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Foreword 1

In the past few decades, hundreds of Ecosystem Research Stations have been set up by the Chinese Academy
of Sciences, State Forestry Administration, Ministry of Agriculture and other relative departments. Among them,
36 ecological research stations were established by Chinese Ecosystem Research Network (CERN), supported by
the Chinese Academy of Sciences. The 36 research stations are scattered over the country representing diverse
ecosystems, including farmland, forest, grassland, wetland, desert and others. Moreover, the Chinese National
Ecological Research Network (CFERN), supported by the State Forestry Administration, consists of 29 research
stations, covering typical zonal forest ecosystems and main secondary forests and plantations in China.

With the development of research, especially the growing concern over researches on biodiversity and global
change in recent years, the establishment of ecosystem research network have been promoted under international
supports. So the Group on Earth Observations Biodiversity Observation Network (GEO-BON) is representative
across the world, and it attempts to integrate worldwide networks relating to long-term research on ecosystem
and biodiversity. Based on the comprehensive studies, the maintenance and change mechanism of ecosystem and
biodiversity and their interactions have been explored, which provide scientific basis and management mode for
sustainable development of ecosystem and protection of biodiversity.

In recent years, Chinese Forest Biodiversity Monitoring Network (CForBio) has been built by Biodiversity
Committee of the Chinese Academy of Sciences. China is one of the few top “mega-biodiversity countries” in the
world, and it is also the only country with full climatic zone spectrum, ranging from northern cool temperate zone to
southern tropical zone. Besides, CForBio is of great significance to reveal the formation and maintenance mechanism
of forest biodiversity in China and their response to climate change

Four permanent plots with area larger than 20-ha have been built at present. They are 25-ha temperate broad-
leaved Korean pine mixed forest plot in Changbaishan, 24-ha subtropical evergreen broad-leaved forest plot in
Gutianshan, 20-ha lower subtropical evergreen broad-leaved forest plot in Dinghushan and 20-ha tropical rain forest
plot in Xishuangbanna. Moreover, other four large-scale permanent forest plots are being built: Longgang in Guangxi,
Tiantongshan in Zhejiang, Funiushan in Henan and Donglingshan in Beijing. Besides, a number of 5-ha plots have
also been built, including birch forest plot in Changbaishan, Jiling province, oak forest plot in Donglinshan, Beijing,
evergreen broad-leaved forest plot in Baishanzu, Zhejiang province and evergreen and deciduous broad-leaved mixed
forest plot in Dujiangyan, Sichuan province. Now, CForBio is another regional biodiversity monitoring network after
the Center for Tropical Forest Science (CTES). As being across several latitudinal gradients, CForBio is not only
important to examining the fundamental mechanism of biodiversity maintenance, but also plays an important role in
Global Biodiversity Monitoring Network.

Encouraging progress has been made in this area since the network built, for lots of research findings have been
published in the international peer reviewed ecological journals, such as Ecology, Journal of Ecology and Oikos,
etc., which brought about positive response from colleagues in the field of plant ecology. However, the published
papers mostly focus on research of specific problems; scientists and public still can’t understand the whole situation
of each plot in details. So it is really necessary to publish this series, which introduce basic information of permanent
forest plots in both Chinese and English. I am grateful to Professor Keping Ma for organizing related specialists to
prepare the series. And I believe that this series would be a valuable reference book for scientists and public to further
understand CForBio, and it will also lay a foundation for the forest biodiversity monitoring and forest ecosystem
research in China.

Honglie Sun
The former Vice-President for the Chinese Academy of Sciences
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Foreword 2

Forests play an essential role in regulating of world’s climatic and hydrological cycles. They are home to a vast
array of animal, plant and microorganism species on which humans depend for many products, including food and
medicines. Despite the importance of forests to human welfare they are under enormous threat from changes in land-
use and global climatic conditions. In order to better manage the world’s remaining forests under these changing
conditions detailed information on the dynamics of growth, mortality and recruitment of tree species is urgently
needed.

The Chinese Forest Biodiversity Monitoring Network (CForBio) that aims to establish large-scale forest
monitoring plots across latitudinal and environmental gradients in China. Through this important national initiative,
researchers from the Chinese Academy of Sciences and several other research institutions in China, CForBio has
begun to gather key information on the structure and dynamics of China’s forests. The CForBio initiative is now
partnering with the Center for Tropical Forest Science (CTFS) of the Smithsonian Research Institute and the Arnold
Arboretum of Harvard University. CTFS is a global program of long-term large-scale forest dynamics plots in 21
tropical and temperate countries. The goal of the partnership between CForBio and CTFS is to work together to
understand how forests work, how they are changing over time, and how they can be re-created or restored to ensure
that the environmental services provided by forests are sustained or increased. The long-term sustainability of forests
and the services they provide depend on our ability to predict forest responses to global changes, including changes in
climate and land-use, and our ability to understand and create appropriate markets for forest services. The CForBio-
CTFS partnership is ideally poised to develop these predictive tools through a global network of 34 large forest
plots and an extensive program of training and capacity building. The partnership will also lead to the development
of applied forestry programs that advise local communities, forest managers and policy makers around the world
on conservation and management of forests, to develop and demonstrate methods of native species reforestation,
and to economically value the roles that forests play in climate mitigation, biodiversity conservation, and watershed
protection.

