SEXUAL DIMORPHISM AND EVOLUTION OF DURATION OF ONTOGENESIS AND ITS STAGES

UDC 577.73
V. A. Geodakyan

In human (mammalian) ontogenesis five important instants may be isolated: conception, birth, beginning and end of reproductive capacity, and death. They divide ontogenesis into four stages: 1) prenatal development (intrauterine); 2) postnatal-prepubertal development (growth); 
3) reproductive; and 4) postreproductive.

Life span and its various stages are visible signs developed in the process of phylogenesis. They have important adaptive significance and are regulated by group natural selection.

If in the general flow of hereditary information, transmitted from generation to generation, we isolate the genetic component (all that is transmitted through the gametes) and the ontogenetic component (all that the organism receives in the process of ontogenesis: education in the broad sense, life experience, and for man, knowledge, science, culture, technology, etc.), then it is possible to discern the dissimilar role of each stage of ontogenesis in obtaining, realizing, and transmitting these components of information. The genetic component is transmitted in the reproductive stage, accepted at the moment of conception and realized (evidently with diminishing intensity) during the whole course of ontogenesis. The ontogenetic component is linked to postnatal life in that the role of the information obtained decreases with age, and the information contributed increases. Since obtaining, realizing and transmitting information requires time (let us say, for the realization of a zygote in a newborn mouse, 20 days are required, and in an elephant, 660), then the increase in the volume of this information in phylogenesis is accompanied by a lengthening of the respective stage of ontogenesis. Specifically, this may explain the known correlations of life span: a) with the mass of the animal - large forms usually live longer than small forms; b) with the index of cephalization (ratio of brain mass to body mass) - the larger the index, the longer the life span; and c) with the length of intrauterine development, period of growth, and reproductive period - the longer the life, the longer are these periods (for example, the growth period is approximately 20% of life span), etc. [l, 2, 3].

These correlations make it possible to consider the evolution of the duration of ontogenesis and its stages. For example, the fact that man's life span, growth, and reproductive periods are maximum among mammals, and duration of intrauterine life is also maximum among mammals of comparable size, is a basis for the belief that the duration of ontogenesis as a whole and of all its stages was evolutionarily extended.

An essentially new possibility for analogous judgments and investigations is presented by the law of sexual dimorphism that unites populational sexual dimorphism according to trait with the evolutionary tendency for changing this trait. In accordance with this law, if according to some trait there is populational sexual dimorphism, that is, frequency of the trait and/or degree of its expression, is different in males and females (which makes it possible to speak of the male and female form), then the evolutionary transformations of this trait have a direction from female form to the male. Conversely, if the direction of the evolution of the trait is known, then we can predict the presence of sexual dimorphism according to this trait. In this case the female form must have an “atavistic” tendency (an old, disappearing form), and the male, a “futuristic” (new, developing form). The law of sexual dimorphism is implied by the new theory of sexual differentiation that we proposed in 1965. The theory considers sexual differentiation as a specialization on the populational level according to two principal alternative aspects of evolution: conservation (female sex) and change (male sex). A broader hereditary norm of reaction of the female sex, increasing its plasticity in ontogenesis (adaptiveness) narrows its phenotypic dispersion in the population and gives it greater stability in phylogenesis. On the other hand, the narrow norm of reaction of the male sex, decreasing plasticity in ontogenesis, broadens phenotypic dispersion, is subject to elimination, and leads to the fact that evolutionary transformations affect mainly the male sex [4-7].
If we compare the evolutionary tendency to extension of ontogenesis in all its stages in man with the law of sexual dimorphism, then we can reach the conclusion that both ontogenesis as a whole and all of its stages must have greater duration for the male sex than for the female.

