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Middle Jurassic and Some Late Liassic Plants from the
Toyora Group, Southwest Japan [II]

By

Tatsuaki KIMURA and Tamiko OHANA

Department of Astronomy and Earth Sciences,
Tokyo Gakugei University, Koganei, Tokyo

(Communicated by Tkuwo OBATA)

Genus Ctenozamites NATHORST, 1886: 122
Ctenozamites fukutomii KIMURA et OHANA sp. nov.

Pl. 5, fig. 2; Text-fig. 24a-b

Material: Holotype; NSM-PP 8033. Other specimens; many pinna-fragments.

Stratum typicum: Utano Formation. Locus typicus: 063. Derivatio nominis:
After Takayoshi Fukutoml who collected the holotype. Occurrence: Not rare.

Diagnosis: Leaf pinnate (probably bipinnate). Pinnae small-sized, more than 6 cm
long and up to 2 cm wide. Pinna axis slender, 0.6 mm wide, but mostly concealed by
the pinna bases. Pinnules rectangular with rounded apex, attached alternately to the
upper surface of pinna axis at an angle of 50 degrees; neither contracted nor expanded
at base; typically 1 cm long and 0.4 cm wide. Veins 13 in number at base; about
half of them dichotomously forking in the proximal half of pinna, parallel, ending at
lateral and distal margins. (Cuticle not preserved. Reproductive organs not known.)

Discussion and comparison: Although there is no remarkable feature in our leaves,
they are characterized by having rather small-sized pinnae bearing rectangular pinnules
with rather crowded veins. It is highly probable that our leaves belong to Ctenozamites
redefined by HaRRIs (1964), because in our leaves pinnules are attached to the upper
sides of pinna axis.

Ctenozamites cycadea (BERGER) SCHENK and C. surangei SUKH-DEV et ZEBA-BANO
are with similar pinnules to ours. Ctenozamites cycadea described in detail by HARRIS
(1964) from the Middle Jurassic of Yorkshire is distinguished by its twice forked veins
and its pinnules are mostly larger in size than those of ours. Ctenozamites surangei
described by SukH-DEv et ZEBA-Bano (1981) is also distinguished by its short-re-
ctangular pinnules with small number of veins.

Ctenozamites sarrani (ZEILLER) HARRIS (e.g. KIMURA and Tsuin, 1982) has also
similar pinnules to ours, but they are much larger in size and also differ in venation-
pattern. Accordingly we here propose Ctenozamites fukutomii as a new species.
Regularly dissected pinnae of Nilssonia compta (PHILLIPS) BRONN (e.g. HARRIS, 1964,
fig. 22J) resemble those of our Ctenozamites fukutomii, but are distinguished by their
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simple veins.

Ctenozamites ? sp.
Pl. 5, fig. 1; PL 7, fig. 1; Text-figs. 25a-b

Material: NSM-PP 8034 ~8036. Locality: 068. Occurrence: Rare.

Description: Leaf is large-sized, bipinnate; more than 20 cm wide. Main rachis
is rather slender, 2 mm wide, giving perpendicularly off closely set and elongated pinnae
at interval of 3.5 cm. Pinnae are overlapping laterally, more than 10 cm long, giving
alternately off closely set pinnules (segments) at an angle of 50-60 degrees. Pinnules
are subulate in form with rounded acroscopic basal angle and slightly decurrent basis-
copic base, and with obtusely or acutely pointed apex; typically 2.8 cm long and up to
0.7 cm wide; margins are entire, and attached to the upper surface of pinna axis and
concealed the pinna axis completely. Apical pinnules are oblong or elongate-elliptical
in form with obtusely pointed apex (Text-fig. 25a). No pinnule attached directly to
the main rachis between pinnae is observed. Veins are partly visible, 5 in number at
base; among them two or three are dichotomously forking at or near the base or oc-
casionally near the apex; acroscopic two are radiated, ending at the acroscopic basal
margin; others are nearly parallel, ending at the distal margin. Cuticle is not preserved.

Remarks: Tt is difficult to make further observation beyoud the above mentioned
description of our leaf. The general feature of our leaf remined us of its affinity with
Ctenozamites redefined by HARRIS (1964), leaving its affinity with Ptilophyllum. Our
leaf is characterized by its bipinnate habit and by its subulate pinnules with entire
margins and small number of veins. However, the information of our leaf is not
satisfactory, so we at present regard it provisionally as Ctenozamites ? sp. It is dis-
tinguished from C. fukutomii sp. nov. here described together by its elongated pinnules
with small number of veins and with obtusely or acutely pointed apex, instead of those
with crowded veins and rounded apex in the latter. Ctenozamites ? sp. is also disting-
uished from the type species, C. cycadea (BERGER) SCHENK by its more elongated pin-
nules.

Text-figs. 24-27 (< 2/3, unless otherwise indicated).

24. Ctenozamites fukutomii KIMURA et OHANA sp. nov.: Drawn from NSM-PP 8033 (holotype).
24b. Showing the venation enlarged. Loc.; 063.

25a. Ctenozamites ? sp.: Drawn from NSM-PP 8035. Loc.; 068.

26. Anomozamites fukutomii KIMURA et OHANA sp. nov.: Drawn from NSM-PP 8037 (holotype).
26b. Base of the petiole. Loc.; 063.

27. Otozamites sp. cf. O. klipsteinii (DUNKER) SEWARD: 27a-c. Drawn from NSM-PP 8039, 8038
and 8040 respectively. Loc.; 063.
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Bennettitales
Genus Anomozamites SCHIMPER, 1870: 140
Anomozamites fukutomii KIMURA et OHANA sp. nov.

Pl. 5, fig. 3; Text-fig. 26a-b

Material: NSM-PP 8037 (Holotype). Stratum typicum: Utano Formation.
Locus typicus: 063. Derivatio nominis: After Takayoshi FukuTomi who collected
the holotype. Occurrence: Rare.

Diagnosis: Leaves probably originating on the top of supposed short shoot.
Leaf oblanceolate or elongate-rectangular in outline with rather long petiole, 8.5 cm
long and up to 2.3 cm wide; petiole expanded at base. Lamina attached to the upper
edge of a slender rachis, dissected into at least 8 alternate pairs of segments. Segments
varied in form; rectangular, trapezoid, orbiculate with rounded or truncated distal
margin; sinuses wider, reaching to the rachis, but occasionally very shallow; distal
segments semi-circular in form not notched at apex. Veins sparse, simple or di-
chotomously forking once or twice at all levels, parallel, not converging at apex; the
first dichotomy sometimes occurring at base; 10 per cm basally and 20 per cm distally
in density. (Cuticle not preserved.)

