework which is not atomistic, but which 
provides clear-cut boundaries and preclud~s interp~netration of ~ntiti~, features"which ~e two 
of the major aids to clarity of thought whIch atomIsm has prOVIded m the past (Waddmgton 

1972, p. 284). 
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evolution," the authors elaborated on the distinction between universal constraints, or 

those which "do not depend upon any distinctive features of organisms," and local 

constraints, which, "in contrast, are confined to particular taxa" (Maynard Smith 

1985, p. 267). The authors' examples of local constraints would undoubtedly have 

been characterised by Waddington as examples of the effects of canalising selection. 

Yet canalising selection is separately discussed, within a short section representing 

local constraints due to orthoselection. Canalisation is, then, in the authors' terms, a 

special case of the power of natural selection to "limit the morphological and 

behavioural variations adequate to the task of living" (1985, p. 270). However, the 

author's also make unqualified use of the term stabilising selection, undoubtedly 

intending Simpson's selection for the wild type, rather than either Schmalhausen's 

own intention, or Waddington's stabilising selection sensu stricto (see sections 3.3.1., 

and 4.5.}.24 That the authors did intend such an interpretation is clear from the 

context, with its subordination of any selection-driven mechanism for the progressive 

autonomisation of morphogenesis, to classical selection for the normal type. Thus 

Maynard Smith et al state, regarding Waddington's observations of the 

morphological uniformity of the wild type: ''Waddington (1957) suggested that the 

reason for this ... is that the typical 'wild type' pattern has been exposed to many 

generations of stabilizing selection, whereas the mutant pattern has not. According 

to this view some developmental constraints are themselves the result of [classical] 

selection, and are not the automatic consequences of the structure of the 

developmental system. Various experiments support Waddington's view by showing 

that stabilizing selection can reduce the variability of mutant phenotypes" (ibid., 

emphasis added). 

Here, then, is both a source of corroboration for Amundson's viewpoint, and a 

familiar obfuscation of the intended meaning of stabilising selection (4.2.). It is also a 

clear misrepresentation of Waddington's experimental intentions. Whilst for the 

historicist and externalist Waddington, developmental constraints were trivially the 

24 Both Maynard-Smith and Kaufinann attended what Waddington described ~ a "ser~es of 
Symposia on Theoretical Biology," organised by him on behalf of the International Umon of 
Biological Sciences, at the Rockefeller Foundation's Villa Serbelloni at Bellagio, Italy, 
beginning in 1966. Both would therefore have bee~ intimately acquainted with Waddington 
and his canalisation theory (see the Preface to Waddmgton 1972). 
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result of natural selection, still for the structuralist and internalist Waddington all 

developmental constraints were necessarily the "automatic consequence of the 

structure of the developmental system." Waddington's canalising selection, properly 

understood, supports the bridge between adaptationism and developmental constraint 

which is here being dismantled. Though in fact, it was Schmalhausen's concept of 

stabilising selection which built that bridge. 

The extent of the debt owed by modem developmentalism to Waddington's 

concepts, although not that owed to Schmalhausen's, has nevertheless been 

acknowledged by reviews contemporary to that of Maynard Smith et aI, such as 

Stewart Thomson's. Focusing upon Bonner (1980), Goodwin (1983), and Raff and 

Kauffinann (1983), Thomson observes, especially in the editions of Bonner and 

Goodwin, that "a wholeheartedly epigeneticist view takes over." Thus the works of 

Hall and Horder (Goodwin 1983), and Maderson and Alberch (Bonner 1982), 

explicitly see the epigenetic nature of development as, in Thomson's words, "a prime 

feature in its evolutionary potential." Furthermore their theories, he adds, "follow 

directly in the tradition of Waddington ... whose influence still dominates the whole 

subject" (Thomson 1985, p. 229). Thomson ended his review with a query over 

adaptation, motivated by contemporary structuralist views. From a traditional 

externalist view, he said, adaptation is shaped by selection, and an adaptation's cause 

is contained within external independent factors. By contrast, internalist and 

structuralist approaches restrict selection to what he calls a ''purer'' role in 

acceptance or rejection of the results of autonomous internal processes (1985, p. 

231-232). Yet, under determination of the structuralists' anti-adaptationist thesis 

reveals, for Thomson, the lack of understanding of internal evolutionary mechanisms 

in their environmental context. In addition to the genetic origins of particular 

changes, he asks, what are the ecological factors? How are internal and external 

environments related? In Thomson's view, "this brings us back to Waddington and 

the whole question of genetic assimilation" (ibid.). Thus, although Schmalhausen's 

place is not mentioned, the historical importance of Waddington's four "circular and 

not merely unidirectional" constraining forces is accepted by many within current 

developmentalism. Therefore many, like Thomson, see Waddington's insights at the 
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time of the modem synthesis as still uniquely valuable, and as necessarily informing 

any more complex synthesis of adaptation and developmental constraints.25 

It is therefore no coincidence that the most extreme examples of developmental 

intemalism, such as Brian Goodwin's process structuralism, are expounded by the 

intellectual descendants of Waddington's Edinburgh research programme (sections 

3.1. and 3.1.1.). Present day structuralists, with an anti-genocentric focus upon 

evolutionary laws of form, concentrate their investigations of evolutionary change 

towards fully universal developmental constraints. Obviously, such a programme 

represents one canalised pathway leading away from the developmental branchpoint 

of Waddington's genetic assimilation research. The subordination of gene expression 

to higher level epigenetic plasticity, was an integral aspect of Schmalhausen's and 

Waddington's theory in the 1950s. Within the process structuralist conceptual 

scheme, however, there is virtual elimination of formal genetics from the evolutionary 

picture. 

Goodwin, Waddington's Ph.D. student, is also deeply anti-historicist, holding to 

purely formal and structural criteria for determining homologies. For Goodwin, 

''homology is an equivalence relation on a set of forms which share a common 

structural plan and are thus transformable into one another" (Goodwin 1984, p. 101). 

It is, he adds, ''therefore a logical relation, independent of any historical or 

genealogical relationships which the actual structures may have" (ibid.). However, 

Goodwin's supervisor took completely for granted the historical and genealogical 

view of homology, which a Whiteheadian process-philosophical world view 

necessarily required. Hence, with respect to neo-Darwinism and its offspring, the 

modem synthetic theory, Goodwin asserts that "it is this persistent attempt to 

understand biology in historical terms, and thus to stress the role of particulars, of 

contingencies, and of genealogies, which is the source of current tensions in the 

subject." Whereas, by contrast, ''workers in various disciplines are rediscovering and 

25 For example, Ho and Saunders state: "There have always been criti~s of the neo-Darwinian 
synthesis: independent thinkers who steadfastly refused to lose sIgh~ of th~ fundamental 
problems of evolution which the theory does not address. The most mfluentIal among the 
critics were undoubtedly Waddington, Goldschmidt, and D' Arcy Thompson, who did much to 
keep the real issues alive throughout the period of the grand synthesis. Thei~ writings continue 
to inform the present evolutionary controversy, though they were not suffiCIent by themselves 

to bring that about" (Ho and Saunders 1984, p. 3). 
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emphasizing evidence of regularity, of constraint, of order in their empirical material 

which resists assimilation into an historical interpretation of biological process of the 

type which characterizes Weismannism and the modem synthesis" (Goodwin 1984, p. 

99). Goodwin thus rejects almost all of Waddington's footholds in the synthetic 

theory; namely, Darwinian historicism, strong selectionism, and the central 

importance of Morgan's genetics. What, of course, has remained an important 

inspiration to process structuralism from within Waddington's work is the 

canalisation concept--though in its static aspect as a universal developmental 

constraint, rather than as an historically and selectively developed effect. Thus, in the 

context of criticising historical explanations of variation, Goodwin writes that 

"anyone who accepts such explanations as satisfactory has, at the very least, lost 

sight of more basic questions such as why it is that mutations give rise to only certain 

categories of morphological disturbance .... These are questions relating to 

organization, to invariance, and to transformation, which cannot be answered in 

terms of historical processes and inheritance" (1984, p. 104).26 It is quite interesting, 

however, that two central motifs throughout Waddington's career in evolutionary 

bio10 gy--namely, process and assimilation--still find their way into Goodwin's anti­

historicist prose. 