The first three stages of ontogenesis (intrauterine, growth, and reproduction) confirms this conclusion of the theory: They are clearly longer in the male sex.  The average length of intrauterine life of boys is greater than that of girls. Regardless of this, girls are more mature at birth than boys, as demonstrated by x-ray studies of bone development, according to this criterion, by as much as 3-4 weeks [8]. Consequently, it is possible that sexual dimorphism in development before birth is equal to approximately one month. After birth this outstripping on the part of the girls continues: They begin to walk on the average 2-3 months earlier than boys, and begin to talk 4-6 months earlier [9]. By the time sexual maturity is reached, they differ by as much as 2 years [8]. The next stage of ontogenesis, the reproductive is also longer in the male sex. In women it lasts 35-45 years (from 13 to 45–55], and in men, 45–55 years (from 15 to 60–70), that is, sexual dimorphism according to duration of the reproductive stage is a minimum of 10 years [10]. With respect to the last stage of ontogenesis, the postreproductive, and the average life span (or duration of ontogenesis as a whole), which in accordance with the law of sexual dimorphism, also must be longer in the male sex, the theoretical expectations are not fulfilled: These periods are, as a rule, longer in the female sex. From the 163 countries of the world for which data are available basically for 1970–1975 [11], in 152 women live longer than men. This difference is especially great for developed countries. In the USSR it is 10 years; in Finland, 9.1; in France, 8.0; in the USA 7.8, in Austria, Great Britain, and Canada, more than 7 years, etc. In five countries there is no difference. In only six countries is the life span of men greater than that of women: in Pakistan (1962) by 4.9 years; in Liberia, 1.8; in Upper Volta (1961), 1 year; and in Jordan (1961), 0.6. In the world as a whole, the average life span of women (59.3 years) is 3.6 years greater than that of men (55.7). Thus a strange picture develops: Women age earlier and men die earlier. What is happening? Why is the law of sexual dimorphism not in better agreement with the known correlations, and why is it confirmed at the first three stages of ontogenesis and contradicted when applied to the average life span and its last stages?

Life span, like any trait, is determined by genotype and environment. If genotypic variability in the population is eliminated (that is, if genotypically identical individuals are cloned), and unfavorable environmental factors are eliminated, then the life span of all individuals in such a clone will be identical and the mortality curve will have a right angle form (dispersion σ = 0) (Fig. la). If instead of the clone, we take a heterogeneous population in an optimal environment, making it possible for all genotypes to be completely realized, then a certain dispersion in life span will appear, based only on genotypic variability (dispersion σgen) (Fig. lb). Now, if we return to the clone, but place it in a real environment, then a certain dispersion in life span will appear, based only on environment (dispersion σenv) (Fig. lc). If a genotypically heterogeneous population is placed in a real environment, then the total dispersion will include both the genotypic and the environmental components (σ = σgen + σenv) (Fig. ld). Finally let us imagine a situation where mortality is determined purely stochastically, only by chance (by the environment), and may, for this reason, be represented as a superposition of these extreme types. Consequently, according to the degree of “emancipation” of the population from the environment, the picture of its mortality will approach the right angle type A and move away from the exponential type E curve, and conversely. This means that the more optimal the environment, the closer will the picture of the mortality of the population be to type A, and the more extreme, then the closer it will be to type E.

Now let us see how a transition of a population from an optimal environment (with mortality curve type A) to an extreme environment (type E, Fig. 1) is reflected in the duration of ontogenesis and its stages. As we demonstrated [12], in extreme conditions the following changes take place in the population. First, there is an increase in elimination of that part of the population sensitive to the extreme factors (within the elimination zone). Here the wider norm of reaction of the female sex makes it possible for women to partially escape the elimination zone and survive while men of analogous phenotypes are eliminated. This leads to a decrease in average life span in general and of the male sex in particular. Second, dispersion of traits (variability) increases in the progeny, primarily in male progeny, of the surviving part of the population, that is, the dispersion around average values of duration of ontogenesis and all its stages increases. This must lead, on the one hand, to increase in infant mortality and, on the other, to the appearance of long-lived individuals, and in both these groups male individuals predominate; further, there is an increase in a secondary correlation of sexes (birth rate of boys) and sexual dimorphism becomes sharper (difference of average values of the trait for male and female sex). The last two phenomena do not have a direct effect on duration of ontogenesis and its stages. They increase the evolutionary plasticity of the population. Consequently, if we construct mortality curves for average life span and all its stages, then it is evident that mortality strongly affects the average life span and the postreproductive period and has practically no effect on the average duration of periods of intrauterine development, growth, and reproduction (Fig. 1).

