Proc. Symp. Natur. Selection, Liblice 1978

CSAV, Praha, 65-77.

NATURAL SELECTION AND SEX DIFFEREN'TIATION

V. A. Geodakian

Institut of Developmental biology, Academy of Sciences, Moscow, USSR

Abstract.  Natural selection is the problem of information interrelations of a population with environment.  Classic genetic, representing, essentially the genetics of an individual, does not consider specific phenomena, which arise on the population level, and can not explain them.

By any environmental factor one can distinguish a comfort range on the both sides of which zones of discomfort are placed, after them areas of elimination follow.  Accordingly one can distinguish in a variation curve of a population a central part (the bulk of the population), being in the comfort range under stable conditions and transmitting rather a genetic information, and peripheral parts.  The latter, being under stable conditions of environment in the discomfort zones, but when the environment is changed they transmit rather the ecological information.  A higher reaction norm of females, their more additive inheritance of parental characters and lower rate of spontaneous mutations leads to a decrease of phenotypic dispersion of females.  As a result there are more females in the central part, and more males in the peripheral ones.  So one can consider the sex differentation as a specialization by two main forms of natural selection: the females realize rather centripetal trends of stabilizing selection, and males - centrifugal trends of directional selection.  The main characteristics of sexuality: sex ratio, dispersion and sex dimorphism are variable, connected with the environment and the evolutionary flexibility of a species.  Under comfort conditions they are minimized, and under the discomfort ones they are maximized. Information about discomfort among animals is transmitted by a stress and among cross-pollinating plants - by pollen quantity.

So the males are more flexible in phylogenesis and the females in ontogenesis.  It explains higher mortality of the males and other observed phenomena.  A leading role of the males in evolutionary transformations of populations allows to connect sexual dimorphism by any character with evolutionary trend of this character's change. This explains incomprehensible differences of reciprocal crossing, allows to predict "parental effect" and so on.

Natural selection is the problem of informational interrelations between populations and environment.  Population is an elementary evolutionizing unit, and the environment provides control information.  An important role of sex differentiation in population-environment interrelations was shown by us (Geodakin, 1965).  It follows that close relationship exists between sex differentation and natural selection.

Classical genetics representing essentially the genetics of an individual, (pair of individuals forming the progeny, families), does not consider specific phenomena which arise on the population level, and can not explain them.  Therefore the effects related to the type of reproduction (hermaphroditism or sexuality), to the scheme of' crossing or population structure (monogamy, polygamy, panmixis and others) cannot be interpreted in terms of classical genetics, although they play an essential role in evolutionary transformations of populations.

Thus, there are not clear enough the evolutionary advantages of sexual forms (in which differentiation into two sexes exists together with crossing) over hermaphrodites (crossing without differentation), i.e. the evolutionary meaning of the sex differentiation occurrence.  The advantages of crossing were obvious.  They provided combinatorial variability of the species.  But the contribution of sex differentiation itself, differentiation into two sexes, was unclear, since it decreased the combinatorial possibilities of population approximately two-fold, worsening thereby the efficiency of crossing.  The very fact that the scheme of sexuality has been convergently occuring in remote forms in the course of evolution shows that definite evolutionary meaning, some fundamental idea (common logics) is at the basis of this scheme. Problems related to higher mortality and excessive conception of males, adaptive changes in sex ratio, the essence and significance of sexual dimorphism etc., were not adequately interpreted.

A new concept suggested by us in 1965 considers sex differentiation as a specialization by two main evolutionary aspects: maintenance - female, and variation - male.  Such interpretation resulted from a more general cybernetic idea formulated later (Geodakian, 1972).  According to this idea differentiation of any adaptive controlled system, developing in a changing environment, into two coupled subsystems, specialized by conservative and operative trends of evolution, increases the stability of the system as a whole. Such a system approach proved very fruitful, it allowed a new interpretation of basic characteristics of sexual population, such as sex dispersion (variability level of each sex in the population), sex ratio (quota of males) and sexual dimorphism (difference of mean values of any character for males and females).  This interpretation in its turn made possible to reveal new associations of these characteristics with evolutionary parameters of the species and environment.