5.2. General Conclusion: A Genuine Inheritance of Acquired 

Adaptive Characters. 

lablonka and Lamb's words encapsulate the received VIew with regard to 

British and Soviet modem synthesis developmentalism, when they state: 

"Waddington's and Schmalhausen's explanations of the inheritance of acquired 

characters were very much within the traditional neo-Darwinian framework. In fact, 

from the 1940s to the 1980s, there were few real challenges to neo-Darwinism, or to 

26 A W dd' ton remarked in his autobiographical note in 1969, "I wanted to return to Morgan's s a mg th . 1 .,. f 
idea that the only 'potencies' it is meaningful to talk ~bout are e potentta aCtlVl~leS 0 gen~s. 
So did several people who were primarily g~eticlsts, but,. who h~d become mterested lD 

development without having actually worked on It very much (Waddmgton 1969a, p. 79). 
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the assumptions on which it is based" (Jablonka and Lamb 1995 37) 27 , p. . As 

Jablonka and Lamb would undoubtedly agree, an over-simplistic neo-Mendelian and 

pan-selectionist approach to adaptive evolution, combined with a rigidly 

Weismannian approach to heredity, became the cause of serious theoretical difficulty 

for supporters of the modem synthesis during the 1940s and 1950s. Yet, quite 

contrary to their opinion, Waddington and Schmalhausen's conceptions of adaptive 

evolution were at the forefront of these difficulties. Indeed, it is testimony to the 

historiographical efficiency with which modem synthetic neo-Darwinism has 

absorbed Waddington's and Schmalhausen's developmentalism that many, including 

Jablonka and Lamb, now view their syntheses as essentially orthodox.28 To 

contradict Simpson's statement from the epigraph to the present chapter, the 

"postulated neo-Lamarckian mechanism for direct transfer of modification to a 

genetical system" emphatically did exist. It simply did not conform to Weismannian 

criteria; and neither, as many Darwinians have often reflected throughout his century, 

did it have to. 

The present history has therefore focused on attempts, made by prominent 

supporters of the synthetic theory, to cover over specific difficulties issuing from 

modem synthesis evolutionary embryology and developmental genetics. These 

difficulties culminated during the 1940s and 1950s, when the hardening selectionism 

of the synthesis brought back late nineteenth century concerns, over the degree of 

evolutionary significance to be accorded adaptive modifications to the phenotype. 

The recurrence of this issue in the 1940s and 1950s I have described as the 

27 lablonka and Lamb's Chapter 2, where the concepts of Waddington and Schmalhausen are 
explicitly dealt with, is aptly entitled ''Neo-Darwinian explanations of the inheritance of 

acquired characters." 

28 That this historiographical reconstruction, which began in the 1950s within the subsuming 
campaigns of Simpson (Chapter 2) and ( to a less certain extent) Dobzhansky (Chapter 4), was 
as effective as I claim, is made apparent by lablonka's and Lamb's opinion that: "For some 
people, any lingering doubts about ~e adequacy ofth~ neo-~arwinian interpretation of certain 
types of evolutionary change were dlspelled by the kind of ~deas developed by Schmalhausen 
and Waddington. These ideas were not completely new, haVlng been foreshadowed by those of 
Baldwin Lloyd Morgan and Osborn at the end of the nineteenth century. In 1896 each of 
these bi~logists had independently suggested an evolutionary mechanism that, they believed, 
helped to reconcile the Lamarckian and Darwinian positions. The mechanism became known 
as the 'Baldwin effect' or 'the principle of organic selection'" (Jablonka and Lamb 1995, p. 
31). For further evidence of the broad acceptanc~ of this view in. the his.toriography of the 
modern synthesis, see Continenza's work on Waddmgton and organlc selectIOn (1986, 1987). 
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adaptationists' dilemma. Partly as a result of the historical consequences of this 

dilemma, notable observers of the synthesis--among them strong supporters of its 

central tenets--have registered an awareness that its development unfolded more 

through the exclusion of potentially troublesome biological disciplines, rather than by 

their inclusion into the fold (sections 0.3 and 0.4.). However, In the synthetic sense 

of logical entailment described in the Preface, post second world war 

developmentalism in Great Britain and the Soviet Union offered a genuine synthesis 

of embryology, genetics, and evolution. 

Garstang's and de Beer's nominal syntheses had merely attempted to justify the 

theoretical coexistence of embryology, developmental genetics, and neo-Darwinian 

evolution. They had concentrated on description of the possible modes of 

heterochronic change, and on their proximate causation, within the framework of the 

synthesis between neo-Mendelism and neo-Weismannism. They had also sought to 

completely deny any direct phylogenetic significance to developmental changes going 

on within individual ontogenies, to prevent the re-emergence of Ernst Haeckel's 

fearful phylogenetic heresy. For evolutionary morphologists such as Garstang in 

1922, as for embryologists like de Beer in 1930, there were indeed external 

influences upon ontogeny which had come into existence during phylogeny, but 

definitely none that had been internalised and become hereditary. That is, none that 

had become phylogenetic causes of development in the Haeckelian sense. Phylogeny 

was no cause of ontogeny. The external and non-hereditary causes involved in 

producing these ontogenetic changes were certainly not be allowed any adaptive 

hereditary effect upon a descendant organism's development. The hereditary 

material passed on to descendants was to remain hermetically sealed away from any 

such influences, as Weismann had strictly dictated. On the contrary, then, individual 

ontogenies were the direct cause of phylogeny--a phylogeny which was, in tum, 

simply their passively accumulated by-product. Thus, in the context of the hardening 

synthetic neo-Darwinian theory, although ontogeny was instructionally determined, 

phylogeny became, ever more strictly, selectively determined. 

Schmalhausen's and Waddington's syntheses undermined this entire theoretical 

edifice. They showed, as Waddington explicitly claimed, that this rigid instruction­

selection dualism of modem synthesis neo-Darwinism was no longer sustainable. 

The seeds for its collapse had already been sown by the powerful new genetics of 
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interaction which had emerged in the 1930s. By the late 1930s it was clear, to all 

who were interested, that the complete epigenetic plasticity of gene expression 

relative to the organism's genomic, physiological, and biotic environments, allowed 

for the actual, and not merely apparent, hereditary fixation of adaptive modifications 

in populations under natural selection (see Mather and Waddington, on the work of 

Muller, Ford, Stern, and Goldschmidt; section 3.2.). 

To illustrate the early consequences for synthetic neo-Darwinism of this new 

understanding, we need only review the challenge that Waddington's synthesis posed 

to Garstang's and de Beer's disproof of recapitulation. As we have seen, de Beer's 

rejection (based on Garstang's earlier Weismannian analysis) of the existence and 

action of phylogenetic causes, forced de Beer into an implausibly strong denial of the 

power of internal hereditary factors to effect morphogenesis ab initio. Waddington's 

embryologically founded mechanisms of canalisation and genetic assimilation 

therefore directly challenged de Beer's views at several levels. Firstly, they provided 

an account of precisely how, couched in de Beer's new terminology, the necessary 

external causes of development could indeed become internal and phylogenetic. 

Secondly, they showed how those internalised heritable causes became independent 

of the original external stimulus: that is, how once genetically assimilated, they 

became sufficient causes of the development of adaptive characters in precisely the 

fashion de Beer sought to deny (section 1.4.). Thirdly, the observational and 

theoretical basis for Waddington's challenging mechanisms had come directly from 

chemical embryology: specifically, from the search for the chemical nature and 

developmental action of the amphibian primary evocator. Therefore, to draw such 

pro-recapitualtionist and anti neo-Darwinian conclusions, and to construct an 

alternative synthesis claiming a genuine inheritance of acquired characters, all from 

the results of experimental embryology research in the 1930s, would surely have been 

perceived as nothing less than a series of heresies to de Beer. Lastly, what had 

served to legitimate Waddington's account was precisely de Beer's own renunciation 

of the archaic nature of the debate surrounding the issue of neo-Lamarckian 

inheritance. As de Beer's proposed new terminology indicated, the real issue over 

the inheritance of acquired characters was not whether it had a basis in the material 

transformation of internal factors. At issue was, simply, whether a functional basis 

existed for internalising the epigenetic effects of externally produced stimuli. In other 
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words, could any of the external and contingent causes of development have their 

specific effects transferred to function within Weismann's internal and ''necessary 

conditions of development," causing the inheritance of adaptive modifications? 