Discussion and comparison: Our leaves are characterized by its multiformed
segments with sparse veins. The lamina is not completely covering the upper surface
of rachis, leaving a ridge throughout. We now think our leaves fall under the category
of Anomozamites because of their shorter segments. In multi-formed segments our
leaves resemble Anomozamites loczyi fisrt described by ScHENK (1884) from the Upper
Triassic Xujiahe Formation, Sichuan, China, but the former species is distinguished
by its segments with crowded veins most of which are forking dichotomously at their
origin.

Bose and Banery1 (1981) described the following Anomozamites species from
India: A. crenata (McCLELLAND), A. amarjolense SHARMA, SURANA et SINGH, A.
fissus FEISTMANTEL, A. hasnapurensis BOSE et BANERII and A. haburensis BOSE et BANERJI.
Except the last one, these species are characterized by multi-formed segments and in-
deed some resemble our segments in form. However, Anomozamites amarjolense is
distinguished from ours by its irregularly segmented lamina with rather thick rachis, A4.
fissus by its segments mostly with distal margin crefted once-thrice, and A. hasnapuren-
sis by its rather regularly segmented lamina and small number of simple or once forked
veins in each segment. Among these Indian species, Anomozamites crenata is most
close to ours in leaf-form, but is distinguished by its mostly simple veins. Under the
circumstances, we here propose Anomozamites fukutomii sp. nov. to accommodate our
characteristic leaves. It is worth mentioning that such Anomozamites species with
multiformed segments as mentioned above are common in occurrence between the
Jurassic India and of Japan.

Judging from the occurrence of our leaves as shown in Pl. 5, fig. 3 (Text-fig. 26a-b),
it is highly probable that our leaves originate spirally at the top of supposed short shoot
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Text-figs. 25b and 28 (x2/3).
25b. Ctenozamites 7 sp.:

7
I

Drawn from NSM-PP 8034. Loc.; 068.
28. Dictyozamites naitoi KIMURA et OHANA sp. nov.: 28a—f. Drawn from NSM-PP 8043 (para-
type), 8042 (paratype), 8041 (holotype), 8045, 8047 and 8048 respectively. Loc.; 063.
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with very short internodes like those of Nilssoniocladus nipponensis (YOKOYAMA) (K1-
MURA and SEKIDO, 1975).

Genus Otozamites BRAUN, 1842
Otozamites sp. cf. O. klipsteinii (DUNKER) SEWARD

Pl. 6, figs. 1-2; Text-figs. 27a-c

Otozamites beani (LINDLEY et HUTTON) BRONGNIART: OisHi, 1940, p. 328, pl. 29, figs.

7, 8a (Takaji; Loc. no. probably 061).

Otozamites klipsteinii (DUNKER) SEWARD: OisHI, 1940, p. 331, pl. 29, fig. 8b; pl. 30,

fig. 6; pl. 31, fig. 2 (Takaji; Loc. no. probably 061).

Material: NSM-PP 8038 ~8040. Localities: 063 and probably 061.
Occurrence: Locally common.

Description: Several detached pinnae of various size and form were examined.
The ordinary pinnae are oblong in form, with broadly rounded apex. The pinna base
is asymmetrical and its acroscopic side is more or less auriculated, and attached to the
rachis by its middle part. Veins of the median part of pinna are straight, but those of
lateral sides are radiated, all veins are dichotomously forking at all levels and are
further forking near the margin. Vein-density is 22 per cm at the middle part of pinna
and 32-36 at the distal margin.

Text-fig. 27a shows the largest pinna in our hand, about 5 cm long and 2.5 cm
wide at the middle and its venation is well preserved. Text-fig. 27b shows a broken
pinna of which apical part is deltoid in form and Text-fig. 27¢ shows a small-sized
pinna of which auricle is rather well developed. Fructification is not known. Cuticle
is not preserved.

Remarks: The present pinnae are characterized by their oblong form with more
or less developed auricle and the venation, especially regularly forked veins near the
margin.

OisHI (1940) illustrated three detached pinnae under the name of Otozamites
klipsteinii, collected from Takaji (Loc. no. probably 061). Their form and venation
are so similar to those of our pinnae that it is obvious that all of them belong to the
same species. In addition, OisHI (1940) illustrated three detached small-sized pinnae
collected also from Takaji under the name of Otozamites beani (LINDLEY et HUTTON)
BRONGNIART. We are of the opinion that these small-sized and deltoid pinnae would
represent proximal ones of the same leaves as those with large-sized and oblong pinnae
as mentioned above. Because in OisHI’s figure (his pl. 29, fig. 8), one oblong pinna is
in close association with two deltoid pinnae in occurrence and their venation is similar

Text-figs. 29-30a, b (x2/3).
29. Pterophyllum heterosegmentum KIMURA et OHANA sp. nov.: 29a—f. Drawn from NSM-PP 8056
(holotype), 8058, 8065, 8066, 8060, 8057 (paratype), and 8061 respectively. Loc.; 063.
30a-b. Zamites varius KIMURA et OHANA sp. nov.: 30a-b. Drawn from NSM-PP 8070 (para-
type) and 8071 (paratype).
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one another.

In an Otozamites leaf, it is very usual that its pinnae differ in form according to its
position, especially in its proximal part. Thus we here regard such oblong and deltoid
pinnae as those of the Otozamites leaves belonging to a single species. Indeed our
oblong pinnae closely resemble in form those of Otozamites klipsteinii (DUNKER) il-
lustrated in detail by SEWARD (1895, 1917) from the Wealden of England. But in
SEWARD’s illustrations we could not find such deltoid pinnae as illustrated by OIsHI
and such usual vein-forking near the pinna margin as observed in our pinnae.

Accordingly, it would be quite probable that the Japanese Otozamites species here
discussed is distinct from O. klipsteinii. However, at present we would like to reserve
to give these Japanese pinnae a new specific name and regard them as O. sp. cf. O.
klipsteinii, because the Japanese pinnae are all detached and the whole leaf has not
been known.

