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Origin, evolution and extinction of Cathaysia flora
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Abstract Recent research results showed that the Cathaysia flora originated and developed from the
global uniform Lepidodendropsis flora of the Early Carboniferous, which had already become an inde-
pendent flora in the early Late Carboniferous (Namurian B to C). The center of origin of the Cathaysia
flora is restricted to the North China Plate. On the basis of the successional characteristics of the
Cathaysia flora in different geological ages, it may be divided into seven evolutionary stages. The evo-
lutionary trend of the Cathaysia flora, as a whole, was characterized by the gradual increase of the typ-
ical Cathaysian elements in the sequence from the early Late Carboniferous to the early Late Permian,
which began to decline during the late Late Permian. The climatic differentiation, tectonic movement,
oceanic circulation, palaeogeographical environment, extraterrestrial event and plant evolution caused
the mass extinction of the Cathaysia flora on a large scale by the end of the Permian.
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THE Cathaysia flora is one of the four famous floras of the Late Caboniferous and Permian in the world.
The term Cathaysia flora was first proposed by Halle!'!, which originated from Cathaysia. In fact,

Cathaysia is the name used on Grabau’ s palacogeographical maps for the Palaeozoic landmass in East
Asia. Halle gave the term Cathaysia flora for the entire Carboniferous and Permian plant succession in
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East Asia. The Cathaysia flora is characterized by Cathaysiodendron, Lobatannularia, Tingia, Tin-
giostachya, Conchophyllum, Yuania, Rajahia, Fascipteris, Emplectopteris, Emplectopteridium,
Cathaysiopteris, Gigantonoclea, Gigantopteris, Otofolium and a considerable number of endemic
species, including Lepidodendron oculus-felis, Plagiozamites oblongifolius, Pecopteris taiyuanensis,
Alethopteris norinii, Callipteridium koraiense, Taeniopteris mucronata, Pterophyllum daihoense,
etc. The Cathaysia flora is mainly distributed in present-day China, Korea, Japan, Laos, Thailand, In-
donesia and Malaysia. In addition, some Cathaysian elements are reported in Iraq and Saudi Arabia. The
mixed Cathaysia and Gondwana flora is known in South Tibet, Kashmir, Turkey and New Guinea. The
mixed Cathaysia and Angara flora is recorded in Yichun of Heilongjiang and Sunan of Gansu, China. The
distribution of the Cathaysia flora and its mixed floras of the Late Carboniferous and Permian is shown in
fig. 1. China is one of the most important localities of the Cathaysia flora and it is also the center of origin

of the Cathaysia flora. Some important advances of studies on the Cathaysia flora have been made for
[2—12]

more than a century’ , but so far its origin, evolution and extinction are still an outstanding issue.

Therefore, the research on the significant subject is one of the major issues that palaecbotanists are paying
close attention to.
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Fig. 1. Distribution of the Cathaysia flora and its mixed floras of the Late Carboniferous and Permian.
1, Cathaysia flora; 2, Mixed Cathaysia-Angara flora; 3, mixed Cathaysia-Gondwana flora.

1 Origin of the Cathaysia flora

Chinese and foreign palaecbotanists have put forward some different viewpoints on the origin of
the Cathaysia flora. The controversial issue is the origin time and formative mechanism of the Cathaysia
flora.

Lee!™?! suggested that the Cathaysia flora originated in Taiyuanian time ( Stephanian), and this flora,
known as the Early Cathaysia flora, was represented by the flora of the Taiyuan Series in North China. Li
and Yao'*! indicated that the Cathaysia flora was developed entirely out of Middle Carboniferous Eu-
ramerican flora of East Asia on the formative mechanism of the flora. At the same time, they considered
that this flora reached its development climax during the early Late Permian and got largely extinct by the
beginning of the Triassic.

Chaloner and Meyen'*>’ pointed out that the Cathaysian area could already be recognized as a distinct
floral province in Westphalian time. Their viewpoint is based on the records of the Cathaysian elements,
such as Tingia, Conchophyllum, Kaipingia and Lepidodendron oculus-felis from China in Westphalian
time.