I congratulate the authors on the production of this excellent new series of stand books. In addition to providing
a baseline for future forest monitoring, these books provide a valuable resource for researchers, students, and forest
managers dealing with issues of forest restoration, carbon storage, plant-animal interactions, genetic diversity, climate
change, and local and regional conservation issues.

Qualr Tovie s

Director

Center for Tropical Forest Science

The Smithsonian Tropical Research Institute &
The Arnold Arboretum of Harvard University
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Preface

China is the central area of evergreen broad-leaved forest in the world, and evergreen broad-leaved forest in
China is characterized by its typical development and vast distributional area in southwestern and southeastern part
of China. As one of important vegetation types in China, evergreen broad-leaved forest is mainly distributed in
subtropical zone ranging from 24° -32° N to 99° -123° E.

Based on observational stations in different parts of evergreen broadleaved forests, Chinese ecologists have
studied evergreen broadleaved forests for decades and had many publications in species composition, spatial
distribution and so on. However, these studies were usually biased to short period observations on small plots (smaller
than 1 ha) which are unable to includes the large number of rare species in this region. Therefore, the studies can
hardly reflect patterns and processes of evergreen broadleaved forests across scales, and are not sufficient to shed
light on mechanisms of biodiversity maintenance at community level. In order to explore mechanisms of biodiversity
origin and maintenance, it is imperative to establish long-term large scale forest dynamic plot and to monitor the
dynamic processes from seed dispersal and seedling recruitment to adult, and interactions among forests, animals and
microbes.

As an international biodiversity hot spot, Gutianshan National Nature Reserve processes well-protected old-
growth evergreen broadleaved forests at low altitude, which can hardly be found in eastern area of subtropical zone.
These forests are rich in representative species and community types of evergreen broadleaved forests. It is typical
and representative to study mechanisms of biodiversity origin and maintenance based on forest dynamic plot (FDP)
in Castanopsis eyrei-Schima superba forest of the Reserve. By these lines of considerations, Biodiversity Committee
of Chinese Academy of Sciences organized Institute of Botany, Zhejiang University and Administrative Bureau of
Gutianshan Nature Reserve to establish Gutianshan 24 ha FDP following the standard census protocol of CTFS (Center
for Tropical Forest Science). China is unique country across multiple climate zones in the world, and Gutianshan 24-
ha FDP will be core component together with Changbaishan 25-ha FDP, Dinghushan 20-ha FDP and Xishuangbanna
20-ha FDP representing zonal vegetations across climate zones and constituting the Chinese Forest Biodiversity
Monitoring Networks (CForBio).

We have attempted to describe the species characteristics, distribution pattern and DBH size classes found in
Gutianshan FDP in this book. This book contains a large number of beautiful photos of seedlings, flowers, fruits and
seeds and adult trees accumulated in the five-year studies during and after the plot establishment. This book provides
baseline eco-information for future studies, and attempt to attract more youths to join the exploration of forest
ecology.

It is an unprecedented challenge to establish large scale forest dynamic plot in terrain-rugged Gutianshan
National Nature Reserve. Were it not for their joint contributions and persistence, Gutianshan FDP could not have
been established. Hence, the authors greatly acknowledge the following people and institutions for their admirable
contributions to the establishment of Gutianshan FDP:

(1) Professor Fangliang He at University of Alberta, Canada, Professor I-Fang Sun at Tunghai University,
Professor Ding Binyang at Wenzhou University, Associate Professor Yu Mingjian and Professor Ding Ping at Zhejiang
University, Associate Professor Chen Jianhua at Zhejian Normal University, Dr. Stuart Davies at Harvard University
for their scientific and technique support;

(2) Director General Hu Qingyan, Deputy Director General Qian Haiyuan, Deputy Director General Zheng
Qiuxing, Deputy Director General Lu Yifeng, Director Yu Jianping, Director Zheng Donghong, Egnineer Fang Teng,
Egineer Cheng Shengwen, You Dengfa, Zhang Cuiyu, Cheng Linhong, Wu Yinghong at Administrative Bureau of
Gutianshan National Nature Reserve, and Jiang Ruigeng at Suzhuang Town, Kaihua County for adiministrative and
logisitic support;