Our Otozamites sp. cf. O. klipsteinii seems to be different in venation from Cy-
clopteris klipsteinii originally described by DUNKER (1846, p. 11, pl. 9, figs. 6-7) and
Aneimidium klipsteinii SCHIMPER by SCHENK (1871, p. 213, pl. 31, fig. 6) both from the
Wealden of Germany.

According to OisHI (1940), Otozamites leaves referable to O. klipsteinii were said
to be known from the Lower Cretaceous Oguchi Formation, Itoshiro Group, Yuasa
and Ryoseki Formations, but they were neither illustrated nor described. Otozamites
sp. described by KIMURA and MATSUKAWA (1979) from the Lower Cretaceous Ishido
Formation differs in pinna form and venation from O. sp. cf. O. klipsteinii.

KrassiLov (1967) illustrated a leaf-fragment with several small-sized oblong pin-
nae and two detached pinnae under the name of Otozamites klipsteinii from the Lower
Cretaceous of Southern Primorye. So far as his illustrations are concerned, they differ
in venation from our O. sp. cf. O. klipsteinii. A single detached pinna illustrated by
Sze (1945) as Otozamites sp. cf. O. klipsteinii from the Lower Cretaceous Bantou
Formation, South China is also different in venation from our O. sp. cf. O. klipsteinii.

Genus Dictyozamites OLDHAM et MORRIS, 1863: 37
Dictyozamites naitoi KIMURA et OHANA sp. nov.

Pl. 6, figs. 3-4; Text-figs. 28a—f

Material: Holotype; NSM-PP 8041. Paratypes; NSM-PP 8042, 8043. Other
specimens; NSM-PP 8044 ~ 8055 and other 55 specimens. Stratum typicum: Utano
Formation. Locus typicus: 063 (Several specimens from Loc. no. 065).  Derivatio
nominis: After Gentaro NAITO. Occurrence: Locally abundant in Loc. no. 063.

Text-figs. 30c—e, 31 and 34a (x2/3).
30c—e. Zamites varius KIMURA et OHANA sp. nov.: Drawn from NSM-PP 8068 (holotype), 8069
(paratype) and 8075 respectively. Loc.; 063.
31. Zamites ? sp. A: 31a-b. Drawn from NSM-PP 8087. Loc.; 065.
34a. Ptilophyllum sp. cf. P. cutchense MorRis: Drawn from NSM-PP 8090. Loc.; 063.
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Diagnosis: Pinnae varied in size and form; elliptic to elongate-oblong, 2.2-
5.0 cm long and 1.0-2.5 cm wide, attached to the upper sides of rachis by a small circular
area of middle part of symmetrically or asymmetrically rotund, obtuse or cordate pinna
base; apex obtusely pointed or occasionally broadly rounded; margins entire. Veins
crowded, originated from the small area of basal attachment of pinna, then radiated
except those of median region of pinna, forking dischotomously and connected each
other to form meshes. Meshes along the median region of basal two-thirds of pinna
markedly elongated, but those along the margins of pinna becoming shorter and at
nearly right angle to the margin. (Reproductive organs not known. Cuticle not
preserved.)

Discussion and comparison: Our pinnae are characterized by their varied forms
and venation as mentioned above. We are of the opinon that our pinnae, although
most of them are detached, belong to the same population and to the same species,
because they are crowded in occurrence on the same bedding plane.

Kimura and Sekipo (1976a) originally described Dictyozamites auriculatus, D.
ishikawaensis, D. tetoriensis, D. yamazakii and D. sp. from the Lower Cretaceous Ogu-
chi Formation in the Inner Zone of Japan and reviewed and reillustrated such species
hitherto known as D. areolatus ARCHANGELSKY, D. asseretoi BARNARD, D. bagjoriensis
JacoB, D. cazaubonii ARCHANGELSKY et BALDONI, D. cordatus (KRYSHTOFOVICH)
PRYNADA, D. crassinervis MENENDEZ, D. crusinensis KON'No, D. falcatus (MORRIS),
D. grossinervis YOKOYAMA, D. hallei SAHNI et RAo, D. imamurae OIsHI, D. indicus
FEISTMANTEL, D. johnstrupi NATHORST, D. kawasakii TATEIWA, D. latifolius MEN-
ENDEZ, D. minusculus MENENDEZ, D. obliqguus SAMYLINA, D. reniformis Oistl and D.
tateiwae OISHI.

Bose and ZeBa-Bano (1978) reviewed the Indian species of Dictyozamites including
D. sahnii GUPTA et SHARMA and originally described D. feistmantelii and D. sp. Re-
cently in their monograph of the African megafloras, ANDERSON and ANDERSON (1985)
originally described Dictyozamites mukuziensis together with D. crassinervis MENENDEZ
and D. minusculus MENENDEZ.

In China Dictyozamites baitianbaensis L1 and D. zhonghuaensis YANG were re-
corded by CHEN, Y. et al. (1978) and D. sp. by ZHANG, W. et al. (1980). Of these
none of pinnae of them is referable to our pinnae, especially in venation. Thus we
here propose Dictyozamites naitoi as a new species. Most close to our Dictyozamites
naitoi are D. kawasakii and D. crassinervis in pinna form and venation respectively,
but D. naitoi differs in venation from D. kawasakii and in vein-density from D. crass-
inervis. Dictyozamites mukuziensis is also close in venation to D. naitoi, but differs
in pinna form. Text-figs. 28a—f show varied pinna forms of Dictyozamites naitoi.
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Genus Pterophyllum BRONGNIART, 1828: 25
Pterophyllum heterosegmentum KIMURA et OHANA sp. nov.

Pl. 5, fig. 4; Pl. 6, figs. 5-9; Text-figs. 29a—f

Material: Holotype; NSM-PP 8056. Paratype; NSM-PP 8057. Other spe-
cimens: NSM-PP 8058 ~8067 and other 10 specimens. Stratum typicum: Utano
Formation. Locus typicus: 063. Derivatio nominis: According to varied form of
segments (or pinnae). Occurrence: Locally abundant at Loc. no. 063.

Diagnosis: Leaf elongate-obovate in outline, with stout petiole, variable in size;
about 10 cm long and up to 3.5 cm wide. Pinnae varied in size and form according to
the position of a leaf, attached to the lateral sides of rachis at a wide angle or nearly
perpendicular. Pinnae on the apical part of a leaf long and narrow, nearly parallel-
sided or elongate-spathulate in form, those on the middle part of a leaf elongate-
rectangular and those on the proximal part of a leaf small-sized, short-rectangular or
semi-circular. (Apex of leaf unknown.) Pinna base often slightly expanded and
pinna apex mostly broadly rounded. Veins parallel, simple or forking dichotomously
near the base or sometimes at all levels; density mostly 10 per cm but 14 per cm in the
proximal pinnae. (Peproductive organs not hnown. Cuticle not preserved.)

