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The Evolutionary Theory of Sex
V.A. Geodakyan
 
No natural phenomenon has caused such a great interest and contained so many puzzles as sex. The greatest biologists, including Darwin, Walles, Weissmann, Goldschmidt, Fischer and Muller, explored this problem. But the puzzles remained and the modern authorities continue to talk about the crisis in evolutionary biology. “The sex is the main challenge to the modern theory of evolution, the queen of the evolutionary biology problems”, considers G. Bell. “Intuitions of Darwin and Mendel that have unraveled so many riddles weren’t capable to cope with the central problem of sexual reproduction”. Why do two sexes exist? What is the reason behind it?
 
The main advantages of sexual reproduction usually include providing for genetic diversity, suppressing harmful mutations, preventing incest and inbreeding. But all these factors are present in the lives of hermaphrodites. The combinatorial potential of the hermaphroditic reproduction is double compared to the sexual breeding, and the quantitative efficiency of the sexless ways is twice higher than those of sexual reproduction. So it turns out that sexual reproduction is a worse way? Why do all the evolutionary advanced species (mammals, birds, insects) and diclinous plants have two sexes?
 
The author of these lines in the beginning of sixties supposed that the sex differentiation is an economical form of informational contact with the environment, specialization in two main aspects of evolution – conservative and operative. Time has passed and a number of patterns was discovered, which led to the creation of theory that explains from the unified positions a variety of facts and predicts the future events, The theory is uncovered further in the article.
 
Two Sexes – Two Information Streams

 
The evolution presupposes two indispensable contrary aspects – conservation and mutation. Both system and environment evolve, but since the environment is larger than the system, it dictates the evolution of the system. The environment transmits the degrading information (frost, heat, predators, parasites). The system, in order to conserve itself, must be as far as possible in informational sense from the environment. Thus it must be stable and firm. But the environment transmits useful information as well. To receive this information the system needs to be closer to the environment, and thus sensitive and labile. 
 
The system has two solutions for this conflict. It can sustain some optimal “distance” from the environment or it can divide itself into two separate subsystems – conservative and operating. The former needs to be taken far from the system to preserve the existing information, the latter needs to be moved closer to the system for receiving new information. The second solution contributes to the general stability of the system, and thus it is frequently met among the evolutionary, adaptive and observing systems, regardless of their nature. Here the logics for sex differentiation can be found. The sexless species resort to the first solution, the dioecious species use the second variant.
 
If we discriminate two streams of information: generative (transfer of genetic information from generation to generation, from past to future) and ecological (environmental information, from present to future), it is easy to see that two sexes participate in these processes differently. In sex evolution during different stages of development there appeared a series of mechanisms that provided for female sex to be connected with the generative (conservative) stream and for male sex with ecological (operating) stream.
 
Compared to females, males experience more mutations, inherit fewer properties of their parents, have narrower reaction, higher aggressiveness and inquisitiveness, riskier behavior and other properties that move them closer to the environment. All the properties, moving the male sex to the frontline of the evolution, provide for receiving of ecological information. The second group of properties includes great superfluity of male gametes, their small size and high mobility, the greater activity of mobility of males, their inclination towards polygamy and other ethologic and psychological qualities. Long periods of pregnancy, feeding and taking care of the descendants among the female population in reality increases the efficient concentration of the males, turning the male sex into superfluous, and thus cheap, while the female sex is turned into deficit and thus more expensive.
 
This brings to the selection process that mostly eliminates the male species, the superfluity and cheapness of which allows for greater coefficients. As a result the number of males in the population is constantly decreasing, but their potential allows them to impregnate all the females. Small number of men provide the same amount of information as large female population, thus, the communication channel with the descendants is wider in males’ case. Therefore, the genetic information transmitted on the female channel is more representative, and the male version is more selective – women keep the historical diversity of genotypes while men transfer greatly modified average genotype.
 
Let us consider population – the elementary evolutionary unit.
Any sex-divided population can be characterized by three parameters:
· sex ratio (the amount of men as compared to the amount of women) 
· dispersion of sexes (the diversity of features in men and women) 
· sexual dimorphism (average features for men and women) 
 
By assigning the conservative mission to females and operating to males, the theory connects these population parameters with environmental conditions and evolutionary flexibility of the species. 
 
