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Cuticles and Spores in Situ of Coniopteris hymenophylloides from the
Middle Jurassic in Gansu, Northwestern China

XIN Cunlin"*", WANG Luhan', DU Baoxia®>, ZHANG Yamei' and WANG Jingjing'

1 College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China
2 College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730070, China

Abstract: Coniopteris was a ubiquitous plant of the Jurassic and Cretaceous periods and played an
important role in the flora of the time. However, its anatomical structure is relatively poorly known. The
specimens of Coniopteris hymenophylloides (Brongniart) Seward described here were collected from the
Yaojie Formation in Gansu Province, northwestern China. The sterile fronds are characterized as being
at least bipinnate with alternate arranged linear pinnae covered by thin cuticles. Fertile fronds are
linear-lanceolate, with single sorus at the margin of each fertile pinnule. In situ spores are typically
trilete, triangle to subcircular in polar view, cap-shaped in equatorial view, and 37 pm in average
diameter. The trilete marking is straight and narrow, generally extends to 4/5 of the spore radius. The
spore surface is smooth, and parts of the exine are granulated. The epidermal cells of cuticles are
irregular in shape, approximately 40-60 pm long and 10-20 pm wide. The elliptical stomatal complexes
are paracytic, approximately 30 pm long and 19 pm wide, and irregularly distributed. On the basis of its
epidermal structures and comparisons with extant ferns, we consider that Coniopteris displays combined
features of the related extant genera.

Key words: Coniopteris hymenophylloides, spore in situ, cuticle, Middle Jurassic, Yaojie Formation,

Gansu, China

1 Introduction

It is generally thought that the Dicksoniaceae first
appeared in the Early Jurassic, flourished in the Middle
Jurassic and ended in the Early Cretaceous. The
Dicksoniaceae was formerly considered a subfamily of
Cyatheaceae and became independent due to the different
position of its sori. Coniopteris from the Early Jurassic of
England might be the oldest known Dicksoniaceous fern.
Up to now, over 60 species of Coniopteris have been
identified globally (Harris, 1961; Van Konijnenburg-van
Citter, 1981, 2008; Deng Shenghui, 2002; Cantrill et al.,
2005; Kostina et al., 2013; Scanu et al., 2015; Barbacka et
al., 2016; Huang Min et al., 2016; Liu Gang et al., 2016;
Guo Caiqing et al., 2017; Shi Qiuyuan et al.,, 2017) in
temperate, subtropical and tropical zones. It likely
preferred a warm, moist habitat (Vakhrameev, 1991; Wang
Yongdong et al., 2009; Li Qijia et al., 2016; Herman et al.,
2017; Li Gang, 2017; Li Zhenyu et al., 2017; Na Yulin et
al., 2017, Zhang Yanzhen et al., 2017). Coniopteris
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hymenophylloides  Seward is the most common
Dicksoniaceae species in the Early and Middle Jurassic
time. Although a series of studies of the sterile fronds and
in situ spores of this species have been conducted (Harris,
1961; Vakrameev et al., 1961; Kilpper, 1964; Taylor et al.,
1993; Li Houxin et al., 2015; Césari et al., 2016; Huang
Wei et al., 2016; Sun Yuewu et al., 2016; Lara et al., 2017,
Miao Huixin et al., 2018), it is still uncertain whether the
spores of Coniopteris hymenophylloides are of the
Cyathidites type or of the Deltoidospora type.

In China, around 40 species of Coniopteris have been
recorded. Coniopteris is considered as a kind of small to
large creeping rhizomatous ferns; and its habit, habitat,
phytogeography and climatic setting were discussed by
Deng Shenghui (2002). Wang Yongdong et al. (2009)
found fossils of Coniopteris hymenophylloides with both
sterile and fertile pinnae in the Lower Jurassic Hsiangchi
Formation in western Hubei, China. He noted that this
species is very small and slender in growth form, less than
20 cm tall. Although C. hymenophylloides has been
recorded from a variety of localities (e.g., Chen Fen et al.,
1984; Wu Shunqing and Zhou Hanzhong , 1986; Cao
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Zhengyao and Zhang Yaling , 1996; Duan Ye et al., 2009;
Zhang Fade and Tong Haikui , 2012; Huang Min et al.,
2016; Zhao Miao et al., 2016; Han Gang et al., 2016,
2017; Wang Zixi et al., 2017), few of the specimens found
at these locations involved microstructure features. And
this is important to identification, phylogeny of
Coniopteris and reconstruction of paleoclimate. So far
only Li Qijia (2016) made cuticular analyses of C.
hymenophylloides from the Middle Jurassic Yan’an
Formation in Huating, Gansu. She found the upper and
lower epidermis of C. hymenophylloides, but she didn’t
provide the details of stomatal complexes.

