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Introduction

The genus Cyathocaulis OGURA, a Mesozoic tree fern, has been known from several
localities of Japan and the adjacent countries. Among four species of the genus,
namely, C. naktongensis OGURA (1927 b), C. tateiwai (OGURA) OGURA (1938), C. yabei
OGURA (1941 a) and C. ogurae HasHiMoto (1971), C. naktongensis has the widest
distribution, having been known from Arida, Wakayama Prefecture (OGURA, 1927 b)
and Choshi, Chiba Prefecture (M. NisHIDA, 1962) in Japan as well asin Korea (OGURA,
1927 b, 1941 b). The specimen from Choshi, however, differs histologically from the
type specimens of C. naktongensis, and represents a new species. Another stem of
Cyathocaulis-type probably allied to C. naktongensis was reported from Tatsue, Toku-
shima Prefecture of Shikoku (OGURA, 1950). All Japanese specimens of C. naktongen-
sis including the specimen from Tatsue occur in clastic rocks which had deposited in
Early Cretaceous shallow marine basin. Similar clastic sequence of the same age is
developed in the so-called Sanchu Graben in the Kwanto Mountains, so that the pos-
sible occurence of Cyathocaulis from this area has been expected.

In November of 1976 the junior author found a piece of petrified stem of a tree
fern (No. 80003) in a small valley near Sebayashi, Nakazatomura, Tanogun, Gunma
Prefecture. After that he collected more than five specimens (No. 80004 and others),
one of which was embedded in a greyish sandstone of the Lower Cretaceous Sebayashi
Formation. In 1979 the senior author collected another stem (No. 80005) in another
valley, Hachimanzawa. These localities are shown in Figure I.

The Sebayashi Formation is divided into the lower and the upper members (MATSU-
KAWA, 1977). The lower member is dated as late Barremian to early Aptian, and yields
many plant impressions (YOKOYAMA, 1894; OisHI, 1931; KIMURA and MATSUKAWA,
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Fig. 1. A map showing fossil localities.

1979). The sediments which yielded our materials are located stratigraphically be-
tween the locality number 103 (late Barremian) and 209 (early Aptian) of the plant
beds described by MATsukAwA (1977) and KiMURA and MATSUKAWA (1979, fig. 2).

Some of the specimens were cut into pieces to obtain serial sections, and their
micropreparations were made by either the thinning or the peel methods, for the latter
20 to 25 per cent HF solution was used as an etching reagent. They were anatomically
compared with type specimens of all species of Cyathocaulis.

Our specimens of the stem show excellent internal structures, some of which are
new to C. naktongensis, and we describe their histological details in this paper.

Results

Cyathocaulis naktongensis OGURA, J. Fac. Sci. Imp. Univ. Tokyo. Sect. III. 1(3):
352. 1927, Bot. Mag. Tokyo. 55: 454. 1941; Andrews in Traité de Paléobotanique. IV.
fasc. 1:316. 1970; OGURA, Comp. Anat. Veg. Org. Pteridoph: 366. 1972.
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Specimens. Nine specimens were collected, of which three were numberd (No.
80003, 80004 and 80005) and examined. No. 80004 and a part of No. 80003 (both col-
lected by Tanaka) are deposited in the National Science Museum under the registered
number NSM-PP 7660 and NSM-PP 7661. No. 80005 and the micropreparations used
in this study are deposited in the Laboratory of Phylogenetic Botany, Chiba University.
Other specimens are deposited in the Chitose High School, Tokyo.

Locality. Sebayashi, Nakazatomura, Tanogun, Gunma Prefecture.

Horizon and age. Lower member of the Sebayashi Formation; late Early Cre-
taceous (Late Barremian to Early Aptian).

Distribution. JAPAN; Wakayama, Tokushima?, Gunma. KOREA ; North Kydn-
sang D6.

Description. External features: No. 80003. This is the largest specimen. Cross
section is ovate, 24 % 15 cm in diameter including the root mass, and 12 cm in height.

B

Fig. 2. Cyathocaulis naktongensis OGURA, No. 80003 (NSM-PP 7660). A, Cross section of the
stem (arrow) and the surrounding root mass. B, Lateral view. All «4/9.
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A, Cross section of the

Cyathocaulis naktongensis OGURA, No. 80003 (NSM-PP 7660).
C, Illustration of the stem a little distal level.

Numbers 2.1 and 2.2 correspond to the
cr: cortical root trace, mb: medullary bundle, mr: medul-
Scales 1 cm.

