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Preface | 5ig

China is one of the earth’s 12 mega-biodiversity countries, and
the most diverse country in the northern hemisphere. With more
than 30,000 species of vascular plants, more than 1/3 of which are
woody plants, the number of plant species in China is higher than
in Europe and North America combined. However, a comprehen-
sive atlas of the distribution of woody plants in China has not been
yet available though atlases of the species distribution in many
western countries were compiled several decades ago. For example,
an atlas of the United States trees was published in the 1970s. The
atlas of vascular plants in Japan with a vertical resolution of 50 m
was compiled in the 1970s. A project for mapping distribution of
vascular plants in Europe was launched in 1965, and 13 volumes of
the atlas have been published to date. These atlases of plants are of
both scientific and practical importance, and provide an indispens-
able database for understanding the patterns and mechanisms of
species distribution, utilizing the biological resources, protecting
biological diversity, implementing regional development planning,
and predicting ecological responses of plants to global environ-
mental changes.

Why has China lacked of such atlas? This might be primarily
due to there being too many species and limited information on
the distributions of those species. These make some people think
that it is not right time to compile the national atlas for China’s
plants. However, I don't agree with this opinion. Nothing is perfect,
especially for the information on species distribution. For example,
in 1817, Alexander von Humboldt drew the first isothermal map
based on temperature data from only 58 climatic stations globally,
which became the basis for climatic division and physiogeographi-
cal study for decades. Japan has completed the atlas for all its vascu-
lar plants with a vertical resolution of 50 m in the 1970s with lim-
ited information on distribution of plants. Compared with these,
China has accumulated copious data on plant distribution through
the efforts of the several generations of botanists and ecologists
over the past half century. These hard-earned data provide an es-
sential base to systematically compile the atlas of China’s plants.
Therefore, in my opinion, now it is the time to compile the atlas of
China’s plants, which is an urgent need for the conservation and
sustainable use of biological resources.

The idea of compiling the atlas of Chinas plants initially came
into my mind in the mid-1980s when I was a PhD student in Japan.
My dissertation was to examine the relationships between climate
and vegetation in China and strongly felt that China was lacking
of the species distribution data. I was very impressed when I saw
the detailed spatial explicit distribution maps of vascular plants in
Japan, and made a copy of the maps of major species and brought
them back to China. They are still kept on my bookshelf now. In

1996, I was touched again when I saw the atlas of the United States
trees and European species in McGill University, Canada, where
I was a visiting scholar. These two shocks made me long hope
that we should have an atlas for China’s plants in the near future.
In 2003 as the first step of compiling an atlas for all the plants of
China, we initiated a project to compile the Atlas for All the China’s
Woody Plants, although without specific funds, because distribution
information is relatively rich and the checklist is well-documented
for the woody plants in China. As the basic data of the atlas, we first
started to construct “Database of Chinas Woody Plants” We docu-
mented the distribution sites for all the species based on specimen
records and all the validated records documented in publications.
After six years’ efforts, this atlas which documents more than
11,000 woody species was eventually published.

In this atlas, we provide distribution maps for more than
11,000 species at the level of counties. We also documented in-
formation on climate, primary production and life forms for each
species. This atlas contains information on both species and envi-
ronmental variables, compared with the previous atlases published
in other countries or regions.

As above mentioned, we launched this project without specific
financial support. However, we have been lucky to have creative
human resources and excellent students, who have been dedi-
cated to the collection and compilation of these basic data, which
is difficult to yield articles but is critically significant in scientific
research and practical use. Here, [ would like especially to mention
two major contributors of this atlas, Dr. Zhiheng Wang and Dr.
Zhiyao Tang, who took major responsibility to complete the atlas.
Zhiheng was my PhD student whose PhD project was to examine
patterns of China’s woody plants and the mechanisms that shape
those patterns. He joined my group in his senior year, and 1 asked
him to postpone his defense for his PhD twice to complete the
construction of the database of China’s woody plants. For this rea-
son, he stayed in my group as a PhD student for eight years. During
this period he led a group of students to overcome many problems
that data compilations posed and spent six years and finally com-
pleted the database, which makes publishing this atlas possible.
Zhiyao donated uncounted hours of his time to collect data, check
distribution records, collate species name, design maps, and so on.
In addition, many staff and students contributed their time in data
collection, data input and species name collation. To all of them, I
am grateful.

