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ONTOGENETIC PRINCIPLE OF SEXUAL DIMORPHISM
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Principles are usually revealed during experimental investigation of correlations between properties or phenomena. However, there is no single way: They can also be detected theoretically. In the present article such a method is discussed, and an attempt is made to predict and discover new biological principles, using several systematic concepts and analogies. We will first present an example from physics.

In 1662 a principle was discovered experimentally which established an association between the volume and pressure of a gas at a constant temperature (Boyle–Mariotte law). In 1802 a principle was discovered, experimentally, which associated the volume of a gas with its temperature at a constant pressure (Gay-Lussac's law). The same three properties proved to be associated by two principles (Fig. 1). The possibility appeared, even if only theoretically, to formulate a third principle associating pressure with temperature at a constant volume, which was soon done (Charles' law). After some time Clapeyron combined all three laws into the general formula pV = r T (where the constant r depends on type and quantity of gas). In 1874 D. I. Mendeleev, using Avogadro's law, succeeded in producing, also theoretically, the generalized formula pV = RT (where R does not depend either on type or quantity of gas). Since Clapeyron's formula incorporates all three laws, it is the one completely sufficient for describing all associations between the three properties of a perfect gas.
Fig. 1. Principles associating properties of perfect gas.

Something similar was put together in biology. In 1866 the Haeckel–Müller biogenetic law was formulated, which established an association between phenomena of phylogeny and ontogeny (ontogeny is a concise repetition of phylogeny). If, for simplicity, we speak not about the organism as a whole, but only about one of its traits then the phenomenon of phylogeny is the dynamics (appearance and change) of this trait within the evolutionary measure of time, in the history of a species. The phenomenon of ontogeny is the dynamics of the trait within the ontogenetic measure of time, in the history of an individual's life. Consequently, the Haeckel–Müller law associates the ontogenetic and phylogenetic dynamics of traits. In 1965 we discovered a principle associating the phenomenon of populational sexual dimorphism with phylogeny [1]. Populational sexual dimorphism is the difference in average values for frequencies and/or degree of expressivity of a trait in male and female sexes.

If there is populational sexual dimorphism according to a given trait, then it is possible to speak of a male and female form of this trait. According to these concepts, the hereditary norm for reaction of the female sex is broader than for the male [2]. (The norm for reaction, the ability of the genotype to react to changes in the environment, characterizes the proportion of the participation of the environment in formation of a trait. The broader the norm for reaction, the greater the influence of the environment and the smaller the influence of genotype during ontogeny.) The narrow norm for reaction of the male sex makes it less flexible during ontogeny; it is subjected to greater elimination, and thus the genotypical distribution of the male sex in a population is more variable during phylogeny. This leads to the fact that evolutionary transformations affect the male sex first. Consequently, the male sex can be regarded as the evolutionary “avant-garde” of a population, while sexual dimorphism according to a trait can be regarded as the “compass,” indicating the direction of the evolution of the trait. It is directed from the female form of the trait in a population toward the male. In other words, during evolution, the female form of a trait is converted into the male [3]. Consequently, there are three phenomena, phylogeny, ontogeny, and sexual dimorphism, which are associated with one another by two principles (the Haeekel- Müller law and the phylogenetic principle of sexual dimorphism). Consequently, the existence of a third principle can be predicted and formulated which establishes a direct association between phenomena of sexual dimorphism and ontogeny (Fig. 2).
Fig. 2. Principles associating the phenomena of phylogeny, ontogeny, and sexual dimorphism.

The new principle can be called the “ontogenetic principle of sexual dimorphism.” If there is populational sexual dimorphism according to a certain trait, then during ontogeny (with age), this trait changes, as a rule, from the female form to the male, i.e., the female form of a trait is more characteristic of the initial, juvenile stage (the stages of childhood, growth, and formation), while the male form is more characteristic of the definitive stage (mature, adult). In other words, female forms of traits should, as a rule weaken with age, while male are intensified.

Table 1.  Sexual Dimorphism and ontogenetic Dynamics of Several Human Traits.

	Trait
	Form of trait

	
	female
	male
	juvenile
	definitive

	
	
	
	
	

	Relative foot length
	Less
	Greater
	Less
	Greater

	Relative forearm length
	«
	«
	«
	«

	Relative length 4th/2nd digits
	«
	«
	«
	«

	Cephalic index
	«
	«
	«
	«

	Circumference of dental arch
	«
	«
	«
	«

	Epicanthus
	Sharper
	Smooth
	Sharper
	Smooth

	Protuberant back of nose
	Rarer and weaker
	More often and stronger
	Rarer and weaker
	More often and stronger

	Hair on hody and face
	Less
	Greater
	Less
	Greater

	Hair on head
	Greater
	Less
	Greater
	Less

	Erythrocyte concentration in blood
	Less
	Greater
	Less
	Greater

	Pulse rate
	Greater
	Less
	Greater
	Less

	Rate of gall-bladder evacuation
	Less
	Greater
	Less
	Greater

	Asymmetry of brain
	«
	«
	«
	«

	Reaction time
	Greater
	Less
	Greater
	Less

	Perception of hitter taste of phenulthiourea
	More often and stronger
	Rarer and weaker
	More often and stronger
	Rarer and weaker