In the present study, well-preserved materials including
sterile and fertile pinnae, sporangia and in situ spores,
epidermal cuticles, as well as stomatal complexes of C.
hymenophylloides from the Middle Jurassic Yaojie
Formation in Gansu Province, northwestern China are
investigated. They might be valuable in the systematics
and phylogeny of Coniopteris.

2 Geological Setting

The Yaojie Basin is located in Gansu Province,
northwest China. The basin belongs to the Middle Qilian
uplift zone and lies at the transfer site of the Qilian folded
mountains and the Lanzhou block. As an inland basin, it
was formed in the Mesozoic and developed in the
Cenozoic . It is a long and narrow basin extending north-
southward; the average elevation is approximately 1520
meters (Fig. 1).

The Yaojie Formation is coal-bearing, formed in the

102°E 103" 104°
T

fluvial-lacustrine depositional system  with a total
thickness of 235 meters (Fig. 2). The geological age of the
Yaojie Formation has been dated as Aalenian to Bajocian
based on plant fossil assemblages (Sun Bainian, 1986; Sun
Bainian et al., 2007; Yan Defei et al., 2009). According
to its lithologic characteristics, the sequence of strata of
the formation (from bottom to top) is: conglomeratic
sandstone Member (J,»'), coal-bearing Member (Jp?),
mudstone Member (J,)°), oil shale Member (J,»*), and
muddy siltstone Member (J;»°) (Gansu Geology and
Mineral Bureau, 1989; Xie Sanping et al., 2006). The
fossils were collected from the muddy siltstone Member
(J»»°) which consists of gray, grayish-green, grayish-
yellow sandstones, siltstones, grayish-black mudstones
and coal seams. The thickness of the member is around 70
meters. The studied fossils at present were associated with
other plant taxa, including Equisetites lateralis (Phillips),
Coniopteris burejensis (Zalessky) Seward, Coniopteris
simplex (L. et H.) Harris, Cladophlebis whitbiensis
(Brongniart), Pterophyllum subaequale Hartz, Ginkgoites
digitata (Brongniart) Heer, Ginkgo huttoni (Sternberg)
Heer, Phoenicopsis angustifolia Heer, Pozodamites
lanceolatus (L. et H.) Heer, indicating a kind of the
Coniopteris-Phoenicopsis flora in North China.

3 Materials and Methods

The specimens used in this study and their sterile and
fertile fronds were collected from coal-bearing members
(J»?), oil shale members (J,»*), and muddy siltstone
members (J,y°) of the Yaojie Formation.
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Fig. 1. Sketch map showing the fossil plants’location in Yaojie Basin, Gansu Province, China.



ACTA GEOLOGICA SINICA (English Edition)
http://www.geojournals.cn/dzxben/ch/index.aspx

June 2018

906 Vol. 92 No. 3
Age | Fm,| Mem.| Bed| Lithology
=
L2
=
o
g
=
>
5
s
=
=
=48 m
£
k')
£ =
2 | g = ,
Z gl = E coal line
S| 5| =
= | =] &
o 2 E coal seam
z |z
b - oil shales
| ] shales
 —
w
5 g E mudstones
5 3
= = E muddy siltstones
E] siltstones
% coarse sandstones
=
= fine sandstones
g ﬁ [BEF] conglomerates
o
S Z2|i3|ammua conglomeratic
= 2 sandstones
2y =
&
o g fossil plants

Fig. 2. Stratigraphic section through the Yaojie Formation,
Gansu Province, China.

Treatment of spores: The sori were extracted from
fertile pinnules using the peel method or a small knife and
treated with HCI to remove calcium. The samples were
then dissolved in 39% HF to remove siliceous and clay
material, followed by cold treatment for 24 hours or
boiling for 15-20 minutes. The samples were then treated
with 5% HNO; and neutralized with 5%—10% KOH until
their color changed to light brown. The samples were
divided into two parts: one part was mounted for
observation under the light microscope, and the other part
was used as a standby.