In a stable and optimal environment, when no need arises to change anything, the conservative tendencies are popular and evolutional flexibility is minimal. In the intense and extreme environment, when the flexibility needs to be raised, the operating tendencies gain strength. Some species, like Crustacea, these transitions are signified by switching from one reproduction style to another (in optimal conditions – partheno-genetic, in extreme conditions – sex-specific). Most of the species with separate sexes have smoother transition: in optimal conditions the main characteristics lower (fewer men are being born, their dispersion narrows, the sexual dystrophy decreases) and in extreme conditions they grow (known as the ecological rule of sex differentiation)
 
Since the ecological stress brings to the rise of these parameters, they can be considered indicators of the ecological niche. In this regard it is explicable that the rate of boy births in Kara-Kalpak for the past 10 years grew 5%. According to the ecological rule, the main parameters have to grow when natural or social disasters happen (earthquakes, wars, hunger, resettlement). Next on the list is the elementary step of evolution.
 
Transformation of Genetic Information Within One Generation

 
A genotype is a program that in different environments can be realized into one of many phenotypes (features). Thus, the genotype doesn’t contain the specific information on the feature but rather the range of possible values. Ontogenesis realizes just one, the most appropriate for the current environment, phenotype. Thus the genotype declares the range of possible realizations, and its width is the norm of reaction, that characterizes the degree of environmental involvement in defining the feature.
 
Some features, like the blood group or eye color, the reaction norm is narrow, thus the environment doesn’t really influence them; others, like psychological and intellectual capabilities have a wide reaction norm, thus they are usually connected just with the environment, or education; the third group of features, height, weight, are in between.
 
Considering two differences between the sexes, the reaction norm (that is wider in the female species) and the width of communication channel (peculiar to men), let us consider the transformation of genetic information in one generation – from zygotes to zygotes, both in stable and intense environment.
 
We assume that the initial distribution of genotypes in the population is equal for male and female zygotes, thus the sexual dimorphism is absent. To get the phenotype distribution from the genotypes’ zygotes distribution (the organisms before and after selection), and then proceed to the genotype distribution of ovules and sperms followed by the zygotes of next generation, we need to follow the transformation of two border zygote genotypes into border phenotypes, border gametes and back to zygotes. The rest of the genotypes are transitional and won’t stay the same in all distributions. The wider reaction norm of the females allows it to leave the selection zones thanks to the modification flexibility, thus it can keep and transfer to the descendants the entire specter of initial genotypes.
 
The narrow reaction norm of males keeps them in the elimination zone where they undergo intensive selection. Thus the males transfer to next generation only a small amount of the original genotype specter, which conforms to the environmental conditions at the given moment. In the stable environment it is the medium portion of the specter, in the intense environment it is the border of selection. Thus the genetic information, passed by the females is more representative and the information passed by males is more selective. Intensive selection decreases the number of males, but since the zygotes require the equal amount of male and female gametes, men need to impregnate more than one woman. The wide channel allows for that. Thus every next generation the ovules with wide diversity unite with sperms of narrow diversity, which carry the information on the most appropriate features for the current environment. The next generation receives the information about the past from mother and about the present from father.
 
In the stabilizing environment the average genotypes of the male and female gametes are equivalent and differ only in dispersion, thus the genotypic distribution of next generation zygotes coincides with the source. The only result of the differentiation in this case is the fee paid for ecological information by cheaper male sex. A different scene awaits us in the intense environment, where the mutations reflect not only dispersions, but average values of genotypes. A hypothetical sexual dimorphism or gametes appears, that is nothing else than a fixation of ecological information in the male gametes distribution. What happens to it next?
If father’s genetic information is passed to the offspring stochastically, during the fecundation it is mixed and the sexual dimorphism vanishes. But if something prevents the full mixing, some information will go from fathers only to sons, and thus zygotes will contain a part of the dimorphism. Such mechanisms exist. For example, only sons receive the Y-chromosome information, the descendants have a different manifestation of genes, depending on whether those were inherited from father or a mother. Without such obstacles it would be difficult to explain the dominance of male genotype in reciprocal fecundations, known in animal farming, e.g. high milk yield among the cows that it transferred through the bull. All the facts lead to the belief that one needs only the sexual differences in the reaction norm and communication channel width to have a growing and accumulating genotypic sexual dimorphism in intense environment.
 
Dimorphism and Dichronism in Philogenesis

 
When for a certain feature the stable environment becomes intense, the feature develops in the male sex and vanishes in female. Thus a divergence of the feature occurs, and from monomorphic it becomes dimorphic. 
 
Several possible evolution scenarios allow choosing two obvious facts: both sexes evolve, there are monomorphic as well as dimorphic features. It is possible only in the case, if the feature evolution phases in both sexes have a time discrepancy: in males the mutation of the feature starts and ends earlier than in females. According to ecological rule, the minimal dispersion existing in stable environment expands with the beginning of evolution and narrows after it’s over.
 