Fig. 3.
stem enlarged. B, Illustration of the same.

Arrows in B and C indicate parting root traces.

abaxial arc of the petiolar traces.

lary root trace. All in the same magnification.
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The stele is 5.0 x 2.5 cm in diameter with seven leaf gaps and four meristelic bands (Figs.
2, 3).

No. 80004. This is the tallest one, 14.5 cm in height. Diameter is 4.5 7.5 cm at
distal end, 8.7x 7.5 cm at proximal end, both including the root mass. The stele is
almost entirely preserved at the proximal end with the diameter 5.3 x 3.3 cm exhibiting
10 leaf gaps (probably 11 in a complete stele) and seven meristelic bands. At the
distal end 3/4 of the stele is lost by erosion. The specimen was cut into nine pieces to
obtain serial cross sections (B-1 to B-9).

No. 80005. The stem is 7.0 10.5 cm in diameter including the root mass, 6.0 cm in
height. The 1/5 of the stele is lost, but is the largest of all, 6.5 3.5 cm in diameter
with 10 leaf gaps and seven meristelic bands.

All of our specimens exhibit smooth surface of the stem, namely the leaf bases are
flattened and never elevated as in Cyathocaulis (Cibotiocaulis) tateiwai (OGURA, 1941 b)
and C. ogurae (HASHIMOTO, 1971).

On the dermal surface of the stem long multicellular hairs are perceptible (Fig. 4).
They have been reported also in other species of Cyathocaulis except for C. yabei from
Philippine in which the dermal layer was destroyed. Among the root mass surrounding
the stem some hairy structures are often seen. A somewhat stout and short structure
is the root hair (Fig. 4H), and a mass of long, much slender strings is the fungal hyphae
(Fig. 4G). The former has been known also in C. naktongensis from Korea (OGURA,
1941 b).

Internal structures: The stem exhibits the same internal structures as of the type
specimens of C. naktongensis. The meristelar margins curve inwardly to connect with
the medullary bundles of which the larger are surrounded by the sclerenchymatous
sheaths, while the smaller are not (Figs. 3, 4). Some of medullary bundles enter into
the petiole to constitute the “median pairs™ of the adaxial series of leaf traces as have
been observed in C. naktongensis (OGURA, 1927 b) and in the living cyatheoid tree
ferns (OGURA, 1927 a; LUCANSKY, 1974; LucaNskYy and WHITE, 1974).

Root traces are abundant in either the cortex or periphery of the pith. Serial
cross sections of No. 80004 made us possible to know the origin and course of the root
traces in the stem. The medullary root traces always originate from the inner side of
the vascular bundle of the stem, while the cortical ones usually, but not always, from the
outer side (Figs. 3, 4). The root traces, whether cortical or medullary, do not first
exhibit actinostelic structure, a common root nature, but protostelic with a central
mass of xylem surrounded by a phloem layer (Fig. 5A), when they are isolated from the
meristele of the main axis. They soon become actinostelic with the diarch xylem.

Some of the cortical root traces originate directly from the leaf traces at the leaf
gap. As the stele bulges out externally to form the abaxial arc of petiolar traces (in-
ferior series), many root traces are separated from its outer periphery (Figs. 3,4). The
bulging-out of the stele then begins to divide itself into many isolated meristeles at its
middle portion. These petiolar meristeles also separate more root traces which, how-
ever, along with the proximally parted traces, do not remain long in the cortex but
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Fig. 4. A to E, Serial cross sections of the stem of Cyathocaulis naktongensis OGURA, No. 80004

(NSM-PP 7661). Distances in cm from the proximal end of the specimen are: 3.4, 4.8, 5.0,
6.3, and 8.2, respectively. Arrows in B to E indicate parting root traces. All in the same
magnification. Scales 1 cm. F to H, Details of the external structures. No. 80003 (NSM-
PP 7660). F, Dermal hairs. G, Fungal hyphae in the root mass. H, Root hairs shown
in the longitudinal section of the adventitious roots. F, H x53; G x213.
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Fig. 5. Histological details of Cyathocaulis naktongensis OGURA, A, B. No. 80003 (NSM PP
7660), C, D. No. 80005. A, A cortical root trace (left) just after parted and a medullary
root trace (right) parting from the same vascular bundle of the stem (center). Note pro-
tostelic nature of the root traces. B, Three cortical root traces (arrows) parting from the
pointed tip of hook-shaped margin of the stelar bundle. See text for further explanations.
C, Cross section of a leaf trace, showing small pericycle cells (arrow) and the mucilage cells
filled with black contents, at the inner side of the pericycle. D, Another leaf trace showing
large, radially elongated pericycle cells (arrow). A, B <40; C, D < 100.

g, -

run outward to form a thick mass of adventitious roots around the stem.