(3) Chen Bin, Fang Teng, Jin Dongmei, Zhang Jinlong, Chen Guoke, Chen Jianhua, Yang Bo, Jia Qi, Liu
Xiaojuan, Bing Yanhong, Zheng Xiaojun, He Zuxia, Yu Xunlin, Du Yanjun, Li Xiaodong, Yan Yuehong, Yi Sirong,
Zhang Daigui for providing beautiful photos;

(4) Mi Xiangcheng, Ren Haibao, Gong Guiquan, Huang Jihong, Zhang Liwen at Institute of Botany, Chinese
Academy of Sciences, and Yu Mingjian, Zhao Gufeng, Sheng Guochun, Shen Jiahong, Zhang Yang, Zhang Lei,
Huang Jun, Yu Jia, Wang Yanyan, Su Yinxue, Hu E at Zhejiang University, Chen Jianhua, Huang Min, Chen Qingjie,
Xia Zhengguo, Ding Gaoxin, Huang Qiusheng, Li Li, Li Xia, Song Ruisheng, Yang Wu, Jiang Weihua at Zhejiang
Normal University, Tang Qiao Li Lilin at Chinese Jiliang University, Jiang Xuehua at Wenzhou Normal College, and
Lai Zhenxi and Jiang Zhiyong at Suzhuang Town, Kaihua County for their participation of plot establishment.

Ma Keping
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Introduction to Gutianshan 24-ha Forest Dynamic Plot

1. Introduction to Gutianshan Nature Reserve

1.1 Location and description of Gutianshan Nature Reserve

Gutianshan National Nature Reserve (29°10719.4”~29°17"41.4"N, 118°03749.7"~118°11"12.2”E),
approximately 8,107 hectares, is located in Kaihua County, Zhejiang Province in east China. The local climatic
characteristic is formed by interaction of subtropical monsoon climate and the land form, mainly the high and steep
mountains. In summer, warm and mild wind from northeast brings rich precipitation; whereas in winter, cold and
dry wind is blocked out and has limited influence on local climate. Annual mean temperature in the region is 15.3

1
Gutianshan
Lengend % \ Nature Reserve
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B Coniferbroadieat forest
BN Broadieaf forest

. Shr
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W shub grassiand
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i ) 1‘?4“ = b 15 C St )

A B
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Map of China showing the location of the 24-ha Gutianshan permanent plot, eastern China.

A. The location of Gutianshan Nature Reserve in China; B. The location of 24 ha forest plot in Gutianshan Nature Reserve.



CForBio “F B Atk £ 4 2 HMEM AL Ad

centidegree, annual mean precipitation, calculated from data of years from 1958 to 1986, is 1963.7mm, majority of
which occurs between March and September.

Weathering and denudation of the mother rock ultimately formed 4 central types of soil in Gutianshan: red soil,
yellow soil, red-yellow soil and yellow-red soil, the former three account for more than 80% of the total area, and are
mainly distributed in 500~700m, 700~1000m, above 1000m a.s.1., respectively. The litter cover is generally thin, the
carbon-nitrogen ratio is usually narrow, and the vast majority of soil shows acid reaction.
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1.2 Main Vegetation Types
Most of the region is covered by ever-green broadleaved forest, mostly distributed at altitude of 350 to 800 m
on hillside and foothill. Vegetation on the ridge from 720 to about 1100 m and in the valley between 800 and 1100 m
is mainly the deciduous broadleaved and coniferous mixed forest, and 1100 m above is Pinus taiwanensis forest. The
following are main vegetation types:
1. Evergreen broadleaved forest (Altitude 400-900m)
(1) Castanopsis eyrei Forest (Main type): a. Castanopsis eyrei-Cyclobalanopsis glauca forest; b. Castanopsis
eyrei-Lithocarpus glaber forest; c. Castanopsis eyrei-Schima superba forest;
(2) Castanopsis fargesii Forest;
(3) Manglietia skinnneriana-Castanopsis tibetan forest;
(4) Cyclobalanopsis glauca forest;
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Gutianshan Forest Dynamic Plot: Tree Species and Their Distribution Patterns

C D
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Different types of forests in Gutianshan Nature Reserve

A. B4R Evergreen broadleaved forest; B.& £&5& M (80 E 3 #& Evergreen and deciduous broadleaved mixed forest;
C. £t5E R &k Coniferous and broadleaved mixed forest; D.4tAt#k Coniferous forest

