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SEXUAL DIMORPHISM AND THE EVOLUTION OF DURATION
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Abstract
The duration of life and its stages: prenatal  growth, reproductive and postreproductive are the specific characters of a great adaptive value. The suggested by as rule {sexual dimorphism - "compass" of evolution) relates sexual dimorphism of the character to the trend of its evolution. It is also applicable to studying evolution of ontogenesis and its stages. Correlations between the life span, life stages, weight and encephalization index show that in man all five stages were enlarged in the course of evolution. Thus, according to the sex dimorphism rule - ontogenesis and its stages in man should be longer than in woman. The first three stages of ontogenesis confirm the rule, while the life span. and the postreproductive stage contradict it: these are for some reason longer in women. Mortality is determined by the genotype and environment. If the genotypical dispersion and environmental influence is not taken into account the mortality curve will be of a “rectangular” type. With mortality determined only by environment (at random} the resultant curve is of exponential type. All the real patterns of mortality could be considered as superposition of these extreme types. Consequently “emancipation” of a population from the environment results in a mortality pattern close to a "rectangular" type and vice versa. The prenatal, growth and reproductive stages are independent of the type of mortality curve, while the postreproductive stage and average life span depend on it, since the population pays for ecological in formation by elimination of males, having a narrower reaction norm. Thus, genotypical life span should be longer in men than in women. If it is further assumed that the long-life phenomenon is a result of an increase dispersion of characters under extreme conditions, then it should be connected with stress, followed by high mortality (the infant one first of all) and a high secondary sex ratio. Such hypothesis explains the fact of longer average life in women and also why the champions of longevity are men. It allows to predict heterosis and “paternal- effect” (domination of father) of life duration and its stages, etc.

There are five important moments to be noted in the ontogenesis of man mammals: (1) conception, (2) birth, (3) appearance and (4) loss of the reproductive capacity, (5) death. The ontogenesis is thus divided into four stages: (1) prenatal development (embryonic), (2) postnatal-prepubertal development (growth), (3) reproductive, (4) postreproductive (terminal).

The duration of life and its stages are the specific characters developed in the course of phylogenesis. They are of great adaptive value and are controlled by the intergroup natural selection.

When singling out the total flew of hereditary information transmitted fron generation to generation, the genetical component (everything that is passed through the gametes) and the ontogenetic one (everything that the organism receives in the course of ontogenesis: learning in the broad sense, experience, knowledge. science, culture, technology, etc. for the man), one can easily see that various stages of ontogenesis play different roles in receiving these components of information, in their realization and transmission. The genetical conponent is passed at the reproductive stage, received at the moment of conception and realized (with decreasing intensity, it seems) throughout the ontogenesis. The ontogenetic component is connected with postnatal life. With age the share of inflowing information decreases and that of outflowing increases. Since it requires time to receive, realize and transmit information (e.g., it takes 20 days for the zygote to grow into the newborn mouse or 660 days to grow into an elephant), the increase of the scope of this information in phylogenesis is followed by enlargement of corresponding stages of ontogenesis. This, in particular, can explain the known correlations between the life span and: (a) the animal mass (large forms live usually longer than the small ones); (b) encephalization index (brain mass per body mass ratio): the higher the index the longer the life; (c) the length of intrauterine development, period of growth and reproductive period: the longer these periods the longer the life (the growth period, e.g., makes up some 20% of the life duration), and others (Malinovskij 1962, .Comfort 1964, Korčagin et al. 1973).

From these correlations one can judge the evolution of the duration of ontogenesis and its stages. Thus, e.g., knowing that man has a maximum life span, growth and reproductive periods among mammals, and maximum duration of prenatal life among the mammals of comparable mass, one can think that both the duration of the ontogenesis as a whole and that of its stages were enlarged in the course of evolution.