f15]
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Sun?’ proposed that the Cathaysia flora derived and developed from the global uniform Lepidoden-
dropsis flora, which had already become an initial distinct flora with Lepidodendron and Bothrodendron
of the oriental type. The opinion is based on some characteristic elements of the oriental Lepidophytes and
a considerable number of endemic elements of ferns and pteridosperms characterized by Lopinopteris in-
tercalate Sze, etc. from the Narmurian strata of China. Sun" !'®! dealt with the formative mechanism of
the Cathaysia flora and further pointed out that the flora did not originate from the Euramerica flora,
while it derived from the Lepidodendropsis flora. The Lepidodendropsis flora is a cosmopolitan flora with
a worldwide extent, which could not be confused with the Euramerica flora. Sun''®? considered that the
Lepidodendropsis flora mainly florished in the Tournasian and Visean of the Early Carboniferous, and it
began to decline and was on the verge of extinction in the Late Visean and Namurian A of the Early Car-
boniferous. When the Lepidodendropsis flora tended towards the extinction, some forerunners and en-
demic elements began to appear. By the Late Namurian (Namurian C), it had already become an indepen-
dent flora, namely, the Early Cathaysia flora. In addition, Sun®, Mi and Sun!'”! and Sun!!®! dealt with
the origin and formative mechanism of the Cathaysia flora and further emphasized that it could be recog-
nized as an independent flora in the early Late Carboniferous (Namurian B to C). The Cathaysia flora
ranged from the beginning of the early Late Carboniferous to the end of the Permian in age.

The term Procathaysian flora was first proposed by Li et al. 9] for the Early Carboniferous plant
succession in China. The Cathaysia flora might have originated from the Procathaysian flora which per-
haps existed mainly in China in the Early Carboniferous!'®?*. During the Early Carboniferous, the global
climatic differentiations were not obvious and all plants belonged to the same phytogeographical province;
therefore, a uniform flora was widely distributed all over the world, namely, the Lepidodendropsis flo-
ral?!). In the late Early Carboniferous, the climatic differentiation and floral evolution led to the appear-
ance of some forerunners of the Cathaysia, Euramrica, Angara and Gondwana floras!'®?*!. Chandra and
Sun'?! dealt with the distribution, evolution and extinction of global Early Carboniferous flora and they
considered that in the Early Carboniferous, although the Cathaysia, Euramerica, Angara and Gondwana
areas contained their respective endemic elements due to minor ecological variations of different vast areas.
These areas retained the character of the original Lepidodendropsis flora. Vijaya et al. (24] considered that
the Lepidodendropsis flora had provided the parent source for four floras of the Late Carboniferous and
Late Permian; the Cathaysia, Euramerica, Angara and Gondwana floras. Li and Wul?! also considered
that the Lepidodendropsis flora had a wide distribution on the various continents in both the Northern and
the Southern Hemispheres during the Tournaisian. At the same time, they proposed that the Visean flo-
ras of the Early Carboniferous dominated by Cardiopteridium spetsbergense, Archaeocalamites scrobicu-
latus and Triphyllopteris collombiana in South China and Northwest China were identical to contempora-
neous floras in western Europe. As is known to all, Cardiopteridium spetsbergense, Archaeocalamites
scrobiculatus and Triphyllopteris collombiana are typical elements of the Lepidodendropsis flora with a
cosmopolitan distribution. Seeing that the Early Carboniferous of China contains numerous characteristic
genera Lepidodendropsis, Sublepidodendron, Archaeocalamites, Cardiopteridium, Rhodeopteridium,
Triphyllopteris, Adiantites, etc.; therefore, the author regards the Early Carboniferous flora of China
as an important component part of the global Early Carboniferous Lepidodendropsis flora, that is to say,
“the Procathaysian flora” is obviously the synonym of the Lepidodendropsis flora. Therefore, the Pro-
cathaysian flora ought to be rejected. Although a few forerunners and a number of endemic elements of
the Cathaysia flora occurred in China during the Early Carboniferous, the flora was mainly composed of
the elements of the Lepidodendropsis flora and its character was not changed at this time. In view of the
occurrence of some Cathaysian elements in the Penchi Formation, Wu'?® considered that the Cathaysia
flora originated in Penchian time ( Westphalian). Obviously, Wu was unanimous in support of Chaloner
and Meyen’s viewpoint! " ) which the origin of the Cathaysia was in Westphalian time. From Li’s paper

1) Sun Kegqin, Late Carbobiferous-Early Permian flora from Zibo area of Shandong and its palaeoecological study, Doctoral
Dissertation (in Chinese with English abstract), Changchun College of Geology, 1990, 1—191.

2) Sun Keqin, Origin of the Cathaysia flora, Abstracts of International Conference of Diversification and Evolution of Ter-
restrial Plants in Geological Time (ICTPG), Nanjing, 1995, 18, 19.
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tables!?”2%], he held a positive opinion that the origin of the Cathaysia flora was in the early Late Car-
boniferous ( Namurian B to C). Tian and Wang®® studied fossil plants in coal balls of China and they con-
sidered that the Cathaysia flora gradually emerged after the Namurian C. Hu'®! put forward that the
Cathaysia flora did not originate from the Euramerica flora, whereas it derived from the Late Devonian
flora with local colour in Northwest China, and the North Qilian Corridor was the path of the flora. In
view of these opinions, although the origin time of the Cathaysia flora remains unsolved, the viewpoint
that it originates from the Euramerica flora has fully been negated. However, with the continuous devel-
opment of this research, the opinions that the Cathaysia flora originate in the early Late Carboniferous
(Namurian B to C), and this flora, known as an independent flora at this time, are gradually being ac-
cepted by most palaeobotanists.

