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Foreword and Acknowledgements

Many sterile fern leaves have been described from the Mesozoic plant-beds in
Japan and adjacent lands under such comprehensive generic names as Cladophlebis.
Some especially ones from the older Mesozoic plant-beds have been referred by pre-
vious authors to the European species, such as Cladophlebis denticulata, C. haiburnensis
and C. nebbensis. However, the Japanese specimens determined as Cladophlebis
haiburnensis and C. nebbensis for instance differ from the specimens from the type
localities. So general revision of these determinations is needed.

This paper deals with the descriptions of Asterotheca okafujii sp. nov., Todites
fukutomii sp. nov. and T. yamanoiensis (YOKOYAMA) comb. nov., based on the new
material including good fertile leaves from two classic localities (Fig. 1) of the Momono-
ki Formation dated as Middle Carnic on palaeontological and stratigraphical evidences
(for further detail, see TAKAHASHI & MIKAMI, 1975). In addition, we give further detail,
about Cladophlebis bitchuensis OisH1 which however remains unclassified.

We first express our sincere gratitude to Professor Emeritus Thomas M. HARRIS,
F. R. S. of the University of Reading for his very helpful suggestions and critical read-
ing over the manuscript. We wish to record here our cordial thanks to Mr. Gentaro
Naito, who has provided the Asterotheca specimens kept at the Miné City Museum
of History and Folk-Custom (OxkAruir's Collection) on loan for the present study.
Thanks are extended to Mr. Takayoshi FukutoMl and Mr. Yutaka KURIHARA, who
offered their Todites specimens for the present study. We are very much indebted
to Dr. Kazuo AsaMa, Director of the Department of Geology, National Science Muse-
um, Tokyo for giving us the facilities to publish this paper.

Systematic Description

Family Marattiaceae
Genus Asterotheca PRESL in CORDA, 1845: 81
Asterotheca okafujii KIMURA & OHANA sp. nov.
Pl 1, fig. 1; Pl 2, figs. 1-2; Pl. 3, fig. 3;
Pl. 5, fig. 1a; Figs. 2a—f
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Fig. 1. The location of the plant-bear-
ing formations in Yamaguchi Pre-
fecture (1a), and the main localities
(A and B) of fossil plants in the
Middle Carnic Momonoki Forma-
tion (1b).

The following sterile leaves are indistinguishable from those of Asterotheca oka-
fujii.

Japanese specimens:

Cladophlebis cfr. raciborskii ZEILLER: OisHi, 1931, p. 234, pl. 16, fig. 6, 6a; pl. 17, fig. 1 (Tsuchizawa,
Kuruma Group); 1932a, p. 287, pl. 26, fig. 3; pl. 28, figs. 3-4 (Nariwa Group); 1932b, p.7, pl.
2, fig. 1 (Shitaka Group).

Cladophlebis raciborskii ZEILLER (pars): OisHl1, 1932a, p. 286, pl. 28, fig. 2 (Nariwa Group).

Cladophlebis tenuissima Oisai:  OisHi, 1932b, p. 8, pl. 3, figs. 1-2 (Shitaka Group).

9Cladophlebis maizurensis Oisar:  Oishl, 1932b, p. 7, pl. 2, figs. 4-5 (Shitaka Group).

Cladophlebis raciborskii ZEILLER forma integra OisHI & TAKAHASHI:  OIsHI & TAKAHASHI, 1936, p. 119
(nomenclature); OisH1 & Huzioka, 1938, p. 73 (Nariwa Group); OisHi, 1940, p. 283, pl. 19, fig. 1,
la (Momonoki Formation).

Chinese specimens:

Todites williamsoni (BRONGNIART)(pars): YOKOYAMA, 1906, p. 18, pl. 3; p. 20, pl. 5, fig. 1a (Sichuan).

Cladophlebis raciborskii ZEILLER: YANG, 1978, p. 492, pl. 163, fig. 7 (Upper Triassic Xujiahe Forma-
tion, Sichuan).

Cladophlebis sp.: Szg, 1933, p. 13, pl. 6, fig. 8 (Sichuan).

Other region’s specimens:

Cladophlebis kamenkensis THoOMas, 1911, p. 66, pl. 3, fig.s. 1-3 (Jurassic of Kamenka, USSR).

Material: Holotype; MMHF200002 (kept in the Miné City Museum of History

and Folk-Custom). Paratypes; MMHF-200001, 200003, PP7529.  Stratum typicum:

Middle Carnic Momonoki Formation, Miné Group. Locus typicus: Momonoki,

Ominé-machi, Miné City, Yamaguchi Prefecture (Fig. 1A). Derivatio nominis:

This species is named after the late Mr. Goro OkaFuJl who collected its holotype.

paratypes and large number of leaves during past two decades.

Diagnosis: Leaf bipinnate, large. Leaf with its petiole, 160 cm long, lamina 130 cm

long and 60 cm wide, broadly lanceolate. Petiole 6 mm wide at its base, surface

smooth. Pinnae nearly parallel-sided for the most part, then suddenly narrowing
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towards the acute apex, 30 cm long and 5.6 cm wide at the middle portion of a leaf,
attached oppositely or suboppositely to the rachis at an angle of 50-90 degrees; angle
reduced towards the apex. In some leaves pinnae closely set and overlapping each
other laterally, in others remotely set.

