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NATURAL SELECTION OF SPERMATOZOIDS
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Abstract.  With development of internal fertilization the necessity in a great number of gametes disappears.  But only a female line is subjected to reduction, passing from millions of ove in fishes to several ones in mammals.  The number of spermatozoids remained on the level of hundred millions, in spite of evident possibilities for reduction and a certain trend of evolution to lose everything useless. The maintenance of the "population" system in spermatogenesis and the ecological specialization of males makes one to assume the existence of the natural selection of spermatozoids. For the animals with a little posterity and a seldom change of generations it should be advantageous. It is necessary for the realization of such a selection that selected genes should be represented in the phenotype of the spermatozoids. It can be supposed, these are firstly the genes of stability for the most fundamental factors of the environment (temperature and oth.). If this is true, Mendel's distribution of phenotypes must be disturbed by the crossing of a heterozygous male with a homozygous female.  Such disturbances were found in mice by the transmission of the taillessness gene from a heterozygous male to his offspring.  In a reciprocal crossing this phenomenon was absent.  The length of the tail is connected with an ambient temperature.  According to Allan's rule, the more northern is the area of animals, the shorter their tails.  In rodents kept under extremal temperatures their tail length varied accordingly.  The second necessary condition for the realization of an adequate selection of spermatozoids is availability of their information contact with environment.  Among warm-blooded animals only the parts of body, being on the surface, keep a temperature contact with environment.  Perhaps this compelled evolution to bring testis of mammals out of the abdominal cavity, while the ovaries remain inside the body.  In very large underground and water animals, not subjected to great temperature fluctuations, as well as in birds, having homogametic males, the testis are in the abdominal cavity.  It is considered, that the outside testes are a "refrigerator".  Are not they also a "data unit" of environmental temperature?

Behavior of controlled systems is subjected to certain "logics". Revealing of this logic may essentially facilitate understanding, explanation and prediction of their behavior. A new theory was advanced by us, which considers the evolutionary logics of sex differentiation as a specialization by two main information currents: the genetic one (from generation to generation) - females are more involved, in the transmission and the ecological one (from the environment, to population) - males are more involved.  Considering sex differentiation in this aspect, we believe that the main evolutionary task of the female is to keep genetic accumulated in the course of phylogenesis or to preserve the existing distribution of the genotypes in population. The main task of the males is to realize the contact with the environment, to receive and transmit controlling information from the environment to population and to change the existing distribution of the genotypes in a population correspondingly.  It is easy to show then that all the differences between sexes successively contribute to the realization of this principal idea.  Such interpretation makes it possible to explain from a single standpoint many obscure phenomena of "asymmetry" connected with sex differentiation (Geodakjan, 1965).

"Asymmetry" of other kind is concerned with the evolution of gametogenesis in vertebrates.  In outline, evolution was accompanied here by a decrease in the interchange of generations and in the number of offsprings.  At the same time when comparing gametogenesis in the male and female lines, one can see that evolution proceeded there differently.  When the mechanisms increasing the reliability of crossing appeared, such as internal fertilization, chemotaxis, galvanotaxis, rheotaxis, the great number of gametes was no longer required.  However, only the female line is subjected to reduction, passing from millions of ova in fishes to several ones in mammalia.  The number of spermatozoa remained on the level of hundred millions, in spite of evident possibilities for reduction and a certain trend of evolution to lose everything useless. Such "asymmetry" when the female line passed from the "population" system to the unitary, "organismic" one, and the male line preserved its population character can hardly be a casual one.

The principal difference between the systems of organismic and population types is realized in the character of their relations with the environment.  The information interrelations of an organismic system with the environment are built according to the law of a "weak link" - the failure of a weak link results in the elimination of the whole system.  In a population system the law of "selection" is valid - the failure of weak elements results in selection and evolution of the system (Geodakjan, 1970).  Therefore the existence of a population system is a necessary condition for the realization of natural selection and evolution of the system.