Conclusion about high phenotypical dispersion (variability) of the male as compared to the female in population is the central point of the new theory.  The result of such high variability is that males turn to be the first victims of all of the extremal environmental conditions (reception of environment informaition by the population).  At the same time the numbers of offspring, which way be produced by surviving male in panmictic or, polygamous population, are much higher than that produced by a female (information transmission from the environment to offsprings).  It means that males get and transmit new information from the environment more efficiently than females.

On the other hand, in a panmictic population the share of males in reproduction is uneven (some of them give no progeny, others produce many offsprings), while the participation of females is more uniform (almost all the females give offspring, although a limited one).  It means that the females realize more efficient, more representative and complete transmission of the information concerning the distribution of genotypes in a population over generations.

Consequently, "old" information (the hereditary one) is better transmitted from generation to generation by females, while "new" information (the ecological one) - by the males.

So one can consider the sex differentiation as a specialization by two main forms of natural selection: the females realize rather centripetal trends of stabilizing selection, and males - centrifugal trends of leading (directional) selection.  The main characteristics of sexuality: sex ratio, dispersion and sex dimorphism are variable connected with the environment and the evolutionary flexibility of a species.  The higher is the value of these characteristics, the stronger are the trends of labilizing or leading selection and the lower are the trends of stabilizing selection, i.e. the higher is the population flexibility in phylogenesis.  In other words, the higher is the quota of males, the greater is their variability, and the higher is the difference between mean values of the character in males and females, the higher is evolutionary flexibility of populations by this character.  On the other hand, basic characteristics of sexual population are considered by the new theory not as the constants, specific for the species in question, as it was believed earlier, but as variables closely related to the environmental conditions and controled by the latter.

Greater phenotypical dispersion (variability) of the males may result from higher mutation level in them; or/and more additive inheritance of parental characters by female offsprings; or/and wider norm of reaction in females. Futher on it turned out that all three phenomena really exist (Vandenberg et al., 1962; Searle, 1972; Borodin et al., 1970; Schuller et al., 1976).  Our earlier paper deals with the hereditary reaction norm of sexes (Geodakian, 1974).  Wider reaction norm makes females more flexible in ontogenesis, which provides their higher relative stability, conservatism in phylogenesis.  And vice versa, the low reaction norm provides males with wide phenotypical dispersion, makes them more conservative in ontogenesis and more flexible in phylogenesis.  In other words, in males the share of "hereditary component" must be larger and of the "environmental" one smaller than in females.  Therefore in males the phenotypical distribution in population better reflects the genotypical component than in females, as in the latter the environmental influence in ontogenesis is stronger.  For this reason any ontogenetic shift, any "education" or "training" is more efficient with the females, which become more perfect in the course of ontogenetic adaptations.  These phenomena can be realized and proved by higher discordance of female monozygotic twins and male dizygotic ones (Vandenberg et al., 1962); greater conformism of females well known to psychologists (Harper et al., 1965; Kon, 1967; McCoby, 1966), but not adequately interpreted up till now.

According to the new concept, the secondary sex ratio is also a variable dependent on the environment, rather than constant specific for a species, as it was believed.  Tertiary sex ratio controls the numbers of individuals in a species and phylogenetic flexibility.  The higher is the number of females in a panmictic population, the larger is the progeny.  The higher is the number of males in such population, the higher is its flexibility in phylogenesis.  The secondary sex ratio in many species is regulatorily related to the tertiary sex ratio, i.e. the negative feedback exists which controls the sex ratio in the population when its optimum is disturbed (Geodakian, 1965; Geodakian et al., 1976).

Different phylogenetic flexibility of sexes makes it possible to connect sex dimorphism by the character with the evolutionary trend of the alteration of this character and consider sex dimorphism as a "compass" indicating the evolutionary trend of the character.  The males serve as an evolutionary "vanguard", being flexible phylogenetically.  Therefore characters which are more often met in females must be of an "atavistic" nature, while those more often observed in males must be of a "futuristic" nature (search for new possible ways of evolution).  This rule (of "sex dimorphism") makes it possible to relate sex dimorphism by the character to the direction of heterosis and to explain incomprehensible differences of reciprocal crossings.  It makes also possible to predict "paternal effect" by evolutionary new characters during crossings.  According to the new concept, the younger in evolution is the character, the higher can be sex dimorphism by this character.  Therefore maximal differences between sexes must be observed with ethological and psychological characters.