Sterile pinnules set closely, long and narrow, nearly parallel-sided for the most
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Figs. 2a—f. Asterotheca okafujii KIMURA
& OHANA sp. nov.: 2a. A part of leaf
(paratype, MMHF20001, consisting
of fertile and sterile pinnules. 2b. Syn-
angia, enlarged from 2a. 2c—f. Varied
forms of sterile pinnules and their
venation. 2c-d (paratype, MMHF
20003), 2e-f (paratype, PP7529).
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part, then suddenly narrowing towards the acutely pointed or sometimes obtusely
pointed apex, typically 3 cm long and 8 mm wide, attached katadromically to the
pinna axis at an angle of 70-80 degrees, angle reduced near pinna apex, often falcate;
margins entire; the first basiscopic pinnule not specialized. Venation pecopterid.
Midrib distinct, persisting to the tip, sending off 13-18 pairs (rarely 6) of thin lateral
veins at an angle of 50-90 degrees. Lateral veins forking twice or once.

Fertile pinnules rather remotely set, long and slender, typically 2.2 cm long and
3 mm wide, straight or bending forwards, usually on the both sides of proximal portion
of pinnae at the middle and lower parts of a leaf; margins entire; apex rounded. Mid-
rib distinct, sending off typically 13-16 pairs of lateral veins. Lateral veins once fork-
ing or sometimes simple.

Synangia on each lateral vein, midway between midrib and margin, typically
consisting of 8 exannulate sporangia. about 1 mm across; sporangia free only at their
apices. (Spores unknown).

Distribution and occurrence: Asterotheca okafujii is locally quite abundant in the
Momonoki Formation. Some of them were preserved in the state of tufts consist-
ing of 3-5 leaves with petioles. The sterile leaves possibly belonging to this species
are known in the Middle Noric Nariwa and the Lower Jurassic Kuruma Groups and
the Shitaka Group of uncertain age in Japan. Its distribution may extend to the
Upper Triassic to Middle Jurassic beds in China and even in the eastern border of
Ukraine.

Discussion and comparison: Our specimens clearly belong to the category of As-
terotheca, because their pinnules show pecopterid venation, bearing sessile synangia
made up of exannulate sporangia fused at the base but with the distal part free, but
they represent a new species.

Asterotheca okafujii is characterized by its large-sized, long and narrow sterile
pinnules with acutely pointed apex and typically 13-18 pairs of twice or once forking
lateral veins of pecopterid-type, long and slender fertile pinnules with pointed apex
and typically 13-16 pairs of once forking or simple lateral veins, and synangium con-
sisting of typically 8 exannulate sporangia. The sterile pinnules differ considerably
in form and venation in different leaves. But they agree with those having been re-
garded as Cladophlebis raciborskii ZEILLER forma integra OisHI & TAKAHASHI. Thus
OisHI & TAaKAHASHI's forma integra should now be included in Astherotheca okafujii.

The sterile leaves of this species is distinguished from Cladophlebis raciborskii
ZEILLER by its entire pinnules with twice or once forking lateral veins, instead of ser-
rate pinnules with usually twice forking lateral veins in C. raciborskii.

There are numerous Mesozoic species of Asterotheca all but one from the Upper
Triassic. Of these, two have pinnules as large as those of 4. okafujii, the rest differs
in having smaller pinnules and in other respects also.

A) Species with large pinnules:
Asterotheca falcata DE LA SOTA & ARCHANGELSKY, 1962; Triassic of Santa
Cruz, Argentina; pinnule apices rounded, synangium consisting of 5-6
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sporangia.
A. virginiensis FONTAINE, 1883; Upper Triassic of Virginia, U.S.A.; pinnules
larger, their apices rounded, their bases decurrent, venation neuropterid.
B) Species with smaller pinnules and fewer sporangia (but A. cottoni approaches
group A):
A. cottoni ZEILLER, 1903; Upper Triassic of North Viet-Nam; synangium 9-
11 on each side of midrib, consisting of 4-5 sporangia, see also ZHoU,
1978; YANG, 1978; Hsii et al., 1979.
A. fuchsii (ZElLLER) KurTZz; Upper Triassic of Chile (ZEILLER, 1875), also
Chile (KurTtz, 1921) and Australia (TowNROW, 1957); veins 5 pairs, syn-
angium consisting of 3-6 sporangia.

The following have as a rule 4 sporangia in a synangium: A. denmeadi WALKOM ;
Upper Triassic of Australia (WALKOM, 1928), Pecopteris (? Asterotheca) hillae WAL-
KoM; Upper Triassic of Australia (WaLkoMm, 1928), A. hilariensis MENENDEZ; Upper
Triassic of Argentina (MENENDEZ, 1957), A. meriani (BRONGNIART) STUR; Upper
Triassic of Europe (BRONGNIART, 1834; STUR, 1885 and others).

The following are incompletely known and the sporangium number is uncertain:
A. latepinnata (LEUTHARDT) HsU; Upper Triassic of Europe (LEUTHARDT, 1904=
Pecopteris latepinnata) and China (HsU et al., 1979), A. penticarpa (FONTAINE); Up-
per Triassic of U.S.A. (FONTAINE, 1883=Asterocarpus penticarpa) and China (FENG
et al., 1979), A. szeiana (P’AN); Upper Triassic of China (P’an, 1936=Cladophlebis
szeiana; He et al., 1979) and A. truempyi FRENGUELLI; Upper Triassic of Argentina
(FRENGUELLI, 1943).

Asterotheca naktongensis originally described by OisHi (1939) from the Lower
Cretaceous Gyeongsang Group (formerly Naktong or Nagdong Group) of Korea,
may belong to Gleichenia (or Gleichenites).

Asterotheca okafujii is not compared with the Palaeozoic species of Asterotheca,
but as far as we know none of them have such large and acutely pointed pinnules.

Family Osmundaceae

Genus Todites SEWARD, 1900: 86
Todites fukutomii KIMURA & OHANA sp. nov.
Pl 3, figs. 1-2; Pl. 4, figs. 2-3;

Pl. 6, fig. 1; Figs. 3a—c

The following sterile leaves are indistinguishable from those of Todites fukutomii.