Treatment of fossil cuticles (Lei Xiangtong et al., 2018):
First, the black membranes were stripped from the middle
parts of the fossil fronds, and the fronds were washed with
distilled water and placed in an HCI solution to remove
calcium. The samples were then placed in 39% HF to
remove siliceous impurities, followed by maceration with
Schulze’s solution for 30 minutes. When the color became
brown to red, the samples were neutralized with distilled

water. After a short treatment (approximately 30 mins)
with 5% ammonia, the samples were stained with Safranin
T and mounted for observation (Kerp et al., 1999).

All specimens, megafossils and slides for LM are stored
at the Northwest Normal University, Gansu Province,
China.

4 Description

Order Filices
Family Dicksoniaceae
Genus Coniopteris Brongnart, 1948
Coniopteris  hymenophylloides
Seward 1900 (Figs. 3, 4a-d)
1828 Coniopteris hymenophylloides, Brongniart, P. 589,
pl. 122, fig. 3, 4.
1875 Sphenopteris hymenophylloides,
215, pl. 10, fig. 8.
1900 Coniopteris hymenophylloides, Seward, P. 99,
pl.16, fig. 4, 6.
1988 Coniopteris hymenophylloides, Li, P.52, pl.23, fig.
4,5.
Age and horizon: Middle Jurassic, Yaojie Formation
Type locality: Yaojie Basin in Gansu province,
northwestern China (36°25'N, 102°50" E)
Stratigraphy: Yaojie Formation, Aalenian to Bajocian

(Brongniart)

Brongniart, P.

4.1 Megafossils

Leaf usually are entirely sterile or almost entirely
fertile, and few borne together (Fig. 3d). The preserved
fronds are bipinnate, measured over 40 mm long and 25
mm wide (Fig. 3a). The main rachis is straight, up to 2
mm. Sterile pinnae are linear, 20 mm long and 3 mm
wide. Basal pinnules nearly opposite, later ones becoming
alternate in katadromic order. Pinnules from lower parts of
pinnae are mainly rhombic with shallowly lobed margins.
The lobes are acuminate. And the first basiscopic lobe
developed as filiform lying over the rachis. Upper
pinnules are ovate and entire, about 3 mm long and 1 mm
wide, with decurrent leaf bases (Fig. 3c). In particular,
almost every first basiscopic pinnae turn to filiform, which
differs from other ones (Fig. 3b).

Fertile pinnae are linear-lanceolate, 15 mm long and 3
mm wide, as wide as sterile ones (Fig. 3e). Fertile pinnules
are strongly shrunk to thin rod shapes while always
retaining a certain leaf membrane with marginal sori. In
addition, there are some basiscopic lobe also developed as
filiform which is similar to the sterile ones (Fig. 31).

4.2 Sori and sporangia
Each fertile pinnule usually bearing a single sorus; sorus
oval to rounded with a suspensor, about 1 mm in diameter.
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Fig. 3. Leaves, sporangia and in situ spores of Coniopteris hymenophylloides.

The sporangium is globate or ellipsoidal, approximately
400 um long and 250 pm wide. Each sporangium contains
spore masses (Fig. 4a).

4.3 In situ spores

Spores are typically trilete, yellow or brown,
tetrahedral, mainly triangular in polar view, and some are
subcircular. The three sides are of equal length and
slightly convex, and several are slightly concave with
round or obtuse apices (Fig. 4b—c). The spores are
semicircular or cap-shaped in equatorial outline (Fig. 3d).
The spore diameter ranges from 27.5 to 46 um in polar

view (37 um on average). The radius is straight and
narrow, sometimes cracked or even triangular; a few are
slightly curved or undulate, and the young spores have an
elevated radius, unlike the mature ones. The radius
generally extends to 4/5 of the spore radius, approaching
the edge of the spore, and the spore edges are not lipped.
The spore surface is smooth, although parts of the exine
are granulate.

4.4 Epidermal structures
Fronds are hypostomatic with thin cuticle. The upper
epidermal cells are irregular in shape but usually
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rectangular, 40—60 pm long and 10-20 pm wide. The
anticlinal walls are straight or slightly undulate (Fig. 4e).
The lower epidermal cells are similar to the upper ones
(Fig. 4f). The elliptical stomatal complexes are paracytic
and irregularly distributed, about 30 pm long and 19 pm
wide, and the stomatal density is small (Fig. 4g). The
stomatal aperture is an elongated oval, a few microns in
length. The guard cells are large and clear, and each pair
of guard cells is completely surrounded by two subsidiary
cells whose long axes are parallel to those of the guard
cells (Fig. 4h).