The atlas was based on many sources of information, including
a Chinese version (Flora Reipublicae Popularis Sinicae) and English
version of “Flora of China’, and “Seed Plants of China” edited by
Zhengyi Wu, “Higher Plants of China” edited by Liguo Fu, and nu-
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merous local flora and species surveying reports. The compilation
of this atlas would be impossible without these basic, most essen-
tial works. Here, I am greatly indebted to all the authors for their
efforts. I would also like to thank the botanists and field biologists
who reviewed and corrected the distribution records of species. |
want to acknowledge many students in the Department of Ecol-
ogy, Peking Universiy, who assisted this project by documenting
distribution data. Mr. Jinan Lin and Ms. Li Wang of Higher Educa-
tion Press (China) spent lots of time editing, collating and pub-
lishing this atlas. I will like to express my many thanks for all these
people. The compilation of this atlas was partly supported by the
National Natural Science Foundation of China (Nos: 40638039,
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Jingyun Fang
Professor of Plant Ecology
September, 2009
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How to Use This Atlas | A&<E & A1 AH

1 Arrangement of families, genera and
species

The order of families, genera, and species were arranged as follows:
the families are organized according to the phylogenetic system
of Flora of China; within each family, the genera and species are
arranged alphabetically. The atlas is published in three volumes,
plus a separate volume of species checklist.

2 Arrangement of the climatic variables

The atlas lists mean and range of 12 climatic variables and vegeta-
tion net primary productivity. They are: mean annual temperature
(MAT, °C), mean temperature of the coldest month (MTCM,
°C), mean temperature of the warmest month (MTWM, °C),
annual biotemperature (ABT, °C), warmth index (W1, °C), cold-
ness index (CI, °C ), potential evapotranspiration (PET, mm),
annual precipitation (AP, mm), precipitation of warmest quarter
(PWQ, mm), precipitation of coldest quarter (PCQ , mm), mois-
ture index (Im), annual actual evaportranspiration (AET, mm),
vegetation net primary productivity (NPP, g-a"- m ). For those

Family name

species distributed in less than five counties, only the mean values
of the climatic variables are listed. To save space, names of these
variables and their units are not showed in the illustration of each
species; these variables are listed as the following order, and three
categories of variables (thermal index, humid/arid index, and
integrative index) are separated by mark “ I

MAT (°C); MTCM (°C); MTWM (°C); ABT (°C); WI
(°C); CI (°C); PET (mm) 1 AP(mm); PWQ (mm); PCQ (mm)
I Im; AET (mm); NPP (g-a Lm?)

The following illustration explains the content of each map,
using Amentotaxus argotaenia (Hance) Pilg. as an example. Fol-
lowing the illustration, MAT is 18.0 °C (Range is 9.3~22.9 °C);
MTCM 8.0 °C (-1.7~15.2 °C); MTWM 26.8 °C (19.6 ~29.8
°C); ABT 18.0°C (9.5~22.9°C); WI 157.1 °C (69.8 ~214.8 °C);
C10.7°C (0.0 ~18.0 °C); PET 952 mm ( 603 ~1232 mm) | AP
1530 mm (711 ~2435 mm); PWQ 605 mm (357 ~1428 mm);
PCQ 150 mm (15 ~250mm) I Im 61.9 ( 21 L ~148. 8); AET
947 mm ( 603 ~1232 mm); NPP 2280g- a'm (1346 447 4

-1 -2
-m’”).