Japanese sterile specimens:

Asplenium roesserti PRESL:  YOKOYAMA, 1891, p. 241, pl. 32, figs. 1-2, 5 (non figs. 3, 4); pl. 34, fig. 2
(Yamanoi Formation).

Cladophlebis nebbensis (BRONGNIART) NATHORST: YOKOYAMA, 1905, p. 3, pl. 1, figs. 1-3 (Yamanoi
Formation): YABE, 1922, p. 14 (Yamanoi Formation): OisHi, 1931, p. 231, pl. 16, figs. 4, 4a
(Tsuchizawa, Kuruma Group): 1932a, p. 285, pl. 24, figs. 4-5; pl. 27; pl. 29, fig. 1; pl. 30, fig. 1;
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pl. 39, fig. 5C (Nariwa Group): 1932b, p. 5, pl. 1, fig. 4; pl. 2, fig. 3 (Shitaka Group): 1932c,
p. 57 (Momonoki and Yamanoi Formations): 1940, p. 277 (general remarks).
Cladophlebis sp.: Yokoyama, 1905, p. 11, pl. 3, figs. 2, 4, 7 (Nariwa Group).

Material: Holotype; PP7530. Paratypes; PP7531-7532. Stratum typicum: Mid-
dle Carnic Momonoki Formation, Miné Group. Locus typicus: Momonoki, Ominé-
machi, Miné City, Yamaguchi Prefecture (Fig. 1B). Derivatio Nominis: This species
is named after Mr. Takayoshi Fukutomi who collected its specimens in 1979.
Diagnosis: Leaves bipinnate. Most leaves probably wholly fertile or wholly sterile
but some only partly fertile. Rachis slender, 4 mm wide, grooved above, rounded
below. Pinnae opposite, arising at an angle of 75 degrees, straight, nearly parallel-
sided, probably almost uniformly wide up to the unknown apex, pinna rachis up to
2 mm wide, somewhat channelled above.

Pinnules commonly arising at right angle to the pinna rachis, katadromic in order,
basal pinnules not specialized but their both margins usually slightly contracted at
base. Typical size of pinnules 1.6 cm long and 5.3 mm wide, usually finger-shaped
or when small elongate-triangular, often slightly curving forwards, basal margin often
slightly contracted at pinna rachis, upper margin usually expanded; lateral margins
entire, apex rounded. Pinnules set closely, usually in contact or overlapping. Mid-
rib arising at the centre of base of pinnule, persisting to the tip, sending off typically
13-14 pairs of lateral veins; first lateral vein arising from the base of midrib or from
the pinna rachis. Lateral veins forking once. but basal one or two pairs often fork-
ing twice.

Figs. 3a-c. Todites fukutomii KIMURA & OHANA sp. nov.: 3a. A part of bipinnate leaf with
fertile and sterile pinnules; several pinnules show the transitional process from sterility to fertility.
Basal one or two pairs of lateral veins are forked twice. Rachises are all slender, grooved above
and rounded below. Holotype (PP7530). 3b. A part of pinna with fertile and sterile pinnules;
in fertile pinnules their width is usually reduced. Lateral veins are all forking once. Paratype
(PP7531). 3c. A part of pinna with sterile pinnules. Lateral veins are all forking once.
Paratype (PP 7532).

Figs. 4a-1. Fossil sterile leaves having been regarded as Asplenium roesserti, Cladophlebis
nebbensis or C. sp. by the previous authors from the Japanese older Mesozoic plant-beds. They
are now referable to Todites fukutomii. Unfortunately the features of their rachises are uncer-
tain. 4a. YOKOYAMA’s specimen regarded by him as Cladophlebis nebbensis from the Yamanoi
Formation. Redrawn partly from his pl. 1, fig. 1 (1905). 4d. Ditto. Redrawn from his pl. 1,
fig. 2 (1905). 4b. YOKOYAMA’s specimen regarded first by him as Asplenium roesserti from the
Yamanoi Formation. Redrawn partly from his pl. 32, fig. 2 (1891). 4c. Ditto. Redrawn
partly from his pl. 32, fig. 5 (1891). 4e. Ditto. Redrawn partly from his pl. 34, fig. 2 (1891).
4f. ' YOokoyaMA’s specimen regarded by him as Cladophlebis sp. from the Nariwa Group. Re-
drawn from his pl. 3, fig. 7 (1905). 4g. OisHI’s specimen regarded by him as Cladophlebis neb-
bensis from the Nariwa Group. Redrawn partly from his pl. 24, fig. 4 (1932a). 4h. Ditto. Re-
drawn partly from his pl. 39, fig. 5¢ (1932a). 4i. Ditto. Redrawn partly from his pl. 27 (1932a).
4j. Ditto. Redrawn partly from his pl. 29, fig. 1 (1932a). 4k. OisHr’s specimen regarded by
him as Cladophlebis nebbensis from the Shitaka Group (exact age unknown). Redrawn partly
from his pl. 1, fig. 4 (1932b). 4l. OisHr’s specimen regarded by him as Cladophlebis nebbensis
from the Kuruma Group (Tsuchizawa). Redrawn partly from his pl. 16, fig. 4, 4a (1931).
4m.  Pecopteris nebbensis redrawn partly from BRONGNIART’s pl. 98, fig. 3 (1834) for comparison;
margins of pinnules are finely dendate.
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Fertile pinnules similar in size and other features to sterile ones but usually con-
vex above and reflexed at margins. Sporangia borne in a single file on each vein,
in partly fertile pinnules confined to its apical part but usually covering whole under
surface. Sporangia ovoid, whole apical third of wall composed of thickened cells.
(Spores not known).