Discussion and comparison: Pterophyllum heterosegmentum is characterized by
its varied pinnae in a leaf. The leaves of Pterophyllum heterosegmentum resemble
those described by KiMUra and Tsuii (1982) as P. ex gr. propinquum GOEPPERT from
the Upper Liassic Kuruma Group and Iwamuro Formation in the Inner Zone of
Japan, but are distinguished by its pinnae mostly with broadly rounded apex, instead
of those mostly with truncated apex in the latter; no pinna with truncated apex has
been found in P. heterosegmentum.

Pterophyllum portali originally described by ZEILLER (1902-3) from the Upper
Triassic of North Vietnam resembles in pinna form P. heterosegmentum, but is dis-
tinguished by its leaves about twice as large as those of the latter; no spathulate pinna
is found in ZEILLER’s illustrations of P. portali.

Pterophyllum nathorsti SCHENK (SCHENK, 1883) or Tyrmia nathorsti (SCHENK) YE
(in Wu, S. Q et al., 1980) described from the Upper Liassic Xiangxi Formation, China
also resembles in pinna form and size P. heterosegmentum, but in the former pinna
form is not varied but rather constant; so far as their illustrations are concerned no
spathulate pinna is found in P. nathorsti.

Pterophyllum sp.
Ptilophyllum pachyrachis O1sHI: TAKAHASI et al., 1965, pl. 3, fig. 5 (Toriyama; Utano
Formation).
Material: TAKAHASI et al., 1965, pl. 3, fig. 5. Occurrence: Uncertain.
Remarks: OisHi (1940) originally described Ptilophyllum pachyrachis from Mo-
chiana-locality, Fukui Prefecture (now under the dam-water; Upper Jurassic Kuzuryu
Group, in the Inner Zone of Japan) and KiMURA (1959) also described it based on
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many specimens collected from the same locality.

At present, we are of the opinion that OisHI's species should be placed in the
genus Pterophyllum, because there is no positive reason that Oishi’s original leaves
should be regarded as belonging to Ptilophyllum. Indeed, in OIsHI’s species, the pinnae
are attached to the upper surface of the rachis and the bases of pinnae on both sides of
the rachis generally meet at the longitudinal median line of the rachis proximally;
they are separated by a zone of a part of the surface of the rachis as mentioned by
OisHi (1940). However, such feature was already shown by HARRIS (1969) in his
Pterophyllum thomasi HARRIS and P. cycadites HARRIS et REST. Thus in Pterophyllum
species, pinnae are not always attached to the lateral sides of rachis. Accordingly,
we regard OisHI's Ptilophyllum pachyrachis as Pterophyllum pachyrachis (OisH1) Kimu-
RA et OHANA comb. nov.

In the meantime, judging from the illustration made by TAKAHASI et al. (1965,
pl. 3, fig. 5), their Ptilophyllum pachyrachis is referable possibly to Pterophyllum, but
is not identical with Pterophyllum pachyrachis in pinna form and size of leaf. Acc-
ordingly we at present regard it as Pterophyllum sp.

Genus Zamites BRONGNIART, 1828
Zamites varius KIMURA et OHANA sp. nov.

Pl. 7, fig. 2; PL. 8, figs. 1-2; PL 10, fig. 1; Text-figs. 30a-e

Cf. Pseudoctenis brevipennis OisHI: TAKAHASI, 1951b, p. 191, fig. 1 (Takaji; Loc. no.
possibly 061); TAKAHASI et al., 1965, pl. 2, fig. 6 (Ono; Loc. no. possibly 063).

Material: Holotype; NSM-PP 8068. Paratypes; NSM-PP 8069, 8070, 8071.
Other specimens; NSM-PP 8072~ 8086 and other 103 specimens. Stratum typicum:
Utano Formation. Locus typicus: 063. Derivatio nominis: According to varied
forms of pinnae. Occurrence: Locally abundant at Loc. no. 063.

Diagnosis: Leaf simply pinnate, oblanceolate in outline, more than 15 cm long
with rather thick rachis, 0.5 mm wide above, 0.55 cm below and expanded at base.
Pinnae variable in form, according to the position of a leaf, attached alternately to the
upper edge of rachis by the nearly symmetrically contracted base at an angle of about
50 degrees; in some pinnae acroscopic basal margin rounded and basiscopic base con-
tracted then slightly decurrent; margins entire and apex acute. Distal pinnae elongat-
ed, nearly parallel-sided for the most part, narrowing gradually towards the apex;
typically 5.8 cm long and up to 0.9 cm wide. Proximal pinnae elliptical or oblanceolate
in outline, smaller in size than distal ones; the smallest 1.8 cm long and up to 4 mm
wide, with obtusely pointed apex. Four-five veins originated at base, then repeatedly
forking dichotomously, radiated and ending both lateral margins and apex, typically 10
per cm in density at the middle of pinna. (Reproductive organs not known. Cuticle
not preserved.)

Discussion and comparison: Over 100 specimens were obtained, but all of them
were fragmental. Our leaves resemble in pinna form and venation such Pseudoctenis
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leaves as of P. locusta Harris (HARRIS, 1949, '64; DOLUDENKO and ORLOVSKAJA,
1976). But in Pseudoctenis, pinnae are attached to the lateral sides of rachis (HARRIS,
1964).

As our pinnae are obviously attached to the upper sides of rachis, it would be
appropriate to place them in the genus Zamites. So far as we know, about 200 Zamites
species were described. Accordingly it is difficult to make thorough comparison of
our leaves with all of them. However, as it is true that in the Mesozoic of East and
Southeast Asia no leaves referable to ours have so far been described, we here propose
Zamites varius as a new species to accommodate our leaves.

Zamites varius somewhat resembles Z. recta (TATE) SEWARD known from the
Middle Jurassic of South America (BONETTI, 1963) and Lower Cretaceous of South
Africa (ANDERSON and ANDERSON, 1985) in size and form of pinna, but is distinguished
by its less crowded venation. Zamites toyoraensis originally described by O1sHI (1935)
from the Upper Liassic Nishinakayama Formation differs from Z. varius in pinna
form and venation.