The new theory covers the vast majority of indispensable phenomena related to sexuality: its evolutionary logics and advantages, excessive conception and higher mortality of males, adaptive changes in sex ratio, various spectra of congenital anomalies in the development of sexes, their different susceptibility to diseases, social vices, ethological and psychological differences, professional preference, etc.

One of the main puzzles of sexuality - higher mortality of males, is a general biological phenomenon which no theory could explain satisfactorily.  It is interpreted as a "pay" for new ecological information as useful form for population of informational contact with the environment.  As an example may serve the higher susceptibility of males to all "new" diseases of our century (infarction, aterosclerosis, cancer, schizophrenia and others).

The "feedback" hypothesis easily explains many facts related to the sex ratio of the "phenomenon of war years" (increased the birth rate of boys during long wars), which has not been adequatly interpreted up till now.  It predicts excessive birth of boys in "female collectives" (harems, textile towns and others), and girls - in the "male" ones (expeditions, seaports and others).

The hypothesis of "sex dimorphism" was checked up on a large group (173 species) of lower crustacean (Geodakian, Smirnov, 1968).  It has been shown that sex dimorphism by a character can actually serve as a "compass" indicating the direction of evolution of this character.  This hypothesis was also checked up on a vast material (31 thousands of verified diagnoses) of the distribution of congenital heart and vascular diseases in males and females (Geodakian, Sherman, 1971).  It has been shown that congenital anomalies of the heart and large vessel development more often affecting the females, involve more "atavistic" elements, which are typical for the heart of human embryo or phylogenetic predecessors of man.  At the same time diseases more often affecting the.males involve more "futuristic" elements (search).

The new theory, as mentioned above, related the evolutionary flexibility of the species to basic parameters of sexual population, and latter to environmental conditions.  Under optimal conditions of stable, invariable environment when the requirements on the evolutionary flexibility of species are minimal, the processes promoting stabilizing selection in population go on.  The secondary sex ratio is reduced (the quota of males decreases), the phenotypical dispersion decreases (variability is narrowed down), the sex dimorphism declines (sex differences are smoothed off), it means that "depolarization", sex convergence proceed.  At the same time under the extreme conditions of variable environment the requirements put to the evolutionary flexibility of species for successive opposition and fast adaptation increase.  Then the processes proceed which promote the leading selection.  The secondary sex ratio increases, phenotypical dispersion grows and sex dimorphism by different characters becomes more pronounced, i.e. "polarization", strengthening of sex differentiation take place.  Relative biological "value" (importance) of this or that sex is changed according to environmental conditions.  The worse are the environmental conditions, the higher is the "value" of the males, and the better are the conditions the greater is the "importance" of the females.  It means that under optimal conditions the sexual population almost by all the characteristics approaches the asexual one: and under extreme conditions it recedes (moves away) from the latter.  Thus, evolutionary flexibility of the sexual populations is closely related to its basic characteristics: sex ratio, the value of their dispersion and sex dimorphism.  Since the latter depend on the environmental factors they serve as links between the environmental factors and evolutionary flexibility.

For the control of population parameters, such as population density, mutation rate, sex ratio, sex dimorphism and others, ecological information is required, information transmitter should exist.  These transmitters must convey information about the environmental factors to the individuals of population.

Since there are many different environmental factors (temperature, pressure, humidity, amount of food, numbers of enemies and pests etc.) it is natural to think that evolution could not combine each environmental factor directly with the population parameters by means of independent mechanism.  Evolution must have produced some "generalizing lever" by means of which any environmental factor could affect the population parameters.