Distribution and occurrence: Fertile leaves are restricted to the Upper Triassic
Momonoki Formation of Japan, but sterile leaves resembling these fertile ones are
more abundant in the Momonoki Formation and occur also in the Lower Jurassic of
Japan.

Discussion and comparison: 1In Japan and adjacent lands, the sterile fern leaves with
the following diagnostic features, have been regarded as Cladophlebis nebbensis (BRON-
GINART) by previous authors: Frond bipinnate. Pinnae opposite or subopposite
to the slender rachis. Pinnules nearly parallel-sided or gradually narrowing forwards,
ending rounded or obtusely pointed apex. Margins entire or finely dentate. Lateral
veins once forking.

These sterile leaves described from Japan mentioned on p. 77-78 (see also Figs.
4a-1) may well belong to Todites fukutomii. The only difference noted between these
sterile leaves and the present ones is the venation; in above mentioned sterile leaves,
lateral veins are all once forking, while in our leaves, basal one or two pairs are often
twice forking and some have finely denticulate margins.

The sterile pinnules of Todites fukutomii are distinguished from those of original
specimen of Cladophlebis (Pecopteris) nebbensis illustrated by BRONGNIART (1834)
(Fig. 4m) by its entire margins and crowded lateral veins (13-14 pairs), instead of finely
dentate margins and less number of lateral veins (up to 10 pairs) in Brongniart’s speci-
men.

The European specimens regarded as Cladophlebis nebbensis would be distinct
from the sterile leaves described under the same specific name at least in Japan and
Korea. Because most of these European pinnules have serrate or toothed margins
and their lateral veins are usually forking twice. HARRIs (1937) mentioned that these
European sterile leaves are similar to those of Todites hartzi, T. recurvatus, or Os-
mundopsis plectrophola.

KAWASAKI’s specimens assigned by him (1925) to Cladophlebis nebbensis from
the Upper Triassic Daedong Group of Korean Peninsula, resemble Todites fukutomii
in the form of pinnule and venation, but in KAWASAKI's specimens the first basiscopic
pinnule is distinctly specialized (rounded and shorter). and some pinnae are set remotely
as seen in one of OIsHI’s specimens from the Nariwa Group (Oishi, 1932a, pl. 30,
fig. 1).

KRYSHTOFOVICH & PRYNADA (1932) mentioned the occurrence of Cladophlebis
nebbensis from the Upper Triassic Mongugai and the Lower Cretaceous Nikan Groups
in Ussuri, and SREBRODOLSKAJA (1964) noted its occurrence from the Mongugai Group.
We, however, could not compare their specimens with ours, because they did show
neither its detail nor illustration.
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So far as we know, from the older Mesozoic of China, sterile leaves referable
to Todites fukutomii have not been recorded.

ZEILLER’s specimens from the Upper Triassic of North Viet-Nam regarded by
him (1903) as Cladophlebis nebbensis to which FRENGUELLI (1947) proposed a new
specific name, C. zeilleri, are somewhat different from those of Todites fukutomii in
that in ZEILLER’s leaves two basal pinnules of each pinna are usually different in size
and in mode of attachment to the pinna rachis from all other pinnules, and the pin-
nules have usually denticulated margins at least on the posterior and middle portions
of a leaf. ZEILLER’s leaves are in our opinion rather similar to those of Cladophlebis
nebbensis known from Europe and Central Asia.

Harris (1931, 1937, 1961) grouped the Todites species into T. princeps, T. wil-
liamsoni-goeppertianus and Cladotheca groups. Among over 30 Todites species hitherto
known, T. fukutomii belongs apparently to his Cladotheca group, because of its pe-
copterid venation and its wholly fertile leaves. Thus we here make the comparison
with species belonging to the Cladotheca group.

Todites acutinervis originally described by KiLPPER (1964) resembles T. fukuto-
mii in the form of pinnules, but differs in its lateral veins strongly directed forwards.
Todites acutinerivs may belong to HARRIS' T. williamsoni-goeppertianus group owing
to its venation.

Todites fukutomii is safely distinguished from 7. denticulatus (BRONGNIART) on
which detailed emended diagnosis was given by HARRIS (1961), by its usually denti-
culated margins and slender fertile pinnules with simple lateral veins.

The fertile leaves determined by KLIPPER (1964) as Todites haiburnensis (LINDLEY
& HutToN) differs in their twice forked veins.

Todites hartzi described by HARRIs (1931) is distinguished from 7. fukutomii by
its sterile pinnules with acute forward pointing apices and with serrate margins, its
usually specialized first basiscopic pinnules, and its smaller and narrower fertile pin-
nules usually with simple lateral veins.

KiLPPER (1964) also described some fertile pinnae as Todites nebbensis (BRON-
GNIART). Its pinnae are very slender in habit and are distinguished from those of
T. fukutomii.

Todites thomasi described by HARRIS (1961) is easily distinguished from 7. fuku-
tomii by its basally constricted pinnules.

Todites recurvatus described by HARrRIS (1931) is also distinguished from T. fuku-
tomii by its sterile pinnules with serrate margins in their distal part, its specialized
first basiscopic pinnules, and its fertile pinnules with blunt reflexed teeth along the
margins and with simple lateral veins.

E. TakaHASHI (1950) described sterile and fertile fragments from the Hagimine
Coal-Mine of the Momonoki Formation as Todites recurvatus. Some of his sterile
fragments (his text-fig. 1) remind us of sterile 7. fukutomii, others (his text-fig. 2) of
sterile T. yamanoiensis. His fertile pinnules seem to us like those of 7. cfr. denticulatus
(KiMURA & Tsuii, 1980 MS).
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Todites yamanoiensis (YOKOYAMA) KIMURA & OHANA comb. nov.

