Some modes of macroevolution involving recurrent and novel use of once acquired structures
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The forms of morphological evolution have long been the subject of study, at least since the time when Dohrn’s fundamental principle was laid out—yet this aspect of evolutionary theory is still far from being fully developed. A. N. Severtsov (Sewertzoff 1931, Severtsov 1949) made a significant contribution to the subject and nearly exhausted it (for example, see the list of modes in Timofeev-Resovsky et al. 1977). The modes of morphological evolution are sometimes called modes of organogenesis, which is not entirely correct and in some cases entirely wrong. Since A. N. Severtsov was a vertebrate zoologist, the laws of morphological evolution inherited something of a “vertebrate” bias, absent only from Dogiel’s (Dogiel 1929, 1954) principles of oligomerization and polymerization and Takhtajan’s (Takhtajan 1954) principle of heterobathmy
. To shift focus from evolution of whole organisms to evolution of their parts we first have to consider partitions larger than organs, such as metameres and tagmata. Those concepts will be different for different groups of organisms (e.g., animals, plants, protists), yet they all share in common something essential. Further down, below the level of organs, we encounter structures and apparatuses. Their evolution is also very important for understanding the evolution of whole organisms, but at the same time it stays, in a sense, on the periphery of the main interest. This “suborgan” level does not even have a name—below the level of organs the attention usually shifts directly to tissues.

This does not mean that the evolution at this level of organization has not been studied in the past. In fact, Dogiel’s principles of oligomerization and polymerization manifest at this level to a large degree, although they also manifest in metamery and segmentation of the whole body.

Here I would like to comment on only a few modes, which mostly concern the suborgan level and which have received little attention in literature on evolution. These modes of morphological evolution fill intervals between periods of progressive evolution (aromorphoses), prepare and support leaps of progress and, naturally, take part in the adaptive radiation as idioadaptations. I will be talking about the macroevolutionary manifestation of Vavilov’s law of homologous series, together with reversals (including instaurations), metatopia, and polymerization (Emeljanov 1987).

The classical neodarwinism emphasized that once a character is eliminated from the phenotype its genetic underpinning becomes destroyed, i.e. the character becomes lost irreversibly.  Now, at least for the majority of morphological characters, this idea must be abandoned. Genetics has demonstrated the amazing similarity (i.e. conservation over long spans of evolutionary time) of genetic underpinnings of various traits and properties in widely divergent groups - such, for example, as insects and vertebrates. Therefore, today it is possible to postulate that replacement of the old by the new in the course of macroevolution results not from elimination of old characters and traits and their replacement by new ones, but rather from their suppression and transformation into a recessive, latent state. The very assumption of the existence of Vavilov’s homologous series in heritable variation is impossible unless one accepts blocking and unblocking of individual traits (awn present, awn absent, etc.). Nevertheless, this connection somehow received no or very little attention from evolutionary scientists (noted in Lyubishchev 1968).

Not being an expert on genes, I will skip possible explanations of concrete morphological changes in the course of macroevolution and will limit myself to using only a few terms, such as blocking, unblocking, addition, switching, etc.  If the expression of a trait can be decreased or blocked, the subsequent removal of the block will manifest as a simple reversal (if the trait was reduced) or instauration (if it was completely blocked). Apparently, genetic underpinnings of completely blocked traits are protected from decay by a network of correlations entangling the blocked trait and by pleiotropic action of the genes that determine its expression.

A reversion can be incomplete and an instauration may differ from the original state if some changes occurred during the elapsed time within the correlation networks incorporating the restored structure. Elementary reversals (short-long, thick-thin, etc.) form the foundation of any morphogenesis and can be produced by a single command. Many reversals of more complex traits, which repeat their phylogenetic development during ontogenesis, can be stopped (blocked) at any stage of their development, leading to the final state appearing more “ancient.” If postembryonic stages of development are shifted (pushed) back into the embryo and if some final part of that process becomes blocked, then we get an archaic structure right upon eclosion from the egg.  
In a more complex, multi-stage morphogenesis, bifurcations at different stages of development may produce different corresponding outcomes. This undoubtedly occurs with arthropod setae and their numerous sensory modifications. Moreover, this complex process can be stopped at different stages or turned onto a different developmental pathway.

Some periods of evolution result in the origin and stabilization of stable sequences and variants of morphogenesis of individual structures or morphofunctional apparatuses, whose variation is governed by a limited number of relatively simple commands (more-less, right-left, decrease-increase along a  particular axis, divide into areas, etc.). The technically possible and actually observed range of such modifications in response to the commands, relatively stable at the species level but variable within a group of related taxa and repeated in large part within particular monophyletic clades of that group, can be referred to as an evolutionary morphocycle or, according to Meyen, a refrain (Meyen 1978, 1988). It appears that small-scale macroevolutionary changes nearly always occur within limits of particular morphocycles, while larger-scale changes modify the latter. This concept is an application of Vavilov’s law of homologous series to macroevolutionary processes, an interpretation of the macroevolutionary essence of that law.

The term “morphocycle” (Emeljanov, 1994, 1995) may seem redundant but, in my opinion, it helps drawing attention to certain macroevolutionary phenomena and it is more convenient than long passages describing how Vavilov’s law of homologous series is manifested in a given set of traits or intercorrelated structures. 

