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The first plants to colonize land were most likely closely related to modern day mosses (bryophytes) and are thought
to have appeared about 500 million years ago. They were followed by liverworts (also bryophytes) and primitive vascular
plants—the pterophytes—from which modern ferns are derived. The lifecycle of bryophytes and pterophytes is
characterized by the alternation of generations, like gymnosperms and angiosperms; what sets bryophytes and pterophytes
apart from gymnosperms and angiosperms is their reproductive requirement for water. The completion of the bryophyte
and pterophyte life cycle requires water because the male gametophyte releases sperm, which must swim—propelled by
their flagella—to reach and fertilize the female gamete or egg. After fertilization, the zygote matures and grows into a
sporophyte, which in turn will form sporangia or “spore vessels.” In the sporangia, mother cells undergo meiosis and
produce the haploid spores. Release of spores in a suitable environment will lead to germination and a new generation of
gametophytes. In seed plants, the evolutionary trend led to a dominant sporophyte generation, and at the same time, a
systematic reduction in the size of the gametophyte: from a conspicuous structure to a microscopic cluster of cells enclosed
in the tissues of the sporophyte.
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Nidirana okinavana (Boettger, 1895) is a small-sized ranid species belonging to the East Asian genus Nidirana Dubois,
1992. Previous studies have indicated that this species was exclusively distributed on Ishigaki and Iriomote islands in the
southern Ryukyus, as well as two extremely small wetland habitats in central Taiwan. Such a restricted distribution makes
it one of the most endangered frog species in both Taiwan and Japan. By using molecular, morphological, and acoustic
analyses, our study reveals significant divergence between the Taiwanese and Japanese clades, supporting the recognition
of the Taiwanese clade as a distinct species, described herein as Nidirana shyhhuangi sp. nov. Compared to Nidirana
okinavana sensu stricto from the southern Ryukyus, the Nidirana shyhhuangi sp. nov. is characterized by a significantly
smaller and non-overlapping body size, relatively longer forelimbs and hindlimbs, smaller internostril and interorbital
distances, with a higher number of cross bands on thigh and shank. Acoustic analyses reveal that the Nidirana shyhhuangi
sp. nov. produces calls with a rapid tempo and higher pulse number, with a higher dominant frequency compared to the
Japanese clade. Due to the extremely limited distribution of this species to two small sites on Taiwan, and continuing decline
in quality of its habitat, we propose that it should be classified as Critically Endangered (CR) under the IUCN criteria.
Immediate and comprehensive in situ and ex situ conservation actions are necessary to ensure the sustainable viability of
the population.
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