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Abstract The present paper analyzed 239 endemic genera
in 67 families in the flora of seed plants in China. The results
showed that there are five families containing more than ten
endemic genera, namely, Gesneriaceae (27), which hereafter
refers to the number of endemic genera in China, Composite
(20), Labiatae (12), Cruciferae (11), and Umbelliferae
(10), 15 families with two endemic genera, and another
30 families with only one endemic genus. Four monotypic
families (Ginkgoaceae, Davidiaceae, Eucommiaceae and
Acanthochlamydaceae) are the most ancient, relict and
characteristic in the flora of seed plants in China. Based on
integrative data of systematics, fossil history, and morpho-
logical and molecular evidence of these genera, their origin,
evolution and relationships were discussed. In gymnosperms,
all endemic genera are relicts of the Arctic-Tertiary flora,
having earlier evolutionary history, and can be traced back
to the Cretaceous or to the Jurassic and even earlier. In
angiosperms, the endemic genera are mostly relicts, and are
represented in all lineages in the “Eight-Class System of
Classification of Angiosperms”, and endemism can be found
in almost every evolutionary stage of extant angiosperms.
The relict genera once occupied huge areas in the northern
hemisphere in the Tertiary or the late Cretaceous, while
neo-endemism mostly originated in the late Tertiary. They
came from Arctic-Tertiary, Paleo-tropical-Tertiary and
Tethys-Tertiary florisitic elements, and the blend of the three
elements with many genera of autochthonous origin. The
endemism was formed when some dispersal routes such
as the North Atlantic Land Bridge, and the Bering Bridge
became discontinuous during the Tertiary, as well as the
climate change and glaciations in the late Tertiary and the
Quaternary. Therefore, the late Tertiary is the starting point of
extant endemism of the flora in China.
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1 Introduction

Endemism in China is of the type 15, which contains 239
genera in 67 families (Table 1), in the system of genera
areal-types that we have established (Wu, 1991; Wu et al,,
2003) (Table 2). Most of them are distributed within China’s
borders, but a few are found across the border and enter the
neighboring countries. This is inevitable because the natural
vegetation zones do not correspond to the districts of different
countries. The majority of the genera across the border have
been found to be of the types of 13-1, 13-2, 14SJ, 7-1, 7-2,
7-3, and 7-4, which are also regarded as the semi-endemic
genera. Therefore, the endemic and semi-endemic types
are more than 400 genera in total. In this paper, we strictly
use endemic genera and exclude the semi-endemic ones.
However, certain semi-endemic genera may sometimes be
involved in the discussion.

2 Characteristics and evolution of the
endemic genera of gymnosperms

In the Chinese seed plants flora, China is the core area of
extant gymnosperms. Among the four subkingdoms, five
classes and 17 families of extant gymnosperms, 11 families
are found in China. Thus, the gymnosperms should be
analyzed first, and we believe that the modern gymnosperm
is a sister group of angiosperms, and that the latter does not
originate from the former. Although the origin of angiosperms
is later, the earliest fossils, at present, were found in the
late Jurassic period (Sun et al., 1998, 2002). Besides many
types of fossils that have been extinct, we divided the modern
gymnosperms into 17 families, of which Ginkgoopsida in
the Ginkgo subdivision can only be found in China.
Although Ginkgoopsida has been in existence for many
years from the Permian period till the present, no other
order can be differentiated and the family level only has two
branches (families), namely the extinct Trichopityaceae
(early Permian) and the extant Ginkgoaceae (only has one
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Table 1 The areal-types of endemic genera of the Chinese seed plants

Scientific name Number Scientific name Chinese/World Distribution site of China (Plants region or sub region)
of family of genera of genera species
Acanthochlamdac. 1 Acanthochlamys 171 Middle of Hengduan Mountains
Acanthac. 3 Kudoacanthus 1/1 Taiwan
Parachampionella (2-)3/(2-)3 Taiwan to Liuqiu
Paragutzlaffia 2/2 Central China to Yunnan Plateau, Hengduan Mountains
Acerac. 1 Dipteronia 2/2 Central China, southeast of Yunnan
Actinidiac. 1 Clematoclethra 1(4 ssp.)/1 Central China
Adoxac. 2 Sinadoxa 171 Qinghai-Tibet Plateau
Tetradoxa 11 Central China
Annonac. 1 Chieaiodendron 1/1 Hainan
Anthericac. 1 Diuranthera 1-4/1-4 Yunnan Plateau
Apocynac. 1 Parepigynum 171 Yunnan, Guizhou, Guangxi
Araliac. 4 Hunaniopanax 1/1 Central China
Metapanax 2/2 (or 17) Middle of Central China to Yunnan Plateau
Sinopanax 11 Taiwan
Tetrapanax 171 East China, Central China
Aristolochiac. 1 Sarumn 11 Central China
Asclepiadac. 5 Biondia 13/13 Qinling Mountains to Central China, Yunnan, Guizhou,
Guangxi
Dolichopetalum 171 Yunnan, Guizhou, Guangxi
Pentaslelma 11 Hainan
Sichuania 1/1 Central China
Sinomarsdenia 11 Yunnan Plateau
Betulac. 1 Ostryopsis 2/2 North China, Yunnan Plateau
Boraginac. 4 Antiotrema 11 Yunnan Plateau
Metaeritrichium 171 Qinghai-Tibet Plateau
Ornphalotrigonotis 2/2 East China to south of Central China
Sinojohnstonia 3/3 North China to Central China, East China
Calycanthac. 2 Chimonanthus 6/6 East China, Central China, North China to Vietnam and
Laos
Sinocalycanthus 1/1 East China
Campanulac. 2 Echinocodon 171 North of Central China
Homocodon 1+1 var/ Yunnan Plateau
141 var.
Caprifoliac. 3 Dipelta 3-4/3-4 Central China to Hengduan Mountains
Heptacodium 171 East China, Central China
Kolkwitzia 1/1 North China to East China
Caryophyllac. 2 Psammosilene 171 Yunnan Plateau and south of Hengduan Mountains
Pseudocerastium 1/1 East China
Celastrac. 1 Monimopetalum 171 East China
Chenopodiac. 2 Archiatriplex 11 North of Hengduan Mountains
Baolia 1/1 North of Hengduan Mountains
Compositae 20 Ajaniopsis 11 Qinghai-Tibet Plateau
Dicercoclados 1/1 Central China
Diplazoptilon 2/2 South of Hengduan Mountains
Faberia (4-5)7/(4-5)7 Central China to Hengduan Mountains
Faberiopsis 11 Central China
Formania 1/1 Qinghai-Tibet Plateau
Heteroplexis 2/2 South China
Ligulariopsis 1/1 Northern Boundary of Central China
Mpyripnois 11 North China
Nannoglottis 8-9/8-9 Hengduan Mountains
Notoseris 12/12 Taiwan, East China, Central China to Yunnan Plateau
Nouelia 1/1 Yunnan Plateau
Opisthopappus 2/2 North China
Phaeostigma 3/3 South of Hengduan Mountains
Sheareria 1/1 East China, Central China
Sinacalia 4/4 Central China to east of Hengduan Mountains
Sinoleontopodium 2/2 South of Hengduan Mountains
Stilpnolepis 1/1 Inner Mongolia to Gansu, Qinghai
Syncalathium 71 Hengduan Mountains to Qinghai-Tibet Plateau

