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Thus, correlative effects arise as a result of the joint selection of 
initially independent components of the developing system or, 
alternatively, from their initial developmental connection. In both cases 
it is selection that represents a rate-limiting (slowest) process in the 
formation of new (or destruction of old) correlations between these 
components. If, however, the evolutionary transformations of a correlation 
pattern between the system components take less time than the change in 
phenotypic fitness of the system as a whole, then these transformations 
cannot be connected with selection in any causal way. The reason is simply 
that causal relationships between processes with different time scales are 
out of place. This paper aims to recognize and classify evolutionary 
transformations of this kind: by analogy with Waddington's epigenetic 
developmental processes (Waddington, 1940) it is natural to call them 
episelective evolutionary processes. There are at least four groups of 
phenomena which seem to lie beyond the scope of direct or correlative 
effects of selection. 

1. Episelective structuring of variability 

It is rather evident that Waddington's model of an "epigenetic 
landscape" (Waddington, 1940) can be related both to the general 
organization of developmental pathways, and to the organization of 
variability in adult phenotypes. Both in the course of development and in 
the adult state, directions and limits of continuous and structurally 
stable changes in phenotypic values of characters are circumscribed by the 
same morphogenetic constraints. It is trivial enough that new patterns 
(directions and limits) of adult variation cannot arise without a change 
in morphogenetic mechanisms. Less trivial is the question concerning the 
rates of morphogenetic evolution as compared to rates of selective 
changes. 

From the Modern Synthesis point of view, developmental chreods arise 
as a result of of stabilizing selection (Waddington, 1940; Schmalhausen, 
1946). From this perspective, morphogenetic changes leading to a change in 
the adult (definitive) variation pattern must be associated with changes 
in fitness. This means that it is morphogenetic evolution that represents 
a rate- limiting component of the evolutionary process. In this (and only 
in this) sense variation of definitive phenotypes can be considered as 
something distinct from developmental variability. 

We propose that the real course of morphogenetic evolution does not 
fit well into this generally assumed scheme. Recall that any developing 
system capable of self-regulation is degenerate in the sense that the same 
phenotype can be created by morphogenetic mechanisms which may differ from 
each other in many essential details but not in net adaptive value. 
Furthermore, morphogenetic mechanisms seem to evolve faster than the 
definitive forms (Filatov, 1939), so the choice of a mechanism may depend 
simply on contingencies of evolutionary history. Therefore, change in the 
variation pattern, which is in any case an inevitable consequence of 
morphogenetic evolution, may prove to be an epiphencunenon of the 
evolutionary process unrelated to any change in fitness. In such a case 
the separation between developmental and adult variation becomes purely 
conventional. 

Thus, the constancy of proportions in a one-dimensional morphogenetic 
system (Hydra provides the simplest example) can be controlled in two 
different ways (for details see Beloussov, 1987). There may be a 
morphogenetic mechanism providing a "scaling", i.e. an independence of 
proportions with respect to the absolute size of the system. If there is 
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no such mechanism, the constancy of proportions can be based only on 
constancy of absolute size. Consequently, in the first case we can observe 
a selectively neutral variation of size which will be absent in the second 
case. 

The well-known difference between determinative (in most Protostomia) 
and non-determinative (in most Deuterostomia) modes of early cleavage can 
be treated in a similar way. In the first case each of the primary 
embryonic anlages is a clone (or polyclone) descending from a definite 
blastomere (or blastomere group). In the second case the clonal 
organization of the embryo is absent, the reason being that all lineages 
are subject to individual variation: in different embryos the descendants 
of the same blastomere may even fall into different germ layers (Moody, 
1987). In an obsolete view, determinative cleavage was believed to lead to 
the loss (or decrease) of regulative capacities at the early developmental 
stages. If this were the case, one could have considered non-determinative 
cleavage as more adaptive. However, modern data (reviewed by Bigellaar, 
1982) show that all varieties of morphogenetic interactions known for 
the "regulative" type of development- are manifested in determinative 
cleavage as well. The only difference is that regulation in determinative 
cleavage is based on interactions between single cells (blastomeres), 
while in non-determinative cleavage these interactions are manifested on a 
scale of cell groups. The larger such a group is, the less is the 
regulation of its cell number and cell lineages. Thus, the origination of 
a new mode of variation - variation of cell lineages - is shown to be an 
effect of morphogenetic evolution. 

Note, however, that this effect implies a creation of new 
morphogenetically significant units: cells are replaced by embryonic 
tissues, as in the previous example. The old and new morphogenetic units 
are not homologous, simply because there is no room for homology between 
constant (determinative cleavage) and variable (non-determinative 
cleavage) elements. The lack of homology means that the continuity of 
developmental information carried by these elements is lost (Van Valen, 
1982). However, this does not mean a loss of continuity in the 
developmental programme which forms the definitive phenotype, even if we 
assume that the substitution of morphogenetic units somehow affects 
phenotypic fitness. In any case, selection can discover that it deals with 
new morphogenetic units only after the substitution has occured. In this 
sense we may say that, in the course of re-organization, mechanisms of 
phenotype formation evolve faster than the phenotype itself does, so that 
at this evolutionary stage the mechanism and the result of development 
cannot be matters of a correlative transformation. 

Canalization 

Similar episelective changes in morphogenetic mechanisms may occur 
even with small and continuous variation in the population means of metric 
characters, provided that we are considering a non-homogeneous spatially 
ordered structure. Thus, the canalization of variability may also be of 
episelective nature. 

In those cases, in which canalization is a property which is inherent 
to the wild type, we can hardly reject (yet cannot prove) that this is due 
to stabilizing selection. The number and location of scutellar bristles in 
Drosophila provides one of the classic examples (Waddington, 1962). 
However, in many cases the canalized pattern does not coincide with the 
wild type. In particular, this is true for sternopleural bristles in 
Drosophila. The number and allocation of the macrochaetes is not subject 






