The trajectory of the feature evolution branches into the male and female curves, the sexual dimorphism grows. This is a divergent phase, where the speed of evolution and feature dispersion is to males’ advantage. Many generations later the dispersion starts to widen among women and feature changes. Sexual dimorphism, reaching optimum, remains stable. This is a parallel phase: speeds of the feature evolution and its dispersion are the same in both sexes. When males reach the new, stable value, the dispersion narrows and evolution stops, but still continues among the females. This is a convergent phase where the evolution and dispersion speed is higher among women. The sexual dimorphism slowly decreases and when the feature becomes the same in both sexes, disappears, and dispersions level out and become minimal. The dimorphic stage of the feature evolution is over, it is followed by monomorphic, or stable, stage.
 
The whole philogenetic trajectory of the feature evolution consists of sequenced monomorphic and dimorphic stages, the presence of dimorphism being the criterion of feature evolution.
 
Sexual dimorphism is closely related to feature evolution: it appears when the evolution starts, keeps steady while it’s going on and vanishes after the evolution ends. Thus sexual dimorphism is the result of not only sexual selection, as it was suggested by Darwin, but a result of natural, sexual and artificial selection. This is an indispensable stage, indicator of evolution in the sex-specific species, that is related to the distance between the sexes on morphological and chronological axes. Sexual dimorphism and sexual dichronism are two dimensions of the same phenomenon – dichronomorphism.
 
The aforementioned can be formulated as a set of phylogenetic rules of sexual dimorphism and sex dispersion: if any feature provides for the sexual dimorphism in population , the feature evolves from females to males; if the feature dispersion is larger in males – the phase is divergent; if dispersions are equal – the phase is parallel; if dispersion is higher in females – the phase is convergent. The first rule allows to define the direction of feature evolution, the second one provides for the phase or past direction. By using the rule of sexual dimorphism one can make a number of easily verifiable predictions. For example, knowing that evolution of the most vertebrals was accompanied by increased sizes, we can define the direction of the sexual dimorphism – big species usually have males with dominant sizes. That works vice versa, as many insects and Arachnida got smaller during the evolution process, the small species have larger females.
The rule is easy to verify on the farm animals and plants that were artificially selected and induced into evolution by a human being. The selection features must be more dominant in males. The examples are numerous: with the meat producers such as pigs, sheep, cows, birds, the males grow faster, gain weight and provide better meat than females, the stallions are better than mares in sporting and physical labor features, the fine-fleeced rams provide 1,5-2 times more fleece what the sheep produce, among the fur producers males have better fur than females, the male silkworm produces 20% more silk, etc.
 
Now from the philogenetic time plane let us move to ontogenetic.
 
Dimorphism and Dichronism in Onogenesis

 
If every phase of the philogenetic scenario can be projected onto the ontogenesis (the recapitulation law states that that ontogenesis is a brief reiteration of philogenesis) we can receive six (three phases of the evolutionary stage and three phases of the stable stage: pre-evolutionary, post-evolutionary and inter-revolutionary) different scenarios of sexual dimorphism development in the individual evolvement. Dichronism is manifested in ontogenesis as age latency in the feature development among females, i.e. the dominance of the female dimorphic feature in the beginning and male dominance in the end. This is the ontogenetic rule of sexual dimorphism: if for any feature there is a sexual dimorphism in population, the feature is changed in ontogenesis, as a rule, from the female version to the male. The features of mother with age must diminish while father’s features must dominate.
 
Verification of this rule in two dozens of anthropometrical features fully corroborates with the theoretical prediction. Clear example – the development of horns in different deer and antelope species: the larger the horns, the lower in ontogenesis males acquire them before females. The same dependency is proved by the age latency in the functional asymmetrical brain development among women, as discovered by S. Vitelzon. She explored the skills of 200 right-handed children to recognize the subject based on its shape by touching it with right and left hands and came to the conclusion that boys at age 6 have right-brain specialization, while girls are symmetric until 13.
 