Scientific and Chinese Genus name (Scientific and Chinese)
Species name (Scientific) | Taxaceae LLGAZFL  Amentotaxus BEAEAZ)E Species name (Chinese)

Amentotaxus argotaenia (Hance) Pilg. F87E#% l_

Shrubs or small trees, evergreen

__ Different ent variables are > separate by “ ,

Lifeform| 5 22.0); 8.0 (-1.7~15.2), 268 (19.6-25.0)" \ao (9.5~22.9);
157.1 (69.8~214.8); 0.7 (0.0~18.0); 952 (603~1232) | 1530(711~2435 meecategor.es
605 (357~1428); 150 (15~250) | 61.9 (12.1~145.8); 947 (603~1232):

separate by |

228.0 (134.6~447.4)

Species No. 224
> ) f
AN
T»\, J )
—
ot L
£ \
4 i
b |

Distributed counties | |

[)’ _
‘/ \ mean and range  of climatic
e e variables in the following order:
1»2\) V] || MAT; MTCM; MTWM; ABT;
e 3 f‘ WI; CI; PET | AP; PWQ; PCQ
& PR~ S | Im; AET; NPP |
— AS siitiinie
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How to Use This Atlas
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1.1 Construction of “Database for
Distribution of Woody Plants in China”

Accurate data for distribution ranges of species are fundamental in
the study of macroecology and biogeography. In the past several
decades, detailed range maps of vascular plants and terrestrial
vertebrate animals (birds, mammals, amphibians and reptiles) have
been published for North America, Europe and Japan, and these
data have been widely used for the studies on patterns of species
diversity and spatial turnover, and other large-scale ecological
patterns (Brown, 1995; Brown & Lomolino, 1998).

China is one of the world’s “mega-biodiversity countries”
(McNeely et al, 1990), harboring more than 30, 000 vascular
plants, of which ca. 11,000 species are woody plants, including ca.
3200 trees. These numbers follow Brazil and Columbia (Chen et
al, 1998), and are substantially higher than North America and
Europe (Li, 1952; Latham & Ricklefs, 1993). Nonetheless, no
comprehensive and accurate databases are available for the plant
distributions in China yet.

In the past century, a great deal of field surveys, such as key
comprehensive projects of the Tibetan Plateau, Hengduan Moun-
tains, and the Three-Gorge Region, have been conducted in China.
These field surveys have accumulated enormous amounts of data
on plant distributions. Numerous national floras, including “Flora
Reipublicae Popularis Sinicae” (volume: 1-80), Flora of China (vol-
ume: 1-25), “Sylva Sinica (volume: 1-4)", “Higher Plants of China
(volume: 1-14)", and “Vegetation Atlas of China: 1:1,000,000”, have
been published, together with dozens of provincial and local floras
and checklists. These have provided essential data for the construc-
tion of databases about distributions of plants in China.

As woody plants have been relatively intensively investigated,
we initiated a project to compile maps for “China’s woody plants” in
2003, and dozens of local experts had been invited to check and cor-
rect the information in the database. The database was completed in
the late 2008. It contains the distribution of all 13,570 woody plants
(including variations and subspecies), which are defined as vascular
plants with xylem in roots and stems, including trees (height > 4m),
shrubs (height < 4m) and woody vines (Wu, 1980). However,
the number of species was changed to 11,405 following newly-
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published “Flora of China” (English version) and “Catalogue of Life,
China: 2008 Annual Checklist” . Therefore, this database documents
all these 11,405 species. The database is the most comprehensive
and up-to-date document for the distribution of woody plants in
China. It provides Chinese and scientific names, a distribution
map for each species, as well as the climatic conditions for the dis-
tribution area of each species.