When the abaxial arc of the petiolar strands is being separated from the stele of the
stem, outer meristelar margins of the stem exhibit a pair of hook shape orientated face
to face. Several small masses of vascular strands also depart from external pointed
tips of the hook-shape (Figs. 3, 5B). OGURA (1941 a, b) described them as cortical
bundles on the basis of their protostelic nature. However, it is certain from serial
sections that these are not the cortical bundles but the cortical root traces, and their
protostelic nature is a usual feature of the root traces just after detached from the stelar
bundles (Fig. SA). OGuRra (1927 a, p. 180, fig. 15 A) illustrated an adventitious root
of living Cyathea spinulosa near the place of parting which also shows protostelic struc-
ture. The cortical root traces also run outward to form the root mass.

The course of medullary root traces are somewhat comlicated. Once they are
detached from the stele, they never connect again with the stelar bundle. They run
outward through the leaf gap in groups and enter the cortex passing a pair of openings
between the abaxial and the adaxial groups of leaf traces. These openings correspond
to the lateral infoldings of the petiolar bundle system. The root traces also enter the
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cortex through parenchymatous tissue between the petiolar meristeles so as not to re-
main in the petiole.

The way of parting leaf traces does not differ much from that of the type speci-
mens of C. naktongensis. The length of a leaf gap measured from serial cross sections
of No. 80004 is about 13 cm which is very close to that of the type specimen of C. nakton-
gensis (13 cm in specimen 2D from Korea). The length of a portion of a gap where
its lateral margins curve inwardly to connect with the medullary bundles is about 4.5 cm.

A peculiar feature of our specimen is the presence of an adventitious bud as a long
projection from the bulging-out of the stele which is later developed in the abaxial arc
of petiolar traces (Fig. 4A). The presence of small stems in the root mass surrounding
a large stem of C. naktongensis from Korea (specimen 2D, in OGURA, 1927 b) favors a
general occurence of the adventitious bud in this species.

Another feature of the petiolar traces is what can be seen in No. 80003, but with a
little uncertainty owing to unfavorable preservation of its leaf base. In the leaf gap
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Fig. 6. Showing diagramatically three types of wavy arrangements of the petiolar traces in the
abaxial arc. 1, In living cyatheoids and perhaps in most species of Cyathocaulis. 2.1 and
2.2, In Cyathocaulis naktongensis OGURA, No. 80003 (NSM-PP 7660) described here.
Numbers correspond to those in Fig. 3BC. 3, In Yezopteris polycycloides OGURA. Illustra-
tions at right hand are examples actually observed in the specimens. See text for further
explanations.
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2.1 of fig. 3C the petiolar traces of the abaxial arc are arranged in a wavy but a little
complicated row, which is referable highly complicated row of Yezopteris polycycloides
OGURA from the Senonian of Hokkaido (NIsHIDA, 1981 a; cf. Fig. 6), though the type
specimens of C. naktongensis examined by us did not show so complicated manner as
of our specimen. Some examples of leaf gaps such as 2.1 and 2.2 in Fig. 3BC may sug-
gest the way the complicated wavy row was derived from the simple row represented by
all living cyatheoid tree ferns and most species of Cyathocaulis (Fig. 6). C. tateiwai
and C. ogurae exhibit the simple type of arrangement.

Histology. General histological features agree well with OGURA’s description on
C. naktongensis, for example, medullary bundles lacking the pith, parenchymatous
ground tissue containing large secretory cells. Though petiolar bases are mostly
decayed and lost, there are some petiolar traces being remained in the root mass (Fig.
5C). Some of them exhibit internal structures consisting of a central xylem plate, a
phloem layer with large mucilage cells in the outer side of the metaphloem, a pericycle,
an endodermis and a sclerenchymatous sheath, all surrounding the xylem concentri-
cally in successive order. These features are in common with those of three species of
Cyathorachis (NISHIDA, 1981 b) and of Yezopteris polycycloides (NISHIDA, 1981 a).

In our specimen the pericycle of the petiolar bundles show a remarkable feature.
Some bundles posess small, thin-walled pericycle cells, while some posess radially
elongated, thick-walled cells (Fig. SCD). The radially elongated cells appear frequently
in Cyathorachis fujiiana OGURA em. H. NISHIDA, but not in other species of Cyathora-
chis (NISHIDA, 1981 b). They appear spontaneously in Yezopteris polycycloides (NISHI-
DA, 1981 a) as in our specimen.