In recent years, we have got new knowledge on the origin of the Cathaysia flora with research ad-
vances of late Early Carboniferous (Late Visean to Namurian A) and early Late Carboniferous (Namurian
B to C) floras. On the basis of the research results of recent years, a few forerunners and a number of en-
demic elements of the Cathaysia flora have been found in the late Early Carboniferous strata in North Chi-
na Plate (see table 1).

Table 1 Occurrence of the Early Cathaysian and endemic elements of North China in the late Early Carboniferous

Species Age Locality Reference

Lepidodendron cf. aolungpylukense Sze Late Vls.ean o Southeast Henan [30]
Namurian A

Late Visean to

L. dabieshanense Wu , Gushi, Henan [31]
Namurian A

L. ninghsiaense Sze et Lee Late Visean to Benxi, Liaoning and [32]

’ gnsiaens © Namurian A Wuda, Inner Mongolia {33}

Late Visean to

L. shanyangense Wu et He . Southeast Henan [30)]
Namurian A

L. subrhombicum Gu et Zhi Namurian A Wuda, Inner Mongolia {33]

L. cf. subrhombicum Gu et Zhi Late Vls:ean o Southeast Henan (307
Namurian A

Cathaysiodendron 7 sp. Late Vlstean to Gushi, Henan [31]
Namurian A

Late Visean to .

Bothrodendron flabellatum Wu R’ Gushi, Henan {31]
Namurian A

Tingia trilobata Stockmans et Mathieu Namurian A Zhongning, Ningxia [33]

Conchophyllum richthofenii Schenk Late sz.ean to Benxi, Liaoning [32]
Namurian A

Paripteris otozamioides (Sze et Lee) Namurian A Zhongning, Ningxia [33]

Linopteris simplex Gu et Zhi Namurian A Zhongning, Ningxia [33)

In addition, Wu and Zhao'®* studied Lepidodendron cf. aolungpylukense Sze, Paripteris car-
diopteroides (Bohlin) and Linopteris densissima Gu et Zhi from the Namurian strata in Zhongning of
Ningxia and Lepidodendron ninghsiaense Sze et Lee, L. cf. subrhombicum Gu et Zhi, Cathaysio-
dendron 7 sp. and Paripteris otozamioides (Sze et Lee) from the Namurian strata in Hulusitai of Inner
Mongolia. These elements ought to be regarded as the forerunners and endemic elements of the Cathaysia
flora. On the basis of the characteristics of distribution of these elements, the author considers that the
center of the origin of the Cathaysia flora is located in the North China Plate. This conclusion may fully be
proved by the characteristics of distribution of the forerunners and endemic elements of the Cathaysia flora
from the northwestern, eastern and southern areas of the North China Plate. In recent years, seeing that
some early Cathaysian elements have been found in Zhongning and Zhongwei of Ningxia, Jingtai and
Jingyuan of Gansu, Wuda and Hulusitai of Inner Mongolia, Gushi and Shangcheng of Henan, and Benxi
of Liaoning, these areas can be regarded as the original range of the Cathaysia flora. From the beginning
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of the early Late Carboniferous, the evolution, diffusion and migration of the forerunners and endemic el-
ements of the Cathaysia flora, plate collision and sea level change led to the extension of the geographical
distribution range of the flora so as to form the the Cathaysian floral province as the main body of East A-
sia. During the transition from the Early Carboniferous to the Late Carboniferous, the climatic differenti-
ation, tectonic movement and oceanic circulation might have caused the extinction of the Lepidoden-
dropsis flora and the appearance of the Cathaysia flora. The Cathaysia flora originated and developed from
the global uniform Lepidodendropsis flora of the Early Carboniferous, which had already become an inde-
pendent flora in the early Late Carboniferous ( Namurian B to C).