Pl. 4, fig. 1; PL. 5, fig. 1b; Pl 6,
figs. 2-3; Figs. Sa-g

The following specimens are safely referable to Todites yamanoiensis.

Asplenium roesserti PRESL var. whitbiensis BRONGNIART (pars): YOKOYAMA, 1891, p. 241, pl. 32, figs.
3, 3a, 4 (Yamanoi Formation, Habu Group) (non pl. 32, figs. 1, 2, 5 and pl. 34, fig. 2 which are
Todites fukutomii, see p.77-81).

Cladophlebis yamanoiensis YOKOYAMA: YOKOYAMA, 1905, p. 4 (nomenclature).

The following sterile leaves resemble those of Todites yamanoiensis.

Japanese specimens:

Cladophlebis haiburnensis (LINDLEY & HuTTON): OisHi, 1931, p. 237, pl. 2, figs. 2, 2a (Tsuchizawa,
Kuruma Group): 1932¢, p. 56 (Yamanoi and Momonoki Formations): 1940, p. 266 (pars) (gene-
ral remarks): KiMURA, 1959b, p. 69, pl. 1, fig. 5; pl. 2, fig. 1 (Kotaki Coal-Field, Kuruma Group).

Korean specimens from the Daedong Group:

Cladophlebis haiburnensis (LINDLEY & HUTTON): KAwasaklI, 1925, p. 18, pl. 5, figs. 16-18, 20, 19(?);
pl. 6, figs. 21, 22 (?): 1939, p. 12, pl. 2, fig. 9; pl. 3, figs. 13-14; pl. 4, figs. 15-17; text-fig. 2.
Cladophlebis haiburnensis (LINDLEY & HuUTTON) forma aquilina Kawasaki: Kawasaki, 1926, p. 3,

pl. 2, figs. 5-6, 4 (?); pl. 3, fig. 10.

Cladophlebis (Todites) williamsoni BRONGNIART forma whitbiensis KAwAsAkI: KAawasaki, 1925, p. 21,
pl. 4, fig. 13.

Cladophlebis (Todites) williamsoni BRONGNIART: KAwAsaKI, 1925, p. 24, pl. 36, fig. 101 (?).

Cladophlebis williamsoni BRONGNIART cfr. var. renuicaulis THOMAS: KAWASAKI, 1926, p. 26, pl. 7, fig.
21 ().

Chinese specimens:

Todites williamsoni (BRONGNIART) (pars): YOKOYAMA, 1906, p. 28, pl. 8, fig. 1 (non pl. 3; pl. 5, fig. la;
they belong possibly to Asterotheca okafujii; non pl. 4, fig. 4).

Cladophlebis haiburnensis (LINDLEY & HUTTON): YABE & OisHl, 1928, p. 5, pl. 1, fig. 2; pl. 3, fig. 1 (Fang-
tzi Coal-Field, Shan-dong): 1933, p. 208, pl. 30, fig. 12 (?); pl. 31, figs. 4, 4a, 5 (?); pl. 32, figs. I,
2 (?7) (NE-China): HE et al., 1979, p. 143, pl. 64, fig. 8; pl. 66, figs. 1, 2, 2a (Upper Triassic of
Qinghai).

Cladophlebis cfr. haiburnensis (LINDLEY & HUTTON): CHANG, 1976, p. 188, pl. 92, fig. 3 (?)(Lower-Middle
Jurassic of Neimung).

Other Asian and Middle-East specimens:

Cladophlebis haiburnensis (LINDLEY & HUTTON): KRYSHTOFOVICH, 1910, p. 6, pl. 1, figs. 2, 3 (?) (Us-
suriland): SEWARD & THomas, 1911, p. 14, pl. 1, figs. 1-6; pl. 2, figs. 7, 8 (?); pl. 3, figs. 17-19
(text-fig. 1 is a Yorkshire specimen)(Irkutsk): SEWARD, 1912a, p. 19, pl. 2, figs. 31-35 (Afghanistan):
1907, p. 24, pl. 4, fig. P; pl. 6, figs. 35, 36, 41, 44 (pl. 2, fig. 34 is a Yorkshire specimen) (Turkestan):
GENKINA, 1963, p. 26, pl. 8, figs. 1-4; pl. 9, figs. 1-6; pl. 10, fig. 1 (Middle Jurassic of Eastern
Ural): 1966, p. 77, pl. 31, fig. 1; pl. 32, fig. 1 (Issyk-Kul Basin): TesLENKO, 1970, p. 126, pl. 14,
fig. 1; pl. 15, figs. 1-4; pl. 16, fig. 4; pl. 50, fig. 5 (Jurassic of Western Siberia): KoNn’No, 1972, p.
138, pl. 27, figs. 3-6, 7a, 8a (Upper Triassic of East Malaysia).

Cladophlebis ex gr. haiburnensis (LINDLEY & HUTTON): KRASSILOV & SCHOROCHOVA, 1973, p. 20, pl. 5,
fig. 1; pl. 6, fig. 1 (Lower Jurassic of Primorye).

Material: Lectotype; PP7534. Paralectotypes; PP7529, 7534, 7535. Many fine
sterile specimens were collected by G. OkAFuUJI from the Momonoki Formation. A
single YOKOYAMA’s specimen (1891, pl. 32, fig. 3) is kept in the University Museum,
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the University of Tokyo (Reg. no. MP6901). Other YOKOYAMA’s specimens are not
registered and missing.

Stratum typicum: Middle Carnic Momonoki Formation, Miné Group.

Locus typicus: Momonoki, Ominé-machi, Miné City, Yamaguchi Prefecture (Fig.
1B).

Derivatio nominis: The specific name is named after Yamanoi where the first sterile
specimens were described by Yokoyama (1891).

