
Abstract 
Skeletal (cartilaginous, bony, and dental) tissues undoubtedly exemplify the key innovation 
of vertebrates. Among all recent vertebrates, the most numerous and successful lineage is 
represented by the Ray-finned fishes that, accordingly, exhibit amazing variety of skeletal 
architectures and phenotypic adaptations. In order to depict fundamental principles of fish 
cranial skeletogenesis the developmental formation of skeletal architectures was described, 
compared and analyzed using members of early branching fish lineages, that exemplify very 
different strategies of skeletogenesis. While the Senegal bichirs and the Tropical gars are 
heavily armored forms with massive exoskeleton and hyperossified dental structures 
covering the whole oropharyngeal region, the European sterlets, on the contrary, possess 
mostly cartilaginous skeleton and reduce their dental structures during early development. 
Whole analysis is underpinned by the Northen pike, teleostean species with lightened skeletal 
architecture with comparable number of cranial elements. The present study represents the 
first complex comparative analysis of their skeletogenesis and odontogenesis. This allowed 
to define developmental strategies founding different lineage-specific skeletal architecture of 
vertebrates. 
 Comparative description of developmental dynamics of cartilaginous and bony 
tissues revealed distribution of heterochrony at various levels. We identified differences in 
(i) sequence of cranial cartilaginous and bony regions development, (ii) relative timing of 
cartilage and bone formation, and (iii) duration (overal rate of development) of these 
processes. Quantitative analysis uncovered surprisingly different interspecies dynamic of 
skull density development with the most progressive beginning of ossification in sterlet. 
Moreover, different timing of key sketelal markers expression obviously represents an 
important factor regulating the proccess of ossification. Developmental heterochrony was 
also identified during early stages of head tissue differentiation with accelerated 
morphogenesis of hyoid stream of cranial neural crest. This developmental heterochrony is 
associated with the early formation of hyoid structures during larval development. 
 Detailed description of odontogenesis based on unique developmental series of basal 
Ray-finned fishes revealed substantial variation in dental distribution and early patterning 
of their dentition. Expression of key dental markers depicting early process of dentate field 
differentiation was thoroughly decribed for the first time. Analysis of dental mineralization 
patterning allowed to trace dynamics of teeth replacement among studied lineages. These 
data revealed ancestral state of dentition development in bichir contrasting with 
exceptionally derived sterlet dentition. Moreover, aspects of teeth formation and 
development of complex dentition of gar was described in detal for the first time. 
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