Zamites 7 sp. A
Text-figs. 31a-b

Material: NSM-PP 8087. Locality: 065. Occurrence: Rare.

Description: Obtained are several detached pinna-fragments. Pinnae are elon-
gate-rectangular, narrowing abruptly to the rounded apex and gradually to the narrow
base, about 2.8 cm long and 0.4 cm wide at middle. Four veins are originated at base,
forking dichotomously near the base, then running in parallel with margins and not
converging but ending at the apex; density is 32 per cm at the middle of pinna. Cuticle
is not preserved.

Remarks: Our pinnae are distinguished from those of Zamites varius described
in this paper by their rounded apices and not radiated veins. Owing to the incom-
pleteness of our pinnae, we provisionally place them as Zamites ? sp. A.

Zamites 7 sp. B
PIl. 8, fig. 3; Text-fig. 32

Material: NSM-PP 8088. Locality: 063. Occurrence: Rare.

Description: Obtained is a single apical region of a leaf with thin rachis, 1.5 mm
wide below. Pinnae are pinnate, elongated, nearly parallel-sided, directed forwards,
gradually narrowing towards the base and abruptly narrowing towards the obtusely
pointed apex, and attached alternately to the upper edge of rachis; pinna base is not
decurrent; the longest pinna is 7 cm long and 0.5 cm wide at the middle. Veins are
mostly invisible, but are possibly parallel each other, at places, counted are 11-12 in
each pinna. Cuticle is not preserved.

Remarks: The present leaf reminds us of Zamites yabei originally described by
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OisHi (1940) and Cf. Zamiophyllum buchianum (ETTINGSHAUSEN) NATHORST by YABE
(1922) from the Nishinakayama Formation, and Z. yabei illustrated by TAKAHASI et
al. (1965) from Ono (Loc. no. possibly 063) and Toriyama.

But at present it is difficult to make full comparison of our leaf with the above-
mentioned leaves, because of ill-preservation of our leaf. Accordingly we provisional-
ly regard the present leaf as Zamites ? sp. B. It is highly probable that the isolated
pinnae regarded by us as Zamites ? sp. A in this paper are proximal ones of the same
leaf as Z.? sp. B.

Zamites ? sp. C
Pl. 9, fig. 1; Text-fig. 33

Material: NSM-PP 8089. Locality: 063. Occurrence: Rare.

Description: Obtained is a single leaf-fragment with pinnate pinnae. Pinnae are
elongate-oblong or lanceolate in form and with obtusely pointed apex, but their bases
are hidden by the thick rachis, 0.5 cm wide; possibly 2.5 cm long or more above and
2.2 cm long below, and up 0.7 cm wide. Veins are parallel, mostly simple but a few
forking dichotomously, ending both lateral margins; about 24 per cm in density.
Cuticle is not preserved.

Remarks: Owing to the hidden pinna bases of our leaf, it is difficult to make its
generic identity, but we now suppose that our leaf-fragment may represent a proximal
portion of some Zamites leaf, such as that of Z. toyoraensis Oisa1.  Under the circum-
stances, we at present regard our leaf-fragment as Zamites ? sp. C.

Genus Ptilophyllum Morris, 1840: 327
Ptilophyllum sp. cf. P. cutchense MORRIS

PL 5, fig. 5; Pl. 7, figs. 3-4; P1. 9, fig. 2; Text-figs. 34a-d

Ptilophyllum pecten (PHILLIPS) MORRIs: OisHI, 1940, p. 348, pl. 32, fig. 4 (Outi and

Takaji; Loc. nos. possibly 065 and 061 respectively).

Material: NSM-PP 8090~8111. Locality: 063. Occurrence: Locally com-
mon at Loc. no. 063.

Description: Among many specimens collected, several nearly completely preserv-
ed leaves were found. The leaf shown in Text-fig. 34b is elongate-oblanceolate or linear
or linear lanceolate in outline, about 11 ¢m long and up to 1.7 cm wide, sending sub-
oppositely off about 50 pairs of closely set pinnae at a wide angle. Pinna is typically
0.9 cm long and 2 mm wide, attached on upper surface of rachis by its entire base and
as a whole linear, thomboidal, subulate or ovate with entrire and straight margins;
pinna apex is obtusely pointed or rounded; pinna base is neither contracted nor de-
current. Veins are typically five in number at base, running parallel and ending at the
distal margin. Reproductive organs are not known. Cuticle is not preserved.

Remarks: Many leaf-fragemnts occurred at Loc. no. 063 in crowd. Judging
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Text-figs. 32-36 (< 2/3, unless otherwise indicated).
32. Zamites? sp. B: Drawn from NSM-PP 8088. Loc.; 063.
33. Zamites ? sp. C: Drawn from NSM-PP 8089. Loc.; 063.
34b-d. Prilophyllum sp. cf. P. cutchense MorRris: Drawn from NSM-PP 8091, 8092 and 8093
respectively, Loc.; 063.
35. Ptilophyllum sp.: Drawn from NSM-PP 8112. 35b. Showing venation enlarged. Loc.; 063.
36. Williamsonia sp.: Drawn from NSM-PP 8113. Loc.; 063.
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from the occurrence they belong to a single population and to a single species. We
know a number of Ptilophyllum species hitherto described from the Mesozoic plant-
beds in both Hemispheres. Of these externally our leaves are most colse to those of
Ptilophyllum cutchense MORRIS redescribed by Bose and KasaT (1972) and Bose and
BANERJI (1984) from the Middle Jurassic-Lower Cretaceous of India based on leaf-
impressions.

But we here reserve to make full identity of our leaves to Ptilophyllum cutchense,
because in P. cutchense some leaves are supposed by Bost and KAsAT (1972) to attain
30 cm in length, and such long leaf has not been found in our collection.

OisHI (1940) described Ptilophyllum pecten (PHILLIPS) MORRIS from Outi (Ouchi)
and Takaji. But we are of the opinion that his leaf illustrated is not similar in pinna
form to those of Ptilophyllum pecten redescribed by HARRIS (1969) but close to our
leaves. The leaf-fragments described as Ptilophyllum cf. cutchense by KIMURA and
Tsun (1982) from the Upper Liassic Negoya Formation, Kuruma Group are externally
indistinguishable from our present leaves.

Ptilophyllum sp.
Pl 7, fig. 5; Text-fig. 35a-b

Material: NSM-PP 8112. Locality: 063. Occurrence: Rare.

