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Preface

More than 80% of terrestrial ecosystems, including the forest ecosystems, have been influenced by natu-
ral disasters, human activities or the combination of both natural and human disturbances. Disturbance is de-
fined as any relatively discrete events in time that disrupts ecosystem, community or population structure and
changes resources, availability of substratum, or the physical environment. Generally, disturbances in forest
ecosystems are common, inherent and inevitable. Furthermore, natural disturbances, one of the most drive
forces in the succession of the forest ecosystem, play critical roles in maintaining species diversity, community
stability and landscape heterogeneity in the forest ecosystem. On the other hand, natural disturbances are also
the important characteristics of forests and one of the important mechanisms in population maintenance. Due to
the development of human society, human activities have much more effects on the forest ecosystem than natu-
ral disturbances. The worldwide forest degradation, one of the seven problems of global environment develop-
ment in the 21* century, has especially resulted from the illogical even predatory exploitation of forests by hu-
man beings. Therefore, it is the upmost object for the forest ecosystem management that is to maintain and re-
store the inherent multifunction of forest ecosystems, and to realize the efficient, stable and sustainable forest-
ry development.

With the increase of disturbances, the “disturbed” ecosystems are being received more and more atten-
tion by ecologists recently. Disturbance ecology, the active field in recent ecology study, is the science that
mainly focuses on the effects of natural disturbance events on the processes, structure and function of ecosys-
tems. Developing the models that can predict the relationships between frequency and intensity of natural dis-
turbances and effects of long —term or landscape management is also concerned in disturbance ecology. Fur-
thermore, the disturbance ecology for forest ecosystems may emphasize the information and significance of nat-
ural disturbances in the sustainable management of forest ecosystems.

The forest ecosystem management, resulting from the traditional forestry resource management, initially
focuses on the destructiveness and harmfulness of disturbances, and how to prevent the disturbances. With the
development of forest theory and technology, the ecological significance of various disturbances in forest man-
agement is gradually known to human beings, furthermore, human disturbances, including destructive ones
(i. e., the human activities leading to the destruction of forest structures, the maladjustment of ecological
balance, and the degradation of ecological function) and constructive ones (i. e. , the human activities facili-
tating positive succession of forest ecosystems) , are also emphasized. Human beings are the component of nat-

ural ecosystems and human activities greatly influence ecosystems, therefore, human disturbances are com-
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pletely different from natural disturbances in the scale, intensity and frequency of disturbances. On the other
hand, with the development of disturbance ecology, ecologists have found that several approaches of vegetation
variations and multi — stabilized states, not only one common succession climax, displayed in natural ecosys-
tems. Natural disturbances play critical roles in influencing species similarities and succession approaches.
For forest ecosystems, structures of natural forests are much more complex beyond forestry ecologists had
thought, and the structural remnants generated from natural disturbances become key factors for the develop-
ment, succession and species diversity composition of forest stands etc. . Therefore, it is necessary and impor-
tant for ecologists to fully understand the relationships between natural and human disturbances, and syntheti-
cally consider the regeneration and succession of natural forest ecosystems according to the development and
function principle of natural disturbances. All of these are significant for sustainable management of the forest
ecosystem under natural disturbances.

However, due to the complexity of natural disturbance phenomena with a large spatial — temporal scale,
the inherent natural variation in forests and so on, the methods for study of disturbance dynamics and popula-
tion dynamics of natural forests have not been developed completely. And there are few systematic studies in
the types of natural disturbances, the status of disturbances, e. g., the frequency, intensity and frequency of
disturbances, and the primarily ecological processes of the forest ecosystem after disturbances. In the course of
practical forest management, therefore, it is almost impossible to produce the complex forest structures resul-
ting from natural disturbances simulated by management. In addition, there are many interrelated issues such
as how to consider the forest management as disturbance projects of different intensities, how to simulate the
number and the spatial patterns of management forests, and how to realize the sustainable management accord-
ing to natural disturbance principles. All of these problems will be resolved if ecologists fully understand natu-
ral disturbance dynamics and its effects on species composition, biodiversity, population structure, ecosystem
stability and succession processes at the scale of stands and landscape in natural forests.

