
Introduction

The genus Osmunda has been classified in ei-
ther the broad or narrow sense. In the previously
most accepted and the most lumping classifica-
tion, it was divided into three subgenera, Osmun-
da, Osmundastrum and Plenasium (Ching et al.,
1959; Kramer and Green, 1991; Whetstone and
Atkinson, 1993; Iwatsuki, 1995). In the most
splitting classification, Osmunda s.l. was recog-
nized to comprise three genera, Osmunda, Os-
mundastrum and Plenasium (Tagawa, 1941,
1959; Bovrov, 1967). Recent molecular analyses
demonstrated that Osmunda cinnamomea or Os-
mundastrum cinnamomeum is the less closely re-
lated to Osmunda s.s. even than genera Lep-
topteris and Todea, and Osmunda claytoniana or
Osmundastrum claytonianum is sister to a clade
of Osmunda s.s. and Plenasium (Yatabe et al.,
1999; Metzgar et al., 2008). Recently, Yatabe et
al. (2005) proposed a new subgenus Claytosmun-
da for Osmunda claytoniana. As a result, Os-
munda s.l. is a paraphyletic group and the family
Osmundaceae is classified into four genera and
three subgenera, i.e., genus Osmunda s. s. with

three subgenera Claytosmunda, Osmunda, and
Plenasium, genus Leptopteris, genus Todea, and
genus Osmundastrum (see also Metzgar et al.,
2008).

Four putative hybrids are known in the genus
Osmunda s.l. in eastern U.S.A. and eastern Asia
and are intrasubgeneric (subgenus Osmunda s.s.)
or intersubgeneric (subgenera Osmunda and Ple-
nasium, and subgenera Osmunda and Clay-
tosmunda). Yatabe et al. (1999) estimated that
Osmundastrum cinnamomeum diverged from the
rest 294 million yeas ago (MYA), a clade of Lep-
topteris and Todea diverted 210 or 206 MYA,
and Osmunda s.s. diverged from Plenasium 150
MYA. If the estimation is reasonable, part of the
hybrids are derived from parental species that di-
verged long time ago. The hybrids vary not only
in the systematic and evolutionary backgrounds,
but also in fertility. Osmunda �intermedia is
somewhat fertile and the others are sterile. Those
hybrids were described or analyzed in separate
papers. In this paper the four hybrids are com-
pared together.
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Enumeration of hybrids

Osmunda �intermedia (Honda) Sugim.,
Shokubutu Kensakushi 1: 9. 1951; Key Herb. Pl.
Jap. Pterid. 114. 1966; Nakaike, Enum. Pterid.
Jap. 6. 1975; New Fl. Jap. Pterid. Rev. & en-
larged ed. 88, f. 88. 1992; K. Iwats., Fl. Jap. 33.
1995— O. japonica var. intermedia Honda, Bot.
Mag. (Tokyo) 44: 409. 1930 — O. lancea Thunb.
var. lancea f. intermedia (Honda) Tagawa, Acta
Phytotax. Geobot. 15: 96. 1953; Col. Ill. Jap.
Pterid. 35, 237. 1959. Type. Honda s.n., anno.
1930 (TI !), Hikawa, Musashi (Tokyo metropoli-
tan), Japan. [Fig. 1]

Osmunda lancea var. latipinnula Tagawa, J.
Jap. Bot. 22: 160. 1948; Col. Ill. Jap. Pterid. 35,
237. 1959. Type. Tagawa 2338 (KYO !), Nachi,
Wakayama Pref.

Distribution. Japan (Honshu, Shikoku,
Kyushu).

Cytology. n�22 (22II [36.6%], 21II�2I
[3.2%], 1IV�20II [31.0%], 1IV�19II�2I
[2.4%], 2IV�18II [15.9%], 2IV�17II�2I
[1.3%], other pairings [9.6%]) (Shimura and
Matsumoto, 1977). n�22 (Kurita, 1963). 2n�44
(Tatuno and Yoshida, 1966).