2 Evolution of the Cathaysia flora

Lee!’®! made a systematic study on the Late Carboniferous ( Stephanian) and Late Permian flora of
the Yuenmenkou Series in North China and he divided the flora into the Early Cathaysia flora, Middle
Cathaysia flora and Late Cathaysia flora in ascending order. In addition, Li'**} proposed that it was not
until the Late Carboniferous that the real Cathaysia flora gradually came into being and it did not flourish
in East Asia until the Permian. At the same time, he considered that this flora reached its development
climax during the early Late Permian and became largely extinct by the beginning of the Triassic. Howev-
er, the opinion that the evolutionary range of the Cathaysia flora is from the early Late Carboniferous
(Namurian B to C) to the end of the Permian is gradually being approved!!”1$2%27] | The Cathaysian flo-
ral province has been divided into two subprovinces; the subprovince of North China and the subprovince
of South Chinal®®!. Recently, Mei ez al .7 proposed the Xu-Huai-Yu subprovince of the Cathaysian flo-
ral province. Obviously, this subprovince is a character with the transition between the subprovince of
North China and the subprovince of South China.

On the basis of the successional characteristics of the Cathaysia flora of different geological ages, it
may be divided into seven evolutionary stages. These evolutionary stages are represented by seven plant
assemblages. They are the Lepidodendron aolungpylukense-Bothrodendron circulare assemblage of the
early Late Carboniferous (Namurian B—C), Lepidodendron galeatum-Conchophyllum parvifolium as-
semblage of the middle Late Carboniferous ( Westphalian), Lepidodendron szeianum-Cathaysiodendron
nanpiaocense assemblage of the late Late Carboniferous ( Stephanian), Lobatannularia sinensis-Tae-
niopteris mucronata assemblage of the early Early Permian (Asselian and Sakmarian), Emplectopteris
triangularis-Cathaysiopteris whitei assemblage of the late Early Permian ( Artinskian and Kungurian),
Gigantonoclea hallei-Gigantopteris nicotianaefolia assemblage of the early Late Permian (Kazanian) and
Yuania magnifolia-Annularia pingloensis assemblage of the late Late Permian (Tatarian) . The princi-
ple by the author dividing the plant assemblages of different evolutionary stages is based on the overall
characteristics of the Cathaysia flora, which uses the typical Cathaysian species as the representative ele-
ments of various plant assemblages??’.

The Cathaysia flora of the Late Carboniferous is mainly distributed in North China, which is charac-
terized by the Cathaysian genera, such as Cathysiodendron, Conchophyllum, Tingia, Reti-
calethopteris, Lopinopteris and a considerable number of the Cathaysian and endemic species, including
Lepidodendron aolungpylukense, L. oculus-felis, L. posthumii, L. szeianum, Bothrodendron cir-
culare, Sphenophyllum kawasakii, Paripteris kaipingiana, Alethopteris ascendens, Callipteridium
tachingshanense, etc. The Cathaysia flora of the Late Carboniferous also contains a number of elements in
common with the Euramerica flora, such as Calamites cistii Brongniart, Annularia pseudostellata
Potonié, Pecopteris candolleana Brongniart, Paripteris gigantea (Sternberg) Gothan, Neuropteris ova-
ta Hoffmann, Linopteris brongniartii Gutbier, Cordaites principalis (Germar) Geinitz, etc. The
Cathaysian and Euramerican areas were located in the squatorial region with the low-latitude in the tropi-
cal climatic zone during the Carboniferous and Permian. Therefore, some genera and species existed in the
two areas and reflected their parallel evolution.

The Cathaysia flora of the Permian is mainly distributed in China, Korea, Japan, Laos, Thailand,
Indonesia and Malaysia, which is characterized by the Cathaysian genera such as Lobatannularia, Yua-
nia, Rajahia, Fascipteris, Emplectopteris, Emplectopteridium, Cathaysiopteris, Gigantonoclea,
Gigantopteris, Orofolium and numerous endemic species, including Lepidodendron asymmetricum,
Annularia pingloensis, Plagiozamites oblongifolius , Pecopteristaiyuanensis, Alethopteris norinii, Cal-
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lipteridium koraiense, Taeniopteris mucronata, etc.

