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ABSTRACT

The present paper focuses on the taxonomy of the genus Czekanowskia (Cze-
kanowskiales). A new species, Cxekanowskia (subg. Harrisella) ordosensis sp. nov.,
is described from the Middle Jurassic Yan’an Formation of Ordos Basin, China
on the basis of epidermal structures for the first time. The discovery of the new
species provides new information on the morphological and epidermal characters
of Cxekanowskia (subg, Harrisella) and increases our knowledge on its taxonomy.
This discovery is significant for a better understanding of the diversity of the
genus Czekanowskia during the middle Jurassic and the geological distribution
of Cxekanowskia (subg. Harrisella) in China. The analysis of the taphonomy
suggests that Cgekanowskia are seasonally deciduous trees or shrubs growing on
the hillside and sloping fields along the meandering rivers, lakes and swamps in a
vast sedimentary basin in warm temperate and temperate zones.
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PE3IOME

Cynu Y., Baur X., Auabuep A.A., Au T., Au FO., Ha FO. Hossrii Bup Cze-
kanowskia (Czekanowskiales) n3 cpeAHEIOpCKHX OTAOXKeHUN GacceiiHa
Opaoc, Kuraii. OcHOBHOE BHUMAHIE B CTATHE JACAACTCA TAKCOHOMHM POAQ
Cxekanowskia (Czekanowskiales). Czekanowskia (subg. Harrisella) ordosensis sp.
NOV. OIIICHIBACTCA M3 CPCAHCIOPCKUX OTAOKEHHH popmarnn Supanb Gacceitna
Opaoc, KuTaif, Ha OCHOBE 3ITMACPMAABHEIX CTPYKTYp AncTa. OTKpBITHE HOBO-
IO BHAA AACT HOBYIO HMH(OPMAIUIO O MOP(OAOIHYECKHX H SIHACPMAABHBIX
npusHakax poaa Cxekanowskia (subg, Harrisella) n pacimmpser Harm sHaHHS O
€ro TakcOHOMHH. AaHHAsS HAXOAKA HMECT OOABIIOEC 3HAYCHHE AAS ITOHIMAHUS
pasnoobpasust poaa Crekanowskia B CpeAHEH fOpe M €ro PacIpOCTPAHECHHU B
reosormgeckomM Bpemenn B Kurae. Anaans tadorieHo3os mokassBacet, 910 Cxe-
kanowskia OBIAA TIPEACTABACHA CE30HHO AMCTOITAAHBIMH ACPEBBAMU HAH KyC-
TAPHUKAMH, PACTYIHMH HA CKAOHAX I'OP H ITOAOIUX YYACTKAX BAOAD PEUHBIX
AOAMH, IT0 Geperam o3ep u GOAOT B OOIITHPHBIX OCAAOYHBIX OACCEHHAX B TEIIAO-
YMEPEHHON U yMEPEHHON 30HAX.

Karouennre caosa: Cxekanowskia, Czekanowskiales, cpeAneropcknii mepnoa, dac-

cetir Opaoc, Kurait .
ITepeBeaeHO peakoAAserueit

INTRODUCTION

Since then, many fossil leaves have been discovered from
the Mesozoic floras throughout the Northern Hemisphere,

Czekanowskiales (Pant 1957) is an enigmatic gymno-
spermous order flourished in the Mesozoic of the Northern
Hemisphere. Krassilov (1977, 1997) suggested that it has
remote affinities with the flowering plants and treated it in
a group called Proangiosperms. It is now widely accepted
that Czekanowskiales includes the genera Phoenicopsis Heer,
Cxekanowskia Heer, Solenites Lindley et Hutton, Hartzia Har-
tis, Sphenarion Harris, Arctobaiera Florin, ovulate cone Lep-
tostrobus Heer and pollen cone Ixostrobus Raciborski (Kras-
silov 1968, 1972a, 1972b, Hartis et al. 1974; Sun et al. 2009).
Among these genera, Czekanowskia is one of the most
common members. This genus was originally established
by Heer (1876) based on the specimens from the Jurassic
Irkutsk coal-bearing basin of eastern Siberia of Russia.
Cxekanowskia setacea Heer was designated as the type species.
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especially in Eurasia, and they are generally described as Cze-
kanowstkia rigida Heer and C. setacea Heer based on the gross
leaf morphology. Samylina & Kiritchkova (1991, 1993) re-
cognized three subgenera within the genus Cxekanowskia
based upon stomatal distribution and arrangements, i.c.,
subg. Czekanowskia (amphistomatic leaves with stomata ar-
ranged in files), subg. Harrisella (amphistomatic leaves with
stomata arranged in bands, at least on the lower epidermis),
and subg. Vachrameevia (hypostomatic leaves with stomata
arranged in files or bands).