(5) Daphniphyllum oldhami-Castanopsis eyrei forest;
(6) Quercus phillyraeoides-Cyclobalanopsis glauca forest.
I1. Evergreen broadleaved and deciduous broadleaved mixed forest
(1). Mountain evergreen broadleaved and deciduous broadleaved mixed forest;
Quercus serrata-Cyclobalanopsis gracilis forest:
(2). Ravine evergreen broadleaved and deciduous boradleaved mixed forest: a. Choerospondias axillaris-Phoebe
sheareri forest; b. Illicium lanceolatum- Stewartia sinensis forest.
III. Warm temperate deciduous broadleaved and coniferous mixed forest
(1) Pinus massoniana-Schima superba-Castanopsis eyrei forest;
(2) Pinus massoniana-Cyclobalanopsis glauca forest.
V. Temperate deciduous broadleaved and coniferous mixed forest
(1) Pinus taiwanensis-Schima superba forest;
(2) Pinus taiwanensis-Cyclobalanopsis gracilis forest.
V. Warm temperate coniferous forest
Pinus massoniana forest.
VI. Temperate coniferous forest
Pinus taiwanensis forest.
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2. Gutianshan 24-ha forest plot
2.1 Plot Establishment and Plant Census

The forests in Gutianshan plot is representative of mid-subtropical evergreen broadleaved forest in Gutianshan
National Nature Reserve. Gutianshan plot ranges 600 m from east to west, and 400 m from south to north. According
to CTFS’s plot census method (http://www.ctfs.si.edu/), the total plot had been grided into 600 20 m x 20 m subplots.
All trees with DBH = 1 cm were tagged, identified, measured, and georeferenced, corresponding data such as
species, DBH, location data of each tagged tree was recorded.
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2.2 Topography and Soil

The plot is characterized by rugged terrain: altitude varies from 446.3m to 714.9m above sea level, and the mean
elevation is 580.6 m. The mean slope in plot is 37.5° and 20-m cell slope ranges from 12.8° to 62°. Soil type of the
plot consists mainly of red soil (equivalent to Ultisols in US soil taxonomy), and the pH value is between 5.5 and 6.5.
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Species-abundance distribution of Gutianshan 24ha plot (The abundance is log2 transformed)

AMEEE (F) Individual Number (x 1000)

T T T T T 1

30 40 50 60 70 80 90
f91=DBH (cm)

HHEL24hm? KRR > 1cmAREY MEER ST
DBH distribution of individuals with DBH>=1cm in Gutianshan 24 ha plot



é
CForBio ‘T B AN A4 S H MR LA ML KAPH

PEHDRE A T ELEEADIEMT, DATRARE, BRAR. BAR. ABLLEHRE . AB. DR (Pinus
massoniana) A IRFEFN, WFAZLUMA: W) (Quercus serrata). Dy4E(Rhododendron ovatum)

H{L T AR % T (Neolitsea aurata var. chekiangensis) 24 Fh RER 2 LAMIH- i A5 (Chimonanthus
salicifolius). W£].(Rhododendron simsii) 4 At 44,

FEHLN A A AN U B K MO 87 4 om, SEIOHO %52 em., REHIA AR A T a8 34 2
TR NRRAREORER, Kot ~4 cmif A (R ROR R AR BCREN69.07%,

2.3 Species Composition and Community Structure

140,700 individuals (DBH > 1 cm) were recorded in the plot, belongging to 49 families, 104 genera and 159
species. At family level, the proportion of the Pantropic type is the greatest (28.6%), of which Lauraceae, Theaceae,
Celastraceae are typical. The second is North Temperate type (20.4%), of which Fagaceae and Cornaceae are main
types. At genus level, Pantropic type is also the greatest (21.8%). The characteristics of flora at species level are
similar to that at family level. Overall, there are more floristic elements in the plot consisting tropical type than
temperate one.

In the plot, the forest communities are dominated by Castanopsis eyrei and Schima superba, and 32 species have
more than 1000 individuals. In the plot, the rare species, i.e. less than 1 individual per ha, account for 37.1% (59 rare
species/total species) of total species richness.

The vertical structure of the forest is clear: canopy story, sub-canopy story and shrub story. Canopy story is
dominated by Castanopsis eyrei, Schima superba and Pinus massoniana; sub-canopy story by Quercus serrata,
Rhododendron ovatum and Neolitsea aurata var. chekiangensis; and shrub story by Chimonanthus salicifolius and
Rhododendron simsii.

The maximal DBH is 87.4 cm and the mean value of BDH is 5.2 cm in the plot. The DBH size of individuals
in the plot follows the distribution of inverse “J” shape. Small individuals account for the most of abundance. For
example, the individuals with DBH from 1 to 4 cm accounts for 69.07% of the total abundance.