5 Discussion and Comparisons

5.1 Comparisons

The sori of the present specimens grew at the margin of
each fertile pinnule; this feature is only recorded in the
Family Dicksoniaceae of the Order Filices (Sun Keqin et

(a)

i

z
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al., 2010). The fossil Dicksoniaceae comprises five
genera. The present specimens is very similar to
Coniopteris hymenophylloides (Harris, 1961), the type
species of Coniopteris: both have a rachis that is 2 mm
wide, linear to lanceolate pinnae, and rhombic to
lanceolate pinnules with acute lobes. The angle between
the pinna and the axis is approximately 40°-50° (Si
Xingjian and Li Xingxue , 1963). These features separate
the present specimen from other genera. Consequently, we
assign the present specimens to Coniopteris.

The specimens have two obvious features. The first is
the divisions of pinnules, which is an important basis for
the identification of Coniopteris. Pinnules of the present
specimens are slightly lobed to entire from lower to upper
part, and the lobes all are acuminate. Besides the first
basiscopic lobe of the present specimens always
developed as filiform. There are 5 species from the

Fig. 4. Spores and cuticles of Coniopteris hymenophylloides and cuticles of the extant species Cyathea spinulosa.
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Jurassic that have abnormal leaves. However as for
Coniopteris qinghaiensis(Li Peijuan, 1988), pinnules in
the middle and upper portions have 5—7 lobes, more than
are found in the present specimens. C. beijingensis(Chen
Fen et al., 1984) has a thinner rachis, less than 2 mm wide
and its fertile pinnules are not shrunken. And C.
tiehshanensisi, has lobes bear rounded apexes (Ye Meina
et al., 1986). In C. murrayana(Sun Keqin et al., 2010), the
first pinnule above the rachis at the base of the pinna is
slightly larger than the one below it; the rachis is
approximately 1 mm wide, and the pinnules are divided
into 2-3 pairs of lobes with obtuse apexes (Li Peijuan,
1988). These features all differ from those of the present
specimens, whereas in C. hymenophylloides (Hartris,1961),
basal pinnule with its first basiscopic lobe developed as
filiform processes lying over the rachis, same to the
present specimens. Besides the upper epidermal cells of
the present specimens are enlonged cells about 20 long
and 70 long, similar with the C. hymenophylloides.
Meanwhile we also make comparisons between the
present specimens and other similar species in Coniopteris
(Table 1). Therefore, based on the foregoing analysis, we
assign the present specimens to C. hymenophylloides.

5.2 Comparison with other cuticles of fossil ferns

The fern cuticles are very rarely studied because their
preservation usually is very poor and fern cuticles are very
thin. Up to date, the anatomical research of the fern was
mainly on Pteridosperm (Barbacka et al., 1998; Retallack,
2001). The study on cuticles of Pachypteris (fern) from
late Jurassic (Doludenko, 1971; Barbacka et al., 1998;
Retallack, 2001; Guignard et al., 2009) is a typical
research which showed details in epidermal structures.
The fronds of Pachypteris are hypostomatic. And upper
epidermis is composed of cells with thick walls, arranging
disorderly. The stomatal apparatus distributed in the lower
epidermis, arrange disorderly. The density of stomata
usually increases from the edge of the pinnule to the
center. The subsidiary cells are well developed, usually 5
to 6 ,with irregular shape, arranged around stoma. The
main difference between the cuticles of Coniopteris
hymenophylloides and Pachypteris is the guard cells and
subsidiary cells. The former ones have well developed
guard cells, conversely, the latter has developed subsidiary
cell. But they have similarities in the shape and size of
stomata apparatus. Thus this could also explain that the
affinity of Pachypteris and Coniopteris is relatively far,
but they all are ferns.

Harris (1961) made a preliminary study of several
cuticles of Coniopteris from the Yorkshire Flora. The
of C. murravana are
hymenophylloides, but its upper epidermis cells could

cuticles similar to C.

reach 250 um long. And Li Qijia (2016) studied the
cuticles of C. hymenophylloides and Sphenopteris
chowkiawanensis, found that they both characterized as
being thin, no tubers and flat.