Diagnosis: Sterile and fertile leaves probably separate, although they are similar in
size and form. Frond large, more than 1 m long and 50 cm wide, bipinnate. Rachis
3-10 mm wide, with flat-topped ridge on the upper side, rounded below. (Petiole
not known).

Pinnae alternate or rarely subopposite to the rachis at an angle of 50-90 degrees
at intervals of 1.5-4 cm, more than 23 cm long, nearly parallel-sided for the most part,
3.8 cm wide, then narrowing to the obtusely rounded apex, touching each other lateral-
ly.

Sterile pinnules katadromic in order, varied in form; oblong-broadly deltoid
(shorter ones) or elongate oblong—elongate triangular (longer ones), with obtusely
pointed or broadly rounded at apex; margins entire. The first pair of pinnules not
specialized. Shorter pinnules mainly on the basiscopic side of pinnae, typically 1.6 cm
long (range noted 1.3-2.1 cm) and 7.8 mm wide (range noted 7-11 mm) near the base,
attached to the pinna rachis by the whole base at an angle of 60-90 degrees, then bend-
ing forwards; acroscopic base expanded and basiscopic base often contracted. Longer
pinnules mainly on the acroscopic side of pinnae, straight, typically 2.3 cm long (range
noted 1.7-2.8 cm) and 7.5 mm wide (range noted 5-10 mm) near the base, attached
to the pinna rachis at an angle of 50-90 degrees. Midrib prominent, persisting to
the tip, often decurrent, arising from a little lower than the middle of base, sending
off 7-8 pairs (short pinnules) or 8-11 pairs (longer pinnules) of lateral veins. Lateral
veins nearly perpendicular to the midrib, usually twice forking.

Fertile pinnules similar in all features to sterile ones but convex above. Spo-
rangia ovoid, 0.3 mm in diameter, whole apical third of wall composed of thickened
cells, borne in a single file along each vein. (Spores unknown).

Distribution and occurrence: Fertile specimens of Todites yamanoiensis are occasional
at the Momonoki Formation but not known at the Yamanoi Formation and the
Kuruma Group. Sterile specimens are abundant with the fertile ones at the Momonoki
Formation and less abundant in the Kuruma Group. Similar sterile leaves have been
described from Upper Triassic to Middle Jurassic of Primorye, Korea, China, Southern
Siberia, East Malaysia, Middle East and the Eastern border of Ukraine.

Discussion and comparison: Our fertile and sterile leaves belong to the same plant.
Because the fertile leaves agree in all features with the sterile ones, and the fertile leaves
occur in close association with the sterile ones in the Momonoki Formation.

The sterile leaves were first described by Yokoyama (1891) as Asplenium roes-
serti var. whitbiensis (pars), then the name was changed by him (1905) to Cladophlebis
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Figs. Sa-g. Todites yamanoiensis (Yoko-
YAMA) KIMURA & OHANA comb. nov.:
5a. A part of fertile leaf. Lectotype
(PP7533). 5b. Detail venation of a fer-
tile pinnule indicated by the arrow in 5a.
5c. A part of fertile leaf. Paralectotype
(PP7535). 5d. Detail venation of a fer-
tile pinnule indicated by the arrow in 5c.
5e-f. Varied forms of pinnules on a ster-
ile leaf. Paralectotype (PP7529) (Pl. 5,
fig. 1b). 5g. A part of sterile leaf and
varied forms of pinnules. Drawn from
the specimen kept in the Miné City M-
useum of History and Folk-Custom.

yamanoiensis. Thus YOKOYAMA’s specific name has the priority to the leaves here
described. Nevertheless the later authors identified the similar sterile leaves with
the Yorkshire species, Cladophlebis haiburnensis.

Our sterile leaves, however, differ in several respects from Cladophlebis haiburnen-
sis to which useful emended diagnosis and detailed comparison were given by HARRIs
(1961). Differences are: 1In Cladophlebis haiburnensis: All rachises are slender.
Pinnae are usually opposite. Margins of larger pinnules are divided into rounded
lobes; lower lobe on basiscopic side of large pinnule is occasionally forming a spur
with a midrib of its own. In Todites yamanoiensis: Main rachis is fairly thick, some
reaching 1 cm across. Pinnae are alternate or subopposite. Margins of pinnules
are usually entire; not specialized at base.

Cladophlebis aktashensis TURUTANOVA-KETOVA resembles the sterile leaves of
Todites yamanoiensis. But it differs in several respects from ours. Differences are:
In Cladophlebis aktashensis: Rachises are not channelled but showing obscure longi-
tudinal ridges and cellular striae on the surface. Pinna rachis is stout, typically 2 mm
wide. Pinnules on the two sides of a pinna are equal. Largest pinnule is 3.4 cm
long and 10 mm wide. Number of lateral veins is 12-15 pairs or more. In Todites
yamanoiensis (from the type locality): Rachis has a flat-topped ridge on the upper
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side. Pinna rachis rather slender up to I mm wide. Pinnules on the two sides of
a pinna are often unequal. Largest pinnule is 2.8 cm long and 1 cm wide. Number
of lateral veins is 7-11 pairs.

We consider good specimens of sterile leaves of Todites yamanoiensis distinct
from those of Cladophlebis haiburnensis and C. aktashensis, but small sterile fragments
may be indistinguishable.

The following specimens referred to Cladophlebis haiburnensis are either distinct
from Todites yamanoiensis or else indeterminable. Some of them are, as HARRIS
(1961) pointed out, referable to Cladophlebis atkashensis.