Although Czekanowskia leaves are quite common in the
Mesozoic sediments of China, especially in northern China,
its taxonomy was less well known based upon leaf cuticular
structure (Li et al. 1988, Wu et al. 2002, Sun et al. 2009).
In recent years, we have collected abundant Cxekanowskia
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leaves from the Middle Jurassic Yan’an Formation of the
Ordos Basin in northern China. Following Samylina and
Kiritchkova’s (1991, 1993) taxonomy, the genus Cxekanon-
skia (subg. Harrisella) is recognized for the first time, and
a new species Czekanowskia (subg, Harrisella) ordosensis sp.
nov. is first described in this paper. The new species ex-
tends the geological and geographical distribution of this
subgenus and its occurrence shows that this subgenus
was an important member of Czekanowskia in the Middle
Jurassic flora of northern China and Eurasia. Meanwhile,
it also increases our knowledge in understanding the paleo-
biodiversity of Cxzekanowskia during the Middle Jurassic of
northern China.

GEOLOGICAL SETTING

The specimens were collected from the Middle Jurassic
coal-bearing Yan’an Formation of the northeastern area of
the Ordos Basin, China (Fig. 1). The Ordos Basin is one
of the large-scale Mesozoic sedimentary basins in China.
The strata contain the Triassic—Cretaceous continental de-
posits. The oil, gas and coal resources were developed in the
Triassic and Jurassic sediments. The Jurassic sediments were
divided into four formations in the basin, in ascending or-
der, the Lower Jurassic Fuxian Formation, the Middle Juras-
sic Yan’an and Zhiluo formations and the Middle or Upper
Jurassic Anding Formation (Geological Institute of Chinese
Academy of Geological Sciences 1980, Geological and
Mineral Resources Bureau of Inner Mongolia Autonomous
Region 1991, He et al. 2004).

The Yan’an Formation is well-developed and exposed
in the northeastern area of the Ordos Basin. In this area, it
can be subdivided into two members based on our field geo-
logical survey. The lower member is the main coal-bearing
deposits, consisting of sandstones, siltstones, mudstones
and coals, which were formed from sediments of alternate
fluvial, lacustrine and swamp environments. The upper
member is characterized by fine grained detrital rock which
indicates lacustrine environments. We have collected abun-
dant Czekanowskia leaves and fossils of various other plant
groups, including bryophyte, ferns, cycads, ginkgos and co-

nifers from the siltstone, mudstone and fine-grained sand-
stone beds of the lower part of the lower member (Fig. 2).

MATERIAL AND METHODS

Five specimens of Cgzekanowskia leaves preserved as
compression are observed using an Olympus SZX10
microscope. Photographs were obtained under reflected
light using a digital camera (Canon 5D Mark II). The
cuticle of these specimens is suitable for maceration. The
preparations were made following standard procedures
(Dilcher 1974, Kerp 1990, Kerp & Krings 1999). Prepared
cuticle was observed under a scanning electron microscope
(JSM-6700) and photographed at an acceleration voltage of
10 kV at the Key Laboratory for Evolution of Past Life and
Environment in Northeast Asia, Ministry of Education,
Changchun, China.

All specimens and preparations are stored at the Re-
search Center of Palacontology and Stratigraphy of Jilin
University, Changchun, China.