The described patterns relate to dimorphic, evolving features. But there are also monomorphic stable features, where the sexual diphormism is absent. These are fundamental features of the species and upper levels of hierarchy, such as multi-cell structure, warm-bloodedness, common to both sexes principle of body structure, number of organs, etc. The theory states that if their dispersion is larger in males, then the phase is pre-evolutionary, if it’s larger in females, then the phase is post-evolutionary. In the last phase the theory predicts existence of relics of sexual dimorphism and sexual dispersion in pathology. The relics of dispersion manifest themselves as higher frequency of anomalies among women and relics of sexual dimorphism manifest themselves in different directions of those anomalies. This is the teratological rule of the sexual dimorphism: inborn anomalies that have atavistic nature appear more frequently among the females, and futuristic anomalies appear among males. For example, among the kinds born with extra kidneys, ribs, vertebrae, teeth, etc. (all organs that have downsized during the evolution) there are more girls, and as for the kids born without some organs there are more boys. The medical statistics corroborates with this: from 2 thousand children born with just one kidney, it’s 2.5 times more boys than girls, and among 4 thousand kids with three kidneys the amount of girls is double compared with the boys. This distribution is not accidental, it represents the evolution of excretory system. Thus, girls with three kidneys are a return to the ancestor’s way of development, atavistic way; boys with one kidney represent futuristic way, where reduction is the main tendency. The statistics on the anomalous rib quantities is the same. The inborn thigh dislocation, which allows the kid to climb the trees better and run faster than normally, happens with girls 5-6 times more frequently than with the boys.
A similar picture is seen in the distribution of inborn malformations of the heart and major blood vessels. In the 32,000 diagnoses of “female” malformations, those relating to the heart of the embryo and to the philogenetic human predecessors predominated. An examples is open the oval opening in the ventricular septum (a vessel that connects the fetal pulmonary artery with the aorta). “Male” malformations – such as various types of stenosis and transpositions of the major vessels were often new and had no analogies either in phylogenesis or in the embryo. 
 
The listed rules govern dimorphic features that are peculiar to both sexes. How about features those are peculiar just to one sex, e.g., egg and milking qualities? Phenotypical sexual dimorphism on such features is absolute, or concerns the entire organism, but the genetic information on this is recorder in both sexes’ genotypes. Therefore if they evolve, the genotypical sexual dimorphism must continue to exist, which we find in reciprocal hybrids. By exploring these features (including other evolving features) theoreticians can predict the direction of reciprocal effects. The reciprocal hybrids on divergent parental qualities must have the qualities of the father and on convergent properties – those of mother. This is the evolutionary rule of the reciprocal effects. It gives a surprising opportunity to discover genotypic advancement among males even when researching female qualities only. This seemingly paradoxical theoretical prediction can be supported by the fact that the bulls of the same breed are genotypically more “milkable” than cows, the roosters are more “egg-laying” than hens, i.e. these qualities are transferred primarily by males.
 
The evolutionary problems are usually regarded as black boxes with no entrance – it is impossible to conduct experiments with them. The required information was gained by evolutionists from three sources – paleontology, comparative anatomy and embryology. Each of these sciences has substantial limitations since it covers only a part of features. Formulated rules provide a new method for evolutionary research on all the features of sex-specific species. That is why the special interest should be paid to such features of man’s evolution as temper, intellect, functional brain asymmetry, verbal, spatial, visual and creative skills, humor and other psychological qualities that cannot be researched by traditional methods.
 
Functional Brain Asymmetry and Psychological Peculiarities

 
For a long time asymmetry was considered a secondary notion. It had been related to the speech, right-handedness, self-consciousness, and the theory was that asymmetry was the result of those skills. Now it is known that asymmetry is widely spread among placental animals, many researchers also admit the difference of its extent between men and women. Levy considers, for example, that woman’s brain is similar to that of left-handed man, i.e. less asymmetrical than right-handed man’s.
 
From the sex theory position, more symmetrical brain among male human beings (and males of some vertebrals) means that evolutionary process goes from symmetry to asymmetry. Sexual dimorphism based on the brain asymmetry gives a hope to understand and explain the differences in inclinations and skills between men and women.
 
It is common knowledge that our far philogenetic ancestors had side eyes (the human embryos on the early stages of development prove this), and the vision fields weren’t intersecting as each eye was connected only to the opposite half of the brain (contralateral connection). In the process of evolution the eyes moved to the facial side, the vision fields intersected but to still get the stereoscopic picture, the visual information had to concentrate in one region of the brain.
 
The vision became stereoscopic only after additional, ipsilateral, fibers appeared and connected the left eye with the left half of the brain and the right eye accordingly. Therefore the ipsilateral connections are younger than contralateral, and thus men should have more of this feature, i.e. they should have more ipsilateral fibers in their vision nerves.
 
Since three-dimensional imagination and spatial-visual skills are related to stereoscopy (and number of ipsifibers), they should be more developed in males than females. Indeed, psychologists are well aware of the fact that men understand geometrical problems much better than women, the same goes for reading geographical maps, orientation, etc.
 
