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Consideration of males as an evolutionary "vanguard" of population and of sexual dimorphism as an evolutionary "distance" between sexes allows explanation from a single standpoint of many unclear phenomena, prediction and discovery of earlier unknown regularities relating sexual dimorphism for a character with the following phenomena: evolution of the character ("phylogenetic rule of sexual dimorphism"); age dynamics of the character ("ontogenetic rule of sexual dimorphism"); dominance of the character in reciprocal hybrids ("paternal effect"); heterosis, polygamy, etc. Further generalization from a systemic standpoint permits interpretation of the above relationships. Haeckel's biogenetic law, as well as relations between phylogenesis, mutability, dominance and heterosis as partial manifestations of a more general regularity establishing interrelationships between all the evolutionary phenomena, such as phylogenesis, ontogenesis, sexual dimorphism, mutability, dominance, heterosis and reciprocal effects ("generalized rule of correspondence").
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One of the principal tasks of a theory involves discovery of existing relationships between phenomena and establishment of implying regularities. Present paper deals with the regularities which relate sexual dimorphism with other phenomena in phylo- and ontogenesis.

Clearly pronounced sexual dimorphism exists in many animals and plants. Some cases of sexual dimorphism are manifested in the development of such characters, which are, evidently, detrimental to their owners decreasing their viability: e.g., decorations and bright coloration of many bird males, long tail feathers in bird of paradise or lyrebird males which inhibit their flight. Loud cries and singing, strong smells can also attract predators. Development of such characters could not be explained in terms of natural selection. For their explanation in 1871 Darwin advanced the theory of sexual selection, which related sexual dimorphism with selection. It was the matter of controversy even then. Many authors thought it to be the weakest point of Darwin's theory. Recently the problem of sexual selection and dimorphism has again attracted the attention of researchers. Some authors think that there are no specific theoretical problems related to sexual selection. Others on the contrary present much evidence, which cannot be interpreted in terms of the existing theories. There are a number of weak points in the theory of sexual selection.

(1) Sexual dimorphism is often observed for such characters which are with great difficulty related to sexual selection (e.g., leaf number and shape, branching pattern in plants). According to the theory of sexual selec​tion sexual dimorphism should promote preference in either struggle for the female, or choice by the female. Consequently, at best the theory can be applied only to the animals and characters, which provide such advantages.

(2) Sexual selection can help strong, better-equipped or more attractive male in the struggle for female, but it cannot maintain sexual dimorphism for these characters. Thus it is unclear why these characters are inherited only by male offspring.

(3) Interpretation of the same phenomenon needs different logics. For example, in birds larger size of males is explained by preference in the struggle for female, and larger size of females—by advantage of laying large eggs. But it is unclear why in the first case no large eggs and in the second no struggle for female are needed. It is still more difficult for the theory to explain large size of females in some mammals, such as bats, rabbits, flying squirrels, spotted hyenas, dwarf mongooses, some whales and seals (Glücksmann 1981).

(4) Other stumbling block for the theory of sexual selection is the dependence of sexual dimorphism on the reproductive structure of population (monogamy, polygamy, panmixia). In this respect two regularities of sexual dimorphism for size are mentioned: (a) sexual dimorphism is more often found and is more pronounced in polygamic species than in monogamic ones, and (b) sexual dimorphism increases with body weight. There is no satisfactory explanation of these phenomena.

(5) It is also difficult to explain in terms of the theory existence of marked sexual dimorphism in monogamic species with sex ratio 1 :1. Darwin believed that a male preferred by females started earlier to reproduce, which provided some advantages. Besides, the females, which were first ready to reproduce, seemed to be better mating partners. Such argument seems to us unconvincing. Each species has optimal reproduction time established in the course of evolution. Deviations both towards earlier or later onset of reproduction are disadvantageous and are eliminated by stabilizing natural selection.

(6) One more interpretation of initiation of sexual dimorphism is ecological sex differentiation mainly concerned with nutrition. E.g., differentiation according to dimensions of the food objects used. In any situation the food with dimensions typical for the given species is exhausted earlier, therefore the individuals consuming smaller or larger objects get certain advantages. And if initially exist sex differences for sizes, ecological food differentiation will promote their increase. Sometimes such sexual dimorphism is related only to food organs (e.g., beak size of woodpeckers). Such interpretation is also unsatisfactory: (a) such process can at best explain an increase or maintaining of sexual dimorphism) rather than its initiation; (b) it is absolutely unclear why such differentiation, which is basically usual disruptive selection, should be sex-linked. If there exists sexual dimorphism for body or beak sizes, it seems most likely that distributions of males and females will be overlapped to a great extent. Then small and large animals ought to be specialized regardless of their sex and according only to their body or beak sizes.