Notes. This is an intrasubgeneric hybrid Os-
munda japonica � O. lancea, which is supported
morphologically (Tagawa, 1959; Iwatsuki, 1995)
and karyologically (Tatuno and Yoshida, 1966).
Osmunda japonica is distributed in eastern Asia
extending west to the western Himalaya and
south to northern Vietnam, while O. lancea is en-
demic to Japan and is a rheophyte growing in
stream banks and bed rocks (Watano, 1986;
Kato, 2007). Osmunda �intermedia occurs lo-
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Fig. 1. Osmunda �intermedia in Hanno, Japan.



cally abundantly in and above stream banks but
does not invade forest edges where O. japonica
grows (Shimura, 1964). In an experimental con-
dition, spores of the hybrid germinated and grew
into gametophytes with both archegonia and an-
theridia or one of them. Several sporophytes arise
from gametophytes, indicating that the hybrid
can reproduce via spores in culture condition
(Shimura, 1972). Young sporophytes occur in na-
ture (Kato, Yatabe-Kakugawa and Tsutsumi, un-
published data). Thus, Osmunda �intermedia is
the only hybrid that is partially reproducible
among the four Osmunda hybrids: sporophylls
are not rare in nature, though not typically nor-
mal (Shimura, 1964, 1972; Kato, Yatabe-Kaku-
gawa and Tsutsumi, unpublished observations). It
may be due to its intrasubgeneric hybridity in-
volving the closely related parental species and
the frequent occurrence of normal and subnormal
meiosis (Shimura and Matsumoto, 1977).

Morphologically, Osmunda �intermedia is in-
termediate particularly in that the pinnule has an
unequal base, i.e., a cuneate acroscopic base and
a round or widely cuneate basiscopic base. The
pinnule-base trait is ecologically significant for
rheophytes with the pinnule-base suffered from
water-current pressure while plants are sub-
merged in turbulent currents (van Steenis, 1981;
Imaichi and Kato, 1992). It may result in the eco-
logical intermediacy noted above.

As pointed out by Tagawa (1953), Osmunda
�intermedia is variable. It includes plants close
to O. lancea, which were called O. lancea var.
lancea f. intermedia (Honda) Tagawa, and those
somewhat close to O. japonica, which were
called O. lancea var. latipinnula Tagawa. Our
field observations (Kato, Yatabe-Kakugawa and
Tsutsumi, unpublished) reveal a considerable
variation of O. intermedia, although not support-
ing Tagawa’s taxonomy. This variation may be
caused by phenotype segregation of F2 or later
progeny, multiple origins, and/or back-crosses.

Osmunda �ruggii R. M. Tryon, Amer. Fern
J. 30: 65. 1940; Whetstone et Atkinson, Fl. N.
Amer. 2: 109. 1993. Type. Rugg s.n. (GH, not

seen), Grafton Co., New Hampshire, USA. 
[Fig. 2]

Distribution. Eastern U.S.A. (Connecticut, Vir-
ginia).

Cytology. 2n�44 (all univalents) (Wagner et
al., 1978).

Notes. This is an intersubgeneric sterile hybrid
Osmunda regalis of subgenus Osmunda � O.
claytoniana of subgenus Claytosmunda, support-
ed by morphology, cytology, chemotaxonomy,
and allozyme polymorphism (Tryon, 1940; Wag-
ner et al., 1978; Whetstone and Atkinson, 1993;
Li and Haufler, 1994). The hybrid grows together
with the parents (Wagner et al., 1978). One of
two populations is extirpated and the existing
other is estimated to be more than 1100 years old
(Whetstone and Atkinson, 1993).

Wagner et al. (1978) described that the hybrid
is sterile in nature, but transplants produced fer-
tile pinnae with reduced laminae and produced
aborted spores, but chromosomes at meiosis
were all univalents.