The above-mentioned plant assemblages represent the evolutionary stages of the Cathaysia flora of
different geological ages. The characteristic species of this flora is, Conchophylium richthofenii Schenk,
which first appeared in the late Early Carboniferous (Namurian A), flourished in middle Late Carbonifer-
ous (Westphalian) and disappeared in the late Late Carboniferous ( Stephanian). Lopinopteris intercalata
Sze is regarded as a typical species of this flora, which is known to be from the late Early Carboniferous to
the middle Late Carboniferous. The characteristic element of this flora is, Reticalethopteris yuani (Sze),
which is known only in the early Late Carboniferous (Namurian B to C). Tingia is regarded as an impor-
tant genus of the Cathaysia flora and its range is known to be from the late Early Carboniferous to the
Late Permian. The forerunner of the genus is Tingia trilobata Stockmans et Mathieu, which is known to
appear first in the late Early Carboniferous (Namurian A). Some typical species of Tingia include Tingia
carbonica (Schenk) Halle, T. crassinervis Halle, T. hamaguchii Kon’ no and T. partita Halle,
flourished in the Permian and became extinct by the end of the Permian. The species of the Cathaysian
type under the genus Bothrodendron such as Bothrodendron circulare Sze and B. reticulatum Sze
chiefly flourished in the early Late Carboniferous and disappeared in the middle Late Carboniferous, but
Bothrodendron kuianum Lee appeared in the late Late Carboniferous. In the Cathaysian floral province,
the evolutionary range of the genus Bothrodendron was limited only in the Carboniferous. The genus
Lepidodendron of the floral province first derived in the Early Carboniferous, which became extinct by
the end of the Permian. Lepidodendron aolungpylukense, in general, was the characteristic species with
a widespread distribution in the early Late Carboniferous. Lepidodendron galeatumm Gu et Zhi, L.
ninghsiaense Sze et Lee and L. subrhombicum Gu et Zhi chiefly flourished in the middle Late Carbonif-
erous and disappeared in the late Late Carboniferous. Lepidodendron szeianum lee mainly flourished in
the late Late Carboniferous, which occasionally appeared in the early Early Permian. The range of Lepi-
dodendron posthumii Jongmans et Gothan was from the late Late Carboniferous to the early Early Permi-
an. Lepidodendron oculus-felis { Abbado) Zeiller ranged from the middle Late Carboniferous to the early
Late Permian in age. Lepidodendron asymmetricumm Gu et Zhi and L. polygonale Gu et Zhi reached
their zenith in the early Late Permian. The characteristic genus of the Cathaysia flora is Cathaysio-
dendron, which is known to be from the late Late Carboniferous to the early Early Permian. As the typi-
cal species of the genus, Cathaysiodendron nanpiacense Lee, was mainly distributed in the late Late Car-
boniferous. In the Permian, the Cathaysia flora was characterized by the occurrence of numerous typical genera,
such as Lobatannularia, Rajahia, Yuania, Fascipteris, Emplectopteris, Emplectopteridium, Cathay-
siopteris, Gigantonoclea, Gigantopteris, Otofolium, etc. The genus Gigantopteris is the most characteristic
plant in the Cathaysia flora, which is known to be distributed mainly in South China in the Late Permian.

The Cathaysia flora is mainly composed of lycopods, sphenopsids, ferns, pteridosperms and cor-
daitean gymnosperms, which indicates the tropical climatic condition®* ), It is noteworthy that a few
cycads, ginkgoes and conifers are known to appear in the Permian. As noted by Wang[*!], the appearance
and development of the Mesophytic elements related to the Palaeozoic upland, especially the expansion of
the land area and the variation of the climatic condition. The evolution of the Cathaysia flora not only de-
pended on the adaptive faculty of morphofunction of the plants to their ecological environments, but was
also controlled by palaeoclimatic conditions, palaeogeographical barriers and tectonic movements. The
evolutionary trend of the Cathaysia flora, as a whole, was characterized by the gradual increase of the
typical Cathaysian plants in the sequence from the early Late Carboniferous to the early Late Permian,
which began to decline during the late Late Permian and became extinct by the end of the Permian.

3 Extinction of the Cathaysia flora

The biotic extinction event is one of the principal problems in the field of palaecontology. How do we
explain the mass extinction of the Cathaysia flora on a large scale by the end of the Permian? Obviously,
this will pose a new question for palaeobotanists. The subject of the extinction on the Cathaysia flora was
approached by Lit?” 33, Wang[m and Lit! from different aspects. Wang'*!! studied the palaeobotanical
events of the Permian in North China and discussed the variations and extinctions of plant taxa during the
transition from the Palaeozoic to the Mesozoic. Li***! proposed that the mass extinction event of terrestrial
plants of the end of the Palaeozoic was not created by a global geological event, whereas it was caused by
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various local geological events. Obviously, he emphasized that local geological events were the major fac-
tors to lead to the floral extinction. However, the problems of the extinction on the Cathaysia flora cannot
hitherto be solved. The biotic extinction is a biological event in the course of biotic evolution. From the
early Late Carboniferous to the end of the Permian, the Cathaysia flora underwent two extinction events:
the extinction event (background extinction) of the end of the Carboniferous and the extinction event
{mass extinction) of the end of the Permian. The latter represents the mass extinction of the Cathaysia
flora on a large scale.