5.3 Comparison with extant related genera

Coniopteris in the Middle Jurassic is an herbaceous
plant that is short with creeping rhizomes. The pinnules
are ovate, rhomboid and lanceolate. A single sorus
(seldom double) inserts at the top of the vein; the margin
of the pinnule is usually fully or partly surrounded by a
cup-like indusium. The spores are typically trilete with
granular or rugulate elements on the surface. These
characteristics also occur in some extant genera in the
Dicksoniaceae, Cibotiaceae, Culcitaceae,
Thyrsopteridaceae and Cyatheaceae. In this paper, we
compared the morphological characters of Coniopteris
with those of related extant genera in these families to
determine the similarities between Coniopteris and extant
plants, then the affinity and systematics of Coniopteris
(Table 2).

The extant dicksoniaceous plants are tree ferns,
generally marked by pinnules with vein ends terminating
in submarginal sori that are similar to those of
Coniopteris. The Dicksoniaceac used to include 6 extant
genera, of which now only 3, Dicksonia, Calochlaena and
Lophosoria, remain. These ferns are mostly arborescent or
with erect or ascending rhizomes; the pinnae are linear or
lanceolate, as are the pinnules, and the spores are globose
or tetrahedral. However, the spore surface is psilate.
Although Dicksonia and Calochlaena possess bivalved
indusia, Lophosoria even lacks indusia (Smith et al,
2006). Moreover, the stomatal complexes of Dicksonia are
paracytic, approximately 30 pm long and 20 pm wide,
similar to those of Coniopteris. However, the anticlinal
walls are obviously deeply wavy (Volkova et al., 2011).

The Cibotiaceae, Culcitaceae, and Thyrsopteridaceae
were formerly considered genera in Dicksoniaceae. In the
Culcitaceae, there is only one genus, Culcita, with two
species. The rhizomes are creeping or ascending, similar
to Coniopteris; the sori are approximately 3 mm wide and
terminate on veins with bivalved indusia, and the spore
surface is psilate (Deng Shenghui and Chen Fen, 2001).
These features differ from those of Comniopteris. In the
Cibotiaceae, there is only one genus, Cibotium, with 11
species. The pinnules of Cibotium are falcate with
serrulate marginals; the sori terminate on veins with
bivalved indusia, and the stomata have 3 subsidiary cells
(Smith et al., 2006), whereas there are 2 subsidiary cells in
Coniopteris.

In the Thyrsopteridaceae, there is one
Thyrsopteris, with a single species, 7. elegans. The

genus,
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Table 2 Cuticular structures of several extant genera and Coniopteris
Family Genus Pinnules - Sori position Indusia Spore - Anticlinal Stomata Reference
shape margin ornamentation walls
Dicksonia OYate or  Lobate or Edge of the lobe Bivalved Psilate or Deeply Ijor}g
linear parted lophlate -wavy elliptical
Dicksoni i i
icksoniaceae Calochlaena Linear or Parted Edge of the lobe Bivalved Verrucate or ) ) Smith, 2006
lanceolate tuberculate
Lophosoria Linear Entire Edge of the lobe Lacks - -
Cibotiaceae Cibotium Falcate Serrulate  Edge of the lobe Bivalved Granulate - - Smith, 2006
Culcitaceae Culcita Edge of the lobe Bivalved Psilate - - Deng, 2001
Rhomb or  Lobate or Tuberculate,
Thyrsopteridaceae  Thyrsopteris lanceolate entire Edge of the lobe  Cup-shaped lamellate - - Pérez, 1997
or rugulate
. Linearto  Parted or ~ Near the pinnule Granulate Deeply Elliptical
Sphaeropteris .. L Lacks to long
lanceolate divided midvein or verrucate -wavy ..
elliptical
Cyatheaceae . Entire or ~ Near the pinnule Cup-shaped, Stiate or Deeply Elliptical
Alsophila Falcate . L scale-shaped to long
sinuous midvein granulate -wavy ..
or lacks elliptical
Cvathea Lanceolate or Entire or  Each side of the Globose ) ) )
4 falcate serrulate  pinnule midvein Fishbein, 2008
EZ?:;’ Entire, Granulate, Straight,
- Coniopteris > lobate or  Edge of the lobe ~ Cup-shaped . Elliptical
lanceolate or arted rugulate or slightly
triangle P plicate undulate

pinnules are thomboid or lanceolate, and the sori are borne
at the edge of the lobe. The indusia are cup-shaped.
Moreover, the spores are globose-tetrahedral with
prominent angles, approximately 50 um long. The spore
surface is tuberculate, lamellate or rugulate (Pérez Garcia
et al., 1997). These features are similar to those of
Coniopteris. However, the epidermal anatomy of this
species is unknown.