A definite range of values exists for each factor which corresponds to comfort conditions (the comfort zone on variational curve of stability towards specific environmental factor).  Discomfort zones adjoin the comfort one on both sides; the organisms do not perish getting in the discomfort zones, but encounter some difficuties (they freeze, get ill, their reproduction is suppressed etc.). The discomfort zones of a certain environmental factor are adjoined by corresponding zones of elimination by this factor; organisms getting into the latter either perish or leave no offsprings.  Similar zones can be distinguished in the population areal where in a stable environment the comfort conditions are more often in the areal center, the discomfort ones - in the periphery; and the elimination zones correspond to the territories outside of the areal.  Combination of comfort and discomfort zones by various environmental factors is the ecological nich of the system.

The control mechanisms of population parameters are switched on as a result of ecological information received by the organisms in the discomfort zones.  Particular nature of the environmental factor which causes the discomfort of the organism seems to have no significance for starting up these mechanisms.  The cause of the discomfort (frost dry periods, famine or enemies) makes no difference.  Under these unfavourable conditions with particular discomfort intensity, stress is developed in animals.  It means that "generalized" ecological information is as though a "unidimensional" one (only "good" or "bad", and their cause is unimportant).  Such a "generalizing lever", a non-specific factor which transmits ecological information from the environment to population in animals is the mechanism realized through the stress.  All the unfavourable environmental factors regardless of their specific nature bring about stress.  Stress, initiated as a result of discomfort conditions, transforms ecological information into the physiological one, which is coded by concentrations of various hormones in the organism.  Further control in the organism is performed by the hormones.  Consequently, frequent stresses in animals and man must enlarge phenotypical (and, probably genotypical) dispersion of the offsprings, increase the quota of male offsprings and produce more pronounced sex dimorphism in the progeny.  The data of demographic statistics show that during long wars and other social or climatic shifts (famine, people migrations etc.) the secondary sex ratio grows statisticaly significant (Encyclopedia Britannica, 1960).  As far as the phenotypical dispersion and sex dimorphism are concerned, we have no such data as yet.

Since these population control mechanisms are of general biological nature they must be similar for animals and plants as well.  Consequently, a non-specific regulator or "generalizing" mechanism similar to the stress must exist in plants as well.

In cross-pollinating plants the pollen quantity getting on female plant serves as such regulator (Geodakian, 1977).  When analysing the areal of a plant species it is clear that in the average more optimal comfort conditions are in the center of the areal (in its depth), while more the extreme, the discomfort ones exist in its periphery (on its borders).  The maximal population density is in the center of the areal, the minimal one - on the periphery.  In the center the amount of pollen getting on female flower is always on the average greater than that on the periphery due to different population density. (The pollen of the same species is meant, as the amount of "strange" pollen seems to be higher in the areal periphery).  The pollen amount gives information to the female flower about population density, tertiary sex ratio around it, about its location in the areal center or periphery, or about extreme environmental conditions which primarily cause the elimination of males.  Reception of the great amount of pollen always carries on the information about favourable environmental conditions and requires increased production of females with small phenotypicall dispersion.  On the contrary, reception of the small amount of pollen carries on the information about unfavourable conditions which requires higher production of male offspring with higher phenotypical disperion to speed up the search of evolutionary pathways (leading selection).  It means that the pollen transmits not only genetic information, but also the ecological one, which controls the ratio between stabilizing and leading selection.  Consequently, the statement of classical genetics should be reconsidered, that pollen carries only genetic information and the pollen amount which gets on the female flower is of no importance, since one pollen grain is sufficient for fertilization.

Dependence of the secondary sex ratio on the amount of fertilizing pollen was found on Melandrium and Rumex by Correns, one of Mendel's rediscoverers as far back as 1912 (Rizhkov, 1936).  And the dependence of phenotypical dispersion on pollen amount was discovered on cotton, vigna and wheat by Ter-Avanesian in 1944.  These discoveries did not arose proper interest and were forgotten for a long time.

It is known that natural origin of new species intensivly proceeds on the areal borders.  The effects of "strange" pollen (heteropollen) more than once described in scientific literature become understandable.

The evolutionary regularities revealed are not only of theoretical but of practical value as well; their good knowledge may among other things increase the efficiency of artifical selection.
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