The number of examples, which disagree with the existing theories, can be increased. But this seems unnecessary, since all the said above suffices to make the following conclusion. Sexual dimorphism is a general biological phenomenon widely distributed among dioecious animals and plants. It is observed for a vast number of characters. Therefore the theory, which claims to interpret it, should also be general one and cover all the characters, which show sexual dimorphism. The existing theories do not satisfy this requirement, therefore they have weak explaining and zero predicting ability. They tried to explain the mechanisms: how could sexual dimorphism arise and be maintained? They did not put the questions revealing its regularities. What is sexual dimorphism? What is its evolutionary significance? What is its contribution and meaning? Is it related to other phenomena and how? The theory advanced by us gives answers to these questions. It considers sex differentiation as specialization according to two basic evolutionary information currents: the genetic (from generation to generation) and ecological one (from the environment). The essence of the new theory is as follows (Geodakian 1965, 1974, 1978).

A wide reaction norm makes females more flexible in ontogenesis, enables them to leave elimination and discomfort zones of ecological niche and to be gathered in the comfort zone around the population norm. It narrows the phenotypical dispersion of females, decreases their mortality and brings about better preservation of genotypical distribution, transmitted to the following generation. And vice versa, the narrow reaction norm of males makes them less flexible in ontogenesis, does not permit to leave the "dangerous" zones and subjects them to greater elimination and reproductive discrimination. As a result in a panmictic or polygamic population only a small quota of males succeed in producing offspring. Consequently genetic information transmitted by females is more representative, it better reflects the distribution of genotypes in preceding generations, while that transmitted by males is more selective; it better reflects the environmental requirements. If one assumes the existence of barriers between sexes, which put an obstacle before complete mixture of genetic information in each generation (it is evidenced by the existence of sexual dimorphism), it can be concluded that males are the first to be affected by evolutionary transformations. Hence taking into account known irreversibility of evolution processes (Dollo's law) males can be considered as evolutionary “vanguard” of population, and sexual dimorphism for a character—as “distance” between sexes, as a vector indicating the evolutionary trends of this character. It is directed from the female norm in the population for the given character to the male norm (“phylogenetic rule of sexual dimorphism”). Therefore the characters which more often appear and are more pronounced in females ought to be of the “atavistic” nature, and those more often manifested in males—of the “futuristic” one (search). Sexual dimorphism must be closely related to the evolution of the character: it must be absent or minimal for stable, non-evolutionizing characters and maximal for characters which are in “evolutionary march”, it must be more pronounced for phylogenetically young (evolutionizing) characters. Then sexual dimorphism must be closely related to the reproductive structure of population: in strict monogamous species it should be minimal, since they use sex differentiation at the organismic level, rather than at the population one. In panmictic and polygamous species more completely using advantages of differentiation it must rise with the level of polygamy. Sexual dimorphism is considered not as a constant characteristic of the given species (as thought earlier) but as a controlled variable closely related to environmental conditions. Under stable optimal conditions sexual dimorphism must decrease, and under changing extreme ones increase (Geodakian 1978).

All the characters of the organisms according to the extent of differences between sexes can be divided into three groups. The first group includes the characters which show no difference between sexes. Their distribution in males and females in the population is similar. Among these are the qualitative characters of specific and higher grades: number of organs, plan and general structure of the body and many others. There is no sexual dimorphism for these characters in the norm. It is observed only at some pathological conditions, and expressed in different frequency of some congenital anomalies in males and females. The idea as to classifying congenital defects of development into “atavistic” (regressions or interruption of development) and “futuristic” ones (search for new pathways) permits in some cases to follow in such sexual dimorphism general trends predicted by the theory. For example, among 2000 newborns with one kidney there were twice as much boys, while among 4000 newborns with three kidneys there were 2.5-fold more girls. Is it accidental or this fact implies a certain evolutionary tendency of oligomerization of multiple organs? Note that some worms have in each body segment a pair of specialized secretory organs—metanephridia. Consequently occurrence of three kidneys can be considered as an “atavistic” trend, and of one kidney—as a “futuristic” one. Other example: inborn hip luxation occures 4–5 times more often in girls than in boys. It should be noted that infants with this defect better than normal ones run on all fours and climb the trees. The third example—anencephaly is also twice more often observed in girls (WHO 1966). It has been shown in a special study dealing with congenital defects of the heart and main vessels that developmental anomalies more often observed in females involve more “atavistic” elements characteristic of embryonic heart and that of man's phylogenetic predecessors (open oval aperture in interatrial septum, Botallo's duct). While anomalies more often observed in males involve more “futuristic” elements (stenoses, coarctations, transpositions of large vessels) (Geodakian and Serman 1971).