Description: Obtained is a single and small-sized leaf-fragment with rachis, 1 mm
wide sending alternately off elongated pinnae. Its lower pinnae are 1.3 cm long and
upper ones 0.8 cm long and up to 1.5 mm wide, attached to the upper edge of rachis
at a wide angle; pinna bases are mostly straight but some are slightly contracted; apex
is obtusely pointed. Veins are simple, parallel and not converging at apex; 5 in number
in each pinna. Cuticle is not preserved.

Remarks: The present leaf-fragment does not agree with Ptilophyllum sp. cf. P.
cutchense described in this paper, because of its elongated pinnae. The present elon-
gated pinnae remind us of those of Ptilophyllum elongatum KIMURA et OHANA (non
DoucLas) described from the Lower Cretaceous Choshi Group (KiMURA and OHANA,
1984), but are distinguished by their small number of veins, instead of 11 in number in
the latter. Unavoidably at present we provisionally regard our leaf-fragment as
Ptilophyllum sp.

Genus Williamsonia CARRUTHERS, 1870
Williamsonia sp.

Pl 6, fig. 10; Text-fig. 36

Material: NSM-PP 8113 and 8114 (counterpart). Locality: 063.
Occurrence: Rare.

Description: Obtained is a single impressed flower-like organ; ovate in form,
more than 2.8 cm long and up to 2.2 cm wide, with a thick receptacle, 0.5 cm wide and
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more than 0.8 cm long. Preserved are only outer bracts, each with 5 longitudinal
striations; apex is unknown and hairs are not recognized. Cuticle is not preserved.

Remarks: Judging from the form of perianth consisting of bracts, it is highly
probable that our specimen belongs to Williamsonia. But it is hopeless to make its
specific identity because of its ill-preservation, although similar perianths have been
recorded such as by TURTANOVA-KETOVA (1963).

Cycadales (or Nilssoniales)
Genus Nilssonia BRONGNIART, 1825: 200
Nilssonia sp. cf. N. densinervis (FONTAINE) BERRY

Pl. 9, fig. 3; Text-figs. 37a-b

Nilssonia densinerve (FONTAINE) BERRY: OisHI, 1940, p. 300, pl. 24, fig. 2 (Outi; Loc.

no. possibly 065).

Material: NSM-PP 8032, 8115~ 8118, and other 43 specimens. Localities: 063
and 065. Occurrence: Locally common at Loc. no. 063.

Description: The leaves are elliptical or belt-like, more than 8 cm long and the
broadest one, 2.8 cm wide. Lamina is almost covering the upper surface of rather stout
rachis, entire or irregularly divided into rectagnular segments. Veins are numerous,
simple and delicate, nearly perpendicular to the rachis; 24-40 per cm in density. Cuticle
is not preserved.

Remarks: Our leaves resemble in form and vein-density those of Nilssonia den-
sinervis, but do not agree fully with its original specimens illustrated by FONTAINE
(1889) and BErrY (1911), especially in leaf-size. According to BErrY (1911), the
leaves of Nilssonia densinervis are said to reach 70 cm long and 15-18 cm wide. Thus
at present we regard our leaves as Nilssonia sp. cf. N. densinervis, as there is no such
large-sized leaf in our collection.

OrsHI (1940) described a broken leaf as Nilssonia densinerve from Outi (Ouchi), of
which preserved length is 14 cm and 9 cm wide, and with less crowded veins, 18-22 per
cm in density. OisHr (1940) mentioned that his leaf from Outi represented a striking
agreement in all respects with those of the Potomac Group. But OisHr’s leaf is far
smaller in size than those of the Potomac Group. However, we are of the opinion
that OisHr’s leaf from Outi may belong to the same species as ours, although its veins
are less crowded than ours.

In such Nilssonia species as N. japonica (KIMURA and Tsui, 1983), vein-density
is variable, 10-30 per cm according to the leaves. The leaves regarded as Nilssonia
densinervis (or N. densinerve) from the Lower Cretaceous plant-beds in the Outer Zone
of Japan (OisHi, 1940; KiMmura and KANsHA, 1978) are unexceptionally small-sized.
Nilssonia densinervis described by KRrassiLov (1967) from the Lower Cretaceous of
Southern Primorye is also represented by rather small-sized leaves. Nilssonia japonica
is easily distinguished from N. sp. cf. N. densinervis in its leaf-size reaching 50 cm long
and 9-10 cm wide and in its lamina mostly dividing into segments. The original
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leaves of Nilssonia orientalis HEER (HEER, 1878) are all small-sized. They are also
distinguished from our leaves in their leaves with entire or irregularly undulated mar-
gins.

Our leaves are mostly represented by their lower side, so in this case alone, it is
difficult to identify them with Nilssonia. But a few leaves are represented by their
upper side, and in this case their laminae are mostly covered the upper surface of
rachis. We are of the opinion that they belong to a single fossil population, because
they are preserved in crowds at the Loc. no. 063.

Nilssonia sp.
Pl. 7, figs. 6-7; Text-figs. 38a-c

Nilssonia nipponensis YOKOYAMA: OisHI, 1940, p. 306 (pars), pl. 27, figs. 3-4 (Takaji;

Loc. no. possibly 061).

Material: NSM-PP 8119~8121. Localities: 061, 065 and 063. Occurrence:
Rather rare.

Description: Obtained are all smaller leaf-fragments. One of them is shown in
Text-fig. 38b in which only five deeply ditsected segments are preserved in one rows;
segments are more than 2.8 cm long and 0.4-0.7 cm wide at the middle, falcate and
expanded at base; entirely covering the upper surface of slender rachis. Veins are
rather crowded, parallel, 28 per cm in density; mostly simple but a few forking dichoto-
mously at the proximal half of pinna. Cuticle is not preserved.

Remarks: It is difficult to make specific identity to our leaves because of their
ill-preservation. However, our leaves do not agree with Nilssonisa nipponensis Y OKO-
YAMA because the segments of N. nipponensis do not elongate like those of our leaves.
Our leaves are externally close to those described by GOTHAN (1914) and Orshi (1932)
as Nilssonia acuminata, but they do not fully agree with those of N. acuminata in form
of segments and in small number of veins (18 per cm). Occasional leaves of Nilssonia
grossinervis PRYNADA (e.g. SAMYLINA, 1964) and N. mediana (LECKENBY et BEAN) Fox-
STRANGWAYS (e.g. GENKINA, 1963) are similar in leaf-form and venation to ours.