Both Waddington and Schmalhausen resoundingly affirmed the existence of 

such a functional basis, from within the evidential confines of experimental 

embryology, functional morphology and phenogenetics. For Schmalhausen, 

epigenetic changes (most effectively as a result of his ''functional modifications" in 

higher organisms), constituted what he called the specific hereditary basis for 

evolutionary change. Epigenetic inheritance, for Schmalhausen, was necessarily 

pnmary. As he stated in Factors of Evolution: ''The appearance of new 

differentiations in the course of evolution is simultaneously accompanied by the 

formation of new interrelationships in the form of internal factors determining the 

heritability of these differentiations" (1949a, p. 221;. Section 4.4.2.). Crucially, 

Schmalhausen saw those simultaneously formed interrelationships as occurring above 

the genetic level; that is, as occurring between morphogenetic hereditary 

determinants. Evidence for this is provided by Schmalhausen's emphatic rejection of 

the sufficiency of the genetic level of description to the causative processes in 

adaptive evolution (ibid.). What was more, this insufficiency did not reflect any 

particular paucity of explanatory power in 1940s gene theory per se; that is, within its 

own narrowly defined domain. Rather it reflected, in Schmalhausen's expressed 

op1111on, the fact that behind the terms of formal genetics lie hidden extremely 

intricate interactions between complex metabolic, physiologic and morphogenetic 

processes (ibid.).29 Genetics, then, in all but the simplest organisms, described the 

non-specific hereditary basis of adaptive evolution, acting via the mechanism of 

stabilising selection. Thus, over a relatively short number of generations, stabilising 

selection got hold of already functioning and heritable modifications, as stimulated 

by and replicated within the organism's physical and ecological (biotic) environment, 

29 Hence, at evolutionarily lower levels of morphogenetic complexity (for example, in the protista, 
where genetic and morphogenetic levels remain in closer proximity) the terms of formal 
genetics still, in Schmalhausen's view, retained some explanatory value. Yet, he maintained, 
as evolution progressed, "Our distinction between genetic and morphogenetic systems reflects 
the increased complexity of the interrelationships which at first were amenable to analysis by 
genetic methods but which have become unanalyzable in the course of further evolution" 

(ibid.). 
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and provided the non-specific hereditary supports for endorsing an "autonomisation" 

of the adaptive phenotype.3o 

Waddington was equally committed to the epigenetic and ecological basis of 

adaptive evolution. Hence, the "epigenetic" and "exploitive" forces of his 

evolutionary paradigm, described a very similar ecologically oriented approach to the 

genuine inheritance of acquired characters. In the late 1960s, Waddington stated of 

the long-running controversy over the hereditary fixation of adaptive modifications: 

"Any paradigm which omits the effects of environments in altering phenotypes would 

seem to make it difficult, if not impossible, to deal with this (leaving it to 'random 

mutation' is not dealing with it.) It was only by taking this factor into account that a 

solution could be found, in the form of genetic assimilation" (Waddington 1969b, p. 

109). However, as his career in evolutionary genetics progressed, Waddington's 

attacks on the synthetic neo-Darwinian paradigm became more ambiguous, and more 

concessionary (section 3.1.1.). By 1969, Waddington ended his usual attack upon 

the mathematical formalisms of Haldane, Fisher, and (to a lesser extent) Wright: ''The 

comments made above do not in any way imply that we should abandon neo­

Darwinism ; they only suggest that some of the simplifications on which the 

mathematical theory has been based have outlived their usefulness and should be 

revised" (1969b, p. 110).31 

30 For Schmalhausen, then, replication of the specific (morphogenetic) hereditary basis for 
evolutionary change, was supported by the stable replication of the organism's external (biotic) 
and internal (genetic) environments. Or, put in terms of the stabilising selection process, 
replication of external (biotic) structures, combined with the more or less stable replication of 
internal specific hereditary (morphogenetic) structures, allowed time for stabilising selection to 
genetically underpin a genuine inheritance of adaptive modifications. Such autonomisation 
would, therefore, only occur in the direct descendants of those members of the population 
already possessing the most nearly autonomous development. For Schmalhausen, this 
stabilising selection mechanism was much faster than the classical dynamic selection of 
synthetic neo-Darwinism, which had to wait for precisely the right imitating major gene 
mutation to occur, facilitating a merely apparent fIxation of adaptive modifIcations. 

31 We may note here that Waddington confused the issue of the acceptability of his old conceptual 
adversary, synthetic neo-Darwinism, still further in his late career. In reply to Maynard 
Smith's critical comments on his alternative evolutionary paradigm, Waddington again 
rejected "neo-D" within a series of definitions intended to ensure commensurability in the 
debate: "By neo-D I mean the view that Weismann's doctrine--that there is no influence of the 
phenotype on the genotype--can be transferred from the individual level to the population level, 
and that an adequate theory of evolution can be formulated in which 'fitnesses' are attributed 
to genotypes. John slides altogether too easily between the Weismannist point that the 
environment of an individual does not affect the heredity he transmits, and the quite different 
argument that the environment of a population does not affect what they transmit. I maintain 
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This statement can be readily contrasted with the morphologist Schmalhausen's 

much stronger view that "the mathematical analysis of evolutionary transformation .. 

. involve[s] extreme abstraction and a withdrawal from concrete reality" 

(Schmalhausen 1949a, p. 141; section 4.1.). Waddington in the 1950s was 

principally a geneticist: A very different professional commitment from his 

paleontological morphology of the 1920s, and his chemical embryology of the 1930s 

(3.1). The difficulty with which he had gained professional status in genetics, only 

served to strengthen his commitment to that profession, and, therefore, his desire to 

be acknowledged for genuine contribution to genetic understanding of adaptive 

evo lution. 32 Hence Waddington's language surrounding morpho genetic stabilisation 

(especially his term for its hereditary fixation; namely, genetic assimilation), was very 

consciously constructed from the terms of deterministic Mendelian genetics. 

Acceptance of "genetic" assimilation, would certainly have ensured his adaptive 

evolutionary theory recognition and respectability within the recently emerged 

discipline of evolutionary population genetics (section 3.1.2., footnote 32). 

Unfortunately, however, the synthetic theory's hardening selectionism, 

necessitated an uncompromisingly deterministic one-gene-one-character approach 

from its supporters toward the adaptationists' dilemma. Waddington's mechanism, 

coming as it did from a geneticist aspiring to the status of a modem synthesiser, had 

to be "assimilated" to the existing, neo-Darwinian synthesis. Endless arguments over 

the theoretical nuances differentiating genetic assimilation from Huxley's and 

Simpson's neo-organic selection, merely increased the tensions within Western 

that a population's environment does influence, quantitatively, what they transmit, because 
natural selection acts on phenotypes which are partially environment dependent" (Waddington 
1 969b, p. 127). Yet this reply to Maynard Smith (who had defined Weismann ism as, 
"roughly, if the phenotype of an individual is altered by an altered environment, this will not 
cause that that individual to produce offspring with the new phenotype"), was still ambiguous 
(Maynard Smith 1969, pp. 124-125). It was left unclear just how population genetics and 
canalising natural selection could be combined to undermine "neo-D," and render 
Waddington's paradigm acceptable. Waddington needed to explain Weismann's arbitrarily 
narrow criteria of evidence for the inheritance of acquired characters. That is, he needed to 
distinguish between uncorroborated genetic inheritance via somatic induction acting 
structurally upon single gene loci, and fully corroborated epigenetic inheritance via selection 
for adaptive morphogenetic interactions, supported by his own canalising selection 
(Waddington's paradigm). 

32 The proliferation of kinds of Mendelian gene selection in the 1940s and 1950s (particularly the 
empty proliferation of synonyms for both classical Darwinian and nro-organic selection in the 
West and the Soviet Union), might be a useful tool for analysis of the professional structure of 
evolutionary genetics in the modem synthesis period. 



263 

synthesis genetics; tensions which had to be, and were very successfully, absorbed. 