The principal possibility of similar judgements and investigation is presented by our rule of sexual dimorphism which relates the population sexual dimorphism of character to the trend of its evolution. According to this rule, if there is genotypical population sexual dimorphism of some character, i.e. the frequency of occurence of the character (penetrance) or/and its expressivity are different in the two sexes (which enables one to speak of male and female forms), then the evolutionary transformations of this character are directed from the female form to the male one. And vice versa, if the direction of the character evolution is known, one can foretell the phenomenon of sexual dimorphism of this character. The female form would then have the “atavistic” trend (old, disappearing form), while the male one futuristic trend (new, developing form). The rule of sexual dimorphism stems from the new theory of sex differentation we put forward in 1965 (Geodakjan 1965). The theory considers sex differentation as a specialization at the populational level in two main alternative evolutionary aspects: maintenance (females) and variation (males). A wider hereditary reaction norm of females by increasing their flexibility in ontogenesis (adaptivity) makes their phenotypical dispersion narrower in a population and gives them more stability in phylogenesis. On the contrary, the narrow reaction norm of males decreasing the flexibility in ontogenesis widens their phenotypical dispersion, subjects them to a greater elimination and leads to the fact that the evolutionary changes first affect the males (Geodakjan 1965, 1974, 1977, Geodakjan and Serman 1971).
If we conpare the evolutionary tendency towards an enlargement of ontogenesis and all its stages in man with the rule of sexual dimorphism we can conclude that both ontogenesis as a whole and all its stages should be longer in males than in females.

The first three stages of ontogenesis confirm this conclusion—they are clearly longer in the males. The average duration of intrauterine life of boys is longer than that of girls. Despite this the girls are born more mature than boys (by 3–4 weeks) as shown by X-ray studies of the bone age (Harrison et al. 1964). Therefore we can think that at the moment of birth the difference in the duration of intrauterine life between the sexes is roughly a month. After birth the difference begins to grow progressively: girls begin walking on an average 2–3 months earlier than boys, and talking 4–6 months earlier. By the time of puberty this difference amounts to nearly 2 years (Harrison et al. 1964, Kolesov and Selverova 1978). The next stage—reproductive—is also longer in men. In women the reproductive stage lasts 35–45 years (from the age of 13 to 45–55 years old) while in men it lasts 45–55 years (from 15 to 60–70 years old), i.e. here the difference is no less than 10 years (Davidovskij 1966). As regards the last stage (postreproductive) and the average duration of life (or the whole ontogenesis) which according to the rule of sexual dimorphism should be also longer in men, these failed to live up to theoretical expectations being for some reason longer in women (Table 1). A strange picture is produced: women grow old earlier, while men die earlier. The question arises why the rule of sexual dimorphism which is in good accord with all known correlations and is confirmed at the first three stages of ontogenesis does not hold for the average duration of life and its last stage.

The duration of life, just as any other character, is determined by the genotype and environment. Let us imagine the following idealized situations:
(1) If the genotypical diversity in population is eliminated (i.e. the clone of genotypically identical individuals is taken) and unfavourable environmental factors are removed (i.e. optimal conditions are created for a complete realization of the single genotype) the life span of all the individuals in such a clone will be similar, and the death rate curve will be of a rectangular shape (dispersion ( = 0) (Fig. lA). (2) If instead of the clone a heterogenous population is taken in an optimum environment which permits realization of all the genotypes, some variance in the life span will appear, which is conditioned only by genotypical variability (dispersion (gen) (Fig. 1B). (3) Now if the clone again will be taken, but placed into a real environment, the variance in the life span will be conditioned by the environment (dispersion (env) (Fig. 1C). (4) If a genotypically heterogenous population is placed into real environment, the overall dispersion will include both, the genotypical and environmental components (( = (gen + (env) (Fig. 1D). (5) Now let us unagine a situation when the death rate is determined only stochastically, incidentally (by the environment). Then the genotype will make no contribution to the life span, and the latter will depend neither on age, nor on health. In this case the death rate curve will have an exponential pattern (Fig. 1E). It is evident that the curves (1B), (1C), (1D) (as all the real cases met in life) are intermediate between the extreme types (la) (the death rate is totally controlled by the genotype) and (1E) (it is under total control of the environment), therefore they can be presented as a superposition of these extreme types. Consequently, as the population gets “emancipated” from the environment, the pattern of its death rate approximates the rectangular type and moves away from the exponential type, and vice versa. Hence, the more optimum is the environment, the nearer to the rectangular type is the death rate pattern of the population; the more extreme it is—the closer to the exponential type. Now let us see how the transition of the population from the optimum environment to the extreme one affects the duration of ontogenesis and its stages. As shown earlier (Geodakjan 1978), the following changes proceed in the population under extreme conditions: (1) there is an increased elimination of a sensitive part of the population (within the elimination zone) to the extreme factors. Thereby the wider reaction norm of the females makes it possible for them to leave partly the elimination zone and survive, while the males of similar genotypes are eliminated. This brings about a decrease of the average life duration in general and of the males in particular. (2) Dispersion of characters (variability) in the offspring of the survived part of population, primarily in the male ones, increased, i.e. the spread about the mean values of the duration of ontogenesis and all its stages increases. This must lead to an increase of infants death rate and to the appearance of long-living individuals, males prevailing among both categories. Then the secondary sex ratio (birth of boys) increased and sexual dimorphism becomes more distinct. The latter two phenomena do not produce a direct effect on the duration of ontogenesis and its stages. They increase the evolutionary plasticity of the population. Hence, plotting the values of average duration of life and of all its stages on the death rate curves, one can see that the death rate strongly affects the average duration of life and postreproductive period and produces practically no influence on the mean duration of intrauterine development, growth and reproduction.