Unclassified cycadophyte
Form-genus Cycadites STERNBERG, 1825: 32
Cycadites sp.

Pl. 9, figs. 4-5; Text-fig. 39

Material: NSM-PP 8123, 8124 (collected by T. FukuTtomi) and 8125.
Locality: 063. Occurrence: Rare.

Description: The leaf is pinnate with a rather thich rachis, 3 mm wide, sending
suboppositely off long and narrow pinnae from the upper edge of rachis at an angle of
about 60 degrees. Pinnae are more than 7 cm long, with a strong median vein, and
nearly parallel-sided, 2-3 mm wide for the most part; upper surface is convex and
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lateral margins are reflexed; apices are all missing. Cuticle is not preserved.

Remarks: Obtained are only three broken leaves and we at present place them
in the non-committal genus Cycadites. Pseudocycas sp. illustrated by TAKAHASI ef al.
(1965, pl. 3, fig. 4) from Ono (Loc. no. possibly our 063) is thought to be the same plant
as ours.

Ginkgoales
Genus Ginkgoites SEWARD, 1919: 10
Ginkgoites ex gr. sibiricus (HEER) SEWARD

Ginkgoites sibirica (HEER) SEWARD: OisHI, 1940, p. 380, pl. 38, fig. 11 (Takaji; Loc.

no. possibly 061).

Material: OisHi, 1940, pl. 38, fig. 11 (a single leaf-impression). Occurrence: Very
rare.

Remarks: A single leaf described by OisHi (1940) as mentioned above is nothing
else than a ginkgoalean leaf, and we regard it as Ginkgoites ex gr. sibiricus. Accord-
ingly it is true that the Utano flora includes such a ginkgoalean species, though it is
very rare in occurrence and no such leaf is found in our huge collection.

TakAHASI (1973b) listed Ginkgoites digitata (BRONGNIART) and G. cf. sibiricus
(HEER) from the Utano Formation, but he did make neither illustrations nor descriptions
of them.

Czekanowskiales
Genus Czekanowskia HEER, 1876: 65
Czekanowskia ex gr. rigida HEER

Czekanowskia rigida HEer:  Oisui, 1940, p. 384, pl. 39, figs. 6-7 (Takaji; Loc. no.

possibly 061).

Material: O1sHI's 8614 (1940, pl. 39, figs. 6-7) (Three bundles of leaves; impres-
sion). Occurrence: Very rare.

Remarks: At least a specimen figured by OisHi (1940, pl. 39, fig. 6) is referable
not to Acrostichopteris but to Czekanowskia, though it is concerned about the OIsHI's
description of the venation that each leaf (segment) seems to carry one or two forking
veins. Because in Czekanowskia it is the way that each segment carries a single vein.
At any rate, it is true that the Utano flora contains czekanowskialean species, though its
occurrence is very rare and no czekanowskialean leaf is found in our collection.

It is difficult to make specific identity in such impressions of leaves as mentioned
above, and accordingly we regard OIsHI's specimens as Czekanowskia ex gr. rigida.

Text-figs. 40-42 (X 2/3, unless otherwise indicated).
40. Brachyphyllum ex gr. expansum (STERNBERG) SEWARD: 40a-e. Drawn from NSM-PP 8127,
8130, 8126, 8132 and 8129 respectively. Loc.; 063.
41. Araucarites sp. cf. A. cutchensis FEISTMANTEL: Drawn from NSM-PP 8133. Loc.; 068.
42. Taeniopteris sp.: 42a—c. Drawn from NSM-PP 8138, 8134 and 8135 respectively. 42d. Show-
ing venuli recurrentes (interstitials) drawn partly from NSM-PP 8135 (Text-fig. 42¢).
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Coniferales
Form-genus Brachyphyllum LINDLEY et HUTTON,
1836: 188 ex BRONGNIART, 1828
Brachyphyllum ex gr. expansum (STERNBERG) SEWARD

PL 5, figs. 6-8; PL. 6, fig. 11; PL 8, figs. 4-5; Text-figs. 40a—e

Brachyphyllum expansum (STERNBERG) SEWARD: OilsHi, 1940, p. 391, pl. 39, figs. 10—

11; pl. 40, fig. 9 (Takaji; Loc. no. possibly 061).

Material: NSM-PP 8126~8132 and other 55 specimens. Localities: 063, 061
and 068. Occurrence: Locally abundant at Loc. no. 063.

Description: Obtained are all sterile and pinnately branched shoots with spirally
arranged and appressed scale-leaves. The thickest one is 1.3 cm wide. The leaves
are thomboidal in form and with subacutely pointed apex. Cuticle is not preserved.

Remarks: As mentioned before by KiMURA, NaiTo and OHANA (1986), in the
case of such branching shoots without cuticle and reproductive organs as ours, it is
difficult to make precise specific identity.

Our sterile branching shoots agree in form with those described by Oisti (1940)
as Brachyphyllum expansum from Takaji in all respects. But there is no positive proof
that our shoots are referable to Brachyphyllum expansum or other Brachyphyllum species
because of lacking cuticle and reproductive organs. Accordingly we at present regard
our shoots as Brachyphyllum ex gr. expansum.

TAKAHASI (1951a) originally described Brachyphyllum toyoraensis based on sterile
branching shoots and a single detached cone with spirally arranged cone-scales. TAKA-
HASI (1951a) mentioned that the cone-scale was rhomboidal in surface view, 0.6—
1 cm in diameter, ornamented with an escutcheon of rhomboidal or rectangular
upheaval or tri-edged solid angle and that his cone was different from the cones of
Brachyphyllum expansum discussed by KENDALL (1949) from the Upper Jurassic of
England because of having convex surface in KENDALL’s cone-scales. If TAKAHASI'S
cone is that of Brachyphyllum ex gr. expansum, our branching shoots do not belong to
the Cheirolepidiaceae but possibly to the other coniferous group, because so far as

we know female cone-scales of cheirolepidiaceous conifers are quite different in form
from those of TAKAHASI.