Xanthopappus

1/1

Inner Mongolia to north of Hengduan Mountains
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(Continued)
Scientific name Number Scientific name Chinese/World Distribution site of China (Plants region or sub region)
of family of genera of genera species
Convallariae 2 Heteropolygonatum 4/4 West of Central China to Hengduan Mountains
Speirantha 1/1 East China
Corsiaceae. 1 Corsiopsis 1/1 South China
Crassulac. 2 Kungia 2/2 North China to north of Hengduan Mountains
Ohbaea 1/1 South of Hengduan Mountains
Cruciferae 11 Baimashania 2/2 Hengduan Mountains
Coelonema 1/1 Tangut
Dipoma 1/1 South of Hengduan Mountains
Eurycarpus 2/2 Qinghai-Tibet Plateau
Hemilophia 4/4 South of Hengduan Mountains
Neomartinella 3/3 Central China to Yunnan, Guizhou, Guangxi
Platycraspedum 2/2 Middle of Hengduan Mountains
Shangrilaia 1/1 South of Hengduan Mountains
Sinosophiopsis 2/2 North of Hengduan Mountains
Synstemon 2/2 Inner Mongolia to Gansu
Yinshania s.1. 13(12 end.)/13 Inner Mongolia, Northern China, East China, Central
China, Hengduan Mountains to north of Vietnam
Cucurbitac. 1 Bolbostemma 2/2 North China, Central China and Yunnan Plateau
*Davidiac. 1 Davidia 1/1 Central China to Hengduan Mountains
Diapensiac. 1 Berneuxia 1/1 Southwest of Central China
*Eucommiac. 1 Eucommia 1/1 Central China
Euphorbiac. 2 Archileptopus 1/1 Yunnan, Guizhou, Guangxi
Speranskia 3/3 Northeast China, North China, East China, Central
China and Yunnan Plateau
Flacourtiac. 1 Poliothyrsis 1/1 East China, Central China
Gentianac. 2 Latouchea 1/1 Central China, South China
Lomatogoniopsis 3/3 Qinghai-Tibet Plateau
Gesneriac. 27 Allocheilos 1/1 Central China to Yunnan, Guizhou, Guangxi
Allostigma 1/1 Yunnan, Guizhou, Guangxi
Ancylostemon 11-12/11-12 Central China
Bournea 2/2 East of Nanling
Briggsiopsis 1/1 West of Central China to south of Yunnan Plateau
Cathayanthe 1/1 Hainan
Chiritopsis 9/9 South China
Dayaoshania 1/1 South of Central China
Deinocheilos 2/2 East China, Central China
Didymostigma 2/2 East of South China
Dolicholoma 1/1 Yunnan, Guizhou, Guangxi
Gyrocheilos 4/4 Weat of Nanling
Gyrogyne 1/1 Yunnan, Guizhou, Guangxi
Isometrum 13-14/13-14 Central China to middle of Hengduan Mountains
Lagarosolen 2/2 Yunnan, Guizhou, Guangxi
Metabriggsia 2/2 South China
Metapetrocosmea 1/1 Hainan
Paraisometrum 171 Yunnan, Guizhou, Guangxi
Paralagarosolen 1/1 Yunnan, Guizhou, Guangxi
Petrocodon 1 with 1 var./1 Central China of north to East China
Primulina 1/1 Middle of Nanling
Rhabdothamnopsis 1/1 Yunnan Plateau
Tengia 1/1 Central China
Thamnocharis 1/1 Central China and Yunnan Plateau
Tremacron 7/7 Yunnan Plateau
Wentsaiboca 1/1 Yunnan, Guizhou, Guangxi
Whytockia 6/6 Taiwan, Central China to Yunnan, Guizhou, Guangxi
*Ginkgoac. 1 Ginkgo 1/1 Northeast China, North China, East China, Central
China, South China, Yunnan, Guizhou, Guangxi,
Yunnan Plateau
Gramineae 10 Anisachne 1/1 Yunnan Plateau
Ferrocalamus 2/2 South of Yunnan Plateau
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(Continued)
Scientific name Number Scientific name Chinese/World Distribution site of China (Plants region or sub region)
of family of genera of genera species
Gaoligongshania 1/1 South of Hengduan Mountains
Gelidocalamus 9/9 Taiwan, East China, Central China
Indocalamus 15/15 Taiwan, East China, Central China
Kengyilia 3/3 Inner Mongolia, Gansu, Qinghai
Leptocanna 1/1 Middle, south of Yunnan Plateau
Oligostachyum 13/13 Nanling
Qiongzhuea 12/12 Central China
Setiacia 1/1 Hainan
Hamamelidac. 4 Chunia 1/1 Hainan
Fortunearia 1/1 North of East China, Central China
Semiliquidambar 3/3 Nanling
Sinowilsonia 1/1 North China, Central China
Hydrocotylac. 1 Dickinsia 1/1 Central China
Juglandac. 1 Cyclocarya 1/1 Taiwan, East China, Central China
Labiatae 12 Bostrychanthera 2/2 Taiwan, East China, south of Central China
Cardioteucris 1/1 Yunnan Plateau
Hanceola 6-8/6-8 Central China to Hengduan Mountains
Heterolamium 1+1 var/ Central China
(Changruihuaia) 141 var.
Holocheila 1/1 Yunnan Plateau
Kinostemon 2-3/2-3 Central China
Loxocalyx 2/2 North China, Central China
Ombrocharis 1/1 Central China
Rostrinucula 2/2 Central China to Hengduan Mountains
Sinopogonanthera 2/2 East China
Skapanthus 1/1 South of Hengduan Mountains
Wenchengia 171 Hainan
Lardizabalac. 2 Archakebia 11 Northwest of Central China
Sinofranchetia 1/1 Central China
Laurac. 1 Sinosassafras 1/1 South of Hengduan Mountains
Magnoliac. 5 Manglietiastru 1/1 Yunnan, Guizhou, Guangxi
Parakmeria 5/50r1/1 Taiwan, East China, Central China, South China, south
of Hengduan Mountains
Sinomanglietia 171 East of Central China
Tsoongiodendron 1/1 Nanling to Yunnan, Guizhou, Guangxi, north of
Vietnam
Woonyoungia 1/1 Yunnan, Guizhou, Guangxi
Melastomatac. 5 Barthea 1/1 East China, south of Central China to South
China, Taiwan
Cyphotheca 171 South of Yunnan Plateau
Stapfiophyton 3/3 South China
Styrophyton 1/1 Yunnan, Guizhou, Guangxi
Tigridiopalma 171 South China
Monotropac. 1 Eremotropa 1(-2)/1(-2) Yunnan Plateau
Musac. 1 Musella 171 Yunnan Plateau
Nyssac. 1 Camptotheca /1?7 Central China
Olacac. 1 Malania 1/1 Yunnan, Guizhou, Guangxi
Opiliac. 1 Yunnanopilia 171 South of Yunnan Plateau
Orchidac. 11 Aceratorchis 1/1 North China, Yunnan Plateau, Hengduan Mountains
Changnienia 1/1 East China, Central China
Diplandrorchis 171 Northeast China
Haraella 171 Taiwan
Hemipiliopsis 1/1 South of Hengduan Mountains
Ischnogyne 1/1 West of Central China, north to Qinling Mountains
Nothodoritis 171 East China
Porolabium 1/1 North China to Tangut
Smithorchis 11 Yunnan Plateau
Tangtsinia 1/1 Central China
Tsaiorchis 1/1 Yunnan Plateau
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(Continued)
Scientific name Number Scientific name Chinese/World Distribution site of China (Plants region or sub region)
of family of genera of genera species
Papaverac. 1 Eomecon 171 East China, Central China
Papilionac. 2 Craspedolobium 1/1 Yunnan Plateau
Salweenia 1/1 Middle of Hengduan Mountains
Pinac. 3 Cathaya 1/1 Central China
Nothotsuga 171 Nanling
Pseudolarix 1/1 East China, Central China
Podostemac. 1 Terniopsis 1/1 South China
Polygonac. 2 Parapteropyrum 1/1 Qinghai-Tibet Plateau
Pteroxygonum 171 North China
Primulac. 1 Pomatosace 1/1 Qinghai-Tibet Plateau
Ranunculac. 4 Anemoclema 1/1 South of Hengduan Mountains, Yunnan Plateau
Kingdonia 1/1 Hengduan Mountains to Qinling Mountains
Metanemone 171 South of Hengduan Mountains
Urophysa 2/2 Central China to Hengduan Mountains
Rosac. 7 Dichotomanthes 1/1 Yunnan Plateau
Pleiosorbus 1/1 South of Hengduan Mountains
Potaninia 171 Inner Mongolia
Pseudocydonia 1/1 East China
Sinoplagiospermum 2/2 Northeast China, North China
Spenceria 1/1 Hengduan Mountains, Qinghai-Tibet Plateau to Bhutan
Taihangia 1/1 Northern China
Rubiac. 3 Guihaiothamnus 1/1 Southwest of Central China
Trailliaedoxa 1/1 Yunnan Plateau
Tsiangia 1/1 South China
Rutac. 2 Poncirus 2/2 North China, East China, Central China, South China,
Yunnan Plateau
Psilopeganum 1/1 Central China
Sapindac. 4 Eurycorymbus 1/1 South of Hengduan Mountains, Yunnan, Guizhou,
Guangxi, Central China, East China, Taiwan
Handeliodendron 1/1 Southwest of Central China
Koelreuteria 3/4 North China to South China, Yunnan Plateau
Xanthocerax 1/1 North China
Saururac. 1 Gymnotheca 2/2 Central China to Yunnan, Guizhou, Guangxi
Sauvagesiac. 1 Sinia 1/1 South China
Saxifragac. 4 Astilboides 1/1 Northeast China
Mukdenia 1/1(-2) North China, Northeast China
Oresitrophe 1/1 North China
Saniculiphyllum 1/1 Yunnan, Guizhou, Guangxi
Scrophulariac. 6 Mimulicalyx 2/2 Yunnan Plateau
Neopicrorhiza 1/1 South of Hengduan Mountains
Pterygiella 3/3 Yunnan Plateau to Hengduan Mountains, Yunnan,
Guizhou, Guangxi
Scrofella 1/1 North of Hengduan Mountains
Trianophora 2/2 Central China
Xizangia 1/1 West of Yunnan to east of Himalaya
Solanac. 2 Atropanthe 1/1 Central China
Przewalskia 1/1 Qinghai-Tibet Plateau
Styracac. 3 Changiostyrax 1/1 Central China
Melliodendron 1/1 East China, Central China to Yunnan, Guizhou,
Guangxi
Sinojachia 2(-4)/2(-4) East China, Central China
Tapisciac. 1 Tapiscia 2/2 East China, Central China, Yunnan, Guizhou, Guangxi
Taxac. 1 Pseudotaxus 1/1 East China, Central China
Taxodiac. 3 Glyptostrobus 1/1 Central China to South China
Metasequoia 1/1 Central China
Taiuxania 1(-2)/1(-2) Taiwan, Central China, Hengduan Mountains
Theac. 3 Apterosperma 1/1 South China
Euryodendron 1/1 South China
Tutcheria 6(-20)/6(-20) South China
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(Continued)
Scientific name Number Scientific name Chinese/World Distribution site of China (Plants region or sub region)
of family of genera of genera species
Ulmac. 1 Pteroceltis 1/1 North China to South China, Yunnan, Guizhou,
Guangxi
Umbelliferae 11 Arcuatopterus 3/3 South of Hengduan Mountains to Qinghai-Tibet
Plateau
Carlesia 1/1 North China
Chaerophyllopsis 1/1 Yunnan Plateau, south of Hengduan Moutains
Changium 1/1 East China
Chuanminshen 11 East China, Central China
Cyclorhiza 2/2 South of Hengduan Mountains
Dactylaea 2/2 Northwest of Yunnan Plateau
Harrysmithia 1-2/1-2 Yunnan Plateau
Melanosciadium 1/1 Central China
Notopterygium 3/3 Qinling Mountains to Hengduan Mountains,
Qinghai-Tibet Plateau
Sinolimprichtia 171 Middle of Hengduan Mountains to Qinghai-Tibet
Plateau
Viticac. 1 Schnabelia 2/2 East China Central China
Zingiberac. 2 Paramomum 1/1 South of Yunnan Plateau
Pyrgophyllum 1/1 Yunnan Plateau
Zygophyllac. 1 Tetraena 171 Inner Mongolia

species). The earliest fossils of this family were in the
early Jurassic period (Zhou, 2003; Zhou and Sheng, 2003).
Therefore, it is a bitypic class.

Compared with Cycadopsida, although they have the
same age and both have a spermatozoid, on the general
appearance and anatomical features, Ginkgo is closer to other
gymnosperms and angiosperms than Cycas. Therefore, we
believe that it is a blind branch in the trunk evolution of seed
plants. However, Cycas is also differentiated from the trunk,
and it obviously was a blind branch as well, so it should be
placed before Cycadopsida. Despite that Ginkgo biloba is
a Linnaeus genus and species, during the discussion on the
origin and differentiation of seed plants flora in China, we
have found that we have much to boast about. This is because
the oldest Ginkgo in Shandong Province was found recently,
whose diameter is four meters and the age is over three thou-
sand years. It is also the evidence that (Zhou et al., 2003),
based on fossil researches, derived from the Ginkgo and the
other six lineages and suggested that the extant Ginkgo might
have originated in China. Therefore, the oldest Ginkgo tree
found in Shangdong Province might be the living proof.
The wild Ginkgo was found in a valley that is 300-1100
meters in the Tianmu Mountains located in East China. It
can still be seen in the wild populations or at least half
wild populations together with Cryptomeria (14S] type),
Cunninghamia (7-4 type), Pseudolarix (monotypic specific
in Eastern and Central China), Torreya (9 type disjunction),
Nyssa (9 type disjunction), Liquidambar (8 (9) type disjunc-
tion), and Litsea (3 (5) type disjunction), which derived from
the Cretaceous-Tertiary. Recently, more wild populations
were found in Northeast Guizhou as well.

Cycadopsida only includes Cycadaceae in China. But
Boweniaceae, Stangeriaceac and Zamiaceae are not found

in China. Cycadaceae only includes one genus—Cycas. It is
mainly distributed in the old world’s tropical and subtropical
regions. The Cycas is currently divided into two subgenera:
subgen. Panzhihuaenses and subgen. Cycas (Wang, 1996).
There are 86 species in the world and 22-25 species (or
at least 16 species) in China, including the more primitive
forest type “Epicycas” (Wang, 1996, 2001; Delaubenfels and
Adema, 1998). As to the original time of Cycas, Zhu and Du
(1981) reported that fossil species of Primocycas chinensis
was found in Taiyuan in Shanxi Province. Its palmate parted
microsporophylls are quite similar to the modern Cycas.
Therefore, its original time can be traced back to the Permian.
Later, Zhu et al (1994) discovered the microsporophyll of
Cycadostrobilus paleozoicus, proving that Cycas was dis-
tributed in Northern China in the Permian. Recently, Hu
(1999) inferred that the Cycas was likely to have originated
in the northwest of China based on his collection of Cycas
megaspore fossils from Gansu Province. Guan (1996)
suggested that North China was the distributive center of
Cycas in the Paleozoic, but this shifted to the southwest
region in the Mesozoic. The geological environment and
climatic conditions in the southwest region had been rela-
tively stable since the Paleozoic, which could provide good
conditions for the further development of Cycas. This was
supported by fossil records of Cycas and seed fern as well (Xu
et al., 1979). From the analysis of the modern geographical
distribution of Cycas, Wang (2001) inferred that although the
two largest distributive centers of modern Cycas are in the
southwest of China and Australia (including neighboring
islands), the area from the Indo-China Peninsula to the south-
west of China gathered most of the primitive species of
Cycas, also containing different levels of evolution of all
subgenera. Therefore, the southwest of China may be the
birthplace of the modern Cycas.



Table 2 The areal types and subtypes of Chinese genera of seed
plants

1 Cosmopolitan
2 Pan-tropic
2-1 Trop. Asia, Australasia (to N. Zeal.) and C to S. Amer. (or Mexico)
disjuncted
2-2 Trop. Asia, Africa and C. to S. Amer. disjuncted
3 Trop. Asia and Trop. Amer. disjuncted
4 Old World Tropics
4-1 Trop. Asia, Africa (or E. Afr., Madagascar) and Australasia
disjuncted
5 Tropical Asia and Trop. Australasia
5-1 Chinese (SW.) Subtropics and New Zealand disjuncted
6 Trop. Asia to Trop. Africa
6-1 S., SW. China to India and Trop. Africa disjuncted
6-2 Trop. Asia and E. Afr. or Madagascar disjuncted
7 Trop. Asia (Indo-Malaysia)
7-1 Java (or Sumatra), Himalaya to S., SW. China disjuncted or
diffused
7-2 Trop. India to S. China (esp. S. Yunnan)
7-3 Burma, Thailand to SW. China
7-4 Vietnam (or Indo-Chinese Peninsula) to S. China
(or SW. China)
8 North Temperate
8-1 Circumpolar (Circumarctic)
8-2 Arctic-alpine
8-3 Arctic to Altai and N. Amer. disjuncted
8-4 N. Temp. and S. Temp. disjuncted (‘“Pan-temperate”)
8-5 Eurasia and Temp S. Amer. disjuncted
8-6 Mediterranea, E. Asia, New Zealand and Mexico-Chile disjuncted
9 E. Asia and N. Amer. disjuncted
9-1E. Asia and N. Amer. disjuncted
10 Old World Temperate
10-1 Mediterranea, W. Asia (or C. Asia) and E. Asia disjuncted
10-2 Mediterranea and Himalaya disjuncted
10-3 Eurasia and S. Africa (Sometimes also Australasia) disjuncted
11 Temperate Asia
12 Mediterranea, W. Asia to C. Asia
12-1 Mediterranea to C. Asia and S. Africa, Australasia disjuncted
12-2 Mediterranea to C, Asia and Mexico to S. USA disjuncted
12-3 Mediterranea to Temp.-Trop. Asia, Australasia and S. Amer.
disjuncted
12-4 Mediterranea to Trop. Africa and Himalaya disjuncted
12-5 Mediterranea to N. Africa, C Asia. SW. N. Amer., S. Africa,
Chile and Australasia disjuncted (“Pan-Mediterranean”)
13 C. Asia
13-1 East C. Asia (or Asia Media), in Xinjiang (especially
Kaschgaria), Gansu, Qinghai to Mongolia
13-2 C. Asia to Himalaya and S. W. China
13-3 W. Asia to W. Himalaya and Tibet
13-4 C. Asia to Himalaya-Altai and Pacific N. Amer. disjuncted
14 E Asia
14-1 Sino-Himalaya (SH)
14-2 Sino-Japan (SJ)
15 Endemic to China

The subdivision conifers have two classes, of which
Coniferopsida includes six families, i.e. Pinaceae, Cupres-
saceae, Taxodiaceae, Araucariaceae, Agathidaceae and
Sciadopityaceae. The first three families can be found in
China.