SYSTEMATICS

Order Czekanowskiales Pant 1957

Genus Czekanowskia (Heer) Harris and Miller 1974
Subgenus Czekanowskia (subg. Harrisella) Kiritchkova
and Samylina 1991

Species Czekanowskia (subg. Harrisella) ordosensis sp.
nov. (Figs. 3-5)

Diagnosis: Linear leaves in a bundle of six or seven
attached on the short shoot; individual leaf more than
130 mm long, branching dichotomously once (occasionally
twice) in the middle or upper portion, resulting ultimate
leaf segments 1.4-1.6 mm wide. Leaf amphistomatic,
sparse stomata longitudinally arranged in file on the upper
epidermis; stomata longitudinally arranged in band on the
lower epidermis with each band containing 2-3 files. Guard
cells surrounded by four to six subsidiary cells. Anticlinal
walls straight. Trichomes or papillac absent.

Description: The short shoot is 5 mm long and 2.5 mm
wide without distinct scale leaves (Fig. 3A). There are five
to seven linear leaves in each bundle. The individual leaf is
more than 130 mm long and dichotomizes once, or occa-

Yanjiata

Dongsheng

Shenshangou

N Zokm

Figure 1 Map showing fossil plant localities from the Ordos Basin, China. Rec-
tangle in the inset denotes the study area in the Ordos Basin in China

Anding Formation

Upper

Zhiluo Formation

Upper Member

Jurassic
Middle

Yan'an
Formation

Lower Member

sampling stratum
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Figure 2 Generalized stratigraphic column of the
Jurassic strata in the Ordos Basin, China. The plant
fossils were collected from the lower member of the
Yan’an Formation
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Figure 3 Leaves of Cgekanowskia (subg, Harrisella) ordosensis sp. nov. from the Middle Jurassic Yan’an Formation, Ordos, Inner Mongolia,
China. Arrows denote areas where cuticle was removed for preparation. All scale bars = 10 mm.

A — Holotype, YJT062. Specimen collected from the Yanjiata locality. Note dichotomizing leaf segments on the left. B, C — Paratypes,
SSG024, SSG025. Specimens collected from the Shenshangou locality. Note five leaves in B and at least 7 leaves in C. D, E — other specimens
examined, SSG026, SSG027. Specimens collected from the Shenshangou locality

sionally twice, and is 1-1.5 mm wide at the lower portion
and up to 1.8-2 mm wide before branching (Fig. 3A, B).
The ultimate leaf segments are 1.4-1.6 mm wide. The veins
are inconspicuous (Fig. 3A-E).

The cuticle was removed from the middle and distal
portions of the leaf (Fig 3). Leaf is amphistomatic.
Both sparse stomata and ordinary cells are arranged in
longitudinal files on the upper epidermis. The epidermal
cells along the stomatal file are commonly rectangular, 30—
50 um long and 15-20 pm wide, rarely isodiametric, 20—
25 um long and 15-20 pm wide (Fig.3 A, B). The epidermal
cells between the stomatal files are more elongated with
pointed or truncate ends, 70—120 pm long and 15-20 pm
wide. The anticlinal cell walls of the ordinary epidermal
cells are straight. Heavily cutinized structures are observed
in the anticlinal walls of epidermal cells (Fig. 4C, D, Fig. 5C,
G). Trichomes and papillae are absent (Fig, 4F; Fig. 5H).

There are 4-5 stomatal and non-stomatal bands on the
lower epidermis (Fig. 5A). Non-stomatal bands are 150—
180 wm wide, composed of more elongated cells with trun-

cated or pointed ends. The stomatal bands are 200-250 um
wide, and the ordinary epidermal cells are rectangular or
irregularly square-shaped, 30-50 pm long and 15-20 pm
wide. The anticlinal cell walls of the ordinary epidermal
cells are straight. Longitudinally orientated stomata form
two to three discontinuous rows in each stomatal band
(Fig. 5B, G). The stomatal apparatuses are neatly rounded,
60-70 um long and 50-60 pm wide. The guard cells are
slightly sunken below the surface of subsidiary cells. They
are commonly surrounded by five to six subsidiary cells,
with one at each polar end and one or two on each lateral
side (Fig. 5D, E, F). The subsidiary cells at the polar ends of
the guard cells are short.