Genus Araucarites PRESL, 1838
Araucarites sp. cf. A. cutchensis FEISTMANTEL

Text-fig. 41

Araucarites cutchensis FEISTMANTEL: OisHI, 1940, p. 387, pl. 39, figs. 8-9 (Takaji;
Loc. no. possibly 061).
Material: NSM-PP 8133. Localities: 068 and 061. Occurrence: Rare at Loc.
no. 068. But according to OisHi (1940) detached cone-scales are locally common at
Takaji (Loc. no. possibly 061).
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Description: A single cone-fragment obliquely and dorsally crushed was obtain-
ed. Seven cone-scales are preserved. Cone-scale is typically wedge-shaped, 0.8 cm long
and up to 0.4 cm wide at apex with a trace of spinous distal appendage (indicated by
an arrow in Text-fig. 41); its dorsal surface is ornamented by 6—7 longitudinal striations
except near the apex.

Remarks: 1t is highly probable that the present cone-fragment is with araucarian
affinity. Its cone-scales, though only dorsal-side is represented, resemble those of
Araucarites.

A cone-scale with a single seed illustarted by OisHI (1940, pl. 39, fig. 8) is obviously
that of Araucarites (or Araucaria) because of its narrow and spinous distal appendage.
According to OisHI (1940), such cone-scales are common at Takaji. But we could
not find them in our collection. We are of the opinion that the present cone should
be regarded as Araucarites sp. cf. A. cutchensis, because recently we know many re-
cords of cones and cone-scales belonging to other araucarian species (e.g. Bose and
BANERJI, 1984).

Unclassified plant
Form-genus Taeniopteris BRONGNIART, 1828: 31
Taeniopteris sp.

Pl. 9, fig. 6; Pl. 10, figs. 2-5; Text-figs. 42a-d

Material: NSM-PP 8134-8138 and many other leaf-fragments. Locality: 063.
Occurrence: Locally common.

Description: The leaves are variable in size, with rather thick rachis but whole
leaf is unknown. Lamina is attached to the lateral sides of rachis; margins are ir-
regularly undulated, but not segmented. Veins are originated at a narrow angle near
base then bending outwards, making an angle of 60-70 degrees or more to the rachis,
simple or dichotomously forking at base; weak venuli recurrentes are often recognized;
density is 20 per cm at the margin.

Text-fig. 42b shows the largest leaf-fragment in our collection, representing the
distal part of a leaf, the widest part preserved is 6.1 cm. Text-fig. 42a shows the longest
leaf-fragment, more than 10.7 cm. Cuticle is not preserved.

Remarks: The present Taeniopteris sp. is characterized by its leaves of varied size
and with irregularly undulated margins and by representing venuli recurrentes.

TAKAHASI (1973b) described two leaf-fragments as Taeniopteris cf. richthofeni
(ScHENK) from Ono (Loc. no. possibly 063). According to TAKAHASI, veins of his
leaves bend acutely upwards distally and the density is 12 per cm. Accordingly we at
present regard his leaves as distinct from our leaves.

In Taeniopteris sp. A described by KiMURA and Tsuin (1983) from the Upper
Liassic Negoya Formation, Kuruma Group and Iwamuro Formation based on three
broken leaves, it represents marked venuli recurrentes, but we are of the opinion that
it may represent sterile pinnae of Marattia asiatica (KAWASAKI) HARRIS.
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Seeds

Several kinds of isolated seed-impressions were obtained. At present it is diff-
cult to classify them depending only on their external morphology.
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Explanation of plates

(All natural size)

Plate 5

Ctenozamites 7 sp.: NSM-PP 8034. Loc.; 068.
Ctenozamites fukutomii KIMURA et OHANA sp. nov.: NSM-PP 8033 (holotype). Loc.; 063.
Anomozamites fukutomii KIMURA et OHANA sp. nov.: NSM-PP 8037 (holotype). Loc.; 063.
Pterophyllum heterosegmentum KIMURA et OHANA sp. nov.: NSM-PP 8058. Loc.; 063.
Ptilophyllum sp. cf. P. cutchense Morris: NSM-PP 8093. Loc.; 063.
6-8. Brachyphyllum ex gr. expansum (STERNBERG) SEWARD : NSM-PP 8129, 8132 and 8126. Loc.;

063.

e

Plate 6
1-2.  Otozamites sp. cf. O. klipsteinii (DUNKER) SEWARD: NSM-PP 8038 and 8039. Loc.; 063.
3-4. Dictyozamites naitoi KIMURA et OHANA sp. nov.: NSM-PP 8042 (paratype) (an arrow in-
dicates a slender rachis) and 8043 (paratype). Loc.; 063.
5-9. Pterophyllum heterosegmentum KIMURA et OHANA sp. nov.: NSM-PP 8061, 8056 (paratype),
8060, 8065 and 8057 (paratype). Loc.: 063.
10.  Williamsonia sp.: NSM-PP 8113. Loc.; 063.
11.  Brachyphyllum ex gr. expansum (STERNBERG) SEWARD: NSM-PP 8128. Loc.; 063.

Plate 7
1. Ctenozamites ? sp.: NSM-PP 8035. Loc.; 068.
2. Zamites varius KIMURA et OHANA sp. nov.: NSM-PP 8068 (holotype). Loc. 063.
3-4. Ptilophyllum sp. cf. P. cutchense Morris: NSM-PP 8109 and 8092. Loc.; 063.
5. Ptilophyllum sp.: NSM-PP 8112. Loc.; 063.
6-7. Nilssonia sp.: NSM-PP 8120 and 8121. Loc.; 065 and 063.

Plate 8
1-2. Zamites varius KIMURA et OHANA sp. nov.: NSM-PP 8076 and 8078. Loc.; 063.
3. Zamites ? sp. B: NSM-PP 8088. Loc.; 065.
4-5. Brachyphyllum ex gr. expansum (STERNBERG) SEWARD: NSM-PP 8127 and 8130. Loc.; 063.

Plate 9
1. Zamites ? sp. C.: NSM-PP 8089. Loc.: 063.
2. Ptilophyllum sp. cf. P. cutchense Morris: NSM-PP 8091. Loc.; 063.
3. Nilssonia sp. cf. N. densinervis (FONTAINE) BERRY: NSM-PP 8115. Loc.; 063.
4-5. Cycadites sp.: NSM-PP 8123 and 8124. Loc.; 063.
6. Taeniopteris sp.: NSM-PP 8138. Loc.; 063.

Plate 10
1. Zamites varius KIMURA et OHANA sp. nov.: NSM-PP 8086. Loc.; 063.
2-5. Taeniopteris sp.: NSM-PP 8138, 8137, 8132 and 8135. Loc.; 063.
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