Cupressaceae is a big family that contains 18-20 genera
and originated and evolved in the northern and southern

131

temperate zones from the Triassic to early Jurassic. There are
13 genera distributed in the northern temperate zone, of which
11 genera are found in China containing two East Asian
and North American areal-types, three northern temperate
areal-types and four East Asian areal-types. Therefore, the
areal-types of the family is presented by compound, that is,
widespread distribution in the northern and southern temper-
ate zones (i.e. 8-4(9, 14) areal-types). The origin should be
considered from the East Laurasia gradually spreading to East
Gondwanaland. Although not a genus endemic to China, there
are two genera that can be regarded as sub-endemic. One is
Calocedrus, which distributes from Burma and Vietnam to
the Yunnan Plateau, Hainan Province and Taiwan, China.
Because its morphologic characteristics and discontinuous
distribution can be considered very old, it belongs to the 7-3
areal-type. Recent molecular evidence showed that the genus
clustered to the Heyderia decurrens (Li, 1953; Gadek et al.,
2000), which is endemic to Northwest America, was thus
merged into Calocedrus. Therefore, the genus is also regard-
ed as the disjunct distribution in East Asia and North America.
The other is Fokienia, which is a 7-4 areal-type. It presents a
small disjunct distribution in Fujian, Zhejiang, and Yunnan
Provinces and is distributed abroad only in North Vietnam,
Laos and Thailand. But the fossil records were in Xinjiang
Autonomous Region and Jilin Provinces during the late
Cretaceous to Oligocene (Zhou and Arata, 2005), and also
in Canada Paleocene (Mclver et al., 1990; Mclver, 1992).
These limited fossil records show that the genus was once
widely distributed in the northern hemisphere from the late
Cretaceous Tomiocene (Zhou and Arata, 2005).

Taxoidiaceae is a small family with 12(-16) species and
nine genera in the world. All of them occupied very small
areas, which are regarded as relic areas. Except for one
that occurs in the southern hemisphere, all genera are in
the northern hemisphere. There are four monotypic or
bitypic genera including five or six species—Metasequoia,
Glyptostrobus, Cunninghamia, Taiwania. Although the latter
two can be considered as sub-endemic, Taiwania is distrib-
uted in North Myanmar and Cunninghamia in North
Vietnam. Undoubtedly, in the four genera, Metasequoia
and Glyptostrobus are paleo-endemics. According to the
Cytological data, Cunninghamia and Taiwania may be the
new endemics (Li, 1989).

Glyptostrobus is a relict of the Tertiary widely distributed
in East Asia (Florin, 1963). It is usually regarded as an interim
group between Taxodium of North America and Cryptomeria
of East Asia (Liu and Su, 1983; Yu, 1999). However,
Gadek et al (2000) suggested putting Glyptostrobus into
Cupressaceae and merging Taxocdiaceae into Cupressaceae
based on the studies of morphological and molecular
phylogenetics. The recent molecular studies also support such
a merger (Kusumi et al., 2000). All these show that there is a
very close relationship among Metasequoia, Glyptostrobus
and Taxodium.

Metasequoia had an extensive distribution in the past
(Chaney, 1951). Undoubtedly, the residue left in East Asia
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was attributed to the late Tertiary and Quaternary glacial role
in the cold climate. Metasequoia has the closest relationship
with Sequoia and Sequoiadendorn. They may be the ancestral
groups of Glyptostrobus and Taxodium. In addition, from
the duration of origin, the earliest fossils of the Taxodiaceae
were found in the Jurassic and Cretaceous, and all groups of
Taxodiaceae had appeared and were widely distributed in the
northern hemisphere. Since the Eocene, however, especially
in the late Tertiary and Pleistocene, they died out one
after another. Many out-groups of the Taxodiaceae such as
Voltziaceae appeared in the late Permian to the early Jurassic.
Therefore, the origin of the Taxodiaceae can be traced back
from the late Triassic to the early Jurassic (Yu, 1999).

From the fossil records (Florin, 1963), the fossil history of
the Glyptostrobus is very similar to that of Taxodium and
Metasequoia, but the fossils of Tawania have less in common.
Cunninghamia has a variety in the valley of Anning in the
southwest of Sichuan. However, Taiwania has one variety
or two species. One is a disjunct distribution from Central
China and south of the Hengduan Mountains to the north of
Myanmar. The other only occurs in Taiwan of China, where
the ancient tree was considered as the “god tree” by local
people. The distribution patterns clearly suggest that Taiwan
of China might have been separated from the mainland in the
latter part of the Himalayan uplift. Apart from the four genera
endemic to China, East Asia also has Cryptomeria, which
contains two species—one is in China and the other is in
Japan. If they were together with Sequoia (Sequoiadendron)
in the west of North America, Taxodium in North America
and Athrotaxis in Tasmania, then the family might have orig-
inated in the ancient northeastern mainland and then spread
to the eastern part of the ancient land. It is extinct in native
eastern Australia because of the block drift and drought.

Pinaceae is a big family of Coniferopsida rising up from
the late Jurassic to the Cretaceous. It is a younger family than
Cupressaceae and Taxodiaceae and is mainly distributed in
the northern temperate zone. Therefore, it can be certain that
Pinaceae originated in Laurasia (Li, 1999). However, Florin
(1963) deduced that Pinaceae must have originated in East
Asia. It includes 200 to 220 species of 12 to 13 genera, among
which 95 species and 10 genera are found in China, of which
there are three monotypic genera endemic to China, namely,
Pseudolarix, Cathaya and Nothotsuga. Although Pinaceae
was once a very large group before the Mesozoic, a majority
of it became extinct in the late Mesozoic. Then, the modern
Pinaceae, which is originated and differentiated from the
Cretaceous to the Tertiary, began to prosper.

Similar to Glyptostrobusoides Cathaya is another famous
living fossil and was distributed in East Asia and North
America in the late Cretaceous. Fossils were found in
Germany (Eschweiler) and east Siberia (Ardant Valley) indi-
cating that Cathaya spread to Europe via the North Atlantic
Land Bridge in the early Tertiary (Ferguson, 1967; Florin,
1963). Later, in the Cenozoic, Cathaya was already widely
distributed in East Asia, Europe and North America (Liu and
Basinger, 2000). However, it died out from the late Tertiary to

the Quaternary, mainly due to cooling climate and the fatal
effects of glaciations. The latest fossil records of Cathaya
were found in North America and Europe during the late
Miocene and Pliocene. Therefore, Cathaya, which is now
endemic to China, was regarded as a residue of a population
that was once widely distributed in Asia (Liu and Basinger,
2000). Cathaya was likely to have a close relationship with
an extinct group of Pseudotsuga (9 areal-type) in Laricoideae,
which was considered as an endangered species distributed
sporadically in primary evergreen broad-leaved forests in
Sichuan, Guizhou, Hunan and Guangxi Provinces.

Nothotsuga was classified first by Prof. Hu Xiansu. It was
considered as having a close relationship with Tsuga, and
distributed sporadically in evergreen broad-leaved forests
in the west of Nanling. Hesperopeuce is probably the
counterpart of Nothotsuga in North America.

Pseudolarix, another monotypic genus endemic to China,
is distributed sporadically in the warm areas along the middle
and lower reaches of the Yangtze River, westward to Lichuan
County and Wan County, eastward to East Zhejiang Province,
southward to Hengyang City and northward to the south of
Jiangsu Province (Ying, 1989). Furthermore, Pseudolarix
formed many small communities in the mountainous areas in
Central and East China. The fossils of Pseudolarix were found
in Central and West America, Europe, Central Asia, Northeast
China and Japan (Farjon, 1990; Florin, 1963), which indi-
cated that Pseudolarix was once widely distributed in the
northern hemisphere. Based on fossil records, Li (1999) in-
ferred that Pseudolarix derived from the late Cretaceous, then
became a big genus that occurred widely in the mid-and-high-
latitude zones of the northern hemisphere during the Tertiary.
However, Pseudolarix died out soon in North America and
Central Asia. In Europe and Japan, Pseudolarix lived until the
first glacial period of the Pleistocene (Farjon, 1990). Similar
to Cathaya, Pseudolarix was regarded as a residue of
Tertiary-East Asia floristic elements as well (Lepage and
Basinger, 1995). Cathaya, Pseudolarix and Nothotsuga are
three genera paleo-endemic to China. In addition, Keteleeria,
which includes three to five species in the 7-4 areal type,
can be regarded as a sub-endemic genus. Fossil records of
Keteleeria indicated that it was once widely distributed in
the northern hemisphere from the Oligocene to Miocene. In
the late Miocene, it died out in North America. However,
in Europe, it lived until the early Pleistocene (Axelrod, 1976,
1986; Miller, 1975; Florin, 1963).

Taxopside includes two extant orders, namely, Podocar-
pales and Cephalotaxales. Cephalotaxales contains Cephalo-
taxaceae, which has only one genus, Cephalotaxus, with nine
species and belongs to East Asian type (14 areal-type);
its distributive center is in China indeed. Fossil records of
Cephalotaxaceae once found in North America, East Asia and
Europe indicated that the original time of Cephalotaxaceae
can be traced to the middle Jurassic. Based on the molecular
evidences, Cheng et al (2000) stated that Cephalotaxaceae
and Taxaceae are monophyletic and sister groups. The



divergent time of the genera of the two families was estimated
to be about six to eight million years. Thus, the short diver-
gent time was considered as a major factor that resulted in the
confused situations in the taxonomy of these two families
among all families in Podocarpales; Phyllochdaceae is
the only one that did not grow in China. A majority of the
Phyllochdaceae originated in East Malaysia, distributed
northward to Northern Luzon of the Philippines (excluding
Taiwan of China), westward to Kalimantan and Malaysia, and
eastward to Guinea. In the southern hemisphere, it is disjunct
in Australia and New Zealand.

Taxales includes only one family, namely, Taxaceae. The
family contains five genera (including Amentotaxus), among
which four occur in China. However, there is only one genus,
Austrotaxus, with one species in Taxaceae found in the
southern hemisphere (New Caledonia). The earliest fossils of
Torreya (9-1 areal-type) were found in southwestern Europe
and North America during the Jurassic and Cretaceous
(Florin, 1963). In East Asia, the fossils of Torreya indicated
that this genus had been already distributed in this region in
the Oligocene. During the period from the late Tertiary to the
Quaternary, Torreya, as well as other numerous plant groups,
died out in Europe due to the cooling climate and the fatal
effects of glaciations (Tiffney, 1985). Furthermore, molecular
evidences indicated that the divergent level of the ITS
sequence in some species of Torreya were low (Li et al.,
2001a), which suggested that modern species of Torreya
distributed in East Asia and North America are young. There-
fore, the modern Torreya is likely to be a young descendant
originating from East Asia and North America.

Amentotaxus is a 7-4 areal-type. Pseudotaxus, however, is
a monotypic genus. According to the results of molecular
phylogeny, Pseudotaxus and Taxus are sister groups or the
basic group of the modern 7axus (Wang and Shu, 2000; Cheng
et al., 2000). Similarly, Amentotaxus and Torreya are sister
groups as well. Pseudotaxus is a relict that is distributed
sporadically in the evergreen broad-leaved forests in Eastern
and Central China (Li and Fan, 1997). However, limited fossil
records hardly support the idea that Pseudotaxus is a living
fossil. Amentotaxus in the 7-4 areal type is a sub-endemic
species distributed in Central China. Based on the analysis
above, Amentotaxus, as well as modern Torreya, is a new
descendant that probably originated from the ancestor of
Torreya along with the climate change in the late Tertiary and
Quaternary. Based on molecular evidences, Li et al (2001b)
stated that all the modern groups of Zaxus distributed in the
north temperate zone may have originated from a common
ancestor. Therefore, Pseudotaxus may be a residue left in
Central China. It was likely to have originated from the ances-
tor of Taxus. Based on the molecular evidences, Austrotaxus
distributed in Northern Caledonia should be placed in
Taxaceae. Furthermore, it was the basic group of Pseudotaxus
and Taxus (Cheng et al., 2000) as well. However, based
on the morphological and anatomic characteristics of
the seeds of Austrotaxus, Bobrov et al (2004) stated that
the relationships among Austrotaxus, Pseudotaxus and
Taxus were distant. Furthermore, he suggested regarding
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Austrotaxus as a family that is an interim group between Tax-
aceae and Podocarpaceae. Whereas, we need more evidences
to demonstrate the phylogenic position of Austrotaxus.

Gnetopsida includes only one class, namely, Gnetopsida.
Among three monotypic orders of Gnetopsida, two were
found in China. Welwitschiaceae does not grow in China.
Ephedraceae is a monotypic genus in the 8-5 areal-type. This
distributive pattern was considered to have resulted from
the 3 areal-type in East Asia and the western part of South
America. Fourteen species of Ephedraceae are found in
China, among which only two species are endemic. The
modern distributive center of Ephedraceae was in the
northern temperate zone and the west of South America.
Although Gnetaceae is widely distributed in the pan-tropic
district, its distributive center is Southeast Asia and the
western part of South America. There is no genus endemic to
China in Gnetaceae. Whereas, at the level of species, differ-
entiations of Gnetaceae are found in the India-Malaya sub-
district (about 23 species). In China, there are nine species
with six endemic.