The fact that Waddington's conception of genetic assimilation was too intricate for 

most evolutionary biologists--inc1uding reactionary Darwinians potentially 

sympathetic to Waddington--to differentiate it from the coincident selection of 

hereditary variations which was organic selection, simply made Waddington appear 

contrary and stubbornly heterodox. Furthermore, as Gilbert observes, orthodox 

opinion was that the genetic assimilation term only conveyed the notion that 

physiological responses "could be readily fixed in the genome" (Gilbert 1991, p. 

205). On the other hand, Schmalhausen's essentially morphological approach, 

primarily employing the language of developmental regulation rather than formal 

genetics, meant that he could much more generously and politically concede the 

legitimacy of both organic and neo-organic selection--whilst, nevertheless, 

strenuously promoting the far greater importance of his own stabilising selection 

(section 4.4.1.). After all, single gene alterations of the norm of reaction were not, in 

his view, adequate to the description of actual evolutionary processes. These 

considerations may have helped to ensure Schmalhausen's terminology achieved 

greater prominence within the later synthesis. It did not, however, achieve the 

phylogenetic significance Schmalhausen had intended it to. 

5.3. Epilogue: Current Theoretical Supports for Modern Synthesis 

Developmentalism. 

Finally, and as noted in section 5.1., several very recent works have shown a 

renewed interest in epigenetic inheritance and evolution. Jablonka and Lamb have 

offered a four point definition of epigenetic inheritance, which embodies a denial of 

the legitimacy of Weismannian extremism. In their terms, ''The inheritance of an 

acquired character has occurred if: (1) the change in the character is induced by the 

environment; (2) the induced change is specific and repeatable, although not 

necessarily adaptive; (3) a specific change in hereditary information is involved; (4) 

the change is transmitted to the next generation" (Jablonka and Lamb 1995, p. 14). 

The authors add that the above conforms with Mayr's definition of soft inheritance, 
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whilst avoiding his focus on the genetic material as DNA.33 However, the examples 

of epigenetic inheritance given by the authors primarily relate to gene-level 

alterations, principally differential DNA methylation, found to be transmissible 

between sexual generations; that is, across the meiotic divide. Hence they remark: 

''The EIS [epigenetic inheritance system] on which most of our discussion is based is 

the chromatin marking EIS, since this seems to be the predominant system for 

transmitting epigenetic information in the cell lineages of multicellular organisms" 

(1995, p. 137). In other words, lablonka and Lamb stay very close to the traditional 

Weismannian terms for discussing epigenetic inheritance, by limiting their discussion 

to structural alterations to the material gene itself The pull of this traditional mode 

of discourse, is illustrated in the authors' discussion of the possibility that such 

inheritance systems may not "Mendelise." Hence, they state that "if transmitted 

between sexual generations, permanent chromatin marks (epialleles) should behave 

like chromosomal variations in DNA base sequence, and segregate in a Mendelian 

fashion at meiosis" (ibid.). Whilst such mechanisms may be effective, they are surely 

a far cry from Schmalhausen's suggestions of stable morphogenetic inheritance 

systems. In this context, lablonka and Lambs EIS might be better labelled 

"peri genetic" rather than epigenetic.34 

Testimony to the growing trend in acceptance of at least some degree of 

epigenetic inheritance, is given by neo-Darwinian Maynard Smith's recent elaboration 

of a similar "perigenetic" methylation mechanism. Maynard Smith asks: "Given that, 

at least occasionally, epigenetic states are sexually transmitted, what are the 

evolutionary consequences?" (Maynard Smith and Szathmary 1995, p. 247). The 

answer had already been provided in 1990 by his "dual inheritance system," which 

postulated a complex chain of genetic interactions, leading to the trans-meiotic 

labelling (deactivation), and un-labelling (activation), of developmental effector genes 

33 Mayr defined "soft inheritance" as: "Inheritance during which the genetic material is not constant 
from generation to generation but may be modified by the effects of the environment, by use or 
disuse, or other factors" (Mayr 1982, p. 959; in lablonka and Lamb 1995, p. 13). Hence, over 
forty years on, Mayr's concept still retains the germinal essence of the neo-Weismannian 
phenotype, when discussing Dobzhansky's "real issue" of the mechanism of adaptive 

evolution. 

34 According to Chambers (1993), epi- may denote "above" or "over," whereas peri- denotes 
"around" and "near." 
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by physiologically inducible labelling genes. Resembling Jacob and Monod's operon 

model for the regulation of gene expression in prokaryotes, the significant outcome, 

in Maynard Smith's terms, is that "evolution ... requires only a single mutation 

altering the specificity of one of the labelling genes" (1995, p. 249). Perhaps 

predictably, he concludes: "An adaptation that originally occurred during 

development would have become genetic: this is precisely what Waddington (1956) 

had in mind when he coined the term 'genetic assimilation'" (ibid.). However, 

whether or not Waddington may have found this an interesting idea, it is most 

unlikely, for reasons already discussed at length, that Waddington would have 

accepted a trans-meiotic gene activation mechanism as capturing the essence of his 

concept. 

It is clear from section 5.3. that Goodwin's process structuralism is openly 

accepting of epigenetic and morphogenetic inheritance mechanisms, and would, in all 

likelihood, be equally dismissive of both genetic and perigenetic ones. However, 

process structuralism's anti-selectionism, and its anti-historicist approach to 

evolutionary development, remains squarely in the tradition of ideal morphology. It 

is therefore too hostile to the reactionary Darwinism and functionalist morphology of 

Severtsov and Schmalhausen. Developmental systems theory, however, with its 

radically inclusive view of which structures may constitute inheritance mechanisms, 

appears far more conducive to the union of functional morphology and epigenetic 

inheritance. Griffifths has recently defended DST's extrapolating, ''to its logical 

conclusion," the current dissolution of the idea that genes are the sole evolutionary 

replicators. For him, Dawkins' "'remarkable replicator' is neither the genome nor the 

zygotic package, but the entire developmental system" (Griffifths 1997, p. 474). 

In Griffiths terms: "According to DST the stability of biological form can be 

explained by the recurrence of the same system of developmental resources in each 

generation. The idea that developmental information resides in the genes is a 

shorthand for the idea that if all other elements of the developmental matrix are held 

constant, changes in the genes are reflected in changes in the phenotype. But it is 

equally true that if everything including the genes is held constant, changes in other 

elements of the matrix are reflected in changes in the phenotype" (1997, p. 472). 

Thus a radical extension of the set of heritable developmental resources, quite 

capable of supporting Schmalhausen's specific morphogenetic inheritance 
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mechanisms, is the hypothetical result. A close relative and rival of DST, is the 

"extended replicator theory." ERT, then, attempts to retain a causally privileged 

status for the genome in ontogenetic and phylogenetic development. However, in 

their 1996 paper, ERT proponents Sterelny, Smith and Dickison, illustrate a similarly 

radical extension of the replicator concept. Quoting from their paper, Griffiths 

observes: 

In many parts of their paper Sterelny et al show a clear grasp of just how 
much can be explained by the differential replication of variants, and just 
how far the replicator extends: "Nesting burrows are replicators. The causal 
relations between burrows and burrowers is like that between genes and their 
interactors. No gene makes an organism. But variance explains variance: a 
variable oystercatcher may be black rather than pied because it has one gene 
complex rather than another, even though no gene complex makes a colour 
pattern. Similarly, a variation in a burrow can cause a variation in a 
burrower: a particular penguin chick may be healthy and safe because its 
burrow has one site rather than another, even though no burrow makes 
penguin flesh." (Sterelny 1996, p. 397; in Griffiths 1997, p. 485). 

Such a suspension of the evolving phenotype, between the external biotic and 

internal genetic developmental resources of the organism, dovetails well with 

Schmalhausen's approach to the evolving morphotype in higher organisms. 

Schmalhausen likewise causally suspended his specific inheritance mechanism or 

"replicator,"--that is, the morphogenetic system--between the external biotype and 

the genotype. Certainly, Schmalhausen recognised aspects of the biotic environment 

as replicated developmental resources of the organism, whether or not he would have 

balked at including such resources as burrows within the class of the organism's 

inheritance mechanisms. The proponents of DST, therefore, view ERT as lacking 

grounds for differentiating itself from DST, and regard Sterelny et aI's concerns over 

unmanageable holism as ungrounded. Hence Griffiths concludes: ''The only elements 

of the developmental system that are not ERT replicators are the persistent resources 

[e.g. air, sunlight, atmospheric pressure], elements which DST has already said are 

not replicated in development and are not part of the unit of evolution" (1997, p. 