Comparison: Except for the new species, all nine other
species of Cgekanowskia (subg. Harrisella) have been repot-
ted from the Jurassic deposits. Among them, eight known
species are from the former Soviet Union (Samylina & Ki-
ritchkova 1991), and one is from China (Sun et al. 2009).
Morphologically, the new species is comparable with
Crekanowskia (subg. Harrisella) mchatica Kititchkova and
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Figure 4 SEM images of the upper cuticle of Czekanowskia (subg, Harrisella) ordosensis sp. nov. Cuticle removed from Figure 3A, B. Scale bars
=100 pm in A, B, F; 50 pm in C; 20 pm in D, E.
A, B —inner surface showing sparse stomata longitudinally arranged in file on the upper epidermis. C — inner surface showing epidermal cell
shape. D, E — inner surface showing stomatal apparatuses. Note the guard cells and the subsidiary cells. F — outer surface showing smooth
periclinal walls of the epidermal cells.

Samylina from the Middle Jurassic of northern Kazakhstan
(Samylina & Kiritchkova 1991, p. 84, pl. 57, text fig. 47),
Cz. (subg. H.) robusta Kiritchkova and Samylina from the
Early Jurassic of Central Asia (Samylina & Kiritchkova 1991,
p- 87, pl. 5, 59, text fig. 49), Cz. (subg. H.) vera Kiritchkova
and Samylina from the Upper Jurassic of Siberia. However,
these species are apparently different from the new species
in the presence of papillac on the periclinal walls of both
lower and upper epidermis. The other species from the for-
mer Soviet Union can be distinguished from the new species
by their leaf size, the number of stomatal bands in each leaf
segment and stomatal files in each band. The new species
is very similar to C%. (subg. H.) chinensis Sun et al. from the
Middle Jurassic of Inner Mongolia of China in gross leaf
morphology (Sun et al. 2009, pp. 1185-1187, figs. 3-0).
They significantly differ in that the leaf of C%. (subg H.)
chinensis Sun et al. dichotomizes two or three times to give
rise to narrower leaf segments (0.6-1 mm wide), and there
are two files of stomata in each stomatal band on the upper
epidermis.

Holotype: YJT062 (Fig. 3A).

Paratypes: SSG024, SSG025 (Fig, 3B, C).

Repository: The Research Center of Palacontology
and Stratigraphy of Jilin University, China.

Type locality: Yanjiata coal mine, Dongsheng, Inner
Mongolia, China.

Stratum typicum: Gray siltstone of the lower member
of Yan’an Formation.

Etymology: The specific epithet ordosensis refers to the
Ordos Basin where the specimens were collected.

DISCUSSION

The genus Cgzekanowskia is quite common in the
Mesozoic terrestrial deposits of Eurasia. About 90 known
species have been described based upon the differences
of cuticular features and gross leaf morphology. Among
these species, ca. 70 species were assigned to the subgenus
Crekanowskia (subg. Czekanowskia) (Johansson 1922, Harris
1926, 1935, Harris & Miller 1974, Kimura & Ohana 1979, Li
et. al. 1988, Doludenko & Rasskazova 1972; Doludenko &
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Figure 5 SEM images of the lower cuticle of Czekanowskia (subg. Harrisella) ordosensis sp. nov. Cuticle removed from Figure 3A, B, C, D.
Scale bars = 200 ym in A, B; 50 um in C, G; 10 um in D, E, F; 100 pm in H.

A, B — inner surface showing stomata longitudinally arranged in band. C — inner surface showing epidermal cells in the non-stomatal band.
D-F — inner surface showing stomatal apparatuses. G — inner surface showing dense stomatal apparatuses in the stomatal band. H — outer

surface showing smooth periclinal walls of epidermal cells.

Otrlovskaya 1976, Samylina & Kiritchkova 1991, 1993, Ash
1994, Kostina 1999, 2004). Most of them were collected
from the former Soviet Union. Two other subgenera
have a relatively small number of species. Nine known
species were assigned to the subgenus Czekanowskia (subg.
Harrisella), with eight from the former Soviet Union and one

from China (Samylina & Kiritchkova 1991, Sun et al. 2009).
Nine species were assigned to the subgenus Czekanowskia
(subg. Vachrameevia), with seven known species from the
former Soviet Union (Samylina & Kiritchkova 1991) and
one known species (Sun et al. 2009) and one undefined
species (Wu et al. 2002) from China. The discovery of the
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new species further provides new morphological and epi-
dermal data and increases our taxonomic knowledge of
Cxekanowskia (subg, Harrisella).