3 Characteristic and differentiation of the
endemic genera of angiosperms

3.1 Distribution of endemic genera in the Eight-Class
System of angiosperms

All endemic genera, namely the 15 areal-type, can be found
in all lineages in our Eight-Class System of classification of
angiosperms (Wu et al., 2002). Details are as follows:

The first class: Magnoliosida includes two subclasses,
namely, Magnoliidae and Annonidae. Magnoliaceae contains
five endemic genera, i.e. Manglietiastrum, Sinomanglietia,
Parakmeria, Woonyoungia and Tsoongiodendron. In spite
of limited fossil records, most of these five endemic species
were considered as palacoendemic. Chieniodendron in
Annoaceae of Annonidae is an endemic genus distributed in
the tropical forests of Hainan Province.

The second class: Lauropsida. There are two subclasses,
i.e. Lauridae and Calycanthidae. Lauraceae in Lauridae
has one endemic genus, Sinosassafras. And Calycanthaceae
in Calycanthidae includes two endemic genera, i.e.
Sinocalycanthus and Chimonanthus. The former is a residue
in East China. The latter was distributed in East to Central
China.

The third class: Piperopsida. Piperopsida includes two
subclasses, i.e. Aristolochiidae and Piperidae; both contain
genera endemic to China. Saruma in Aristolochiaceae is
a relict in the region from Qinling Mountains to the west of
Central China. Saururaceae includes one endemic genus,
Gymnotheca, with two species merely found in the region
from Central China to the southeast of Yunnan Province.
Liang (1995) deduced that Gymnotheca, which is close to
Anemopsis, probably originated from the diageic ancestor.
However, molecular evidences indicate that Gymnotheca
is a sister group with Saurus, which is a disjunction of
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East Asia and North America (Meng et al., 2003). Therefore,
Gymnotheca is likely to be an endemic group that formed in
Central China after the Tertiary.

The fourth class: Caryophyllopsida. Caryophyllopsida
includes three subclasses, among which two contain
endemics. Archiatripex and Badia, two primitive genera in
Chenopodiaceae, are endemic to China. In Caryophyllaceae,
Pseudocerastium and Psammosilene are endemic to China
as well. The former is distributed in East China while the
latter is a disjunction of the Yunnan Plateau and Southeast
Tibet of China. Polygonaceae in Polygonidae includes two
endemic genera, Pteroxygonum distributed in North China
and Parapteropyrum found in the valleys of Brahmaputra
Tibet of China.

The fifth class: Liliopsida. Liliopsida includes ten sub-
classes, among which four subclasses have endemic genera.
Heteropolygonatum and Speirantha in Convallariaceae,
which is so-called monocotyledon, are two endemic genera.
In addition, Heteropolygonatum is likely to be a new endem-
ic genus. Speirantha is palaeco-endemic that is distributed
in East China. Diuranthera in Anthericaceae is an endemic
genus limited to the Yunnan Plateau and the Hengduan Moun-
tains areas. Carsiopsis (Corsiaceae) with only one species
growing in saprogenic environment is an endemic genus to
China. It is distributed in the primary forests in the west of
Nanling, composing a Pacific Ocean disjunction with another
two genera of this family (Wu and Chen, 2004). Orchidaceae
includes 11 endemic genera. Therefore, the developments of
endemic genera in Liliopsida were along with the evolution
of the subclass. Acanthochlamydaceae (Gao, 1998; Kao and
Kubitzki, 1998; Wu and Chen, 2004) or Acanthochlamyoi-
deae (Wu, 1988; Antonio, 2001) with only one species is a
relict in the Hengduan Mountains areas. Acanthochlamyda-
ceae was placed in Bromeliidae, which is mainly distributed
in the new tropics. Acanthochlamydaceae is close to Vellozia-
ceae or as a subfamily of Velloziaceae, which is a palaco-
endemic family distributed widely in South America, Africa
and Arabia. Based on molecular evidences, Velloziaceae
and Acanthochlamydaceae are sister groups. Additionally,
Acanthochlamydaceae was considered as a basic group of
Velloziaceae (Behnke et al., 2000). As the only representative
of Acanthochlamydaceae, Acanthochlamys bracteata is a
proof which demonstrated that Acanthochlamydaceae or
Velloziaceae may have originated in Tethys, and migrated
via Laurasia (Davis, 2002; Sun and Li, 2003). Importantly,
A. bracteata is evidence, which demonstrates that there exist
many refuges for the residues of Tethys floristic elements in
the Hengduan Mountains and its surrounding areas.

Musaceae in Zingiberidae includes one endemic genus,
Musella, which may have originated from Gondwanaland.
Zingiberaceae has one to two genera endemic to China.
Gramineae is the most outstanding, which contains ten genera
endemic to China. However, among these ten endemic
genera, seven belong to Bambusoideae, which indicates that
the differentiated time of Bambusoideac was the earliest
among all of the subfamilies in Poidae. Furthermore, it

demonstrates that Liliopsida, as well as other classes,
originated in Pangaea from the Triassic to the Jurassic.

In eudicots, the first class is the sixth class: Ranunculop-
sida. Lardizabalaceae, characterized by the unclosed carpel,
is the most primitive subclass in Ranunculopsida. Lardiza-
balaceae contains two monotypic genera endemic to China.
One is Sinofranchetia, a blind branch having certain relation-
ships with Illiciidae and Sargentodoxaceae, a nearly endemic
family in the 7-4 areal type. The other is Archakebia, which
can be regarded as a transitional form in Lardizabalaceae.
Archakebia was differentiated after South America was
separated from Pangaea and then Lardizabaleae appeared.
Ranunculaceae includes four genera, which are Kingdonia, a
primitive blind branch with dichotomous vein, Anernoclema,
Metanemone, two interim groups, and Urophysa, a highly
developed group. Ranunculidae includes a semi-endemic
family with only one species, namely, Circacasteraceae
mainly distributed around the Qinghai-Tibet Plateau, South-
east Asia and East Himalayan Mountains areas. Based on
molecular evidences, Oxelman and Lidén (1995) indicated
that Circaeasteraceae and Kingdonia are sister groups.
Although Circaeasteraceae and Kingdonia are modern groups
with some primitive appearance such as those in venations,
we cannot deny that the uplifting of the Qinghai-Tibet
Plateau played an important role in the formations of
Circaeasteraceae and Kingdonia (Wu and Chen, 2004).

Papaveraceae (Papaveridae) includes one endemic genus,
Eomecon, which is a primitive group in the family. Eomecon
has a close relationship with Sanguinara found in North
America and Canada.

The seventh class: Hamamelidopsida. Hamamelidaceae,
a basic group of Dicotyledoneae, is the main branch of
Hamamelidae. Hamamelidaceae, as well as other families in
this subclass, was dominant in the Cretaceous or late Tertiary.
All its five subfamilies are found in China, among which
four monotypic genera are endemic to China, which are
distributed sporadically in the forests from the Taihang
Mountains to the islands of Hainan Province. Fossils of
Fortunearia and Sinowilsonia, which were found in North
America, were very similar. A phylogeny study indicated that
these two genera are closely related (Endress, 1989). Based
on molecular evidences, Li et al (1999a, b) demonstrated that
Fortunearia and Eustigma are sister groups, with the latter
distributed in East Asia (from southern China to Vietnam).
Sinowilsonia and Molinadendron are sister groups; the latter
is distributed in Central America and Mexico. Furthermore,
they indicated that Fortunearia and Sinowilsonnia are likely
to be a progeny of the residue of floristic elements of the
Arctic-Tertiary left in East Asia. The fossils of capsules and
seeds of Fortunearia were found in Zwishenmitteln in
Europe (Gregor, 1978) and Japan (Zheng, 1984), which
proved that Fortunearia was once distributed in Europe, then
retreated due to the effects of glaciations (Zhang and Lu,
1999). Another monotypic genus, Shaniodendron, is only
found in the east of Dabie Mountain and north of the Tianmu
Mountain (Wu and Chen, 2004). The fossil records were in



Shandong Province (Deng et al., 1992), and the genus was
regarded to be closely related to Fothergilla, which is end-
emic to North America. Based on DNA analysis, Li et al
(1997) stated that Shaniodendron is closely related to
Parrotiopsis, which is distributed in western Asia. These two
genera diverged until the Miocene. Besides, Shaniodendron
was also close to Pamotiopsis, a monotypic genus of
Mediterranean floristic elements. Furthermore, molecular
evidences demonstrated that Shaniodendron, Parrotiopsis
and Pamotiopsis are closely related (Li et al., 1999 a, b).
Exbucklandia is a semi-endemic genus belonging to the 7-1
areal type. The fossils of Exbucklandia were found in Oregon
and Idaho in the US, and Altai of Xinjiang Province as well
as Yunnan Province. Fossils of Altingia, another genus of
the 7-1 areal type, were found in North America during
the Cretaceous (Zhou et al., 2001). Fossil records of
Hamamelidaceae indicated that this family has already
existed in the late Cretaceous and been distributed widely and
continuously in Europe, North America and Asia. East Asia,
especially China, is the diversity center of Hamamelidaceae.
Additionally, Betulaceae and Juglandaceae, two small fami-
lies of amentiflorae, each has one genus endemic to China.
Ostryopsis includes two species distributing in southwestern
Sichuan, northwestern Guizhou, northern Sichuan, western
Liaoning and Inner Mongolia (Chen, 1999). Molecular evi-
dences indicate that Ostryopsis is a sister group to Ostrya and
Carpinus clade (Chen et al., 1999). Although there has been
no fossil records of Ostryopsis so far, evidences from Granea,
a fossil genus having a close relationship with Ostryopsis
(Manchester and Chen, 1998), demonstrated that Ostryopsis,
which originated in the north bank of Tethys during the
Tertiary, was likely to be a residue of Tertiary floristic
elements (Wu and Chen, 2004). Cyclocarya of Juglandaceae
is a monotypic living fossil endemic to China; the phylogenic
study confirmed that Cyclocarya and Platycarya are sister
groups (Manos and Stone, 2001). The fossils of Cyclocarya
were found in North America and Europe during the Pliocene
(Machenster, 1999). Cyclocarya as well as other relicts of
Tertiary floristic elements such as Ostryopsis probably had
the same original background.

Davidiaceae includes Davidia with one species,
Davidia involucrate, and one variety, D. involucrate var.
vilmoriniana. Morphologically, Davidia is highly isolated.
Fossils of another genus that was similar to Davidia were
found in North America and north of South Asia (Steven
et al., 1999), which indicated that the Bering Land Bridge
might have played an important role in the course of origin
and dispersal of this family.

Eucommiaceae, a monotypic endemic family, includes
only one species, Eucommia ulmoides, which is one of the
important Chinese traditional medicines. However, according
to fossil records, there were once at least 22 species in the
family (Guo, 2000). The structure of flowers and fruits of
Eucommia ulmoides are simple but highly unique. Fossil
records indicate that this plant species already existed in the
Paleocene, and then it was widely distributed in the northern
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hemisphere during the Miocene. A palaeobotany study (Guo,
2000) supported that Eucommiaceae originated in eastern
China, then extended to the northern hemisphere in the latter
part of the Eocene, and migrated to North America via the
Bering Land Bridge. Nowadays, Davidiaceae and Eucommi-
aceae are both placed in Cornidae, which were mainly dis-
tributed in East Asia, especially in China. Of the monotypic
families of Cornidae, 80% are found in China, some of which
are relicts of the Cretaceous-Tertiary floristic elements.

3.2 Distribution and evolution of endemic genera

Among 239 endemic genera, Gesneriaceae contains the
most with 27 endemic genera (Li and Wang, 2004). Although
some endemic genera in Gesneriaceae were considered to be
satellite genera of Chirita, it is still one of the representatives
of seed plants in China. This can be attributed to three factors.
First, Gesneriaceae was divided into two big groups in the
old and new world. The interim between these two groups is
Klugieae. Gesnerioideae, a subfamily of Gesneriaceae, was
mainly distributed and diversified in Indo-Malaysia (Li,
1999). In these two groups, as the basic branch of Scrophu-
lariales, the first one should be more ancient. Both had
primitive characteristics such as parietal placenta. Therefore,
Scrophulariaceae should be regarded as a group derived
from such groups, which is the result of the development of
Cretaceous-old Tertiary floristic elements. The second factor
is the distributive patterns of forests in China, which lies
from the northeast to the southwest, and the appearance of
large areas of limestone in sub-tropical forests especially in
Yunnan, Guizhou and Guangxi Provinces. Third, anthropo-
genically, the fragmentation of forests due to deforestation by
local people accelerated the process of endemism. As one
of the distributive centers of Gesneriaceae, East Asia and
Southeast Asia were linked with Central and South America,
which are considered as another two distributive centers of
this family. Also, a limestone forest, which is an abiotic
factor, played an important role in the course of differentia-
tion and evolution of this family. In addition, many primitive
groups such as Bournea, Thamnochris, and Tongia prove
that the mixed mesophytic forest growing from China to
Japan and the evergreen forest growing in Malaysia were
a representative of floristic elements of the early Tertiary
(Tiffney, 1985). Therefore, these groups probably were
progenies of a forest once growing in Tethys during the
Tertiary (Takhtejan, 1969) or Northern Tropic (Wolfe, 1975)
or Northern Tethys (Kubitzk and Krutzsch, 1996). Thus, it
is reasonable to regard East Asia, especially China, as the
original center of this family.