Accordingly, the objectives of this book are trying to systematically explore the issues such as the proces-
ses of main disturbance types in the forest ecosystems, the influencing processes of disturbances on the forest
ecosystems, and the responses of ecological processes to disturbances in the forest ecosystem and so on, and
also to accumulate the database of disturbances and the sustainable forest management, and finally to provide
some useful information for the further study of disturbance ecology of forest and the sustainable forest manage-
ment. To achieve the objectives mentioned above, the research results of many research projects related to for-
est disturbances in recent decades are summarized in this book. The major projects presented over by the au-
thors of the book since 1990s included: Main Ecological Processes and Sustainable Management of Secondary
Forest Ecosystem under Disturbances (100-young Researcher Project of Chinese Academy of Sciences) ; Man-
agement and Improvement Technology for Protective Plantations (Key National Science and Technology Project
in the 8" five - year Planning, 1991—1995) ; Studies on Growth of Coastal Protective Plantations and Preven-
tion of Sand Blown from Japan Sea (Science Foundation of Niigata University, Japan, 1996—1997) ; Effects of
Thinning of Coastal Protective Plantations on Surrounding Wind Environment (Scholarship Foundation of For-
estry Technology Association, Japan, 1998—2002); Declining Mechanism and Sustainable Management of
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Main Types of Protective Plantations in North of China (CAS Knowledge Innovation Research project, 2002—
2005) ; Effects of Disturbances on Spatial — temporal Patterns and Regeneration of Secondary Forests (Field
Frontiers Project of Institute of Applied Ecology, CAS, 2004—2006). For the requirements of these research
projects, the Qingyuan Experimental Station of Forest Ecology, Institute of Applied Ecology, CAS, was estab-
lished in typical secondary forest regions in the northeast of China in 2003.

Based on the integration of the research projects mentioned above, this book summarized the research re-
sults of forest disturbance in recent years with twelve chapters. In Chapters One, Two and Three, we de-
scribed the general status of disturbance ecology of forests, mainly explored the current conditions and methods
of disturbance ecology of forest, and the relationship between disturbances and forest degradation/decline. In
Chapters Four to Seven, we emphasized the processes of natural disturbances (i. e., wind, snow, low tem-
perature, frost injury and fire disturbance). In Chapters Eight to Eleven, we especially studied the forest gap
disturbance, the measure methods for gap characteristics, and the effects of forest gap disturbance on environ-
mental factors in forests. We also explored the impacts of disturbances on plant diversity, composition, regen-
eration and succession in the forest ecosystem in these chapters. At last, in Chapter Twelve, we summarized
the relationship between disturbances and sustainable management of forests. It is the hope of the authors that
the involvement in organizing, reviewing and seeing this book through to publication, will, to some extent, en-
hance the understanding on disturbance ecology of forest for researchers working in forestry, eco — forestry en-
gineering, forest ecology and management.

The publication of this book was supported by the 100 — young Researcher Project of Chinese Academy of
Sciences : Main Ecological Processes and Sustainable Management of Secondary Forest Ecosystem under Disturb-
ances (2003—2007) ; two topics of “the Eleventh Five Year” National Science and Technology Research Pro-
ject (Study and Demonstration of Key Technology in Forestry Construction, presided by Shirong Liu) ; Conser-
vation and Restoration and sustainable Management Technology of Natural Forests (2006BAD03A04, 2007—
2010), and Biodiversity Conservation of Changbai Mountain and Demonstration of Natural Restoration Technol-
ogy (2006BAD0O3A09, 2007—2010) ; National Nature Science Foundation project: Characteristics of Snow/
Wind Disturbances in Secondary Forests and its Effects on Regeneration and Succession of Constructive Species
(30671669, 2007—2009) ; Project of CAS Knowledge Innovation (SCX2 — YW —N —-031) and Field Frontiers
Project of Institute of Applied Ecology, CAS.

Many people have contributed to the accomplishment of this book. Our great thanks are given to Professor
Youxu Jiang, Chinese famous forestry ecologist and Academician of CAS, for writing the forward of the book.
We are also grateful to the authors of references cited at the end of the book, and to the graduate students and
partnerships in Research Group of Secondary Forest Ecology and Management/ Qingyuan Experimental Station
of Forest Ecology (Institute of Applied Ecology, CAS, China). Special thanks are given to the following insti-
tutions that provide support and convenience: Administration Department of Science and Technology, Admin-
istration Department of Forestry, Liaoning Province; the Qingyuan Government of Liaoning Province; the Sci-
ence and Technology Bureau, Forestry Bureau, Meteorology Bureau, Communication Bureau, Water Authority
of Qingyuan County, Liaoning Province; Institute of Forest Environment and Conservation, Chinese Academy
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of Forestry. Institute of Applied Ecology, Chinese Academy of Sciences, provided financial support.

The major authors of the book included: Jiaojun ZHU, Fenggin LI, Lile HU, Lizhong YU, Zhibin HU,
Xugao WANG, Jinxin ZHANG, Qiaoling Yan, Zhihong MAO and Hui TAN from Institute of Applied Ecology,
Chinese Academy of Sciences; Shirong LIU from Institute of Forest Environment and Conservation, Chinese
Academy of Forestry; Xiufen LI from College of Agronomy, Shenyang Agriculture University ; Zugen LIU from

Academy of Environmental Protection Sciences, Jiangxi Province.
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