The classification of the Cyatheaceae has had a long and
controversial history, and three tentative
'clades', Alsophila, Cyathea and Sphaeropteris, have been
developed (Korall et al., 2006). Sphaeropteris and Cyathea
have linear or lanceolate pinnules. However, the sori of
these clades differ from those of Coniopteris. The sori of
Sphaeropteris halfway the
pinnule midvein and the edge of the lobe and lack indusia.
The sori of Cyathea are borne at each side of the pinnule
midvein and are globose. Some species of Alsophila have
sori with cup-shaped indusia, similar to Coniopteris, but
these sori are borne near the pinnule midvein (Fishbein,
2008). The stomatal complexes of Sphaeropteris and
Alsophila are paracytic. Both have two guard cells and two
subsidiary cells. The stomatal complexes of Sphaeropteris
are approximately 30-40 pm long and 15-20 um wide. In
Alsophila spinulosa, the typical representative of Alsophila,
the upper and lower epidermal cells are almost the same
shape and size, approximately 50-80 um in diameter, and
the lower epidermis is relatively better developed. The
stomata are arranged on ecach side of the veins. The
stomatal apparatus is oval or ovate, approximately 28 pm
long and 20 pm wide (Fig. 4E-F). However, the anticlinal
walls of Sphaeropteris and Alsophila are mainly deeply
wavy (Liu Houxin et al., 2015).

are  borne between

In conclusion, the pinnae, pinnules, sori and indusia of
Thyrsopteris are more similar to those of Coniopteris than
to those of any other genus. With respect to epidermal
anatomy, the stomatal complexes
Sphaeropteris and Alsophila are all paracytic, and the
sizes and shapes of their stomatal complexes are also
similar. Thus, the comparison with extant related genera
shows that Coniopteris has the combined features of these
genera.

of Dicksonia,

5.4 Paleoclimate

The Yaojie Formation contains flora of the Middle
Jurassic and a part of the late Coniopteris-Phoenicopsis
flora (Sun Bainian, 1986). ferns, including
Coniopteris, Rhizomopteris, Eboracia, Clathropteris,
Hausmannia, and Cladophlebis, are one of the dominant
plant components of the Yaojie Formation. Coniopteris is
by far the dominant genus, representing 42.6% of the total
fern specimens and 7 species. Among these, Coniopteris
hymenophylloides is very common, being found almost all
over the world. On the basis of its distribution, it can be
concluded that C. hymenophylloides lived under warm and
humid climatic conditions (Deng Shenghui, 2002). The
dominant elements associated with C. hymenophylloides
in the fossil assemblage of the Yaojie Formation include
Ginkgoites, Phoenicopsis, Elatocladus, Podozamitales,
and others. These genera mainly lived in tropical or
subtropical zones. In addition, the cuticles of C.
hymenophylloides are thin, and the epapillate and stomatal
complexes of the megafossils are not sunken; these
features of C. hymenophylloides also indicate a more
humid environment. Based on the above, the Middle
Jurassic of Yaojie in Gansu presented a warm and humid

True
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subtropical climate.
6 Conclusions

Based on study and analysis of the features of the
megafossils described in this work, we confirm that the
specimen is Coniopteris hymenophylloides (Brongniart)
Seward.

The discovery of C. hymenophylloides in the Yaojie
Formation adds new evidence that dates the geological age
of the Yaojie Formation as Aalenian to Bajocian and
indicates that the Yaojie Formation experienced a warm
and humid climate during the Middle Jurassic period
preliminarily.

We extracted well-preserved in situ spores from the
present specimens and studied. The comparison of
Coniopteris with extant species shows that Coniopteris
combines the features of its related extant genera.

Moreover, a detailed studied has made. The
ultrastructural research on C. hymenophylloides has a
certain guiding significance for the identification and
classification of fern fossil plants and the found of
stomatal apparatus could use to reconstruct the
paleoclimate quantificationally.
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