The second group of characters are those which are present in both sexes but with different frequency and expression. These are quantitative modification characters of populational and lower grade: stature, weight, size, proportions, many morphophysiological and ethologo-psychological traits. The pattern of sexual dimorphism for these characters is not an absolute, organismic, but the populational one (different distribution of the characters in males and females in a population). Such “populational” sexual dimorphism may be determined as the difference between mean values of these characters for males and females of the population. The new theory considers populational sexual dimorphism as a “compass” of evolution of the character. If a certain species got larger in the course of evolution, its males had to be larger; if it diminished—vice versa, females had to be larger. In the evolution of sizes in two branches of the animal world a different trend was noted. In vertebrates more often enlargement of sizes took place, while in insects they diminished. Therefore comparing sexual dimorphism for sizes one observes that in large vertebrates males are more often larger, while in small insects vice versa females are larger. The same reasoning is applicable to separate species and populations. For example, dog's ancestors (wolf, fox, jackal) seem to have average size as compared to large (mastiff, st. bernard weighing up to 70 kg) and small (toy-terrier up to 400g) dogs. The theory predicts larger-sized males in large breeds and females in small ones. Unfortunately, we have no data on small breeds. But the evidence on primates fully proves predicted by the theory relationships between sexual dimorphism, sizes and polygamy (Maynard Smith 1978). Interesting adaptations to hot climate of deserts was developed in Pterocletida—water transportation for fledglings in wettened feathers. Changed abdomen feathers make it possible to take 3–4 times more water than other birds do. It has been shown that male feathering keeps 1.5 times more water than the female one. The phylogenetic rule of sexual dimorphism can be easily checked up on species whose evolution is well known (elephant, horse, camel). It is known, e.g., that in elephants took place enlargement of size, development of the trunk, original specialization of the tooth system. Consequently sexual dimorphism for all these characters can be predicted. This rule is also valid for plants. E.G., in poplar female specimens have more elongated leaves, the male ones more rounded ones. Leaves of gingko female tree have even edges and are smaller, of male ones larger and cut. As known, poplar phylogenetic ancestors had narrow (like willows) leaves, while gingko ancestors the uncut ones.

The third group of characters is that inherent only to one sex: all primary and secondary sexual characters (sex organs, mammary glands, beard in man, mane in lion, and many economically valuable characters). The pattern of sexual dimorphism for these characters has an “organismic”, absolute nature. Quantitative estimation of such characters and their distribution pattern in the population is sensible only for one sex, for another one it equals zero. Since they are absent in the phenotype of one sex, reciprocal effects make it possible to judge about genotypical sexual dimorphism for these characters. Proceeding from the vanguard role of the males the theory predicts the existence of reciprocal “paternal effect” (dominance of the father) for all evolutionizing (new) characters. The reciprocal effect gives principal possibility to reveal genotypical sexual dimorphism. It permits to distinguish between the evolutionizing and stable character: if it is the paternal effect, the character evolutionizes; if it is absent or is the maternal one, the character is stable. The direction of evolution can be judged by genotypical sexual dimorphism and heterosis. In humans all social, psychological characters related to the large hemispheres cortex of the brain, and to their asymmetry (primarily, speech, abstract thinking, spatial imagination, humor and other creative abilities) can be attributed to the “new” characters. In agricultural animals and plants these are, evidently, all economically valuable characters, which are artificially and purposefully selected by man. Consequently, one could expect that all economically valuable characters are connected with “paternal effect”, i.e. the characters of father's breed or line dominate over the mother's ones (Geodakian 1981).