The maintenance of the population system in the evolution of spermatogenesis and the ecological specialization of the males makes one to assume the existence of informational relations of spermatozoa population with the environment, in the form of adaptive natural selection of spermatozoa in the course of fertilization.  Since the genotype formation during fertilization, according to Mendel, proceeds casually, and natural selection acts mainly upon the organisms, the evaluation of the genotype is about one generation late.  Natural selection at the spermatozoon stage is the cause of the phenomena that the genotype formation takes place after selection.  It means that probability of the egg fertilization with already selected spermatozoon increased.  In animals with rare interchange of generations and a small number of offspring it would highly increase the efficiency of natural selection.

It is necessary for the realization of such a selection that selected genes should be represented in the phenotype of the spermatozoa.  It can be supposed, these are firstly the genes of stability for the most fundamental factors of the environment (temperature, pressure, pH or salt concentration, for water animals etc.)

If such selection really existed it should be realized in the disturbance of Mendel distribution when crossing a heterozygous male with a homozygous female. Disturbance of Mendel distribution of phenotypes is caused either by selection of spermatozoa carrying this or that gene or allele or by any selective process in oogenesis, e.g. selective maturation of eggs carrying different genes or alleles.  Only in this case deviation from Mendel distribution will be observed when crossing a heterozygous female with a homozygous male.

The only known disturbance was found in mice by means of transmission of the gene of taillessness from a heterozygous male to its offsprings. In different experiments according to the means of fertilization (natural or artificial one) the percentage of tailless offspring varies greatly (65 - 99%).  Reciprocal crossing of heterozygous female with homozygous male gives the distribution 1:1 (Beatty, 1970).

The length of the tail is connected with the environmental temperature.  According to Allan's rule, the more northern is the area of animals, the shorter their extremities, ears and tails.  Even by the maintenance of rodents at increased or decreased temperature their tails are lengthened or shortened accordingly.  Since heat production of the organism is proportional to its volume and heat exchange with the environment - to its surface, their ratio plays an important role in temperature interrelations of the organism with the environment.  Length of tails and other protruding parts of the body (ears, extremities) can affect this ratio.  Therefore regulation of the tail length is an important mechanism of heat adaptation.  Another original control mechanism of surface/volume ratio was developed in bees in the course of evolution.  In warm periods bees live as individual organisms, in cold periods they gather into balls of different density as if creating a larger organism with an efficient surface/volume ratio.  Consequently, the described in (Beatty, 1970) disturbances of Mendel distribution during the transmission of the gene of taillessness by the heterozygous male are well understood, assuming that mice were kept at different temperatures.

The second necessary condition for realization of an adequate selection of spermatozoa is availability of their information contact with environment.  In case of external fertilization the spermatozoa were in direct temperature and chemical contact with the environment.  After the passage to internal fertilization the chemical contact with the environment was lost.  And in warmblooded animals the temperature contact disappeared.  Among warmblooded animals only the parts of body, being on the surface, kept temperature contact with the environment.  Perhaps, this compelled evolution to bring the testes of mammals out of the abdominal cavity by such a complicated way, -while the ovaries remained inside the body.  It is interesting, that in very large, underground and water animals, not subjected to large temperature fluctuations, as well as in birds, having homogametic males, the testes are in the abdominal cavity.  It is considered, that the outside testes serve as a "refrigerator".  Are they not also "data units" of environmental temperature (thermometer)?

If the outer testes served only as a refrigerator it seems that testes of birds should be brought out of the abdominal cavity first of all, as the body temperature of birds is several degrees higher than that of mammals.  However, the testes of birds are located in the abdominal cavity.  It makes us believe that selection of spermatozoa is possible only in the heterogametic sex and is realized only in spermatozoa carrying Y-chromosome.  First, the Y-chromosome is the "ecological" chromosome, which realizes contact with the environment.  Second, appearance of the male with a required genotype is more efficient for adaptive transformation of the population than of the female, since the male produces more offspring.  One more indirect argument in favor of the fact that selection proceeds among Y-carrying spermatozoa is the increased sexual activity of males of rare genotypes.  And it is known that sexual activity of males is regulated namely by the Y-chromosome.
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