It is true that these values are differently estimated. When estimating the average duration of intrauterine development, growth and reproductive period, the total duration is related to the number of individuals living up to the end of this period, the death rate during this period not being taken into account. At the same time, when estimating the average duration of life (and postreproductive period), the total duration (for all the individuals) is related to the number of individuals in the beginning of the period, i.e. to all the individuals being born. Therefore the death rate strongly affects the average duration of life and its postreproductive stages and produces no effect on the mean time of intrauterine development, growth and reproduction. Hence, the average life span decreases under extreme environmental conditions at the expense of the environmental component of the mortality, rather than of the genotypical one. Thus, application of the sexual dimorphism rule suggests that the genotypical mean life span of men should be greater than that of women, and if environmental influence could be completely eliminated (placing the population into an ideal optimum environment) it is not ruled out that men would live longer than women. These conclusions can be drawn on the basis of the theory presented. Now let us consider the facts.
Figure 1
Death rate curves determined to varying degree by genotype and environment.

I — average duration of intrauterine life; II — average age of appearance of reproductive capacity; 
III — average age of loss of reproductive capacity; l — average life span.

Blest (1959) has found that the postreproductive period of moths with somatic coloration is markedly longer than that of moths with cryptic coloration. It means that duration of the postreproductive period of ontogenesis is of adaptive value and is controlled by intergroup selection. It is useful for the population when adult individuals uncapable of reproduction being caught by predators make them not attack the fertile individuals with the least loss for the species (Blest 1959).

Ccmparing the groups differently “emancipated” from the environment, such as men and women of one population, negroes and whites from one country, the same country in the course of history, etc. (Comfort 1964), one can see that the pattern of the death curve changes regularly in the direction indicated by the theory. The more is the group "emancipated" from the environment, the nearer is its mortality curve to the rectangular type and vice versa (see Fig. 2). Greater "emancipation" of females as compared to males results from a wider hereditary reaction norm of the women. Greater "emancipation" of white population in the U.S.A. compared to the Negroe one, as well as of modern population as compared with those of the former years is conditioned by social and economical factors (nutrition, medical service, etc.).
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Figure 2
Death rate curves (USA, 1939-1941). I — Negroe men; II — Negroe women; III — white men; IV — white women. (Comfort 1964).
Thus, the hypothesis suggested removes the contradictions between the known correlations and the sexual dimorphism rule. It explains why the average life span of women is longer, while the "champions" of long-living are men. For example, in the 40ies of the last century in the central part of South Transcaucasus there were 14 men out of 15 long-livers 110–140 years old. In the 20ies of this century in Abkhasia men also occupied all the steps of the age ladder.

This hypothesis permits also to understand the seemingly paradoxical fact that the phenomenon of long-living is encountered in the population living under far from optimum conditions (Comfort 1964, Davidovskij 1966).

If long-living is really conditioned by an increased dispersion of the life span under extremal environmental conditions, it should be closely related with stress as a transmitter of ecological information in animals. It should be accorpanied by an increased death rate (the infants one first of all) by an increased dispersion of other characters, by the increased secondary sex ratio (birth of boys) and by a rise of sexual dimorphism. The populations in which long-living individuals are found should have the death rate curve nearer to the exponential type, characteristic of extreme conditions. While the death rate curve of the population in an optimum environment should be nearer to the rectangular type, where the long-living is not observed.

Moreover, the hypothesis permits a forecast of heterosis and "paternal effect" (father domination) in hybrid forms from the duration of ontogenesis and its stages.
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