An example of a morphocycle is provided by evolutionary transformations of a set of spines on the apex of the hind tibia in the superfamily Fulgoroidea (Insecta, Homoptera). The spines serve as the main support during jumping. In most cases the nymph is born with two pairs of spines, one at each side, separated by a diastema.
The spines at the apices of the first and second tarsomeres of the same legs undergo a similar (homologous) development, but the second tarsomere lags behind the first and has no or only two spines upon hatching. Judging from imperfect descriptions, young nymphs of the family Cixiidae apparently lack the spines, which grow later in the development. Upon moulting to the second instar, one spine is added to each of the lateral groups, at their inner ends, and the diastema becomes smaller or disappears. As a rule, further addition of spines is blocked in the outer group but continues in the inner group, but here an additional differentiation kicks in, which determines the slant of that row: the outer end of the row becomes more protruding and its inner end recedes somewhat proximally. The number of spines in the inner group keeps increasing until it reaches 5-7. In some cases the slant does not develop, i.e. the corresponding command is switched off. Two variants are possible here:

· A general command is given to stop the development of spines, and the current condition is preserved to the adult stage.

· The command to form the slant is not given, but the command for spine development is maintained; then new spines grow at the median ends of both groups, completely filling the diastema. Sometimes such a single row (starting from approximately 8 spines the gap between the groups disappears) undergoes further polymerization—i.e. keeps growing—up to 20-22 spines or more, the apex of the tibia widens, and the spines decrease in size.  Once the diastema is closed, the number of spines may further increase through the appearance of a second row of spines, each aligned with the gap between adjacent spines of the first row, but located somewhat more proximally on the weight-bearing surface of the tibia (facing ventrally in the standing insect). The number of rows can increase up to 3-5 or more: a spiny surface develops.  The fact that similar spectra of states repeat themselves in different families indicates that we are dealing here with a cyclical or back-and-forth type of system, which can return to the original condition from any state except probably the most extreme ones.
The widespread occurrence of reversals at the low and medium taxonomic levels of evolution is also revealed by the practice of building cladistic phylogenetic trees, in which an important role is always played by homoplasies, most often in the form of reversals.

The modern period in the study of evolution and, in particular, phylogenies is rather paradoxical. Numerous phylogenetic schemes (dendrograms) are produced, mostly by computer programs. The instances of convergence and parallelism are labeled in this type of studies as homoplasy. Usually the builders of such trees are not interested in analyzing these phenomena and consider them as a mere nuisance. Evolution and phylogenies become artificially separated. In essence, building of phylogenetic schemes becomes the task of technical personnel; the credibility of a phylogeny becomes based on the authority of a particular computer program rather than the logic and authority of the expert who built the tree.   

Another minor mode of macroevolution, for which I suggested the term metatopy (Emeljanov 1987), involves “hopping” of structures or sometimes organs to a new place. Such migrations are possible due to action of homeotic genes (for example, Gehring 1985). The forms and scope of metatopy can vary. Most often structures hop onto adjacent homologous or analogous body parts. Metatopy and reversal can manifest together without being synonymous. Such are the cases when a second, additional female genital opening appears on the adjacent abdominal segment; this condition, called ditrysia, occurs among Lepidoptera and Cicadina.  It is known that ancestral arthropods had paired genital openings on each segment of the trunk or of its abdominal part. As a result of fusions and other transformations, insects have evolved a single unpaired genital opening on the 9th abdominal segment. The appearance of an additional female opening on the 8th segment undoubtedly represent a metatopy, but in some degree it is also a reversal (instauration).

Adult leaf beetles from the subfamily Hispinae (Coleoptera, Chrysomelidae) have large branched cuticular outgrowths on the thorax and elytra. In some genera, such processes are also present on the antennae: a “hop” onto a different tagma and from a segment onto an appendage. 

Instances of “pure” hops, when a singular structure disappears in one place and appears in another, are less common. A good example is found among Cicadina (Insecta, Homoptera). In the genus Alleloplasis (fam. Nogodinidae), sensory pits appear on the 7th abdominal sternite of the adult. Sensory pits are a peculiar nymphal trait, characteristic of nearly all representatives of the superfamily Fulgoroidea. These structures are present exclusively on tergal parts of the segments and occasionally are retained at the adult stage. Adults of the genus Alleloplasis lack any tergal sensory pits.

Experiments with artificially induced mutations have demonstrated the existence of numerous genetic mechanisms that may potentially produce metatopy, yet most metatopic shifts are inadaptive and become eliminated by natural selection. 
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Glossary of Selected Terms
heterobathmy 
“The unequal degree of development or specialization of different organs, achieved due to relative independence of individual parts of an organism in the process of evolution” (cited from Gilyarov, M.S. (Ed.) Encyclopaedic Dictionary of Biology, Moscow,1986).
idioadaptation
A macroevolutionary adaptation to a local environment in the process of adaptive radiation, not involving an increase in the general organization. 
instauration
Reappearance, restoration of a morphological structure or organ after their complete disappearance from the phenotype for a certain interval during macroevolution. One of the causes of homoplasy (Emeljanov 1987). 
metatopy
“Hopping” of a trait, structure or organ to a different place, onto a different segment or body part (Emeljanov 1987).
� Translation by R. Rakitov, PIN RAS


� For explanation of selected terms, see Glossary at the end of the article.