1.2 Processes to construct the database

The database was constructed by the following four steps:

First, a checklist for China’s woody plants was documented
based on species names and the phylogenetic system of “Flora
Reipublicae Popularis Sinicae” (Volume 1-80) (Flora Reipublicae
Popularis Sinicae Agendae Academiae Sinicae Edita, 1959-2006)
and “Seed Plants of China” (Wu and Ding, 1999). All cultivated
species were excluded from this checklist. The “Flora Reipublicae
Popularis Sinicae” is the product made by more than 450 well-
qualified Chinese taxonomists over the past 50 years, and is
used national wide and worldwide. The “Seed Plants of China” is
completed by a number of Chinese leading taxonomical experts
over 10 years, led by Prof. Zhengyi Wu (a world-class taxonomist
and the co-chief-in-editor of the “Flora of China”). Based on
these two major sources, we documented a checklist of China’s
woody species. In order to improve the quality of the checklist,
several well-known taxonomists were invited to further check
the checklist. During the establishment of the database, the Flora
of China (Volume 1-25) (Editorial Committee of Flora of China,
1994-2008), which is the revised and English version of “Flora
Reipublicae Popularis Sinicae” was published, and the “Catalogue of
Life, China: 2008 Annual Checklist” (Species 2000 China’s Node,
2008, available at http://www.sp2000.cn/) was released. We
followed these two to update the checklist. In total, 11,405 woody
plants (including 1,355 variations and subspecies) from 1,175
genera and 170 families are documented in our database.

Second, we documented information on county-level
distribution for each species using all the available literature, such
as national, provincial, and local floras and checklists, monographs
of field campaign for plants, and articles, as well as specimen dis-
tribution records (http://www.cvh.org.cn). We also provided life
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forms for most species according to published literatures.

Third, we invited 21 local experts in the area of botany and
ecology to improve and correct information on species distribu-
tion and Chinese and scientific names of species, genera and fami-
lies for each species from all the regions.

Fourth, using Visual Basic language and MapObject (ESRI
Int.), we developed a software for the management of the database.
As illustrated in Figure 1, the interface of the software provides
basic functions for the database management, for example, data
edition/modification, indication of distribution ranges of species,
data input/output, searching and printing.

The database provides the information on the county-level
distribution for the woody plants (Figure 2). China has 2,408
(based on the data from 1998) counties; the county area is greatly
right skewed (skewness = 9.93, median area = 2,081 km?), suggest-
ing that a few counties are large but most counties are very small.
Large counties are all located in Tibetan Plateau and Taklimakan
Desert, where species richness is very low due to extremely arid
and/or cold environment. In order to improve the precision of
species distribution, we divided these large counties into several
parts to document the distribution range for each species .

1.3 Special notes on the atlas

(1) The information on species distribution in this atlas was docu-
mented primarily based on specimen records, as well as valid pro-
vincial and local floras, investigation reports and research articles,
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and knowledge of local experts. Thus, the distribution ranges in
this atlas are somewhat conservative, as we used only the evident
records of the distribution.

(2) According to the species distribution-range theory and
niche theory, a species can occur in all the counties with the simi-
lar habitats within its distribution range. However, we did not add
the counties which lack evident records of distribution to the dis-
tribution range of the species. Thus, some species are distributed
sporadically and disjunctly in China, such as Fagus hayatae.

(3) Some species occur in a large area, but in some cases that
species might not have been documented in a few counties in the
area. In this case, we determined if these counties were in their
distribution area by checking if the topographic and climatic con-
ditions of these counties are similar to their surrounding counties
(with evident records of distribution). If yes, we took these coun-
ties as the distribution sites.

(4) Basically we document natural distribution range for all
the species in the atlas. However, for some important and widely
cultivated economic plants (such as Ginkgo biloba and most fruit
trees), the natural and cultivated distribution range are not clear
because of the long history of cultivation, and therefore the dis-
tribution range of the species in the atlas may not be natural. For
example, according to Flora of China, Ginkgo biloba is only naturally
distributed in the Mt. Tianmu, Zhejiang Province. However, it
has been now planted all over China, and in most countries in the
Northern Hemisphere. In this case, the readers should be careful
to take the information on the distribution of this species.

@ 4F Quegtus mongolita
“F#}Fagaceae
i teus

ey Ledeb.

