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A. christensenianum, D. erythrosora (D.C. Eaton)
Kuntze, D. kinokuniensis Sa. Kurata, and
D. nipponensis Koidz.

number of a certain sporangia was counted to be
32, the corresponding plant was considered to have
reproduced apogamously (Manton, 1950).

MATERIAL AND METHODS

RESULTS AND DISCUSSION

Living individuals of A. christensenianum,
D. erythrosora, D. kinokuniensis, and D. nippo
nensis were obtained from Japan (see
Supplementary material). The live plants and
voucher specimens of these species are stored
in the Herbarium of the Kochi Prefectural
Makino Botanical Garden (MBK) or Makino
Herbarium (MAK). For the observation of mitotic
chromosomes, root tips were pretreated in 0.004 M
8-hydroxyquinoline for 7 h at 17°C–20°C. Following
fixation in an ethanol and acetic acid (3 : 1)
solution for 15–30 min, root tips were hydrolyzed
in 1 N HCl and 45% acetic acid (1:1) for 10 min
at 60°C; then, they were stained and squashed in
2% aceto-orcein solution (Hori et al., 2018b). To
estimate the reproductive mode of each sample or
herbarium specimen, the spore numbers of each
sporangium were counted. At least five sporangia
with normal spores per specimen were studied. If
the spore number of a certain sporangia of a plant
was counted to be 64, the plant was considered to
have reproduced sexually. In contrast, if the spore

Previous studies implied the existence of
a diploid cytotype of A. christensenianum
(Kurita, 1964; Hirabayashi, 1970a; Park and
Kato, 2003). Unexpectedly, the mitotic metaphase
chromosome number observed in an individual
of A. christensenianum from Kochi Pref. (Hori
2974) was 2n = 160 (Fig. 1a) with 64 spores
per sporangium. The basic chromosome
number of Athyrium was x = 40; accordingly,
the corresponding sample was determined to
be a tetraploid sexual cytotype. The origin of
A. christensenianum was considered a hybrid
between the diploid sexual A. crenulatoserrulatum
and tetraploid sexual A. decurrentialatum.
However, the existence of the tetraploid sexual
cytotype of A. christensenianum suggested that the
origin of A. christensenianum is more complicated.
The mitotic metaphase chromosome number
observed in the materials of D. erythrosora,
D. kinokuniensis, and D. nipponensis were
2n = 164 (Figs. 1b–d) with 32 spores per
sporangium. The basic chromosome number of

Fig. 1. Mitotic metaphase chromosomes of the (a) tetraploid sexual (2n = 160) Athyrium christensenianum, (b) tetraploid apogamous (2n = 164) Dryopteris erythrosora, (c) D. kinokuniensis, and (d) D. nipponensis. Scale bar = 4 μm.

New cytotypes of Japanese ferns

Dryopteris is x = 41; accordingly, these samples
were determined to be of the tetraploid apogamous
type. The discovery of tetraploid apogamous
cytotypes in this study suggests the existence
of more tetraploid apogamous cytotypes in the
D. erythrosora complex.
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