In the Cathaysian floral province, a few characteristic genera of the Cathaysia flora of the Late Car-
boniferous are represented by Conchophyllum, Cathaysiodendron, Tingia, Lopinopteris and Reti-
calethopteris, however, the Cathaysia flora contains a good deal in common with those of the Euramerica
flora, such as Lepidodendron, Lepidophloios, Bothrodendron, Sphenophyllum, Paripteris,
Linopteris, Sphenopteris, Alethopteris, Pecopteris, etc. Therefore, the differences between the two
floras reflect the changes at the species level. By the end of the Late Carboniferous, a few Cathaysian gen-
era had already become extinct, such as Conchophyllum, Lopinopteris and Reticalethopteris, but nu-
merous characteristic and endemic species of this flora greatly disappeared, including Lepidodendron aol-
ungpylukense Sze, L. galeatum Gu et Zhi, L. ninghsiaense Sze et Zhi, L. subrhombicum Gu et Zhi,
L. tripunctatum Stockmans et Mathieu, Lepidophloios orientalis Gu et Zhi, Bothrodendron circulare
Sze, B. reticulatum Sze, B. kuianum lee, Palaeostachya rhabda Gu et Zhi, Sphenopteris marchalii
Stockmans et Mathieu, S. parabaeumleri Sze, Paripteris kaipingiana (Sze), P. otozamioides (Sze et
Lee), Linopteris densissima Gu et Zhi, L. simplex Gu et Zhi, Dicranophyllum latum Schenk, etc. In
addition, a number of genera in common with the Cathaysia flora and the Euramerica flora had already
disappered by the end of the Carboniferous, including Lepidophloios, Bothrodendron, Paripteris and
Linopteris. Numerous Cathaysian elements appeared and flourished in the Permian, such as Lepidoden-
dron varium Gu et Zhi, Sphenophyllum rotundatum Halle, Annularia orientalis Kawasaki, Lobatan-
nularia sinensis (Halle) Halle, Yuania striata Sze, Pecopteris taiyuanensis Halle, Fascipteris stena Gu
et Zhi, Emplectopteris triangularis Halle, Emplectopteridium alatum Kawasaki, Gigantonoclea
guizhouensis Gu et Zhi, Gigantopteris nicotianaefolia Schenk, Taeniopteris mucronata Kawasaki,
Caulopteris sinensis Lee, Pterophyllum daihoense Kawasaki, Otofolium ovarum Gu et Zhi, etc. It is
noteworthy that numerous Cathaysian elements had already begun to disappear during the transition be-
tween the early Late Permian (Kazanian) and the late Late Permian ( Tatarian), which reached a climax
by the end of the Permian. Every species has its geographical distribution range, however, the distribu-
tion of plants is controlled by the climatic and environmental factors. From the early Late Carboniferous to
the late Early Permian, the warm and humid climate prevailed in the North China Plate and plants flour-
ished. From the beginning of the early Late Permian, the climate of the North China Plate gradually be-
came much drier and reached the maximum during the late Late Permian. The South China Plate was at
the stage of marine regression and the land area markedly expanded. Therefore, the flora represented by
the gigantopterides was extraordinarily flourshing, which indicated a tropical climatic condition. During
the late Late Permian, an extensive part of the South China Plate was submerged by the seawater, the
land area markedly contracted and the existence environment of plants was destroyed. The climatic differ-
entiation, tectonic movement, oceanic circulation, palaeogeographical environment, extraterrestrial event and
plant evolution caused the mass extinction of the Cathaysia flora on a large scale by the end of the Permian.

4 Conclusions and prospects

During the transition from the Early Carboniferous to the Late Carboniferous, the Lepidodendropsis
flora became extinct, whereas the Cathaysia flora began to develop. The Cathaysia flora gradually derived
and developed from the cosmopolitan Lepidodendropsis flora of the Early Carboniferous. Although some
advances on the origin of the Cathaysia flora have already been made in recent years, its formative mecha-
nism remains to be solved, especially the relationship with the Lepidodendropsis flora. In view of occur-
rences of the early Cathaysian elements in the North China Plate, the plate may be regarded as the center
of the origin of the Cathaysia flora, then, the Helan Mountain area in the northwest part of the plate
ought to be regarded as the floral point of origin. Because the Namurian strata are well developed in this
area, numerous Cathaysian and endemic elements have already been found here. Therefore, the Helan
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Mountain area is an ideal area where palaeobotanists will study the origin of tha Cathaysia flora in future.

From the early Carboniferous to the early Late Permian, the overall evolutionary trend of the flora
shows that the characteristic elements of the Cathaysia type gradually increased, they began to decline in
the late Late Permian and disappeared as a result of mass extinction by the end of the Permian. Seeing
that the studies of plant morphology have already possessed a considerable foundation, the reproductive bi-
ology of fossil plants is one of main research areas at present. This research will provide some important
clues and proofs for the systematic evolution of plants. The relationships among the the Cathaysia flora
with the Euramerica , Angara and Gondwana floras are also worth further studying. In addition, the re-
search on plant palaeoecology is a key link of the relationship between plants and environments to under-
stand because the ecological environment is a foundation on which plants depend for existence.