Osmunda �nipponica Makino, Bot. Mag.
(Tokyo) 26: 385. 1912; C. Chr., Ind. Fil. Suppl.
2: 24. 1917; Nakai, Bot. Mag. (Tokyo) 41: 681.
1927; Tagawa, Col. Ill. Jap. Pterid. 34, 237.
1959; H. Ito, J. Jap. Bot. 39: 248. 1964; Sugim.,
Keys Herb. Pl. Jap. Pterid. 115. 1966; Nakaike,
Enum. Pterid. Jap. 6. 1975; New Fl. Jap. Pterid.
Rev. & enlarged ed. 88, f. 88. 1992. Type. F.
Uhara s.n. Aug. 1909 (MAK!), Mt. Akagi,
Gunma Prefecture, Japan. [Fig. 3]

Distribution. Central Honshu, Japan (single
and type locality, Mt. Akagi, Gunma Pref.)

Cytology. Unknown.
Notes. Little information is available for the

hybridity of this fern. It looks like O. �ruggii
(Figs. 3, 4). A single specimen has been collected
due to rarity and reproductive traits are unknown.
It is similar to O. japonica, but the frond is less
finely dissected with the pinnules hardly free
from the costa, and the pinnae and pinnules are
shorter. In these characters Osmunda �nipponi-
ca is also similar to O. claytoniana and Os-
mundastrum cinnamomeum. Ito (1964) suggested
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that this is an intersubgeneric hybrid Osmunda
japonica of subgenus Osmunda � O. claytoni-
ana of subgenus Claytosmunda. Sugimoto
(1979) suggested that it is O. japonica � Os-
mundastrum cinnamomeum (O. cinnamomea),
indicating a possibility that it is an intergeneric
hybrid. It is reported that the putative hybrid
grows together with the putative parents in the
locality. Reproductive traits are unknown, but the
sterile type specimen and extremely rarity may
suggest that it is an intergeneric or intersubgener-
ic sterile hybrid.

Osmunda �mildei C. Chr., Ind. Fil. 474.
1906; Edie, Ferns Hong Kong 25, 59, f. 14. 1978;
Wu, Fl. Guangdong 7: 38. 2006 — O. bipinnata
Hook., Fil. Exot. t. 9, 1857, non L. 1753. Type.
Harland (K?), Hong Kong. [Fig. 4]

Distribution. Hong Kong, Guangdong (Shen-
zhen), Jiangxi (Mt. Qiyun).

Cytology. 2n�44 (2sm�6st�33t�3T) (He et
al., 2006), n�44 (usually univalents) (Zhang et

al., 2008).
Notes. This hybrid is characterized by the bip-

innatifid leaf with round pinna-segments and
lower fertile pinnae. This leaf morphology is
reminiscent of Osmunda subgenera Osmunda
and Plenasium, and less likely of subgenus Clay-
tosmunda and genus Osmundastrum. In a kary-
ological anaysis, He et al. (2006) reported that
Osmunda mildei has a karyotype of 2n�2sm�

6st�33t�3T, and, based on the karyological and
morphological data, suggested that it is a hybrid
of O. japonica with 2n�2sm�8st�32t(2SAT)�
2T and O. angustifolia with 2n�2sm�4st�34t�
2T. Osmunda angustifolia is a rheophyte growing
on stream banks or stream bed rocks and occurs
in Hong Kong and Guangzhou (Guangdong).

Later, Zhang et al. (2008) described the ab-
sence of chromosome pairings at meiosis, which
is abnormal, and resulting abortive spores in O.
mildei and suggested that it is a sterile F1 hybrid
between O. japonica and O. vachellii, because O.
vachellii occurs in the localities of O. mildei, but
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Fig. 2. Osmunda �ruggii in Virginia, USA, provided by F. Wagner.
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Fig. 3. Holotype of Osmunda �nipponica (MAK) collected from Mt. Akagi, Japan.



O. angustifolia does not occur in some of the lo-
calities. Gou et al. (2008) also proposed this
parentage from DNA sequence data. If O. mildei
is a hybrid, O. japonica � either O. angustifolia
or O. vachellii, it is an intersubgeneric sterile hy-
brid between subgenera Osmunda and
Plenasium. Less than 10 individuals are known
in a few localities, but O. mildei can propagate in
experimental conditions (S.-Z. Zhang, personal
commun.). It is uncertain whether it propagates
in nature.
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