Fig. 1.

Picture of population mortality, determined to varying degrees by genotype and environment. 
A—for the clone in an ideal environment (σgen = 0, σenv = 0); B—for a heterogenous population in an ideal environment (σgen ≠ 0, σenv = 0); C—for a clone in a real environment (σgen = 0, σenv ≠ 0); D—for a heterogenous population in a real environment (σgen ≠ 0, σenv ≠ 0); E— mortality determined purely stohastically. 
I—average duration of intrauterine life; 
II—average age at beginning of reproductive functioning, 
III—average age at end of reproductive functioning,
● —average life span,
○ —average duration of ontogenesis stages.

The fact is that these values are determined differently. In determining the average duration of intrauterine development, growth, and the reproductive period, the total duration of the period for all individuals is related to the number of individuals surviving to the end of the given period. In this case mortality in the given period is not considered while in the determination of average life span (and the postreproductive period) the total duration for all individuals is related to the number of individuals at the beginning of the period, that is, all individuals born. For this reason mortality is strongly reflected in the average life span and its postreproductive period, but does not affect the average duration of the intrauterine, growth, and reproductive periods. This means that a decrease in the average life span in extreme environmental conditions is the result of the environmental component of mortality and not the genotypic. Thus, the application of the law of sexual dimorphism is a basis for the hypothesis that genotypic average life span of men must be greater than that of women. And if it was possible to eliminate the effect of environment completely (to place the population in an ideally optimal environment), then men might possibly live longer than women.

Such are the further conclusions that might be drawn from the theory. Now let us see what facts say about this.

Blest [13] discovered that in butterflies that have warning coloration the postreproductive period is markedly longer than in butterflies with protective coloration. This implies that duration of the postreproductive period of ontogenesis has an adaptive significance and is regulated by group selection. It is clearly advantageous to the population if adults that are already incapable of reproduction, when attacked by predators, train them with the least loss to the species, not to touch fertile individuals.

If we compare groups that are to various degrees “emancipated” from the environment with one another: men and women of a single population, black and white in one country, and one and the same country in a historical cross section, etc. [3], then we will see that the character of the mortality curve changes regularly in the direction indicated by the theory. The more “emancipated” the group is from the environment, the closer will its mortality curve be to the right angle type, and conversely (see Fig. 2). The great “emancipation” of the female sex in comparison with the male is favored by the broader hereditary norm of reactions of women; the white population of the USA in comparison with the black and the contemporary population in comparison with populations of past centuries are favored by social-economic factors (nutrition, medical services, etc.).

Fig. 2.

Number of survivors per 100,000 live births (USA, 1939-1941); I) black males; II) black females; III) white males; IV) white females [3].

Thus a hypothesis is proposed that removes the contradictions among known correlations and the law of sexual dimorphism. It explains why the average life span of women is greater but the “champions” of longevity are men. For example, in the central part of southern Transcaucasia, in the 1840s, 14 of 15 persons aged 110-140 were men. In Abkhazia in the 1920’s all upper rungs of the age ladder were also occupied by men [14]. The hypothesis also makes it possible to understand the seemingly paradoxical fact that the phenomenon of longevity can be observed in populations living in far from optimal conditions [3, 10].

If the phenomenon of longevity is actually favored by an increase in the dispersion of life span under extreme environmental conditions, then it must be closely linked to stress as a transmitter of ecological information in animals; it must be accompanied by increased mortality (primarily child mortality), an increased dispersion of other traits elevated by secondary correlation of the sexes (birth rate of boys), and increase in sexual dimorphism. The populations in which we find the phenomenon of longevity must have a mortality curve closer to the exponential type, characteristic for extreme conditions of the environment, while the mortality curve of populations in an optimal environment must be closer to the right angle type where the phenomenon of longevity is not observed.
Moreover, the hypothesis makes it possible to predict, according to duration of ontogenesis and its stages, the presence of the phenomenon of heterosis and the “father effect” (dominance of the father) in hybrid populations.
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