Predictions of the theory are fully proved: the “paternal effect” is observed in hens for such economically valuable characters as absence of hatching instinct, egg yield, early maturity and live weight. Large father's contribution to the egg yield of daughters was explained by the fact that in hens the female is heterogametic and the male homogametic, therefore the hen receives its single X-chromosome from its father. If so it should be expected that in mammals everything must be vice versa, since their males are heterogametic, i.e. greater mother's contribution must be observed, notwithstanding the fact, whether an “old” or “new” character is inherited. According to our theory, disregarding the gamete pattern of sexes, in all cases the “paternal effect” for evolutionizing (selecting) characters must exist. Inheritance of vertebra number and some parameters of digestive system were investigated on two contrast breeds of pigs—Sweden landras and large white one and their reciprocal hybrids. Sweden landras is the breed of meat-bacon selection. During 50 years the body of these pigs became longer by 14 cm. The average number of vertebrae increased by 1.2. Simultaneously the efficiency of food consumption increased owing to the lengthening of their small intestine. The large white breed is that of universal meat-fat selection. A pronounced “paternal effect” for inherited vertebra number is observed in reciprocal hybrids. Besides, the “paternal effect” was found also in the inheritance of the mean length of small intestine and of growth dynamics of piglets. These are precisely the characters for which the selection of landrases took place: the vertebra number (selection for long body), the length of small intestine (selection for best food efficiency) and growth dynamics (selection for early maturity) (Aleksandrov, 1966). In cattle “paternal effect” is observed for milk and fat production. It is of interest that small maternal effect is observed for egg size in hens, weight of newborn piglets and percentage of fat in the milk of cows, although these characters are economically valuable and were selected by the man in the long course of domestication. Comparing the number and size of eggs in cultivated hen breeds with those of their wild ancestors, and fat percentage and milk yield in cultivated cattle breeds with their wild ancestors we shall see that as a result of the cultivation the number of eggs and milk production strongly increased rather than egg size and fat percentage. Existence of “paternal effect” in mammals shows that the interpretation of this phenomenon in hens as a result of heterogametic constitution of females is at least insufficient It explains the chromosome mechanism of this phenomenon in birds but is inapplicable to mammals. This phenomenon is much broader; it is related not to heterogametic pattern but to sex and is closely connected with evolutionary transformations of population. Males being the evolutionary “vanguard” of population as regards the “new” (acquired) characters are genotypically more advanced than females, i.e. genotypical roosters have higher “egg yield” than hens, and bulls higher “milk productivity” than cows of the same breed.

Thus our interpretation of sexual dimorphism as a phylogenetic “distance” between the sexes, as evolutionary “news” having already arrived to males, but not to females is applicable to all characters of humans, animals and plants for which sexual dimorphism is observed. Only in case of specific characters the regularity is manifested in pathological fields, of populational ones in the norm, while in case of sex characters as the “paternal effect”.

Joint application of phylogenetic rule of sexual dimorphism and Haeckel's biogenetic law permits to reveal one more earlier unknown regularity: relation of sexual dimorphism for a character to ontogenetic dynamics of this character. If there exists populational sexual dimorphism for some character, this character will be changed in ontogenesis, as a rule, from the female to male form. In other words, the female characters should be weakened with age, and the male ones—strengthened (“ontogenetic rule of sexual dimorphism”) (Geodakian 1983). About twenty anthropological characters for which the data on both sexual dimorphism and ontogenetic dynamics were obtained prove completely the regularity predicted by the theory. These characters are: relative length of legs, forearm, fingers, head index, tooth arch, epicantus, aquiline nose, erythrocyte concentration in the blood, pulse frequency, brain asymmetry, norm and time of reaction, olfaction, perception of bitter taste of phenylthiourea and others (Roginsky and Levin 1963, Harrison et al. 1964). It would be also of interest to compare age distribution of diseases that affect women and men with different frequency. It can be expected that among the first (female) ones there should be more diseases characteristic of juvenile (infant and young) age, while among the latter (male) ones, vice versa—of definitive (mature) age.

The phylogenetic rule of sexual dimorphism permits prediction of a relationship between sex and heterosis. Considering heterosis as a sum of new, evolutionary achievements acquired divergently one can assume that on the one hand, father's contribution to heterosis ought to exceed the mother's one, on the other one the effect of heterosis should be more clearly pronounced in sons, than in daughters. This prediction of the theory is also confirmed (Levine and Carmady 1967).

Various authors paid also attention to other relationships. Between heterosis and dominance; heterosis and phylogenesis; mutability, dominance and phylo-, ontogenesis (Malinovskij 1970).

Further generalization from systemic stand point permits interpretation of the above relationships, Haeckel.'s law and rules of sexual dimorphism revealed by us as different aspects of more general regularity establishing interrelationships between such evolutionary phenomena as phylogenesis, ontogenesis, sexual dimorphism, mutability, dominance, heterosis and reciprocal effects (Geodakian 1983). Since the above listed partial phenomena are underlie by a fundamental phenomenon of evolution in time, two forms of the character related to the time vector can be distinguished in each of them: past and future. In phylogenesis they are atavistic and futuristic forms, in ontogenesis—juvenile and definitive, in sexual dimorphism female and male, in mutability retrospective and perspective, in dominance recessive and dominant, in heterosis parental and hybrid ones, in reciprocal differences maternal and paternal effects. Then a “generalized rule of correspondence” can be formulated: if there is a system of interrelated phenomena in which time-oriented forms (past and future) can be distinguished, there exists a certain correspondence (a closer relationship) between all the past forms on the one hand, and future—on the other. It is of interest to note that all the listed phenomena can serve as a “compass” showing the direction of evolution of the character.
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