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An undescribed species of snow-inhabiting Chloromonas (Volvocales, Chlorophyceae) from Japan
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The snowpacks in mountainous areas as well as the snowfields in polar regions are sometimes stained green, red or other
colors during the snow-melting season. The phenomena are called “colored snow” and principally caused by blooms of cold-
adapted microalgae. Within green snow, motile vegetative cells classified as the species of Chloromonas (VVolvocales,
Chlorophyceae), a unicellular green biflagellate genus, are generally dominant (Hoham 1980; Hoham & Duval 2001). On the
other hand, nonmotile cells which frequently accumulate carotenoid pigments within the cell usually dominate in red snow;
most of the cells are identified as the zygotes of snow-inhabiting species of Chloromonas according to the previous taxonomic
studies on the basis of continuous observation of field-collected materials (e.g. Hoham & Mullet 1977). Recently, several
snow-inhabiting species of Chloromonas were delineated based on comparative morphological analyses and molecular data of
cultured materials of vegetative cells (Matsuzaki et al. 2014). However, the species lack the information of zygotes since
induction of zygote formation is difficult in culture (Hoham et al. 2006). Besides, actual species of field-collected zygotes of
snow Chloromonas have been almost unclear because of the difficulty of not only inducing vegetative cell production via
germination but also molecular identification of the zygotes (Muramoto et al. 2008; Remias et al. 2010). Very recently,
Matsuzaki et al. (2015) established the method for molecular identification of such zygotes and revealed that one Japanese
lineage of spindle-shaped zygotes was conspecific with the strains of C. miwae originating from Japan. Therefore, further
taxonomic studies are required to delineate natural species of snow-inhabiting Chloromonas, on the basis of the use of both
cultured and field-collected materials.

Here, we reported an undescribed species of snow-inhabiting Chloromonas based on the culture strain and field-collected
samples from Japan. The vegetative cell of the species was morphologically distinguished from those of all previously
described species of snow Chloromonas in having an ovoid cell shape and an eyespot in the chloroplast. Our multigene
phylogenetic analyses and the comparison of genetic differences of a rapidly evolving DNA region demonstrated that the
spindle-shaped zygotes collected from Mt. Hakkoda, Aomori, Japan and Mt. Tateyama, Toyama, Japan were considered
conspecific with the undescribed species. The present molecular phylogeny also showed that the species was sister to C. miwae,
which produces spindle-shaped zygotes (Matsuzaki et al. 2015). Although the zygote morphologies of the sister species were
seemingly similar to each other under light microscope, field-emission scanning electron microscopy (FE-SEM) exhibited that
the zygotes of the undescribed species could be distinguished from those of C. miwae in differences of the arrangement of
flanges developing on the zygote wall. The result indicates that detailed morphological characteristics of zygotes provided by
FE-SEM might be useful for species identification of snow-inhabiting Chloromonas.
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