Obur literature survey indicates that two species of Cge-
kanowskia (subg. Harrisella) were reported from the middle
Early Jurassic of Kazakhstan and Central Asia, one from
the Early to Middle Jurassic of Kazakhstan, five from the
Middle Jurassic of Kazakhstan and north China, and one
from the Late Jurassic of western Siberia. Their geological
distribution implies that this subgenus was less diverse du-
ring the Early Jurassic. During the Middle Jurassic its di-
versity reached the maximum, and in the Late Jurassic the
number was remarkably reduced, possibly as a result of
the arid climatic condition (Samylina & Kiritchkova, 1991,
Sun et al. 2009). Czekanowskia leaves are quite rich in the
Middle Jurassic Yan’an Formation of the Ordos Basin. The
new species represents the first fossil record of Czekanow-
skia (subg. Harrisella) from the Ordos Basin based upon
the epidermal structures. Its discovery is significant for a
better understanding of the biodiversity of the genus Cze-
kanowskia during the Middle Jurassic and the spatial and
temporal distribution of Cxekanowskia (subg, Harrisella) in
China and other parts of Eurasia.

In several open coal mine pits of the Yan’an Formation,
abundant Cxekanowskia leaves with short shoot are densely
and imbricately compressed on the bedding planes of the
grey shale and siltstone, which is interpreted as deposited
in a shallow water lake on a flood plain. Their mode of
preservation indicates that these leaves had undergone no
or minimal transportation within the vicinity of their living
area before they were buried in the sediments. The large
amount of the leaves with short shoots preserved together
may also indicate that the genus Czekanowskia may be sea-
sonally deciduous trees or shrubs growing on the hillside
and sloping fields along the meandering streams, lakes and
swamps in a vast sedimentary basin.

The new Cxekanowskia also is significant because of
its paleoclimatic role (Sun et al. 1992, 2000). Previous pa-
leoclimatic interpretations of the Yan’an Formation were
seasonally warm and humid climatic environments (Ge et
al. 20006, Tanner et al. 2012). According to Ge et al. (2004,
2005, 2006) and our preliminary study, the plant fossils that
are present in the Yan’an Formation from the northeas-
tern area of the Ordos Basin contain diverse plant groups.
Among them, Ginkgoales, Czekanowsliales and Coniferales
are the dominant groups, with frequently seen taxa such
as Ginkgo or Ginkgoites, Baiera, Sphenobaiera, Eretmophyllum,
Phoenicopsis, Czekanowskia, Solenites, Podozamites, Pityophyllum,
and Elatides. They are followed by Hepaticopsida, Equiseta-
les and Filicales, such as Hepaticites, Equisetites, Neocalamites,
Cladophlebis, Coniopteris and Eboracia, and Bennettitales, most-
Iy Perophyllum and Anomozamites. In general, the composition
of the Yan’an flora indicates that the flora grew under a
humid condition in warm-temperate climate zone with sea-
sonal fluctuation.

The members of the order Czekanowskiales have been
found in the Mesozoic of the Northern Hemisphere pre-
viously and ranged from the humid temperate regions of
Siberia, Inner Mongolia and northern China to the humid

tropical or subtropical regions near the Tethys and southern
China (Vakharameev 1964, 1991, Sun 1992, Ash 1994; Sun
et al. 2009, Kostina & Herman 2013, Kostina et al. 2015).
Especially in the Ordos Basin, the Middle Jurassic Czeka-
nowskia-bearing strata contain coals and diverse floras which
include water-loving taxa such as liverworts, horsetails and
ferns. In contrast, the Upper Jurassic red beds in southern
Eurasia and northeastern China do not yield Czekanowskia.
Therefore, Czekanowskia can be considered as an indicator
of humid climatic condition. Several characters of the new
species are consistent with growth in a humid, rather than
an arid climate. These characters include thin amphistomatic
leaves, delicate cuticles and shallow stomatal pits that are
always kept open and surrounded by undeveloped bulges. In
conclusion, the presence of the new species of Czekanows-
kia and other taxa of Czekanowskiales in the Middle Jurassic
coal-bearing Yan’an Formation supports the interpretation
that the Ordos Basin was located in the warm-temperate
zone with seasonal change and the climate was humid at least
in the rainy season during the Middle Jurassic.
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