Japanese specimens:  YABE, 1922, p. 16, pl. 2, figs. 10-11; text-figs. 15, 16 (Shitaka Group of uncertain
age); having about 14 pairs of lateral veins, more like C. aktashensis. OisH1, 1932a, p. 281, pl. 6,
figs. 1-3; pl. 8, figs. 1-2 (Nariwa Group); more than 12 pairs of lateral veins, referable to C. akta-
shensis. OrsHI, 1932b, p. 6, pl. 1, fig. 6; pl. 2, fig. 2 (Shitaka Group); more like C. aktashensis,
although the number of lateral veins is uncertain. KiMura, 1959a, p. 16, pl. 4, fig. 8; pl. 6, figs. 3,

5, 7; text-fig. 10 (Iwamuro Formation); misidentified, at present referable to Todites fastuosus
(KIMURA & Tsui, 1980 MS).

Korean specimens from the Daedong Group: YABE, 1922, p. 16, pl. 2, fig. 9; text-figs. 13-14; having
14-15 pairs of lateral veins, more like C. aktashensis.

Chinese specimens: YABE, 1922, p. 16, text-fig. 12 (exact locality uncertain); indeterminable, veins
not illustrated.

Other Asian specimens: SEWARD, 1912b, p. 26, pl. 1, fig. 7, 7a; pl. 2, fig. 10, 10a (Amurland); dis-

tinct, pinnules are smaller, with 6-7 pairs of lateral veins. KRYSHTOFOVICH & PRYNADA, 1932,

p. 365 (Ussuriland): not illustrated.

Accordingly at present there is no specimen referable to Cladophlebis haiburnensis
in Japan and adjacent lands. We suspect that Cladophlebis haiburnensis is not cosmo-
politan species but local one.

Todites yamanoiensis is distinguished in several respects from 7. haiburnensis
(LiNpLEY & HUTTON) with polymorphous pinnules, originally described by Kirpper
(1964) from the Liassic of North Iran. Differences are: In 7. haiburnensis: Pinnae
are opposite or subopposite. Shorter pinnules represent rather neuropterid venation
as shown in his pl. 9, figs. 1-3, 5. Margins of some longer pinnules are roundly lobed
as shown in his pl. 8, fig. 4. Some pinnules are narrowly elongated as shown in his
text-fig. 25 (on the right pinna) which strongly remind us of those of Cladophlebis akta-
shensis. In T. yamanoiensis: Pinnae are usually alternate or rarely subopposite.
Venation is unexceptionally of pecopterid-type. Margins of pinnules are entire. Pin-
nules are not so narrowly elongated.

Todites yamanoiensis is distinguished from 7. katoi described by KoN’NO (1972)
from the Upper Triassic of East Malaysia by its more crowded lateral veins making
a wide angle to the midrib, instead of less number of sphenopterid lateral veins (6 pairs)
making a narrow angle to the midrib in 7. katoi.

Cladophlebis asiatica Chow & YEH (in Sze, Li et al., 1963) from the Early to
Middle Jurassic of China resembles the sterile leaves of Todites yamanoiensis.

Todites yamanoiensis apparently belongs to HARRIS' Cladotheca group owing
to its pecopterid venation, and is distinguished from other species belonging to this
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group formerly mentioned in this paper.

Unclassified fern

Form-genus Cladophlebis BRONGNIART, 1849: 105
Cladophlebis bitchuensis O1SHI
Pl. 6, fig. 4; Fig. 6

Cladophlebis bitchuensis OisHi: OisHI, 1932a, p. 284, pl. 25, fig. 1 (Nariwa Group): 1940, p. 253 (gene-
ral remarks).

Material: PP7536 (collected from the Momonoki Formation).

Emended diagnosis: Frond large and bipinnate. (Whole leaf unknown). Rachis
comparatively slender, 5 mm wide with longitudinal striations on its surface. Pinnae
long and narrow, nearly parallel-sided for the most part, being 4 cm wide near the
base, set closely, at intervals of 4-6 cm, touching each other laterally, attached sub-
oppositely or alternately to the rachis at an angle of 70-80 degrees, often perpendi-
cular. (Pinna apex unknown).

Pinnules katadromic in order, elongate-oblong or broadly linear in form, typically
1.9-2.2 cm long and 0.8-1.1 cm wide near the base, attached to the slender pinna axis
at a wide angle, often perpendicular by their whole bases; apex rounded or obtusely
pointed; margins entire. Midrib distinct, persisting to the tip, sending off typically
7-8 pairs of lateral veins at a wide angle basally and at a narrow angle apically. Basal

Fig. 6. Cladophlebis bitchuensis OisHi: Showing
the detailed venation; surface view. (PP7536).
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3-4 pairs of lateral veins thrice forking, first close to the midrib, secondly midway
and lastly near the margin, thus making a bundle of nervelets. Apical 3-4 pairs of
lateral veins twice forking.

The first pinnules not so specialized, but their basal basiscopic margins are usually

contracted. (Fructification unknown).
Discussion and comparison: OIisHI (1932a) first described this species based on a single
specimens from the Nariwa Group. Cladophlebis bitchuensis is characterized by
its large-sized and entire pinnules with rounded or obtusely pointed apex and thrice
forking basal 3-4 pairs of lateral veins.

Cladophlebis bitchuensis is of the type of Todites yamanoiensis here described
together. But it is distinct from 7. yamanoiensis, because we have not so far found
the pinnules with thrice forking lateral veins together on the large numbers of Todites
yamanoiensis leaves collected from the Momonoki Formation.

Cladophlebis bitchuensis resembles C. gigantea originally described by OisHi (1932a)
based probably on a single specimen from the Nariwa Group. But it is distinguished
from C. gigantea by its rather slender rachis and the pinnules with entire margins
instead of thick rachis (7 mm wide) and the pinnules with shallowly crenulated or
lobed margins in C. gigantea.