487). 

Intriguingly, ERT defends its vision of a far more limited array of replicators on 

adaptationist grounds; in fact, upon a design argument. For example, they argue ''the 

genome is one of the designed mechanisms in virtue of which phenotypes and 

genotypes duplicate themselves," and within which adaptations to this function 

abound (Sterelny 1996, p. 387). This they believe to be the key to the privileged role 
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of replicators in development. Hence only replicators exist, in the author's terms, by 

virtue of their function in production of the organism's ''lineage phenotype," whilst 

non-replicator developmental resources exist for totally independent reasons (1996, 

p. 388). Schmalhausen's morphogenetic inheritance structures would, by this 

criterion, qualify as ER T replicators.35 

As Keith Thomson has already observed, an overview of extant 

developmentalist traditions clearly illustrates their indebtedness to two indispensable 

resources. Namely, Waddington's attempt at a developmentalist reformation of 

Mendelian gene-selectionism, and the radical functionalist morphology of 

Schmalhausen. Waddington's and Schmalhausen's focus upon the radical plasticity 

of gene expression, relative to the external and epigenetic environments, has been a 

crucial springboard away from crude neo-Weismannian heredity for process 

structuralism, developmental systems theory, and extended replicator theory alike. 

Even the pressure-induced perigenetics of latter-day neo-Darwinism pays its 

inevitable lip-service to Waddington's genetic assimilation. As we have seen, 

Waddington's and particularly Schmalhausen's reactionary Darwinism took a pan­

adaptationist approach to evolution for granted. In fact, the opportunity for their 

simultaneous calls to acceptance of a genuine inheritance of acquired characters--but 

for being drowned out by the neo-Weismannian imperative--arose directly out of the 

hardening selectionism of the modem synthetic theory in the 1950s, and the 

adaptationist dilemma which that engendered. 

But their adaptationist strong selectionism was not, unlike that of 1950s 

synthetic neo-Darwinism, of a reductionistic variety. Both men, and most expressly 

Waddington, rejected the picture of populations of organisms ascending fixed peaks 

35 Three years before his death, Schmalhausen published a formal paper on evolution and 
cybernetics in which much space is devoted to Watson and Crick's 1953 landmark discovery, 
and to advances in molecular genetics. Appropriately, then, his views appear more in line with 
modem extended replicator theory, and ERT's adaptationist defence of a unique role for 
genomic structures in heredity. Thus he wrote: "Transmission of hereditary information 
occurs only in the process of cell division. All permanent cellular substances, both nuclear 
and plasmatic ones, have a role to play in this. However, the existence of a strikingly exact 
mechanism of copying, separation and equal distribution of chromosomes in mitotic division 
clearly shows the key importance of this particular mechanism .... Although this topic needs 
much further elucidation, the general scheme is sufficiently clear to enable us to evaluate fully 
its biological significance" (Schmalhausen 1960, p. 509; emphasis added. See also section 
1.2.1., footnote 27, for an interesting parallel with prevailing nineteenth century views on 
heredity). 
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in an adaptive landscape; the result of selection for fitness within pre-existing external 

environments. Hence Waddington's insistence that we consider the evolutionary 

system to involve "at least four major subsystems"; namely, the genetic, selective, 

exploitive, and epigenetic. For him, the synthetic theory's reductionist ''heap of 

pebbles and gravel-sorter" approach to adaptive evolution was totally inadequate. 

On the contrary, we needed to think in terms of "circular and not merely 

unidirectional causal sequences," with the state of each of the four subsystems being 

"partially determined by the action of each of the other subsystems" (Waddington 

1960, p. 400). Likewise, Schmalhausen was aware of the coevolutionary significance 

of feedback between the ecological effects of adaptive functions, and consequent 

changes in adaptive response to the biotic environment. Hence, the dialectical logic 

of both men's work--notwithstanding Adam's concerns about the possibility of 

overstating Schmalhausen's dialecticism (Adams 1987, p. 283)--necessarily entailed 

that they view organism and environment as co evolving, co varying developmental 

resources. 

Finally, then, the relationship--which has been at the heart of this history-­

between modem synthesis developmentalism's holistic adaptationism, and the 

atomistic and crudely deterministic "one gene one character" adaptationism which 

seemed often to characterise strong selectionist defences of the synthetic theory, 

raises some deeper and more metaphysical issues over the adequacy of synthetic neo­

Darwinism. As Lewontin has discussed, understanding the impact of Mendel and 

Darwin requires a deeper, historical understanding of the objectification of the 

organism. In Lewontin's view, Darwin and Mendel made organisms the objects of 

quantifiable forces, whose subjects were, firstly, the internal heritable factors, and, 

secondly, the external non-heritable environment. In this way, Lewontin says, 

"Mendel and Darwin brought biology at last into conformity with the epistemological 

meta-structure that already characterized physics since Newton and chemistry since 

Lavoisier" (Lewontin 1983, p. 274). This change, then, was "absolutely essential" if 

biology was likewise to become quantitative and predictive. Whilst molecular 

biology may have advanced under this epistemology, deVelopmental and evolutionary 

biology have not. Rather, they are handicapped by their misguided attempts to apply 

outdated concepts to such a rich developmental phenomenology. In Lewontin's 

words, "Evolutionary biology suffers particularly because it is the nexus of all other 
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biological sciences, so that a lack of progress in developmental biology, in ecology, in 

behavioural science, all are fatal to a proper understanding of evolution" (1983, p. 

275).36 

Thus, ill the context of the present history, the somewhat crude genetic 

determinism which characterised all explications of the principles of neo-organic 

selectionism, combined with Weismannian restrictions upon the evolutionary 

significance of phenotype-genotype relations, provide two key historical examples of 

how the orthodox synthetic doctrine held back the developmentalists' contribution. 

In discussing the continuing prevalence of such genetic atomism and determinism in 

the evolutionary literature, and the chameleon-like nature of present day neo­

Darwinists, Smith observes: "They will deny that these difficulties arise from 

theoretical tenets of neo-Darwinism while simultaneously perpetuating the problem 

with a focused pursuit of a narrow methodology. These 'ecumenical chaps' admit 

that the dissenters have a valid point, but do little or nothing to revise their research 

to correct the problems" (Smith 1992, pp. 432-433). As Smith quite rightly adds, "It 

is trivially easy to find bald statements of genetic determinism in the literature" 

(ibid.). Here, then, arises an explanation of an otherwise mystifying discrepancy, 

between the sophisticated theory on genetic interactions available from the 1930s on 

the one hand, and the doctrines of, for example, Simpson's 'Baldwin effect' and 

Gause's substituting selection on the other. The explanation being that the hardening 

selectionism of the synthetic theory was bound, during the most exclusionary stages 

of its development, to maintain (especially in its most combative literature) the 

extreme subject-object dichotomy Lewontin describes. This its founders had to 

maintain, in order to defend the epistemological meta-structure that also hardened its 

broader scientific credentials. 

36 Lewontin was an avid supporter of canalisation, writing, "There are no more important 
experimental results for evolutionary biology than those of Rendel (1967) on canalization" 
(1983, p. 278). Lewontin also worked with Waddington, in the late 1960s, on the hypothesis 
that the rate of evolutionary advance was inversely proportional to the rate increase in genomic 
DNA (Waddington and Lewontin, 1968, p. 109). In a passage with all the hallmarks of the 
extended replicator concepts of DST and ERT, Lewontin also stated: "It might be objected that 
the notion of organisms constructing their environments leads to absurd results. After all, 
hares do not sit around constructing lynxes! But in the most important sense they do. First, 
the biological properties of lynxes are presumably in part a consequence of selection for 
catching prey of a certain size and speed, i.e. hares. Second, lynxes are not part of the 
environment of moose while they are of hares, because of biological differences between moose 
and hares" (1983, p. 282). 
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Theodore Roszak wrote that the ecological approach, as an alternative and 

sustainable "reality principle," was the only possible salvation for twentieth century 

science (Roszak 1972). Later, he expressed concern that it, too, was becoming 

atomistic and objectifying in its approach to ecological interactions, thereby failing to 

free science from what he characterised as the "single visioned" nightmare of 

scientific objectification (ibid.). Whether or not Roszak's broader fears were 

justified, the ecological approach might at least save evolutionary biology. 