In the evolutionary course of the Cathaysia flora, there were two extinction events: the extinction
event (background extinction) of the end of the Carboniferous and the extinction event (mass extinction)
of the end of the Permian. The floral extinction event of the end of the Permian and the global biotic ex-
tinction event happened at the same time. It is obvious that they have relation to some comprehensive fac-
tors of the terrestrial event, extraterrestrial event and plant evolution.

Acknowledgement This work was supported by the State Scientific and Technological Commission of China ( Grant No.
970211029) and the National Natural Science Foundation of China (Grant No. 49472075).

References

1 Halle, T. G., On the distribution of the Late Palaeozoic flora in Asia, Geogr. Ann., 1935, 17: 106.

2 Schenk, A., Pflanzen aus der Steinkohlenformation, in China (ed. Richthofen, F. von.), 4, Berlin, 1883, 211—244.

3 Halle, T. G., Palaeozoic plants from central Shansi, Palaeont. Sinica, Ser. A, 1927, 2(1): 1.

4 Kawasaki, S., The flora of the Heian System, Bull. Geol. Surv. Korea, 1927, 6(1): 1.

5 Kawasaki, S., The flora of the Heian System, Bull. Geol. Surv. Korea, 1931, 6(2), pls. 16.

6 Kawasaki, S., Kon’ no, E., The flora of the Heian System, Bull. Geol. Surv. Korea, 1932, 6(3): 31.

7 Kawasaki, S., The flora of the Heian System, Bull. Geol. Surv. Korea, 1934, 6(4); 47.

8 Stockmans, F., Mathieu, F. F., La flore paleozoique du Bassin houiller de Kaiping (Chine), Mus. Roy. Hist. Nat. Bel-
gique, 1939, 49.

9 Stockmans, F., Mathieu, F. F., La flore paleozoique du Bassin houiller de Kaiping (Chine) (Deuxiéme partie), Ass. E-
tud. Paléont. Strat. Houill. Publ., 1957, 32: 1.

10 Writing Group of Palaeozoic Plants of China (Gu and Zhi), Palaeozoic plants of China (in Chinese), Beijing; Science Press,
1974, 1—227.

11  Si Xingjian (Sze Hsingchien), Late Palaeozoic plants from the Qingshuihe region of Inner Mongolia and the Hequ district of
northwestern Shanxi, Palaeont. Sinica (in Chinese and English), Whole No. 176, New Series A, No. 11, Beijing: Science
Press, 1989, 1—268.

12 Li Xingxue, Zhou Zhiyan, Cai Chongyang et al., Fossil floras of China Through the Geological Ages (in Chinese),
Guangzhou: Guangdong Science and Technology Press, 1995, 1—695.

13 Lee Hsing-hsiien (Li Xingxue), Fossil plants of the Yuehmenkou Series, North China, Palaeont. Sinica (in Chinese and
English), Whole No. 148, New Series A, No. 6, Beijing: Science Press, 1963, 1—185.

14 Li Xingxue, Yao Zhaoqi, A review of recent research on the Cathaysia flora in Asia, Amer. J. Bot., 1982, 69(3): 479.

15 Chaloner, W. G., Meyen, S. V., Carboniferous and Permian floras of the northern continents, Atlas of Palaeobio-
geography, Amsterdam: Elsevier, 1973, 169—186.

16  Sun Kegin, Origin and formative mechanism of the Cathaysia flora, Papers for the 1st Academic Congress of New Theory and
New Viewpoint of China (in Chinese), Beijing: China Science and Technology Press, 1993, 289—294,

17 Mi Jiarong, Sun Kegin, An inquiry on the origin of the Cathaysian flora, J. Changchun Univ. Earth Sci. (in Chinese with
English abstract), 1995, 25(1): 1.

18 Sun Kegin, Origin of the Cathaysia flora in Asia, Palaeobotanist, 1996, 43(2): 59.

19 Li Xingxue, Wu Xiuyuan, Shen Guanglong et al., The Namurian and Its Biota in the East Sector of North Qilian Moun-
tain (in Chinese with English abstract), Ji’nan: Shandong Science and Technology Press, 1993, 1—482.

20 LiXingxue, The origin, evolution and distribution of the Cathaysian flora in East Asia, Acta Palaeont. Sin. (in Chinese with
English abstract), 1997, 36(4): 411.

21 Jongmans, W. J., Some problems on Carboniferous stratigraphy, Compt. Rend. Congr. Avan. Etud. Stratigr. Car-
bon. 3me, 1952, 1: 295.

