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ABSTRACT

In tilapias, as in most teleost species, sex chromosomes are not identifiable using classical analysis of chromosome spreading.  Indeed, a high incidence of unpaired segments in the terminal region of the longest divalent can be observed from the synaptonemal complex in classic males but this only occurs in 25% of the nuclei.  Indirect approaches (interspecific and intraspecific crosses and backcrosses, progeny testing of hormonally sex-reversed fry, chromosome set manipulation) suggest that sex determination is predominantly determined by the existence of a major sex-determining gene located on a pair of sex chromosomes.  Within the group of tilapias, the heterogametic sex can be either the male or female, depending upon the species: ZZ/ZW and XX/XY species can be found together within the same genus, i.e. heterogametic XY males in O. niloticus (as in mammals), and, conversely, heterogametic ZW females in O. aureus (as in birds). 

However, and contrary to certain other fish species (i.e. the rainbow trout, carp…), control by a pair of sex chromosomes should be less strict in tilapia as skewed sex ratios, which cannot be explained by the heterogametic models, are frequently seen to occur.  In tilapias, as in most teleosts, sex ratios can be influenced by certain specific exogenous factors: whereas salinity has no significant effect on sex ratio, temperature seems to be the most important environmental determinant of sex. 

Low temperatures do not affect the sex ratios in tilapias when such temperatures are experienced during the hormono-sensitive period.  However, feminizing effects have been reported when fry are exposed to low temperatures at an earlier stage (before they are ten days old).  Conversely, functional testis differentiation can be induced by high temperature treatments (>32-34°C).  Indeed, high temperature treatments during the sensitive period can increase the percentage of males in some progenies.  All-male populations have been obtained following such treatments in the most sensitive progenies of O. niloticus and O. aureus, whereas in other progenies the proportion of males is not affected by high temperatures, such as in O. niloticus.  Sex ratios and thermosensitivity are stable within successive progenies generated by a same pair of breeders.  Moreover, analysis of thermosensitivity in the progenies generated by breeders issued from sensitive and insensitive progenies, suggests that sensitive progenies can be produced by at least one, if not two, insensitive breeders.  Feminizing effects brought about by the same high temperature treatments have been reported for YY genotypes, whereas the occurrence of a similar feminizing effect on XY genotypes remains controversial.  Therefore, parental effects (both paternal and maternal) are strongly suggested in tilapia sex determination: in this group, sex is determined by genetic factors (major and minor), temperature levels and genotype/temperature interactions.