P’AN (1936) mentioned that Cladophlebis bitchuensis was most probably not
specifically distinct from C. gigantea, and Sze (1956) suspected this. But we now
consider that the discovery of more specimens from the Nariwa or the Miné Groups
may compel us to recognize more definitely the close agreement between the two forms.

Cladophlebis fukiensis originally described by Sze (1933) from Fukien of China
resembles C. bitchuensis on possessing also thrice forking lateral veins. It looks
similar.

Sterile leaf-fragments described by Kon’NO (1972) from the Upper Triassic of
East Malaysia as Cladophlebis cfr. haiburnensis, have the pinnules with thrice forking
lateral veins, but KoN'NO’s specimens are distinguished from C. bitchuensis by its
large-sized and elongated pinnules with acutely pointed apex.

Specimens here described are kept in the National Science Museum, Tokyo (PP-
7529-7536) and the Miné City Museum of History and Folk-Custom (MMHF200001-
200003).
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Explanation of plates

Plate 1

1. Asterotheca okafujii KIMURA & OHANA sp. nov.: Upper part of a bipinnate leaf, with
fertile pinnules on the proximal part of each pinna on the lower three pairs of pinnae in this
figure. Holotype, MMHF-200002, collected by G. Okarusi from Loc. A (Fig. 1), kept
in the Miné City Museum of History and Folk-Custom.

Plate 2

1. Asterotheca okafujii KIMURA & OHANA sp. nov.: Middle part of a bipinnate leaf, with
fertile pinnules on the proximal part of basal two pinnae in this figure.

Paratype, MMHF-200001, collected by G. OkArusi from Loc. A (Fig. 1), kept in the Miné
City Museum of History and Folk-Custom.

2. Asterotheca okafujii KIMURA & OHANA sp. nov.: A part of leaf, with sterile pinnules,
having been regarded by the previous authors as Cladophlebis raciborskii ZELLER forma integ-
ra OisHI & TAKAHASHI. Paratype, MMHF-200003, collected by G. Okarui from Loc. A
(Fig. 1), kept in the Miné City Museum of History and Folk-Custom.

Plate 3

1. Todites fukutomii KIMURA & OHANA sp. nov.: A part of leaf, with fertile pinnules on
the proximal part of each pinna on the lower two pairs of pinnae in this figure. Holotype,
PP7530, collected by T. FukuTomi from Loc. B (Fig. 1), kept in the National Science Mu-
seum, Tokyo.

2. Todites fukutomii KIMURA & OHANA sp. nov.: A pair of opposite pinnae, enlarged
from Fig. 1 (holotype)(the second pair from the bottom).

3. Asterotheca okafujii KIMURA & OHANA sp. nov.: Middle part of leaf, with fertile pin-
nules on the proximal part of pinnae. Paratype, MMHF-200003, collected by G. OKAFuUII
from Loc. A (Fig. 1), kept in the Miné City Museum of History and Folk-Custom.

Plate 4

1. Todites yamanoiensis (YOKOYAMA) KIMURA & OHANA comb. nov.: A part of bipin-
nate leaf, with fertile pinnules. Enlarged from the lectotype, PP7533, collected by Y. KURI-
HARA from Loc. B (Fig. 1), kept in the National Science Museum, Tokyo.

2. Todites fukutomii KIMURA & OHANA sp. nov.: A part of leaf, with fertile pinnules on
the proximal portion of each pinna. Paratype, PP7531, collected by T. Fukurtomr from
Loc. B (Fig. 1), kept in the National Science Museum, Tokyo.

3. Todites fukutomii KIMURA & OHANA sp. nov.: A pair of opposite pinnae, enlarged
from the holotype (PI. 3, fig. 1)(the 3rd pair from the bottom).

Plate 5

la.  Asterotheca okafujii KIMURA & OHANA sp. nov.: A part of apical part of leaf, with
sterile pinnules; rachis is buried in the matrix. Paratype, PP7529, collected by G. OKAFUI
from Loc. A (Fig. 1), kept in the National Science Museum, Tokyo.

1b.  Todites yamanoiensis (YOKOYAMA) KIMURA & OHANA comb. nov.: A part of leaf,
with sterile pinnules. Paralectotype.
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Fig.

Fig.

Fig.

Fig.

T. KiMmURA & T. OHANA

Plate 6

1. Todites fukutomii KIMURA & OHANA sp. nov.: A pair of opposite pinnae, enlarged from
the holotype (Pl. 3, fig. 1)(bottom pair).

2. Todites yamanoiensis (YOKOYAMA) KIMURA & OHANA comb. nov.: Pinna with fully
fertile pinnules. Paratype, PP7535, collected by Y. KuriHARA from Loc. B (Fig. 1), kept
in the National Science Museum, Tokyo.

3. Todites yamanoiensis (YOKOYAMA) KIMURA & OHANA comb. nov.: A part of sterile
pinnae, showing the venation of pinnules. Paralectotype, PP7534, collected by G. OkAFuII
from Loc. A (Fig. 1), kept in the National Science Museum, Tokyo.

4. Cladophlebis bitchuensis OisHi: Leaf with sterile pinnules with thrice forked lateral
veins. PP7536, collected by G. Okarusi from Loc. A (Fig. 1), kept in the National Science
Museum, Tokyo.



Fossil Ferns from the Momonoki Formation Plate 1
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Plate 2 KiMURA & OHANA: Fossil Ferns from the Momonoki Formation




KIMURA & OHANA: Fossil Ferns from the Momonoki Formation Plate 3




Plate 4 KiMURA & OHANA: Fossil Ferns from the Momonoki Formrtion
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Plate 6 KiMURA & OHANA: Fossil Ferns from the Momonoki Formation
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