5.4. General Summary. 

The following points serve as a general summary of the above thesis: 

1. The synthetic neo-Darwinian theory of evolution sought to expunge the two 

central pillars of the "old evolutionary synthesis": namely, strong recapitulationism 

and neo-Lamarckian heredity. Although it is very doubtful whether a fully ''pan­

selectionist" position was ever held by any supporters of the synthetic theory, 

nevertheless natural selection rose to complete dominance as the sole accepted 

mechanism of adaptive evolution. This was achieved within a two-stage hardening 

process, that spanned, in the context of the present thesis, the period from 1922 to 

1953. 

2. The first stage of the above mentioned hardening centred upon the removal 

of embryology from its previously central causal role in the mechanism of adaptive 

evolution. This it had enjoyed during the period of dominance of Haeckel's 

"biogenetic law," again in the present context, from 1866 to 1922. The unification of 

phylogenetic and ontogenetic causation (that is, of ultimate and proximate causation) 

which was the hallmark of the old synthesis, was facilitated by the synthesis of strong 

recapitulationism and neo-Lamarckian heredity described in point 1. However, since 

recapitulation was an accepted fact, the essential discrediting of the biogenetic law 

had necessarily to focus upon disproof of the neo-Lamarckian inheritance of acquired 

adaptive characters. 

3. There was a general acceptance in the early 1930s, that the neo-Darwinian 

embryologist de Beer had finally discredited both neo-Lamarckian inheritance and 

Haeckelian recapitulation. Thus in the 1930s, Julian Huxley and de Beer ushered in 

the formation of a modernised ''two-tier'' embryology which, in neither its 
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morphological and descriptive aspect, nor its proximate-causal and experimental 

aspect, was to be allocated any direct causal significance within the synthetic neo­

Darwinian mechanism of adaptive evolution. These eventualities signalled, for most 

selectionists, the final demise of old synthesis evolutionary morphology. 

Nevertheless, spearheaded by the Needhams' and Waddington's investigations of 

vertebrate primary induction processes at Cambridge, embryology, in Waddington's 

view, only gained in significance to the mechanism of adaptive evolution, despite its 

exclusion from the new synthesis. 

4. Adaptationism continued to be controversial among evolutionists, particularly 

among experimentalists, who saw the synthetic theory as still clinging unnecessarily 

to the old morphological and adaptationist approaches of Lamarck, Darwin and 

Haeckel. Hence the second stage of the hardening of modern synthesis selectionism, 

in the 1940s and 1950s, witnessed a revival the late nineteenth century 

"adaptationists' dilemma" of having to explain the hereditary fixation of highly 

determinate adaptive modifications, without any of the recourse to non-selectionist 

mechanisms that Darwin himself had employed. This, in turn, re-awoke concerns 

over the relative adequacies of neo-Darwinism and neo-Lamarckism, with some 

reactionary neo-Darwinians, who were sympathetic to the Lamarckists, calling for 

recognition of the actual predominance of late nineteenth century "organic 

selectionism" over classical Darwinian selection. 

5. Ironically, the strategic defence of the synthesis against such neo-Darwinian 

dissenters, as well as against any resurgence of the traditional enemy of neo­

Lamarckism, entailed an appeal to the findings of developmentalists whose disciplines 

had been excluded from any direct causal role in the synthesis. Specifically, 

Waddington's embryological theory of genetic assimilation, and Schmalhausen's 

morphological theory of stabilising selection, formed the basis of Simpson's defence 

of synthetic neo-Darwinism. Dobzhansky's saw Schmalhausen's morphology as 

completing the synthesis, and Schmalhausen's Factors of Evolution as its last major 

work. However, Waddington's and Schmalhausen's understanding of the all­

important causal phylogenetic significance of their own work was ignored, and their 

mechanisms for the hereditary fixation of adaptive modifications identified with neo­

organic selection, or Simpson's "Baldwin effect." 
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6. Waddington responded immediately, and very negatively, to Simpson's 

attempt to identify the core of his genetic assimilation theory, with the coincident 

selection of adaptive mutations; that is, with stage two of Simpson's Baldwin effect. 

Waddington's mechanism was specifically intended to validate an actual, and not 

merely apparent, inheritance of acquired characters. Since, from the point of view of 

1950s strong selectionists, the only acknowledged mechanism for such proscnbed 

inheritance was (long-since discredited) somatic induction, the radically 

developmentalist heart of Waddington's synthetic theory had therefore to be 

discredited also. Therefore Waddington's attempt to experimentally verify a 

universal canalisation mechanism for genetic assimilation, was widely construed to be 

a failed enterprise. To the extent that Waddington's own views were later discussed 

by leading supporters of the synthetic theory (with the exception of Julian Huxley), 

he was portrayed as a frustrated neo-Lamarckian, and as having failed to distinguish 

his own controversial mechanism of genetic assimilation. 

7. The English translation of Schmalhausen's broadest and last book-length 

statement of evolutionary theory, his 1946 Factors of Evolution, also failed to 

support Simpson's strategy of subsuming organic selection to broader population 

genetical theory. Schmalhausen, like his teacher Severtsov, saw formal genetics as 

essentially inadequate to the description of morphogenesis, and therefore to the 

evolutionary morphogenetic stabilisation at the heart of his alternative synthesis. 

Furthermore, Schmalhausen saw his own stabilising selection as fundamentally 

distinct from classic Darwinian selection, and as based firmly on developmentalist 

principles, formally identical to those of Waddington's canalisation. He also 

tentatively assumed the predominance of his stabilising selection, and therefore the 

genuine inheritance of acquired characters, over classical Darwinian selection-­

though unlike Waddington, he deferred to the judgement of necessary further 

empirical investigation to settle this matter. Again, these elements of Schmalhausen's 

synthesis were downplayed by Simpson and Dobzhansky so successfully, that they 

completely failed to enter the general discourse of the modern synthesis. This 

exclusion was greatly facilitated by the obscurity of Schmalhausen's work, which was 

rationally reconstructed by Simpson and Dobzhansky to fit the hereditarian principles 

of the synthetic theory. 
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8. The scientific priority debate between Waddington and Schmalhausen 

(actually, between Waddington and Schmalhausen's champion Dobzhansky), is 

assumed to have been won by Schmalhausen. Many of the concepts of Waddington's 

later synthetic evolutionary thinking owed their existence to the stimulus provided by 

his reading of Schmalhausen's Factors of Evolution. Waddington's brief tactical 

alignment with Simpson, over the supposedly confused nature of Schmalhausen's 

stabilising selection, is seen as tantamount to "sour grapes" from Waddington over 

the prior publication of Factors (1946) to any definitive statement made by 

Waddington on genetic assimilation. 

9. The developmentalist syntheses of Schmalhausen and Waddington are, 

therefore, unequivocally portrayed as alternatives to the present orthodoxy of 

synthetic neo-Darwinism, and not merely as historical footnotes to that theory's 

inevitable triumph. The radically inclusive nature of their theories of heredity, with 

their powerful dialectical feedback conceptions of the relationship between genetic, 

epigenetic, and external environmental factors of inheritance, have since been 

extrapolated by various extant forms of developmentalism; notably ERT and DST. 

All today's functionalist (adaptationist and selectionist) and structuralist (non­

adaptationist and non-selectionist) developmentalist theories of evolution, owe much 

of their own development to the dissemination of Schmalhausen's and (particularly) 

Waddington's concepts. 

10. Deeper metaphysical issues are discussed regarding the sufficiency of the 

synthetic theory to adaptive evolution, with its narrow selectionist focus on an 

abstraction which Mather called ''the characteristic expression of the gene" (Mather 

1943a, p. 68). Hence the relationship between developmentalist adaptationism and 

synthetic neo-Darwinian adaptationism at the time of the new synthesis requires 

some historical understanding of the objectification of the organism. To Lewontin, 

Darwin and Mendel succeeded in making organisms the objects of quantifiable 

forces, whose causally separated subjects were the internal heritable factors, and the 

external non-heritable environment. Hence, the synthesis of Mendelism and neo­

Darwinism subsequently placed an absolute restriction, upon an organism's adaptive 

responses to the external environment becoming incorporated into those internal 

factors; that is, upon the inheritance of acquired characters. Yet such an objectivist 

sundering of organism from environment has limited evolutionary theory, because of 
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the lack of genuine causal integration with essential disciplines not conformable to 

such a reductionist methodology--particularly ethology, development and ecology. 