22  Sun Kegin, Characteristics of the evolution and distribution of the global Carboniferous and Permian floras, Earth Science
Frontiers (in Chinese with English abstract), 1997, 4(3): 129.

23 Chandra, S., Sun Keqin, Distribution, evolution and extinction of global Early Carboniferous flora, Palaeobotanist, 1996,
43(2); 88.

( To be continued on page 108)

Chinese Science Bulletin  Vol.44 No.2 January 1999 107



PAPER

(Continued from page 107)

24
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Vijaya, Srivastava, A. K., Sun Keqgin, Origin of the Gondwana flora, Geophytology, 1996, 25: 119.

Li Xingxue, Wu Xiuyuan, Late Paleozoic phytogeographic provinces in China and its adjacent regions, Rev. Palaeobot. Paly-
nol., 1996, 90: 41.

Wu Xiuyuan, Characteristics of the Penchi Formation flora of North China Platform, J. Lanzhou Univ. (in Chinese with
English abstract), 1988, 24(4). 145.

Li Xingxue, On the Cathaysian flora, Fossil Floras of China through the Geological Ages, Guangzhou: Guangdong Science
and Technology Press, 1995, 244—257.

Tian Baolin, Wang Shijun, Palaeozoic coal ball floras in China, Li, Fossil Floras of China through the Geological Ages,
Guangzhou: Guangdong Science and Technology Press, 1995, 263—281.

Hu Yufan, Discovery of ferns with reticulate veins in Early—Middle Carboniferous from North Qilian Zoulang area, Gansu
Province and their significance, Acta Bot. Sin. (in Chinese with English abstract), 1996, 38(5): 391.

Chen Fen, Sun Keqgin, Early Carboniferous flora in southeastern Henan, Acta Bot. Sin. (in Chinese with English abstract),
1996, 38(4): 312.

Wu Xiuyuan, Fossil plants from Yangshan Formation (Early Carboniferous) in Gushi, Henan, Acta Palaeont. Sin. (in
Chinese with English abstract), 1992, 31(5): 564.

Mi Jiarong, Sun Keqin, Jin Jianhua, Early Carboniferous fossil plants from Benxi, Liaoning, J. Changchun Univ. Earth
Sci, (in Chinese with English abstract), 1990, 20(4). 361.

Chen Fen, Zhou Hongrui, Sun Keqin ez a/., Carboniferous flora in Ningxia and adjacent regions, Geoscience (in Chinese with
English abstract), 1995, 9(1): 1.

Wu Xiuyuan, Zhao Xiuhu, Namurian flora from Ningxia, China, Namurian Strata and Fossils of Ningzia, China (in Chi-
nese with English abstract), Nanjing: Nanjing University Press, 1987, 21—54.

Li Xingxue, New advances of studies in the Cathaysia flora, in Scientific Paper on Geology for International Exchange
Prepared for the 26th International Geological Congress (4), Stratigraphy and Palaeontology (in Chinese with English ab-
stract), Beijing: Geological Publishing House, 1980, 73—81.

Li Xingxue, Yaozhaoqi, Carboniferous and Permian floral provinces in East China, Palaeobiographic Provinces of China (in
Chinese), Beijing: Science Press, 1983, 74—82.

Mei, M., Huang, Q., Du, M., Dilcher, D. L., The Xu-Huai-Yu subprovince of the Cathaysian floral province, Rev.
Palaeobot . Palynol., 1996, 90: 63.

Sun Keqin, Late Carboniferous and Early Permian Flora, Palaececology and Sedimentary Environment in the Zibo Area,
Shandong (in Chinese with English abstract), Changchun: Jilin University Press, 1992, 1—143.

Sun Kegqin, Palaeoclimatic condition shown by Late Carboniferous and Early Permian flora of Zibo area, Shandong Province,
J. Changchun Univ. Earth Sci. (in Chinese with English abstract), 1992, 22(1): 1.

Sun Kegin, Zhang Zhouliang, Yin Jiarun et al., Palaececological studies of Late Carboniferous and Early Permian flora from
northern part of Helan Mountains, Geoscience (in Chinese with English abstract), 1996, 10(3): 316.

Wang Zigiang, Permian gigantic palaeobotanical events in North China, Acta Palaeont. Sin. (in Chinese with English ab-
stract), 1989, 28(3): 314.

Li Zhongming, On the diverse evolution and extincion of palaeophytic land vascular plants, Geological Review (in Chinese
with English abstract), 1994, 40(3). 237.

(Received July 8, 1998)

108 Chinese Science Bulletin Vol.44 No.2 January 1999



	99020100.TIF
	99020101.TIF
	99020102.TIF
	99020103.TIF
	99020104.TIF
	99020105.TIF
	99020106.TIF
	99020107.TIF