Affinities. As is shown in Table 1, the histological and some morphological data
such as the vascular formula (NISHIDA, 1981 b) suggest strongly that our specimen
belongs to C. naktongensis. On the contrary complicated wavy arrangement of the
abaxial arc of the petiolar strands could be a large morphological gap between our
specimens and OGURA’s, which is enough for one to separate ours as a different species.
But, we put the present specimens in C. naktongensis until further evidences on the struc-
ture of petiolar bases will be accumulated.

C. naktongensis emended by M. NisHIDA (1962) included a specimen from Choshi.
As its internal structures are totally different from the type specimens of C. naktongen-
sis, it will be described later as a separate species.

C. tateiwai (OGURA) OGURA first described as Cibotiocaulis resembles histologi-
cally C. naktongensis, and M. NIsHIDA (1962) included them in a sole species C. nakton-
gensis emended. But, they are distinguishable from C. naktongensis by their external
features. C. tateiwai has a rather slender stem, and its vascular formula at the leaf
base is different from that of C. naktongensis which has a large number of traces (Table
1).  The root mass of C. tateiwai is thin in contrast to the thick mass of C. naktongensis,
so that the former stem is not a basal portion of the latter. We regard C. rateiwai as
another species of Cyathocaulis from Korea.

Discussions. Relationship with Yezopteris: Though our specimens show a
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Table 1. Comparisons of four species of Cyathocaulis.

Leaf base and

Pith in  Sclerenchymatous the vascala® forrili

Species

(Locality) Age medullary’ sheath of medullay’  Nishida, (981 b 2t
leaf base

C. naktongensis Early Cretaceous** - - flattened

(Korea) 6(7)-14(15)-10-12(13)-40
and 7->10-10-13—>36

C. naktongensis Early Cretaceous — + flattened
(Wakayama) ?

C. naktongensis* Early Cretaceous — + flattened
(Chichibu) -1-1->4->41

C. tateiwai Early Cretaceous** — + raised
(Korea) 3-4-2-1(2)->38

C. yabei Cretaceous ?7*** + =5 ?
(Philippine) 7

C. ogurae Late Cretaceous — — raised

(Hokkaido) 4-9-6-3->14

*  Present specimen.
**  Qriginally described from the Upper Jurassic, but the plant bed is now regarded as the Early
Cretaceous in age (CHANG, 1975).
%  OGURA (1941 b). While HasHiMoTO (1971) stated that the material was probably derived
from Neogene beds.

slight similarity with Yezopteris in the arrangement of the “‘abaxial arc”, the general
appearences of the petiolar strands of our specimens are still unknown. We can only
suggest here a possible relationship of these Mesozoic tree ferns.

Relationship with living species: Cyathocaulis is similar to the living cyatheoids
in its general arborescent habit, in the way of parting and the arrangement of leaf
traces, and in having medullary bundles forming a network in the pith. But, the
presence of hairs as dermal appendages which is a common feature of the dicksonioid
tree ferns, the presence of medullary roots, and the deep incurvation of meristelar
margins at the leaf gap are important morphological differences between Cyathocaulis
and the living cyatheoids.

OGURA (1941 a) emphasized that Cyathocaulis posessed the cortical bundle and
compared it with living cyatheoid stems having cortical bundles. However, it is evi-
dent that Cyathocaulis lacks the cortical bundle, and, moreover, the cortical bundle
does or does not appear in the same genus of living cyatheoids. More fossil evidences
will be requested in regarding Cyathocaulis as a direct ancestor of the living cyatheoids.

Other fossil stems: The tree fern stems with cyatheoid internal structures, that is,
the dictyostelic stem with medullary bundles and with Cyathea-like leaf traces, are
uncommon in the fossil records. Dendropteridium cyatheoides BANCROFT, Alsophilo-
caulis calveloi MENENDEZ and Cyathodendron texanum ARNOLD are some of their re-
presentatives except for Cyathocaulis species. The stems of the former two Tertiary
species from East Africa and Argentina respectively are anatomically similar to the living
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cyatheoid stems, though neither hairs nor scales have been observed. Cyathodendron
from the Eocene of Texas, United States, was considered to be allied to the Cyatheaceae
by ARNOLD (1945). However, it has hairs instead of scales, and the way of parting leaf
traces is so unique that it is difficult to find close relatives among fossil or recent species
in the family Cyatheaceae.