3 i
o

B s
SR eSHHOR

2 0 ntoo)
i e
o ¥E

Hoio™
Ena

B

B

L
i
"

BRI A
T SRR o R

TR
W DR B
i1 Sl
et St

Ttk 3

RO
SRt
S 33

Sty don|
3 RE

TH St = i

-
=.

33

L

;i
; ;
S fgrﬁi W, )
Eia s bl e
EE. Rl Fith HER T
PBE TREETIER, LM |

BESTERT [ ARRZELT mman
AR

s
N
E*W?I%‘“
BHS -
o

ik ERER™ < G
, 3 WRANE  MEEE
s I
First | revious| e | nw | 8 g‘:f ES =1
CRE PXE

Figure 1 The interface of the software for “Database of China’s Woody Plants”, Using the interface, we can conveniently search and

illustrate the distribution ranges of species, print range maps, input new data

and edit the data in the database.



Figure 2  Distribution of Castanea mollissima in China.
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(5) We provided climate information in this atlas for all the
species, which is useful to understand the distribution and conser-
vation of the species.

(6) We emphasize here again that there may be some incorrect
information in this atlas because of a huge number of species and
the limited information for some species. However, this will not
prevent it from ecological and practical applications for the most
cases.
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2.1 Composition of woody plants

China has 11,405 woody species, belonging to 1,175 genera and
170 families, of which, 6,735 (59.5%) are shrubs, belonging to 754
genera and 142 families; 3,165 species (27.8%) are trees, falling
under 498 genera and 107 families; and 1,035 (9.1%) are woody
vines, falling under 176 genera and 49 families; and 470 are bam-
boos, falling under 33 genera and 1 family(Table 1).

The numbers of woody species of gymnosperms, dicotyle-
dons, and monocotyledons are 244 (2.1%), 10,480 (91.9%) and
664 (5.8%), respectively (Table 1). The woody monocotyledon
species are mainly composed of bamboos (Gramineae) (470 spe-
cies), liliaceous shrubs (Liliaceae) (93 species) and palms (Palmae)
(89 species).

According to the definition of biogeographic types for plant
families in China proposed by Wu et al. (2003 ), we divided all
woody species into three categories according to their families:

Table 1 Composition of woody plants in China

Characteristics of Distribution of
Woody Plants in China
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cosmopolitan, tropical, and temperate species. Nearly half (46.1%)
of woody plants are tropical species, whereas the proportions of
temperate and cosmopolitan species are 19.8% and 33.9% respec-
tively (Table 1). China has only two endemic woody plant fami-
lies, Eucommiaceae and Ginkgoaceae.

The frequency distributions of species/genus numbers per
family, and species numbers per genus are all significantly 'right
skewed (Figure 3, suggesting that most families/ genera have a few
species (small families and genera), whereas only a few families/
genera have many species (large families and genera). More than
one third of families have fewer than 10 species, and 24 families are
represented by only a single species. Thirteen families (7.6%) have
more than 200 species. The top five largest families are Rosaceae
(947 species), Ericaceae (845 species), Fabaceae (682 species),
Lauraceae (477) and Poaceae (470) (Table 2). The skewness of
frequency distribution for species numbers per genus is much larg-
er than that of species/genus numbers per family (skewness 11.1
vs. 3.5 and 3.7) (Figure 3). Four hundred and fifty genera (38.3%)

No. of Families

No. of Genera

No. of Species /%
Woody plants 11,405/100
Trees 3,165/27.8
Shrubs 6,735/59.0
Woody vines 1,035/9.1
Bamboos 470/4.1
Ferns 17/0.1
Gymnosperms 244/2.1
Dicotyledons 10,480/919
Monocotyledons 664/58
Cosmopolitan 3,867/339
Temperate origin 2,259/19.8
Tropical origin 5,258/46.1

1,178 170
498 107
754 142
176 49

3B 1
] 3
35 10
1,076 150
59 7
371 25
134 44
663 96