Compositae contains the second most endemic genera,
which is the most advanced family in Asteridae. Although 20
endemic genera were included in many advanced tribes of
this family (Especially Cynarieae, Cichorieae and Senecione-
ae), Mutisieae, which is regarded as the most primitive tribe
in Compositae, has two monotypic genera endemic to China,
namely, Myripnois and Nouelia. Myripnois is endemic to



136

North China. Nouelia is a primitive group characterized by a
woody structure and distributed in the Yunnan Plateau and the
valleys of Jinsha River and Red River. According to Peng
(2002), Nouelia, having a hexaploid chromosome, is probably
a progeny of some residues of Tethys floristic elements.
Actually, Mutisieae is mainly distributed in South America
(Lin, 1993, Wu et al., 2003). Nouelia is probably a relict in the
Yunnan Plateau, and in the valleys of Jinsha River and Red
River, which indicates that Mutisieae has a close relationship
with counterparts distributed in South America. Therefore,
the origin of Mutisieae is similar to that of Acanthochlamyda-
ceae. Then it migrated via Tethys and Laurasia, and dispersed
via the Laurasia path (Davis et al., 2002).

The third family is Labiatae. There are 12 genera in this
family endemic to China. Morphologically, Cardioteucris
and Caryopteris are similar to each other. Based on molecular
evidences, Wagstaff (1998) placed Caryopteris in Teucrioi-
deae, which is in one later branch of the family. However,
differences in the structures of corolla, calyx, and fruit
between Cardioteucris and Caryopteris demonstrated these
two genera were completely different. Actually, Lamiales and
Verbenales were derived from the same branch very early.
Verbenales highly developed with some characteristics that
were parallel with Teucrioideae. It is probably not appropriate
to place Cardioteucris in Caryopteris just as what W. W.
Smith and Cantino (1992) did. Labiatae includes many
monotypic genera, such as Kinostemon (in Teucrioideae),
Holocheila (in Ajugoideae), Heterolamium (which may be
the ancestor of Plectranthoidea), Bostrychanthera (in Prasioi-
deae) and Wenchengia, which is only a representative of
Wenchengiodeae. The above analyses indicate that Labiatae
originated and developed in the coastal area of Tethys (Wu
and Li, 1982), then were quickly differentiated in East Asia
especially in China along with the change in aridity of Central
Asia and the uplifting of the Himalayas.

Cruciferae (Brassicaceae) includes 11 genera endemic to
China. There are numerous representatives of Cruciferae
found in the northern hemisphere, especially in the region
around Tethys, Southwest Asia and Central Asia. In addition,
many endemic genera of this family were found in the moun-
tainous areas of the Sino-Himalaya (Hegde, 1976). Cruciferae
is regarded as another large family differentiated in Tethys.
Many monotypic genera of this family were found in the
Qinghai-Tibet Plateau and the Hengduan Mountains areas,
for instance Shangrilaia, which was described in 2004
(Al-Shehbaz et al., 2004). Therefore, the uplifting of the
Sino-Himalayas from Tethys can be regarded as the second
diversity center of this family.

Umbelliferae includes 11 genera, all of which are
monotypic or small-type genera. The diversity centers of
Umbelliferae are now Tethys and Central Asia. Although
there are no primitive genera in Umbelliferae, all these genera
in this family were differentiated independently. Combining
the analyses above with information about genera in the 9 or
14 areal-type in Umbelliferae, it is clear that Umbelliferae
originated and was differentiated in Laurasia. Besides

Umbelliferae, Orchidaceae and Poaceae include 11 genera
and ten genera endemic to China, respectively, as well.

Rosaceae, one of the main branches of Rosida, is a repre-
sentative of the northern temperate zone. Rosaceae includes
sevenendemic genera in the three subfamilies. Additionally,
many monotypic (or bitypic) genera and representative of
these seven endemic genera are found in the Northeast China,
Inner Mongolia, North China, East China, Yunnan Plateau
and the Hengduan Mountains, which demonstrates that
Rosaceae originated in East Asia. The monotypic genera of
Spiraeoideae and Rosoideae are in the 14 areal-type (distri-
buting in East Asia). All the statements and analyses above do
prove the fact that Laurasia was the birthplace of Rosaceae.

Scrophulariaceae, the main branch of Scrophulariales,
includes six genera endemic to China. These six endemic
genera are all monotypic or bitypic. Triaenophora, found in
the cliff of the Three Gorges in the Yangtze River, has a close
relationship with Rehmannia. Both of these genera were
considered to have a close relationship with Gesneriaceae.
Xizangia, a representative of the flora of the western Dulong
River, upper Burma and southeast of Tibet of China, can be
regarded as a semi-endemic genus.

Asclepiadaceae includes five genera endemic to China.
Among them, Biondia chinensis Schltr. is distributed widely
in the subtropical area of southern Qinling Mountains. The
others are all monotypic, one growing in Hainan Province.

Magnoliaceae and Melastomataceae have five genera
endemic to China. Magnoliaceae was analyzed above. Melas-
tomataceae, an important floristic element in China, contains
180 species. In addition, it is considered as one of the repre-
sentatives of the subtropic. It has a close relationship with
counterparts distributed in South America. Styrophyton is a
primitive monotypic genus of Melastomataceae distributed
in the southeast of Yunnan. Barthea, however, is widely
distributed in the south of East and Central China. Therefore,
although Melastomataceae is advanced in Myrtales, it was
derived from a period when East Asia was still linked with
South America.

Boraginaceae includes four genera endemic to China.
This family probably originated in the east of Laurasia and
Gondwana, and differentiated in Tethys (Wu et al., 2003).
Among these four endemic genera, Sinojohnstonia and
Omphalotrigonotis are more primitive than the others.
Meanwhile, Thyrocarpus, a semi-endemic genus, may have
originated from the 7-4 areal type, found in the margin of the
tropics.

Saxifragaceae, the basic branch of Rosidae, includes four
monotypic genera. These four genera are floristic elements
of forests from Northeast to Southwest China, which are
regarded as the birthplace of the family. Astilboides is a
primitive group of Astilbeae, which is a primitive tribe of
Saxifragaceae. In addition, Astilbeae probably has closer
relationship with Spiracoideae of Rosaceae, especially on
Arancus, while Mukdenia and Oresitrophe are sister groups
distributed in different places. The former was found in
Shengyang (up to the border of North Korea). The latter,



however, is distributed from Beijing to the Taihang Moun-
tains. Saniculophyllum is limited to the southeast of Yunnan
Province and southwest of Guangxi Province.

Besides Hamamelidaceae, Ranuculaceae contains four
endemic genera mentioned above; Sapindaceae also has four
endemic genera. Among these four endemic genera, three are
monotypic. Koelreuteria with four species was considered
as a representative of forests growing in the low elevation
areas. Koelreuteria is distributed in North China, East
China and Central China, eastward to Taiwan of China, and
westward to the Yunnan Plateau. Noticeably, a variety and a
species of Koelreuteria found in Taiwan of China were found
in Fiji as well. In addition, Degeneriaceae, a relative of
Magnoliaceae, also was found in Fiji. These two discontinu-
ous distributions indicate that, Fiji, as well as New Caledonia,
were linked with Laurasia. Xanthoceras is the northern
border of Sapindaceae, which is distributed in Inner
Mongolia, Gansu, Qinghai Provinces and North China.
Eurycorymbus is common in subtropical forests in Taiwan of
China and south of the Yangtze River. Handeliodendron,
however, is limited to the limestone forest in Guizhou or
Guangxi Province. These distributive patterns indicate that
both genera are the residues of tropical and subtropical
forests in the Cretaceous-Tertiary.

Six families, namely, Theacae, Araliaceae, Styraceae,
Caprifoliaceae, Rubiaceae, and Acanthaceae, contain three
genera endemic to China.

Theaceae, a main branch of Dillenidae, is an important
element of subtropical forests in East Asia especially in South
China. Besides Camellia, Theaceae includes other clades that
were differentiated independently. One is Tutcheria with
6(-20) species. The other is Pyrenaria (Yang and Min, 1995)
endemic to South China. In addition, Euryodendron and
Apterosperma, two monotypic genera, are regarded as being
endangered. The former was placed in Ternstroemioideae or
Ternstroemiaceae. The latter having a close relationship with
Schima is a residue in South China (Prince and Parks, 2001).

Araliaceae is an advanced family in Cornidae. Based on
molecular evidences, Wen (2001) deduced the tropics or
subtropics, especially the Old Tropics (from South China,
Southeast Asia to the islands in the Pacific Ocean), were
likely to be the birthplace of Araliaceae. It includes three
monotypic endemic genera. One is Sinopanax, which is
probably a relict of Tethys-Tertiary floristic elements merely
distributed in the mountainous areas of Taiwan of China.
In addition, Sinopanax and Oreopanax, which are mainly
distributed in the New Tropics, are sister groups (Wen et al.,
2001). Another is Hunaniopanax, which has the primitive
morphological characteristic of a simple leaf, is a genus
endemic to Hunan Province. The last is Tetrapanax, which is
widely distributed in the south of the Yangtze River. Recently,
based on morphological and molecular evidences, Wen set up
a new genus, Metapanax, which may be a semi-endemic
genus (Wen and Frodin, 2001). It includes two species,
namely, Metapanax delavayi (= Nothopanax delavayi or
Pseudopanax delavayi) and M. davidii. Macropanax found
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from South and Southwest China to tropical Asia is probably
a basal group of Metapanax (Wen et al., 2001). Thus,
Metapanax can be regarded as a new semi-endemic group
that was differentiated from the ancestor of Macropanax
distributed in the southwest of China or nearby regions.

Styraceae is mainly distributed in East Asia. Styraceae
includes 12 genera, among which 11 genera with three
endemic genera and two monotypic genera are found in
China. Sinojackia has two or four species distributed sporad-
ically in the south of the Yangtze River. Changiostyrax,
however, is distributed in the northwest of Hunan Province.
Melliodendron, one of the representatives of subtropical ever-
green forests, is distributed in the eastern regions of Southeast
Yunnan. In addition, all genera of Styraceae belong to 7-2,
7-3,7-4,9 and 14S] areal-types, except one that is endemic to
South America. Fossil records indicate that the development
of Sinojackia has a close relationship with the flora of Tethys.
Some genera, such as Rehderodendron and Halesia found in
North America, China and East Asia nowadays, had already
occurred in Tethys during the Tertiary (Tralau, 1965; Mai,
1983; Manchester, 1999). Based on molecular evidences,
Fritch (1996, 2001) stated that the Halesia growing in
Asia and North America were not monophyletic. Groups of
Halesia in Asia and Rehderodendron, which are widely dis-
tributed in East Asia, were in the same branch. This indicates
that the evolutionary history of these two genera was differ-
ent. Meanwhile, Halesia and Rehderodendron were regarded
as floristic elements of forests in Tethys-Tertiary. The distri-
butive region of Styrax is the largest in Styraceae. Huang
(1999) suggests that the distributive pattern of Styrax plays an
important role in the evolution of Styraceae. Furthermore,
based on the evidences from allozyme and molecular phylo-
geny, Fritsch (2001) suggested that Styrax and Styraceae
originated in Eurasia and Tethys, respectively. Therefore,
these three genera in Styraceae endemic to China are likely to
be the progenies of Tertiary-Tethys forest elements.

Caprifoliaceae  includes two monotypic genera,
Heptacodium and Kolkwitzia. The former is distributed
sporadically in Eeast China (Zhejiang Province) and Central
China (Hubei Province). The latter is a disjunction of North
China and East China. The molecular evidences indicated that
Heptacodium is the sister group of the clade of Lycesteria,
Lonicera, Symphoricarpos and Triosteum (Pyck and Smets,
2000). Also, the cytological characteristics of (2n = 28)
Heptacodium was regarded as very special in Caprifoliaceae,
which supported the treatment of Heptacodieae as a tribe,
namely Heptacodieae (Zhang et al., 2002). Dipelta, which
had similar fossil characteristics to Heptacodium, is distrib-
uted and differentiated in the coniferous forest of the
Hengduan Mountains. Caprifoliaceae, an old family, includes
9, 9-1 and 8 (9), 14, 14SJ and 14SH areal-types. Linnaea, a
monotypic genus, was found in Caprifoliaceae in the later
part of the glacial period.

Rubiaceae is widely distributed in tropical areas with three
monotypic genera, namely, Guihaiothamnus, Trailliaedoxa
and Tsiangia, which are endemic to China. Guihaiothamnus



138

is mainly distributed in the limestone forest in Guangxi
Province. Trailliaedoxa grows in the warm-dry valleys along
Jinsha River. And Tsiangia is mainly distributed in the coast
of Hong Kong and Guangdong Province. The distributive pat-
terns of these three genera indicate that China is a core area in
the course of development and differentiation of Rubiaceae.

Acanthaceae, especially the genera of Stroliantheae
and Justicieae, are more specialized and complicated
than Scrophulariaceae. Kudoacanthus is a monotypic
genus endemic to Taiwan of China. Parachampionella,
Paragutzlaffia are bitypic and tritypic genera distributing
from central China to the Yunnan Plateau.