Thus synthetic neo-Darwinism has been a stumbling block to a proper understanding 

of the interactional complexities of evolution. 
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Glossary. 

ADAPTIVE MODIFICATION. According to the joint definition provided by 

Baldwin and Lloyd Morgan in 1897, a change of structure or function due to the 

adaptation of an individual organism to its environment. Strictly, adaptive 

modifications are the result of a process of "accommodation"; that is, they are 

produced as a result of the organism's own functional activities (as in Cope's 

kin etogenesis), rather than the direct agency of the physical environment (as in 

Cope's physiogenesis). Most importantly, however, adaptive modifications were 

non-heritable changes. 

AUTONOMISATION. Schmalhausen's term describing the process whereby the 

transition from dependent individual development to autoregulatory individual 

development occurs. The factors of the external environment lose their determining 

importance, and merely become stimuli which release an autonomous series of 

morphogenetic processes. Furthermore, as autonomization progresses, the internal 

morphogenetic factors (including Mendelian genes) are also reduced to the level of 

stimuli triggering autonomous internal processes. Hence Schmalhausen's 

autonomisation and Waddington's genetic assimilation appear almost synonymous, 

but for Schmalhausen's insistence upon the insufficiency of the genetic mode of 

description, especially at what Schmalhausen described as the more evolutionarily 

advanced, or "morphogenetic," levels of developmental regulation. 

BALDWIN EFFECT. Simpson's term for the neo-Mendelian interpretation of 1. 

M. Baldwin's and Lloyd Morgan's original concept of organic selection. 

Paraphrased, Simpson's 3-part definition ran as follows: 1) Individual organisms 

interact with the environment producing behavioural, physiological, or structural 

adaptive modifications. 2) Genetic factors exist/arise by mutation in the population 

producing hereditary characteristics either similar to the modifications in 1), or 

having the same sorts of adaptive advantages. 3) The genetic factors of 2) are 

favoured by natural selection and may spread in the population over the course of 

generations. The net result only outwardly resembles neo-Lamarckism, or the 

inheritance of acquired characters. 
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BLASTOGENIC CHARACTER. Weismann's term defining those hereditary 

variations which originated solely in the primary constituents of the germ plasm. 

Contrasted with somatogenic characters, which were acquired by the somatic cells 

during ontogeny, through the reaction of the organism to those environmental 

influences which did not constitute what Weismann called ''the necessary conditions 

of development." Somatogenic characters were therefore strictly non-heritable. 

CAENOGENESIS. According to Gould, caenogeneses (sometimes spelt 

cenogeneses) are exceptions to the palingenetic repetition of phylogeny in ontogeny, 

within Haeckelian recapitulation. They are produced by heterochrony (temporal 

displacement), heterotropy (spatial displacement), or the production of specifically 

larval-stage adaptations in the life-cycle of the developing organism. 

CANALISATION. Waddington's 1942 phrase, expressing his observation that 

developmental reactions are epigenetically regulated so as to bring about one definite 

end-result, regardless of minor variations in conditions during the course of the 

reaction. Canalisation corresponded with Schmalhausen's less graphic conception of 

the narrowing of the norm of reaction under the influence of stabilising selection. 

Should Waddington's canalising selection persist, then at some point along the 

canalised pathway of development of an adaptive modification, the phenomenon of 

genetic assimilation may occur. Waddington later coined the term homeorhesis to 

simultaneously describe both the homeostatic and temporal aspects of this regulation 

process. 

CANALISING SELECTION. Waddington's separate form of natural selection 

promoting the deepening canalisation of specific adaptive organismic structures 

and/or functions. Waddington wrote in 1953 that only one reading of 

Schmalhausen's closely related stabilising selection corresponded to canalising 

selection, and that as such it should be called either stabilising selection ''type 2," or 

stabilising selection "sensu stricto." 

COMPETENCE. Waddington's term, describing a chemical state of indeterminacy, 

or readiness to react to certain evocatory stimuli, existing within a tissue and allowing 

it to be subsequently channelled into one of two or more alternative developmental 

pathways. For Waddington in the late 1930s, the competence of a tissue was 

causally connected with its future development, whereas the classical concept of a 

potency was unsatisfactory because non-causal. Competencies emerged at 
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developmental branchpoints. The nature of secondary competencies, occurring at 

subsequent branchpoints, were thus dependent upon the response to earlier 

competencies. 

CLASSICAL SELECTION. A term widely used to descnbe classical Darwinian 

natural selection, as opposed to various forms of selection purported to either imitate 

or validate the neo-Lamarckian inheritance of acquired characters. Synonyms include 

direct selection (Kirpichnikov), external selection (Hardy), and dynamic selection 

(Schmalhausen). 

COINCIDENT SELECTION. Lloyd Morgan's term for the proposed natural 

selection of hereditary germinal variations which produce a similar phenotype to non­

hereditary adaptive modifications. Sometimes used as a synonym for Baldwin's 

organic selection, which strictly only refers only to the selection of further adaptive 

modifications to some previously coincidently selected hereditary variant form of an 

adaptation. Orthoplasy was said to occur if the cycle of organic selection followed 

by coincident selection continued on to form an adaptive evolutionary trend. 

DIRECT ADAPTATION. A near synonym for parallel induction, the use of which 

may serve to distinguish inductive processes which lead to the genuine inheritance of 

a specific adaptive modification, from others, like parallel induction itself, which by 

definition need only produce some heritable close facsimile of the original 

modification. Used by Waddington in 1952 to discuss Dobzhansky's apparent 

dismissal of the former mechanism: that is, of the genuine inheritance of acquired 

characters. 

DIRECT INDUCTION. A theoretical mechanism for the inheritance of acquired 

characters. To the Lamarckians, its consisted in the adaptively directed alteration of 

the germ plasm by an environmental stimulus, so as to produce a germinal variation, 

in descendent generations, adaptive to that same stimulus. Related to parallel 

induction, where in addition a somatic adaptive modification is simultaneously 

produced by the same stimulus. Weismann accepted both direct and parallel 

induction, but dismissed both as evidence for the inheritance of acquired characters. 

DIRECT SELECTION. Term used by Gause, in opposition to either organic 

selection or his own substituting selection, and as a synonym for classical Darwinian 

natural selection. 
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DOMINANT HISTORICAL RESTRICTION. Julian Huxley's tenn for a strong 

restriction placed upon the direction taken by natural selection. Caused by previously 

selected heritable variations in a specific adaptive direction, increasing the selective 

advantage of further heritable advance in the same direction. This was not 

orthogenesis, since no internal predisposition for further variation exists. Huxley 

adopted an ambiguous metaphor, analogous to Waddington's canalisation, and 

proposed that a specialised line comes to occupy the bottom of a "groove" cut for it 

by selection. 

EPIGENETICS. The internal organization that links the genotype to the phenotype. 

It encompasses all the interactions--among genes, and between genetic, morpho­

physiological, and external environmental factors--that produce the final phenotype. 

Waddington also coined the phrase the "epigenotype" to indicate that these 

interactions may constitute stable--that is, heritable--mechanisms of individual 

development. 

(MODIFICATIONAL) EURYBIONTY. Schmalhausen's phrase describing the 

ability of a population to adapt to more than one "biotope," or local ecologic 

environment, at one stage of the adaptive cycle of stabilising selection. This 

developed adaptive capacity led to a decreased mortality rate due to external physical 

factors, which in tum helped maintain the hidden reserves of genetic variability, 

which in its turn continued to support the adaptability of the population. 

EVOCATOR. Waddington's term describing the morphogenetically active chemical 

emitted by an organizer. 

EVOCATION. The morphogenetic effect produced by an evocator: namely, the 

induction of cellular and tissue differentiation. 

EXTERNAL SELECTION. Hardy's term for classical Darwinian selection of 

random heritable variations. Hardy controversially spoke of external selection as an 

entirely separate kind of selection to Baldwin's organic selection, which latter he 

identified fully with Waddington's genetic assimilation. Synonymous with 

Schmalhausen's dynamic selection, and with Gause's direct selection. 