Acknowledgements

We are grateful to Dr. Kagetaka WATANABE, the former Professor of the Tokyo
University of Education for his valuable advices to the junior author. Gratitude is
also due to Prof. Tatsuaki KiMURA of Tokyo Gakugei University, for his advices on
the geology of Korea. We wish to express our hearty thanks to Prof. Makoto NISHIDA
of Chiba University for his encouragement in the course of this study, and to Mr.
Toru OisHi for his help during our field works. This study is partly supported by a
Grant from the Ministry of Education, no. 56916012, to the junior author.

References

ArNoLD, C. A. 1945. Silicified plant remains from the Mesozoic and Tertiary of Western North
America. I. Ferns. Pap. Mich. Acad. Sci. Art. Lett., 30: 3-34, pl. 1-11.

CHANG, K. H. 1975. Cretaceous stratigraphy of southeast Korea. J. Geol. Soc. Korea, 11 (1): 1-23.

HasHimMoTo, W. 1971.  On a new Cretaceous tree fern from Nakagawa-machi, Teshio Province, Hok-
kaido. Sci. Rep. Tokyo Kyoiku Daigaku, Section C, 11 (103): 1-10.

KiMura, T. & M. MATSUKAWA. 1979. Mesozoic plants from the Kwanto Mountainland, Gumma
Prefecture, in the Outer Zone of Japan. Bull. Natn. Sci. Mus., Ser. C (Geol.), 5 (3): 89-112, pl.
1-6.

Lucansky, T. W. 1974.  Comparative studies of the nodal and vascular anatomy in the neotropical
Cyatheaceae II. Squamate genera. Amer. J. Bot., 61: 472-480.

———— & R. A. WHITE. 1974.  Comparative studies of the nodal and vascular anatomy in the neotropi-
cal Cyatheaceae. 1II. Nodal and petiole patterns; Summary and conclusions. Am. J. Bot., 61
818-828.

MATSUKAWA, M. 1977. Cretaceous System in the eastern part of the Sanchu ‘Graben’, Kwanto,
Japan. J. Geol. Soc. Japan, 83 (2): 115-126, pl. 1-2. (in Japanese with English abstract).

NisHiDA, H. 1981 a.  Antomical studies of a new specimen of Yezopteris polycycloides OGURA from the
Upper Cretaceous of Hokkaido. J. Jap. Bot., 56 (6): 169-180, pl. VIII.

———, 1981 b. A revision of the genus Cyarhorachis in Japan. Bot. Mag. Tokyo, 94: 249-259.

NisHIDA, M. 1962.  On some petrified plants from the Cretaceous of Choshi, Chiba Prefecture. Jap.
J. Bot., 58 (1): 87-104.

OGURA, Y. 1927 a. Comparative anatomy of Japanese Cyatheaceae. J. Fac. Sci. Imp. Univ. Tokyo,
Sect. 111, 1 (2): 141-350.

—————, 1927 b. On the structure and affinities of some fossil tree-ferns from Japan. /Ibid., 1 (3):
351-380.

———, 1938.  Anatomie der Vegetationsorgane der Pteridophyten. Handb. d. Pflanzenanat. 2, Abt.
7. 476 pp. Berlin.

, 1941 a. On the structure of a fossil tree fern from Mindro, Philippine Islands. Jubl. Publ.
Prof. Yabe: 911-917.

———, 1941 b. Additional notes on the structure of fossil tree ferns. Bot. Mag. Tokyo, 55: 453-461.




30 Harufumi NisHIDA and Kuniyuki TANAKA

, 1950. A fossil tree-fern from Shikoku. J. Jap. Bot. 25 (9-12): 228.

OrsHl, S. 1931.  Fossil plants from Japan and Korea. Sci. Rep. Tohoku Imp. Univ., sec. ser. (Geol.),
14 2A): 107-118, pl. 36.

YOKOYAMA, M. 1894, Mesozoic plants from Kozuke, Kii, Awa, and Tosa. J. Coll. Sci. Imp. Univ.
Tokyo, 1 (3): 201-231, pl. 1-9.




	22022018-152039229-8793
	22022018-152039229-8794
	22022018-152039229-8795
	22022018-152039229-8796
	22022018-152039229-8797
	22022018-152039229-8798
	22022018-152039229-8799
	22022018-152039229-8800
	22022018-152039229-8801
	22022018-152039229-8802
	22022018-152039229-8803
	22022018-152039229-8804