Fifteen families include two genera endemic to China:
Adoxaceae, Calycanthaceae, Campanulaceae, Caryophyl-
laceae, Chenopodiaceae, Convallariaceae, Crassulaceae,
Euphorbiaceae, Gentianacea, Lardizabalaceae, Papilionace-
ae, Polygonaceae, Rutaceae, Solanaceae, and Zingiberaceae
(1-(2) genera). Some of them have been discussed above,
besides, eight families will be discussed as follows:

Archileptopus of Euphorbiaceae, an endemic genus
growing in the limestone forest in Guangxi Province, is more
primitive than Leptopus in Phyllanthoideae. Speranshia,
however, is discontinuously distributed in North China,
Central China, and North Yunnan Province. Both of these
two genera are likely to be palaco-endemic genera.

Crassulaceae in Rosidae, has a close relationship with
Saxifragaceae. The systematic position of Crassulaceae is
after Penthoraceae, which is a basic branch of Rosidae. Two
genera, Kungia and Ohbaea, originated from the Hengduan
Mountains and Qinling Mountains separately. The former is
bitypic and the latter is monotypic genus.

Papilionaceae in Rutidae is a big family. However, Papilio-
naceae includes only two genera endemic to China, which
was attributed to two major reasons. First, species of the
family have well adaptable capacities or potentials, which
enlarge the distributive regions of this family. The other is
that Papilionaceae includes many sub-endemic genera in 7-2,
7-3, 7-4, 13-1, 13-2, 14SH, 14S] areal-types. Salweenia in
Sophoeae endemic to valleys of the upper reaches of the
Salween River and the Mekong River is likely to be a relict
of Tethys elements. In addition, Salweenia probably has a
close relationship with Calpurnia, which is a disjunction of
the Cape of South Africa and South India. Furthermore, it
probably has similar original background to Acanthochlamys.
Salweenia was found to form a predominant community
along the valley of Mekong River near Changdu County.

There are two genera endemic to China in Rutaceae.
Psiloeganum distributed in Central China, northward to the
Three Gorges, derived from the basic branch of Rutaceae.
Poncirus, another primitive group in Citroideae, includes
one species distributed from Hainan Provinceto the north of
Qinling Mountains. Recently, another species of Poncirus has
been found in Fumin County of Yunnan Province.

Compared with Viburnales in Cornidae, Adoxaceae is
more advanced. Based on molecular evidences, Eriksson
and Donoghue (1997) and Liu et al (2000) indicated that

Adoxaceae and Sambucus, which belongs to Caprifoliaceae,
are sister groups. Adoxaceae was previously regarded as a
monotypic family and the representative of the northern
temperate zone. In the middle period of the 20th century, one
species of Adoxa and two monotypic genera (Zetradoxa
and Sinadoxa) of Adoxaceae were found in the Far East
and China, which confirmed that Adoxaceae originated in
the conifer forest of southwest China in East Asia. Adoxa
moschatellina, however, extended to the northern temperate
zone after the glacial period along with the expansion of the
Taiga forest (Liang and Wu, 1999).

Campanulaceae is a primitive family in Campanulales
of Asteridae. It includes two endemic genera. One is
Platycodon, a monotypic genus in 14S]J areal-type. The other
is Leptocodon in 14SH areal-type (Hong, 1999). Besides,
Campanulaceae includes two genera, namely, Echinocodon
and Homocodon, which are endemic to China. The former is
monotypic restricted to the Qinba Mountain in the south side
of Qinling Moutains. The latter has only one species and its
varieties are only found in the Yunnan Plateau (including west
of Guizhou Province and southwest of Sichuan Province in a
broad sense). In addition, Homocodon was found to have a
close relationship with one monotypic genus distributed in
California in the US.

Oleales includes Gentianaceae, which is an advanced
family in the subclass of Lamiidae. There are two genera in
Gentianaceae endemic to China, namely, Latouchea and
Lomatogoniopsis. The former is more primitive, found in the
mountainous areas of southeast of Yunnan Province to the
south of Fujian Province. The latter, however, is a new
endemic genus that originated along with the uplifting of the
Tibet-Qinghai Plateau.

As a main branch of Solanales, which is characterized by
a bilaterally symmetrical flower, Solanaceae includes two
genera endemic to China (Lu and Zhang, 1986). Atropanthe,
a monotypic genus, is a descendant of Anisodus, which is
endemic to the Himalayas, and Scopolia, which is a disjunc-
tion of East Asia and Tethys. Atropanthe is restricted to
Central China. The other is Przewalskia, which is the
basic group of Atroanthe, Anisodus, Scopolia, Atropa, and
Mandragora (Hoare and Knapp, 1997; Tu et al., 2005). There-
fore, Przewalskia, a highly specialized group in the Qinghai-
Tibet Plateau, was regarded as a residue of Tethys floristic
elements.

In angiosperms, 30 families include only one genus
endemic to China, namely, Acanthochlamydaceae, Acerace-
ae, Actinidiaceae, Annonaceae, Anthericaceae, Apocynaceae,
Aristolochiaceae, Betulaceae, Celastraceae, Corsiaceae,
Cucurbitaceae, Davidiaceae, Diapensiaceae, Eucommiaceae,
Flacourtiaceae, Hydrocotylaceae, Juglandaceae, Lauraceae,
Monotropaceae, Musaceae, Nyssaceae, Olacaceae, Opiliace-
ae, Papaveraceae, Podostemaceae, Primulaceae, Saururaceae,
Sauvagesiaceae, Tapisciaceae, Ulmaceae, Viticaceae, and
Zygophyllaceae. Eleven families have been discussed above,
namely, Acanthochlamydaceae, Annonaceae, Anthericaceae,
Aristolochiaceae, Betulaceae, Corsiaceae, Juglandaceae,



Lauraceae, Musaceae, Papaveraceae, and Saururaceae.
Besides, there are still 19 remaining families in Rofopsida
that will be analyzed as follows:

Sinia in Sauvagesiaceae of Dillenidae is a monotypic
genus endemic to South China. This genus was classified by
Xin and described by Didls. Sinia is mainly distributed in the
middle and eastern part of the south slope of Qinling Moun-
tains. It is differentiated from the 3 areal-type together with
some monotypic genera of South America. Poliothyrsis in
Flacourtiaceae of Flacourtiales is a primitive monotypic
genus. It is distributed in East to Central China and is a
common species in the subtropical mixed mesophytic forest.
Poliothyrses as well as Carrierea (bitypic, 7-4 areal-type) and
Itoa (bitypic, one in Central China up to the Yunnan Plateau,
the other one disjunct in New Guinea) composed the most
primitive tribe of Flacourtiaceae.

Similarly, Bolbostemma is a bitypic genus in Zanonioi-
deae, which was regarded as the most primitive family in
Cucurbitales. Bolbostemma includes two species. One
species is distributed in North China. The other one is disjunct
in the valley of the Yunnan Plateau, which was regarded as
a proof of Captures of the Jinsha River by the Red River.
Ulmaceae of Urticales of Malvidae contains a monotypic
endemic genus, Pteroceltis, which is probably a relic genus
of Cretaceous-Tertiary floristic elements distributed widely
in the limestone forest in North China as well as Yunnan,
Guizhou, and Gaungxi Province.

As the start point of Ericidae, Actinidiaceae is endemic
to East Asia. Clematoclethra with only one species and four
varieties in Actinidiaceae is restricted to the mountainous
areas of Sichuan (Tang and Xiang, 1989), which indicates that
this genus is still in differentiation. Monotropaceae is another
family in the subclass of Ericidae including Eremotropa,
which is a small genus distributed in the Yunnan Plateau still
under differentiation as well. Berneuxia, a monotypic genus
of Diapensiaceae, grows in the mountainous areas from west
of Central China to south of the Hengduan. Berneuxia, as
well as Diplarche, are palaco-endemic genera distributed in
China-Himalayas. Pomatsace is a new endemic that was
derived from one branch of Androsace in Primulaceae. It is
mainly distributed from northeast of Qinghai-Tibet Plateau
to the boundary of Qinghai Province and Xinjiang
Autonomous Region.

Podostemaceae, which has a close relationship with
Sedum and Saxifragales, is a highly specialized family in
the sub-class of Rosidae. Podostemaceae includes only one
endemic genus, Terniopsis, distributed in Fujian Province.
Recently, Terniopsis was placed in Dalzellia, which is discon-
tinuously distributed in India, Thailand and Vietnam. Accord-
ing to these classification treatments, the tropical area of
South China was connected with the Indo-China Peninsula in
geological history.

As a basic group of Sapindales, Tapisciaceae, which is
associated with Staphyleaceae, includes only two genera.
One is distributed in the subtropical regions of China. The
other is distributed in the Central to South America.
Tapiscia includes one or two species widely distributed in
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the subtropics from south of the Yangtze River, to north of
Nanling and north of Vietnam. In addition, Tapiscia was
regarded as an element of mixed mesophytic forest. The
fossils of seeds of Tapiscia, which were found in Germany
and London Clay, Canada, North America and Shandong
Province of China, indicate that this family once included
five species (Tao, 2000). Based on these fossil evidences,
the evolutionary history of Tapiscia can be traced to
(Cretraceous-) Tertiary.

Aceraceae, another family in Rutidae, includes two to
three genera. Dipteronia, with two species, is endemic to
China. One species of Dipteronia is widely distributed
from Qinling Mountains to the west of Central China, while
another one is only found in the southeast of Yunnan
Province. Similar to Cyclocarya in Juglandaceae, Dipteronia
is a relict of Tertiary floristic elements. Based on paleo-
botanical records, the earliest fossils were found in the Paleo-
cene from North America. Dipteronia was regarded as a
palaeco-endemic genus whose early evolution should occur in
North America (McClain and Manchester, 2001; Manchester
and Tiffney, 2001). However, the accuracy of these statements
is uncertain so far, due to the limited fossils of Dipteronia
found in China.

Bretchneideraceae (7-2 (15) areal type), is a monotypic
family of this subclass, distributed eastward to Taiwan of
China and southward to the border of Laos and Thailand.
Therefore, in terms of distributive region, Bretchneideraceae
can be regarded as semi-endemic.

As an old original family with differentiation history,
Zygophyllaceae in Geraniidae includes a subfamily with only
one genus, Tetraena, which is endemic to China. The mono-
type of Tetraena is a shrub plant found in the south of Inner
Mongolia, the Ordos Plateau, and the south bank of the
Yellow River. It often appears in one community together
with Potaninia, another monotypic genus of Rosaceae. The
latter is a semi-endemic genus whose distributive range
extended to Mongolia. Monimopetalum in Celastraceae of
Celasteales is a monotypic genus endemic to China found in
East China (Anhui Province). Additionally, it was considered
to be a basal group of the Euonymus and Celastrus, which are
main branches of Celastraceae. Another representative of
the subclass of Geraniidae is Olacaceae, which is commonly
distributed in tropical forests with one monotypic genus
Malania, which might be a primitive group distributed in
limestone forests of Guangxi and Yunnan Provinces.
Yunnanopilia, another monotypic and endemic genus, is an
element of tropical forests growing in a region near the
southern boundary of Yunnan Plateau. It is also probably
a basal group of three monotypic genera, Lepionurus,
Champereia and Melientha (commonly distributed in North
Vietnam) (Wu and Li, 2000).

Cornidae includes many relicts, isolated families and
genera, among which Davidiaceae and Eucommiaceae, two
monotypic families endemic to China, are the most famous.
Davidiaceae is the representative of mixed mesophytic
forests growing from the west of Central China to the
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Hengduan Mountains areas. The other one, Eucommiaceae, is
limited to Central China, and has almost disappeared in the
wild field, mainly due to the unsustainable exploitation by
local people. Therefore, what we see nowadays is a cultivated
variety of Eucommiaceae. Actually, Eucommiaceae was an
element of mixed mesophytic forests in Central China. In
addition, Camptotheca of Nyssaceae is another monotypic
genus distributed from Central China to Yunnan Province.
Among all of the advanced families in Cornidae, Hydrocot-
ylaceae, a basal group of Umbelliferae, includes a small
number of representatives of flora of East Asia, despite that
the origin and differentiation of this family was in 3 areal-
type. The latest cytological study (Peng and She, 1991)
indicated that Dickinsia, which was previously placed in
Umbelliferae, is a representative of the monotypic species of
Mulineae in Central China. Therefore, Dickinsia should be
regarded as a palacoendemic genus indeed, and that China is
the original and early differentiation center of Cornidae.

Apocynaceae in Apocynales of Laniidae are differentiated
in the tropical and subtropical. It includes two monotypic
genera endemic to China. One is Epigynurm in the 7a areal
type distributed from East Asia to the Malaya Peninsula
(Western Malaya). Another is Parepigynum, which is proba-
bly a relict in the southeast of Yunnan Province. Another
monotypic genus endemic to China in Viticaceae of Verbena-
les is Schnabelia, which was derived from Caryopteris, but
its reproductive system of Schnabelia is a cleistogamous
flower, which is a completely different evolutionary line from
Cardioteucris.