How did the psychological sexual dimorphism appear according to the sex theory? There is no principal difference between the morphophysiological and psychological or behavioral principles. The wide reaction norm of the females provides for higher adaptability in ontogenesis. The same relates to psychological features. The selection in discomfort zones goes in different directions between males and females: thank to the wider reaction norm the females can get out of these discomfort zones, since they are more susceptible to education, learning and conformism, adaptability, in one word. This way is closed to the males due to the narrow reaction norm – men have to be resourceful, smart, inventive to survive in discomforted conditions. In other words, women tend to adapt to the situation while men tend to exit it by searching for a solution, the discomfort being the stimulator for search.
 
That is why men eagerly take up new challenging tasks, often completing them not scrupulously, and women are better in bringing the familiar tasks to completion. That is why females excel in the areas where professionally smoothed skills are required, like the conveyor work.
 
If we view the process of learning writing, speaking or any trade in evolutionary aspect, we can discriminate between the search phase (and finding new solutions), internalization and strengthening, improvement phases. Men’s advantage in the first phase and women’s leadership in the second has been proved in research.
 
Innovation in anything is the mission of men. Men were the first to internalize all professions, sports, even knitting, where women currently hold a monopoly, was invented by men (13th century Italy). Men comprise the avant-guard in susceptibility to diseases and social vices as well. The new illnesses mostly appear among males, and that includes atherosclerosis, cancer, schizophrenia, AIDS and social vices – alcoholism, smoking, drug abuse, gambling, crime, etc.
 
According to the theory, there should be two opposite psychiatric illnesses peculiar to the frontline role of men and backward role of women.
 
The pathology where the insufficient asymmetry of the brain, small size of the callous body and large sizes of the front part, are the case, has to take place among women with double or quadruple frequency than among men. The opposite anomaly has to take place mostly among men. Why?
 
If there is no quantitative difference between the sexes, then the spread of the anomalies can be described by the bell curve. Two border sectors of such distribution include the pathology zones – positive and negative anomalies, both of which get men and women with equal probability. But if the sexual dimorphism exists, then every sex should have its own curve, depending on the ratio of dimorphism. Since they exist within the general population distribution, it seems that one pathology has more men and the other more women. This explanation is also used in explaining sexual specialization of many other diseases.
 
The suggested examples display how the sex theory works only with some problems of humanity; in reality it touches deeper issues, including social aspects.
 
Since the dimorphic state of the feature means that it is currently in evolutionary marching, there should be maximal differences in the last evolutionary gains of a human being. That includes abstract thinking, creative skills, spatial imagination, humor, - these qualities should be dominating among men. Indeed, famous scientists, composers, artists, writers, directors are mostly men and among executives there are many women.
 
The sex problem touches many important aspects of human life: demographics and medicine, psychology and pedagogy, research of alcoholism, drug abuse and crime, through genetics it is related to economics. The right social concept of sex is needed to solve the problems of birth and death, family and education, professional orientation. This conception must be built on the natural biological basis, since without understanding the evolutionary roles of males and females it is impossible to define their social roles correctly. Below we list several general conclusions of the sex theory, where the formerly unknown phenomena are explained from different positions, some prognostic possibilities are outlined.
 
So let us sum up. Evolutionary sex theory allows us:
 
1. to predict the behavioral characteristics of sex-specific population in stable (optimal) and mobile (extreme) environments 
2. to differentiate evolutionary and stable features 
3. to define the evolutionary direction of any feature 
4. to define the current phase of feature’s evolution process 
5. to define average speed of the feature’s evolution process: V= dimorphism/dichronism 
6. to predict six different variants of sexual dimorphism’s ontogenetic dynamics that relate to every phase of phylogenesis 
7. to predict the direction of feature domination in reciprocal hybrids when evaluating father’s and mother’s features 
8. to predict and discover the relics of sex dispersion and sexual dimorphism in inborn pathologies 
9. to define the connection between the age and sexual epidemiology 
 
Thus the specialization of the females is preserving the genetic information, while males specialize on changing it. This is achieved by heterochronical evolution of sexes. Thus sex is not so much the means for reproduction, as it is a way for asynchronic evolution.
 
Since this work is the result of theoretical speculations and generalizations, let us mention the role of theoretical research in biology. Natural sciences, according to Nobel laureate and famous physicist Milliken, have two legs – theory and experiment. But this is physics, in biology the facts are a cult, it still lives with experiments and observation, the theoretical biology doesn’t exist as theoretical physics does. This is, of course, related to the complexity of the live systems, so here’s the skeptical attitude of biologists, who are taught to follow the traditional way – from facts and experiments to deduced conclusions and theory. But can a science about life still be empirical in the “biological century” that, according to many contemporaries, is changing today the “physics century”. It seems that it is high time for biology to stand up on both legs.