	Sense of smell
	Stronger
	Weaker
	Stronger
	Weaker


In order to test the new principle, it is necessary to compare the direction of sexual dimorphism according to different traits with the dynamics of these traits during ontogeny. Such data are presented in Table 1 for several anthropological traits for which information could be found concerning both sexual dimorphism and ontogenetic dynamics. It is seen from the table that the proposed theory does actually exist. It would also be interesting to compare the age distribution of diseases affecting the male and female sexes differently. It can be expected that among the first (males) there should be more diseases characteristic of the definitive mature stage of ontogeny, while among the second (females) on the other hand, there should be more diseases of juveni1e (childhood and youth) age.

Therefore, we have three principles, which associate three phenomena with one another in pairs. As with Clapeyron's formula, it is possible to attempt to combine all three specific principles into one general principle. For this purpose we shall introduce the concept of two forms of a trait, associated with a vector of time, into each of the three phenomena. We shall select and differentiate the following: During phylogeny of a trait, “atavistic” and “futuristic” forms; during ontogeny of a trait, its “juvenile” (young) and “definitive” (mature) forms; and for populational sexual dimorphism, its “female” and “male” forms. Then, the generalized principle associating the phenomena of phylogeny, ontogeny, and sexual dimorphism can be formulated as a “principle of correspondence” between the atavistic, juvenile, and female forms of a trait on the one hand, and between the futuristic, definitive, and male forms on the other.

Table 2.  Past and Future Forms of Traits in Different Phenomena.
	Phenomenon
	Form of trait

	
	Past
	Future

	Phylogeny
	Atavistic
	Futuristic

	Ontogeny
	Juvenile
	Definitive

	Sexual dimorphism
	Female
	Male

	Dominance
	Recessive
	Dominant

	Mutation
	Retrospective
	Prospective

	Heterosis
	Parental
	Hybrid

	Reciprocal differences
	Maternal effect
	Paternal effect


As with the more common formula of D. I. Mendeleev, the “principle of correspondence” can also be extended to other phenomena systematically associated with phylogeny and ontogeny (evolution) and for which past and future forms can be separated. For example, the phenomenon of mutation (the phylogenetic process of gene origin), the phenomenon of dominance (the ontogenetic process of gene manifestation), and the phenomenon of heterosis and reciprocal effects all permit two forms of a trait to be distinguished: a past and a future. The association between phenomena of phylogeny, ontogeny, mutation, dominance, and sexual dimorphism is also indicated by known facts such as the higher degree of spontaneous mutations in the male sex; greater additive inheritance of parental traits by female offspring, which means greater dominant inheritance by male offspring [11]; known autosomal genes manifested in the female genome as recessive traits, but in the male as dominant and intensified during ontogeny, such as the gene for horned–hornless in sheep or the gene causing baldness in humans; dominance of the paternal form over the maternal according to evolving (new) traits (the “paternal effect”) [12], et al. The concept that traits acquired later during phylogeny are dominant was stated independently by D. D. Romashov and A. S. Serebrovskii [13]. Such an association and associations between phenomena of phylo-ontogeny, mutation, and dominance were discovered during the extensive experiments of V. S. Andreev, et al, on plants. Interpreting recessive mutations (in a homozygote) as interruptions in the development of a trait at a particular stage of its formation, thus revealing the results of the operation of previous, earlier genes, and the significantly rarer dominant mutations as the addition of a new link to the existing chain of development, they showed that during ontogeny traits always dominate, the development of which has reached later stages of phylogeny, i.e., younger traits [14, 15]. Since, in such an interpretation, a recessive mutation is manifested as a dominant trait if its carrier interbreeds with an earlier form, such mutations are more logically called not recessive, but “retrospective”. Dominant mutations are, correspondingly, “prospective”. In fact, mutations can also be in haploid forms, but the phenomenon of dominance–recession is associated with a diploid state.

An association between heterosis and dominance has been indicated repeatedly: the superdominance hypothesis of Shell–East, the hypothesis of favorable dominant factors, et al. The association between heterosis and phylogeny was given attention by D. D. Romashov and A. S. Serebrovskii [13], we have shown the association between heterosis and sexual dimorphism [12], etc. Consequently, different investigators, even long ago, had focused attention on the associations between phenomena of phylogeny, ontogeny, sex, mutation, dominance, heterosis, et al. In order to reveal a general principle, considering the phenomena enumerated above as a unified system, we shall again distinguish the two forms of traits associated with the vector of time in each phenomenon: the past and future forms (Table 2). Then, the expanded and generalized principle of correspondence can be formulated in the following way. If there is a system of interassociated phenomena in which forms oriented in time (past and present) can be distinguished, then a specific correspondence (a closer association) exists between all past forms on one hand, and between future forms on the other.

It is interesting to note that any of the phenomena listed in Table 2 can serve as a “compass” indicating the direction of the evolution of a given trait [1, 12, 13, 15].
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