4 Origin and development of endemic
genera of the Chinese seed plants

Based on the above analysis of seed plants in China, the
endemic genera, either old or young, especially those
residues, exist in every stage of the evolution of seed plants.
Therefore, we can draw the following conclusions:

There are numerous families and genera, especially many
palaeoendemic residues of gymnosperms in China. There-
fore, China should be considered as a core area of the extant
gymnosperms. The distributive and original history of these
endemic genera can be traced to the Paleozoic. In
geological history, especially in the Tertiary, those residues
were once widely distributed in the northern hemisphere.
Therefore, most of them are considered as Arctic-Tertiary
floristic elements. Meanwhile, many groups died out in most
places (e.g., Europe) of the northern hemisphere after the
Neogene Period, due to climate changes and the effects of
glaciations during the Quaternary. A few survived in some
refuges in North America and East Asia. Additionally, Central
and East China, in particular, became a core area of those
palaco-endemic species. Then, those residues of Tertiary
floristic elements developed in East Asia and North America,
respectively, which resulted in numerous endemic residues
distributed in these two continents.

Both the oldest and the newest endemic genera can be
found in China. Meanwhile, in terms of distributive region,
the differences among these endemic genera were relatively
clear. These distributive regions can be divided into four
districts: east of Central China, South China, West and North
China (Hao, 1997). In terms of characteristics of districts,
they can be classified into five types, namely, neighboring
distribution, overlapping distribution, isolated and discontin-
uous distribution (Ying, 1996). In terms of the degree of
the endemism, these districts can be arranged as the Three
Gorges, Yunnan, Guizhou and Guangxi Province, middle and
south of Hengduan Mountains, Qinling Mountains, Yellow
Mountain-Tianmu Mountains, Zhongtiao-south Taihang
Mountains and south of Inner Mongolia (Wang and Zhang,
1994). In terms of characteristics of endemic genera, these
districts can be classified into Sino-Japan subdistrict, which
has more palaeco-endemic residues, and Sino-Himalayan
forest subdistrict, which has more young endemic genera (Wu
and Wu, 1996). In terms of phylogenic positions, endemic
genera are represented in all lineages in the Eight-Class
system of classification of angiosperms. In addition, endemic
relicts were represented in almost every evolutionary stage of
the seed plants. Meanwhile, many young endemics can be
found in advanced families, for instance, Gesneriaceae,
Chrysomthemums, Lamiaceae, and so on. Genera endemic to
China in some basal groups of gymnosperms and angiosperms
have a higher level of diversity compared with their counter-
parts in North America. A similar phenomena can also be
found in common genera between East Asia and North
America (Qian, 2001, 2002), which also show the floristic
characters of not only antiquity but also integrity in the flora
of China and East Asia. Therefore, the differentiation and
development of endemic families and genera in China reflect
all the evolutionary processes of angiosperms. For the angio-
sperm and gymnosperm, China is not only a refuge, but also
an original and differentiated center.

Chinese endemic genera are of polymorphic origin,
mainly from Arctic-Tertiary, Paleo-tropical-Tertiary and
Tethys-Tertiary floristic elements. In addition, many of these
genera are autochthonous. The origin of endemic genera of
gymnosperms can be traced back to the Cretaceous or even
earlier, which is earlier than those of angiosperms (from the
Tertiary or the late Cretaceous). Meanwhile, most of the new
endemics originated in the late Tertiary (Wang, 1989), or in a
period from the later part of the Pliocene to the early Quater-
nary (Zhou, 2005). In geological history, most of the palaco-
endemic genera were once widely distributed in the northern
hemisphere. However, some geological changes such as the
blocking of the North Atlantic Bridge, the Turgai Strait, and
the Bering Bridge, resulted in the discontinuity between
East Asia and North America (Tiffney and Manchest, 2001).
Furthermore, numerous plants in the northern hemisphere
became extinct during the late Tertiary and Quaternary due
to the lethal effect of glaciations. Only a few genera
or species survived in some refuges of China and North



America. Compared with North America, there are more
relict genera in China. The evidences from molecular phylog-
eny, palacobotany and fossils showed that these relic genera
were once widespread in the northern hemisphere, and
mostly became extinct and endemic after the late Tertiary.
Also, the disjunction between East Asia and North America
formed in this period (Wen, 1999, 2001). Therefore, the
late Tertiary is an important period for the formation and
development of endemic genera in China.

Acknowledgements This paper was supported by Yunnan Provincial
Government through an Award for Prominent Contributions in Science and
Technology of Prof. Wu Zhengyi in 2001 (KIB-WU-02), the Chinese Natural
Science Foundation of China (Grant No. 40332021) and National Basic
Research Program of China (No. 2003CB415103).

References

Al-Shehbaz I, Yue J P, Sun H (2004). Shangrilaia (Brassicaceae), a new
genus from China. Novon, 14(3): 271-274

Antonio SALATINO Salatino A, Salatino M L F, Mello-Silva R, van
Sluys M A, Giannasi D E, Price R (2001). Phylogenet icinference in
Velloziaceae using chloroplast TrL-F sequences. Syst Bot, 26(1):
92-103

Axelrod D I (1976). History of the Coniferous Forests, California and
Nevada. Berkeley: University of California Press, 70

Axelrod D I (1986). Cenozoic history of some western American pines.
Ann Missouri Bot Gard, 73: 565-641

Behnke H-D, Treutlein J, Wink M, Kramer K, Schneider C, Kao P C
(2000). Systematics and evolution of Velloziaceae, with special
reference to sieve-element plastids and rubcL sequence data. Bot J
Linn Soc, 134: 93-129

Bobrov A C, Melikian A P, Romanov M S (2004). Seed morphology
and anatomy of Austrotaxus spicata (Taxaceae) and its systematic
position. Bot J Linn Soc, 145: 437443

Cantino P D (1992). Evidence for a polyphyletic origin of the Labiatae.
Ann Missouri Bot Gard, 79: 361-379

Chaney R W (1951). A revision of fossil Sequoia and Taxodium in
western North America based on the recent discovery of Metase-
quoia. Trans Am Philos Sco NS, 40: 171-263

Chen Z D, Manchester S R, Sun H'Y (1999). Phylogeny and evolution
of the Betulaceae as inferred from DNA sequences, morphology and
paleobotany. Amer J Bot, 86(8): 1168—1181

Chen Z D (1999). Phylogeny and Phytogeography of the Betulaceae [A].
In: Lu Anmin, ed. The Geography of Spermatophytic Families and
Genera. Beijing: Science Press, 236258 (in Chinese)

Cheng Y C, Nicolson R G, Tripp K, Chaw S M (2000). Phylogeny of
Taxaceae and Cephalotaxaceae genera inferred from chloroplast
matK gene and nuclear rDNA ITS region. Mol Phylogen Evol, 14(3):
353-365

Davis C C, Charles D B, Sarach M, Michael J D (2002). Laurasian
migration explains Gondwanan disjunctions: evidence from
Malpighiaceae. PNAS, 99(10): 6833 —6837

Delaubenfels D J, Adema F (1998). A taxonomic revision of the
genera Cycas and Epicycas Gen. Nov. (Cycadaceae). Blumea, 43:
351400

Deng M B, Wei H T, Wang X Q (1992). Shaniodendron, a new genus of
Hamamelidaceae from China. Acta Phytotax Sin, 30(1): 57-61

Endress P K (1989). Phylogenetic relationships in the Hamamelidoide-
ae. In: Crane P R, Blackmore S, eds. Evolution, Systematics and
Fossil History of the Hamamelidae, 1: Introduction and “lower”
Hamamelidae. Oxford: Clarendon Press, 227-248

141

Eriksson T, Donoghue M J (1997). Phylogenetic relationships of
Sambucus and Adoxa (Adoxoideae, Adoxaceae) based on nuclear
ribosomal ITS sequences and preliminary morphological data. Syst
Bot, 22(3): 555-573

Farjon (1990). Pinaceae. Germany: Koleltz Scientific Book

Ferguson K K (1967). On the phytogeography of conbiferales in the
European Cenozoic. Palacogeogr Palacoclim Palaeoecol, 3(1):
73-110

Florin R (1963). The distribution of conifer and taxad genera in time and
space. Acta Horti Berg, 20: 121-132

Fritsch P W (1996). Isozyme analysis of intercontinental disjuncts
within Styrax (Styracaceae): Implications for the Madrean-Tethyan
hypothesis. Amer J Bot, 83: 342-355

Fritsch P W (2001). Phylogeny and biogeography of the flowering plant
genus Styrax (Styracaceae) based on chloroplast DNA restriction
sites and DNA sequences of the internal transcribed spacer region.
Mol Phylogen Evol, 19(3): 387-408

Gadek P A, Alpers D L, Heslewood M M, Quinn C J (2000). Relation-
ships within Cupressaceae sensu lato: A combined morphological and
molecular approach. Amer J Bot, 87(7): 1044-1057

Gao B C (1998). Confirmation of Acanthochlamydaceae, a new pro-
posed monocotyledons family and its systematic position. Acta Bot
Yunnan, 20(1): 23-31 (in Chinese)

Gregor H J (1978). Die Miozanen Fruchtund Samenfloren der oberpfal-
zer Braunkohle I. Funde aus dem sandigen Zwischenmittelm.
Palacontographica, 167(B): 8-103

Guan Z T (1996). The Ancient Plant Geography of Cycas, the Cycas
Plant in China.Chengdu: Si Chuan Technology Press, 159—181 (in
Chinese)

Guo S X (2000). Evolution, palacobiogeography and paleoecology of
Eucommiaceae. Paleobotanist, 49: 65-83

Hao R M (1997). On the area 12 types of the Chinese endemic genera of
seed plants. Acta Phytotax Sin, 35(6): 500-510 (in Chinese)

Hedge 1 C (1976). A systematic and geographical survey of the Old
World Cruciferae. In: Vaughan J G et al., eds. The Biologyand
Chemistry of the Cruciferae. London, New York: San Francisco A
Subsidiary of Harcourt Brace Jovanovich, Publishers, 1-45

Hoare A L, Knapp S (1997). A phylogenetic conspectus of the tribe
Hyoscyameae (Solanaceae). Bull Natural Histroy Museum (Botany
Series), 27: 11-29

Hong D Y (1999). The geography of the campanulaceae on the
distribution centres. In: Lu Anmin, ed. The Geography of
Spermatophytic Families and Genera. Beijing: Science Press,
516-529

Hu Y F, Chen Z D, Chen C J (1999). Discoveries of some fossils of cycad
reproductive organs from China and their significance to the origin
of cycads. In: Chen C J (ed.) Biology and Conservatrion of Cycads.
In: Proceedings of the Fourth International Conference on Cycad
Biology. International Academic Publishers, 135-141

Huang S M (1999). Systematic position and geographical distribution
of styracaceae. In: Lu Anmin. The Geography of Spermatophytic
Families and Genera. Beijing: Science Press, 319-331 (in Chinese)

Kao P C, Kubitzki K (1998). Acanthochlaydaceae. In: Kubitzki K ed.
The Families and Genera of Vascular Plants Springer, I1I: 55-58

Kubitzk K, Krutzsch W (1996). Origins of East and South East
Asian Plant Diversity. In: Zhang A L, Wu S G, eds. Floristic
Characteristics and Diversity of East Asian Plants. Beijing: China
Higher Education Press, 25-27

Kusumi J, Yoshimaru H, Tachida H, Tsumura Y (2000). Phylogenetic
relationships in Taxodiaceae and Cupressaceae sensu stricto based
on matK gene, chlL gene, trnL-trnF IGS region, and trnL intron
sequences. Amer J Bot, 87(10): 1480-1488

Lepage B A, Basinger J F (1995). Evolutionary history of the genus
Pseuydolarix Gordon (Piaceae). Int J Plant Sci, 156: 910-950

Li H L (1953). A reclassification of Libocedrus and Cupressaceae.
J Arn Arb, 34: 17-36



142

Li J H, Bogle A L, Klein A S (1999a). Plylogenetic relationship in
the Hamamelidaceae: Evidence from the nucleotide sequences of
theplastid gene matK. Plant Syst Evol, 218: 205-219

LiJ H, Bogle AL, Klein A S (1999b). Phylogenetic relationships of the
Hamamelidaceae inferred from sequences of internal transcribed
spacer (ITS) of nudear ribosomal DNA. 86(7): 1027-1037

Li J H, Bogle A L, Klein A S, Pan K Y (1997). Close relationship
between Shaniodendron and Parrotia (Hamamelidaceae), evidence
from ITS sequences of nuclear ribosomal DNA. Acta Phytotax Sin,
35(6): 481-493

Li J H, Davis C C, Donoghue M J, Kelley S. Del Tredici P (2001a).
Phylogenetic relationships of Torreya (Taxaceae) inferred from
sequences of nuclear ribosomal DNA ITS region. Harv Pap Bot,
6(1): 275-281

LiJ H, Davis C C, Tredici P D, Donoghue M J (2001b). Phylogeny and
biogeography of Taxus (Taxaceae) inferred from sequences of the
internal transcribed spacer region of nuclear ribosomal DNA. Harv
Pap Bot, 6(1): 267-274

Li L C (1989). Studies on the cytotaxonomy and systematic evolution of
Taxodiaceae Warming. Acta Bot Yunnan, 11(2): 113-131

Li N (1999). Studies on the geographic distribution, origin and dispersal
of the family pinaceae lindl. In: Lu Anmin, ed. The Geography of
Spermatophytic Families and Genera. Beijing: Science Press, 17-39