GENETIC ASSIMILATION. Waddington's name for the process by which 

acquired adaptive modifications become converted into inherited variations, via the 

process of canalising selection, acting over several generations on a population. 

Waddington viewed the mechanism as a true alternative to somatic induction for the 



289 

genuine inheritance of acquired characters. Genetic assimilation was controversially 

demonstrated by Waddington in the 1950s, using artificial selection for the hereditary 

fixation of phenodeviants in fruit flies. 

GENOCOPY. Medawar's 1951 term for what he called the "genetic imitation" of 

acquired phenotypic changes. Conceived by analogy with Goldschmidt's correlative 

term phenocopy, genocopying was designed to explain the apparent hereditary 

fixation of Medawar's "Class B" (Waddington's pseudo-exogenous) adaptations. 

F or the neo-Darwinian selectionist, although functional change anticipated hereditary 

change in Class B adaptations, the neo-Lamarckist explanatory mechanism of 

somatic induction was to be rejected, and the genocopy mechanism substituted. (See 

also the original version of Baldwin's organic selection, Lloyd Morgan's coincident 

selection, Gause's substituting selection, Kirpichnikov's Indirect selection, and 

Simpson's Baldwin effect). 

INDIRECT SELECTION. Kirpichnikov's term, later renounced by him on 

realisation that the phenomena he was studying were better described by Lloyd 

Morgan's classical concept of coincident selection. 

NEO-ORGANIC SELECTION. A term generally signifying the neo-Mendelian 

reinterpretation of Baldwin's classical concept of organic selection. More 

specifically, a synonym for the coincident selection of hereditary variations, or stage 

2 of the Baldwin effect. 

ORGANIC SELECTION. Strictly, James Mark Baldwin's term for the 

behaviourally-driven acquisition of adaptive modifications, which further the 

developmental direction taken by earlier, inherited coincident variations. The term 

underwent a rapid semantic evolution during the period 1896 to 1897. Initially--and 

popularly--the term defined Baldwin's complete mechanism for the (merely apparent) 

hereditary fixation of adaptive modifications. Later, Baldwin more narrowly 

identified the term only with the initial stage of his full mechanism; namely, 

Lamarck's law of use and disuse in ontogenetic development. Finally Baldwin and 

Lloyd Morgan agreed, with Osborn's assent, upon the strict sense given first above. 

ORGANISER. A part of an embryo which exerts a morphogenetic stimulus upon 

another part, bringing about determination and differentiation of cell and tissue 

structures m the latter, and also determining their morphological structure (a 

complete process Waddington called "individuation"). Thus embryologists 
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differentiate between truly organ forming capacities of, for instance, intact blastopore 

dorsal lip tissue (the "primary" organiser), and the simple capacity of the primary 

evocator substance to induce differentiation. 

ORTHOGENESIS. Eimer's "definitely directed evolution." Orthogenesis 

described the definite, though indeterminate, direction of the internal hereditary 

variations that produce evolutionary change. Anti-selectionist and radically anti­

adaptationist, its supposed hereditary mechanisms are unknown. Lamarck's classical 

theory of a slow and gradual increase in the complexity of living matter, is also often 

described as orthogenetic. 

ORTHOPLASTIC INFLUENCES. Baldwin's term, describing all those means of 

an organism's functional accommodation to its environment (such as organic 

plasticity, imitation, and intelligence) which may be considered as directing evolution 

through organic selection. 

ORTHOPLASY. Baldwin's term describing the directive or determining influence 

of organic selection in evolution, where organic selection is used in its strictest sense. 

Sometimes used as a synonym for organic selection in its original and broadest sense, 

the terms orthoplasy and orthoplastic influence, suggest Baldwin and Lloyd Morgan 

saw a much more powerfully directive role for their theory, than that indicated by 

Huxley's identification of organic selection with a special form of subsidiary 

historical restriction upon selection. 

ORTHOSELECTION. Plate's term, synonymous with Huxley's later dominant 

historical restriction upon the direction taken by natural selection. Although readily 

adopted by Huxley as orthodox, Plate's leanings towards the Lamarckian inheritance 

of acquired characters, and also towards orthogenesis, may cast some doubt over the 

neo-Darwinian credentials of the concept. 

PALINGENESIS. In Haeckelian recapitulation, according to Gould, palingenesis 

represented the true repetition of phylogenetic stages in the ontogenetic stages of 

descendant organisms (cf. caenogenesis). 

PARALLEL INDUCTION. To neo-Lamarckians, a theoretical mechanism for the 

inheritance of acquired characters. It consisted in the adaptively directed alteration 

of the germ plasm by an environmental stimulus, so as to produce the germinal 

facsimile, in descendent generations, of a somatic adaptive modification produced by 

the same stimulus in ancestral generations. Related to direct induction where, by 
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contrast, no initial adaptive modification occurs. Weismann accepted both parallel 

and direct induction, but challenged whether the parallelism of the former ever 

obtained in actual cases, and dismissed both as evidence for the inheritance of 

acquired characters. 

PHENOCOPY. Goldschmidt's concept describing the production of acquired 

modifications, which closely resemble the phenotypes characteristic of known genetic 

mutations. Produced experimentally via the use of physical and chemical agents 

which, In theory, mimic the disruption of developmental events caused by the 

identified mutant gene(s). According to Landauer, the actual point of external 

interference in the developmental pathway varied according to the genotype, the 

developmental stage at intervention, the kind and quantity of the external agent, and 

other less determinate factors. See Phenodeviant. 

PHENODEVIANT. Landaur's term for sporadically occurnng developmental 

abnormalities. They are the result of indeterminate epigenetic events, through which 

deviant pathways of developmental become manifest, and broadly include artificially 

produced phenocopies. 

SOMATIC INDUCTION. The classical neo-Lamarckian mechanism for the actual, 

and not merely apparent, inheritance of acquired characters. According to de Beer, 

Somatic induction was the hypothetical mechanism whereby external environmental 

factors produced an adaptive modification in the structure of the body, which then in 

turn effected a change in the internal hereditary factors, such that the initial 

modification became an hereditary blastogenic character. 

SOMATOGENIC CHARACTER. Weismann's term identifying those non­

hereditary characters acquired during the ontogeny of the organism. As such, these 

were not preformed in the germ, but arose only through the reaction of the organism 

to those environmental influences which specifically did not constitute what 

Weismann called "the necessary conditions of development." However, as several 

commentators have noted, any strict distinction between necessary and casual 

environmental conditions with respect to development is a practical impossibility. 

STABILISING SELECTION. Schmalhausen's term for a separate kind of natural 

selection from classical Darwinian (Schmalhausen's "dynamic") selection. Stabilising 

selection is based upon the selective advantage, under definite and especially, 

fluctuating conditions, possessed by the organism's normal organization over 
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variations from the norm. Associated with the elimination of most variations, and the 

establishment of more stable mechanisms of normal morphogenesis. Waddington 

described this kind of selection as "stabilising selection type 2, or his own canalising 

selection. 

(MODIFICATIONAL) STENOBIONTY. SchmaIhausen's phrase describing the 

stable adaptation of a population to one "biotope," or local ecologic environment, at 

one stage of the adaptive cycle of stabilising selection. Literally, the constriction of a 

species' environmental range; the opposite of modificational eurybionty. 

SUBSIDIARY HISTORICAL RESTRICTION. Huxley's term for a less stringent 

form of restriction upon the direction taken by natural selection than dominant 

historical restriction or Plate's orthoselection. Subsidiary historical restriction, of 

which organic selection was for Huxley a special case, only made it easier for 

selection to act in particular directions. 

SUBSIDIARY ORTHOGENETIC RESTRICTION. Huxley's term for a less 

stringent form of orthogenesis than Eimer's "definitely directed evolution." As true 

orthogenesis, and not merely orthoselection, its mechanism depended upon some 

unknown internal restriction of the type and quantity of genetic variation. Yet 

whereas Eimer's concept prescribed the direction of evolution, subsidiary 

orthogenetic restriction only, in Huxley's terms, "limited its possibilities." 

SUBSTITUTING SELECTION. Lukin's term for the coincident selection of 

hereditary variations. Appropriated by Gause's, who thought it to be synonymous 

with Baldwin's classical organic selection, Schmalhausen's stabilising selection, and 

Lloyd Morgan's coincident selection alike. 
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