Li X W, Fang G S (1997). A new record genus in Yunnan. J Southwest
Forest Coll, 17(1): 10-11 (in Chinese)

Li Z Y (1999). The geographical distribution of the subfamily cyr-
tandroideae endl.emend.burtt (Gesneriaceae). In: Lu Anmin, ed. The
Geography of Spermatophytic Families and Genera. Beijing: Science
Press, 497-515 (in Chinese)

LiZY, Wang Y Z (2004). Plants of Gesneriaceae in China. Zhengzhou:
Henan Science and Technology Publishing House (in Chinese)

Liang H X, Wu Z 'Y (1999). On the taxonomic system, phylogeny and
distribution in adoxaceae. In: Lu Anmin, The Geography of
Spermatophytic Families and Genera. Beijing: Science Press,
487-496 (in Chinese)

Liang H X (1995). On the evolution and distribution in Saururaceae.
Acta Bot Yunnan, 17(3): 255-267 (in Chinese)

Lin YR (1993). On the primary study of the systematics and floristics of
Compositae. Bull Bot Res, 13(2): 152-201

Liu J Q, Chen Z D, Lu A M (2000). The phylogenetic relationships of
an endemic genus Sinadoxa in the Qinghai-Tibet Plateau: Evidence
from ITS sequence analysis. Acta Bot Sin, 42(6): 656658 (in
Chinese)

LiuTS, SuH J(1983). Biosystematic studies of Taiwania and numerical
evaluations of the systematics of Taxodiaceae. Taipei: Taiwan
Museum

LiuY S, Basinger J F (2000). Fossil Cathaya (Pinaceae) pollen from the
Canadian High Arctic. Int J Plant Sci, 161(5): 829-847

Lu A M, Zhang Z Y (1986). Studies of the subtribe Hyoscyaminae in
China. In: D’Arcy WG, ed. Solanaceae: Biology and Systematics.
New York: Columbia University Press, 56—78

Mai D H (1983). Palacogeographic extension in Europe of the present
Asiatic genus Rehderodendron Hu (Styracaceae). Comphrend Acad
Sci Paris Ser, 1I: 125-130

Manchester S R (1999). Biogeographical relationships of North
American Tertiary floras. Ann Missouri Bot Gard, 86: 742-522

Manchester S R, Chen Z D (1998). A new genus of Coryloideae
(Betulaceae) from the Paleocene of North America. Int J Plant Sci,
159(3): 522-532

Manchester S R, Tiffney B H (2001). Integration of paleobotanical and
neobotanical data in the assessment of phytogeographic history
of holarctic angiosperm clades. Int J Plant Sci, 162 (supple.):
S19-S27

Manos P S, Stone D E (2001). Evolution, phylogeny, and systematics
of the Juglandaceae. Ann Missouri Bot Gard, 88(2): 231-269

McClain A M, Manchester S R (2001). Dipteronia (Sapindaceae)
from the Tertiary of North America and implications for the phyto-
geographic history of Aceroideae. Amer J Bot, 88(7): 13161325

Mclver E E (1992). Fossil Fokienia (Cupressaceae) from Paleocene of
Alberta, Canada. Can J Bot, 70: 742—-749

Mclver E E, Basinger J F (1990). Fossil seed cones of Fokienia (Cupres-
saceae) from the Paleocene Ravenscrag formation of Sakatchewan,
Canada. Can J Bot, 68: 1609—1618

Meng S W, Douglas A W, Li Z D (2003). Phylogeny of Saururaceae
on Morphology and five regions from Three Plants Genomes. Ann
Missouri Bot Gard, 592-602

Miller C N (1975). Early evolution in the Pinaceae. Rev Palaeobot
Palybol, 21: 101-117

Oxelman B, Lidén M (1995). The position of Circaeaster-evidence from
nuclear ribosomal DNA. P1 Syst Evol, 9 (Supple): 189-193

Peng F, She M L (1991). The discussion on the origin and systemic
position of Dickinsia. Bull Nan Bot Gard Mem Sun Yat Sen, 23-30
(in Chinese)

Peng Y L, Sun H, Gu Z J (2002). Cytological study on Nouelia
and Leucomeris (Compositae). Acta Bot Yunnan, 24(1): 82-86
(in Chinese)

Prince L M, Parks C R (2001). Phylogenetic relationships of Theaceae
inferred from chloroplast DNA sequence data. Amer J Bot, 88(12):
2309-2320

Pyck N, Smets E (2000). A search for the phylogenetic position of the
seven-son flower (Heptacodium, Dispacles): Combing molecular and
morphological evidence. Pl Syst Evol, 225: 185-199

Qian H (2001). A comparison of generic endemism of vascular plants
between East Asia and North America. Int J Plant Sci, 162(1):
191-199

Qian H (2002). Floristic relationship between East Asia and North
America: Test of Gray’s Hypothesis. Amer Nat, 160(3): 317-332

Steven R M, Crane P R, Golvneva, (1999). An extinct genus with
affinites to extant Davidia and Camptoheca (Cornales) from the
Paleocene of North American and Eastern Asia. Int J Plant Sci,
160(1): 188-207

Sun G (1998). In search of the first flower, a jurassic angiosperm
archaefrutus from Northeast China. Science, 282(5934): 1601-1771

Sun G (2002). Archaefructaceae, a new basal angiosperm family.
Science, 296: 899-904

Sun H, Li Z M (2003). Qinghai-Tibet Plateau uplift and its impact on
Tethlys Flora. Adv Earth Sci, 19(6): 852—862 (in Chinese)

Takhtajan A (1969). Flowering Plants Origin and Dispersal. Oliver
&Boyd: Edinburgh, 165-203

Tang Y C, Xiang Q'Y (1989). A reclassification of the genus Clematho-
clethra (Actinidaceae) and further note on the methodology of plant
taxonomy. Acta Phytotax Sin, 27(2): 81-95

Tao J R ( 2000). The Development and Evolvement of the Plant Flora
from the late Cretaceous Period to Cenozoic in China. Beijing:
Technology Press, 189 (in Chinese)

Tiffney B H, Manchester S R (2001). The use of geological and paleon-
tological evidence in evaluating plant phylogeographic hypotheses
in northern hemisphere Tertiary. Int J Plant Sci, 162 (6 suppl.):
S3-S17

Tiffney B H (1985). Perspectives on the origin of the floristic similarity
between East Asia and eastern North America. J Arn Arb, 66(1):
73-94

Tralau V H (1965). Halesia cf Carolina L (Styracaceae) in oberen pliozan
von Weilerswist in Westdeutschland. Bot Hot, 118(2): 170-176

Tu T Y, Sun H, Gu Z J (2005). Cytological studies on the Sino-
Himalayan endemic Anisodus and four related genera from the tribe
Hyoscyameae (Solanaceae) and their systematic and evolutionary
implications. Bot J Linn Soc, 147: 457-468

Wagstaff S J, Hickerson L, Spangler R (1998). Phylogeny in Labiatae
s 1, inferred from cpDNA sequences. Pl Syst Evol, 209: 265-274



Wang DY (1996). Taxonomy of Cycas in China. In: Wang F X, Liang
H B, eds. Cycads in China [M]. Guangzhou: Guangdong Science and
Technology Press, 19-32

Wang D Y (2001). On geographical distribution of Cycadaceae. Adv
Plant Sci, 4: 45-56

Wang H S (1989). A study on the origin of Spermatophytic genera
endemic to China. Acta Bot Yunnan, 11(1): 1-16 (in Chinese)

Wang H S, Zhang Y L (1994). The biodiversity and characters of
Spermatophytic genera endemic to China. Acta Bot Yunnan, 16(3):
209-220 (in Chinese)

Wang X Q, Shu Y Q (2000). Chloroplast matK gene phylogeny of
Taxaceae and Cepalotaxaceae, with additional reference to the
systematic position of Nageia. Acta Phytotax Sin, 38(3): 201-210
(in Chinese)

Wen J (2001). Evolution of East Asian-eastern North American biogeo-
graphic disjunctions: A few additional issues. Int J Plant Sci, 162
(6 suppl.): S117-S122

Wen J, Frodin D G (2001). Metapanax, a new genus of Araliaceae from
China and Vietnam. Brittonia, 53(1): 116-121

Wen J (1999). Evolution of East Asian and eastern North American
disjunct distributions in flowering plants. Ann Rev Ecol Syst, 30:
421-455

Wen J, Plunkett G M, Mitchell A D, Wagsta S J (2001). The evolution
of Araliaceae: A phylogenetic analysis based on ITS sequences of
nuclear ribosomal DNA. Syst Bot, 26(1): 144-167

Wolfe J A (1975). Some aspects of plant geography of the northern
hemisphere during the Late Cretaceous and Tertiary. Ann Missouri
Bot Gard, 62: 264-279

Wu C Y, Chen S C (2004). Flora Reipublicae Popularis Sinicae
Tomus 1. Beijing: Science Press (in Chinese)

Wu CY, Li HW (1982). On the evolution and distribution in Labiatae.
Acta Bot Yunnan, 4(2): 97—-118 (in Chinese)

Wu Z Y (1988). Hengduan Mmountains flora and her significance.
J Jap Bot, 63(9): 1-15

Wu Z Y (1991). The areal-types of Chinese genera of seed plants. Acta
Bot Yunnan, IV (Supp.): 1-139 (in Chinese)

Wu ZY, Li D Z (2000). Yunnanopila—a primitive new genus of Opili-
aceae from Yunnan plateau, China and its biogeographic significance.
Acta Bot Yunnan, 22(3): 248-250 (in Chinese)

WuZY,LuAM, TanY C, Chen Z D, Li D Z (2002). Synopsis of a new
“polyphyletic-polychronic-polytopic”’system of the angiosperms.
Acta Phytotax Sin, 40(4): 289-322 (in Chinese)

WuZY, Tang Y C, Chen Z D, Cheng Z D, Li D Z (2003). The Families
and Genera of Angiosperms in China, A Comprehensive Analysis.
Beijing: Science Press (in Chinese)

WuZY, WuS G (1996). A proposal for a new floristic kingdom (Realm)
—The E. Asiatic Kingdom, its delineation and characteristics. In:

143

Zhang A L, Wu S G eds. Floristic Characteristics and Diversity of
East Asian Plants, Proceeding of the First International Symposium
on Floristic Characteristics and Diveristy of East Asian Plants.
Beijing: China Higher Education Press, 342 (in Chinese)

WuZY, Zhou Z K, Li D Z, Peng H Sun H (2003). The area-types of the
World families of seed plants. Acta Bot Yunnan, 25(3): 245-257
(in Chinese)

Xu R, Zhu J, Chen H (1979). Baoding Plant Groups in Late Trias in
China. Beijing: Technology Press (in Chinese)

Yang S X, Min T L (1995). Studies on the systematic position of genera
Pyrenaria, Tutcheria, Parapyrenaria of family Theaceae. Acta Bot
Yunnan, 17(2): 192-196 (in Chinese)

Ying J S (1989). Aerography of the Gymnosperms of China (1)—
distribution of the Pinaceae of China. Acta Phytotax Sin, 27(1): 27-38
(in Chinese)

Ying J S (1996). Areography of the endemic genrea of seed plants in
China. Acta Phytotax Sin, 34(5): 479-485 (in Chinese)

Yu Y F (1999). Origin, evolution and distribution of the Taxodiaceae.
In: Lu Anmin, ed. The Geography of Spermatophytic Families and
Genera. Beijing: Science Press, 40—62 (in Chinese)

Zhang Z'Y, Lu A M (1999). Hamamelidaceae: Geographic distribution,
fossil history and origin. In: Lu Anmin, ed. The Geography of
Spermatophytic Families and Genera [M]. Beijing: Science Press,
196-217

Zhang ZY, Zhou Z K, Gu Z J (2002). Karyomorphology of Heptacodium
(Carpifoliaceae s. str.) and its phylogenetic implications. Taxon, 51:
499-505

Zheng M (1984). The floristic relationship between eastern China and
Japan. Acta Phytotax Sin, 22(1): 1-5 (in Chinese)

Zhou Z K, Arata M (2005). Fossil history of some endemic seed plants
of East Asia and its phytogeographical significance. Acta Bot
Yunnan, 27(5): 449—470 (in Chinese)

Zhou Z K, Crepet W, Nixon K (2001). The earliest fossil evidence of the
Hamamelidaceae: Late Cretaceous (Turonian) inflorescence and
fruits of Altingioideae. Amer J Bot, 88(5): 753-766

Zhou Z'Y (2003). Mesozoic Ginkgoaleans: Phylogeny, classification and
evolutionary trends. Acta Bot Yunnan, 25(4): 377-396

Zhou Z Y, Sheng S L (2003). The missing link of Ginkgo evolution.
Nature, 423: 821-822

Zhu J N, Du X M (1981). A new cycad — Primocycas chinensis Gen.
et sp. nov. Discovers from the Lower Permian in Shanxi, China and
its significance. Acta Bot Sin, 23(5): 401-404 (in Chinese)

Zhu J N, Zhang X S, Ma J (1994). A new genus and species—
Cycadostrobilus paleozoicus Zhu of Cycadaceae from the Permian of
China. Acta Phytotax Sin, 32(4): 340-344 (in Chinese)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


