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Preface

China lies in the east of Asia with a vast expanse and extremely complex
geographical and natural conditions. In the territory of China, highly diversified
ecosystems with different plant species combinations had been formed and nur-
tured. These provide us an unusual natural laboratory to discover the rule of nature
and find out the way to harmonize the relationship between nature and human
beings. Thanks to our ancestors, during over 5000 years’ history, the Chinese
created a brilliant civilization in which the holistic thought and harmonic rela-
tionship between human and nature is the core of national philosophy. On the other
hand, China’s environment is characterized by its vulnerability and fragility, and
the situation varies very much with geographical conditions. Due to the soaring
population and the long history of cultivation in addition to the short-sighted
approach in exploitation of natural resources, many natural hazards and disasters
causing ecosystem degradation and destruction, soil erosion, desertification, pol-
Iution, species extinction and lowering of biodiversity, etc. have occurred. This
situation is particularly severe since the last decades. Urgent need for ecological
studies of China is aroused under such circumstances.

General Review of the Development of Ecology in China

In the course of China’s long history, wealth of knowledge and theories on the
interactions between organisms and their environment have accumulated. Looking
back at the development of ecology in China, we may roughly divide it into the
following four phases, namely: primitive embryonic phase, fundamental ecological
study phase, ecosystem study phase, and contemporary ecological development
phase.

Primitive Embryo Phase
The traditional integrated philosophical thoughts to understand the world have long
existed since time immemorial. Quite a number of ancient treaties and books reflect
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the great achievements of the ancient Chinese as regards their production and life.
For instance, they use the “San Cai” theory to explain the relationship between “the
heaven”, “the earth” and “human being”. The theory of “Ying Yang” has been
widely used to study the relationship between different components of the systems.
Many excellent ideas in this aspect were recorded in some early outstanding works.
For example, the four essays in Lii Shi Chun Qiu (Master Lii’s Annals) including
“Shang Nong” (“lay stress on agriculture”), “Ren Di” (“Capacity of soil”), “Bian
Tu” (“Work and ground”) and “Shen Shi” (“Fitness of the Season”), completed in
the third century B.C., can be claimed as China’s earliest agricultural treaties. The
book Qi Min Yao Shu (Important Arts for People’s Welfare) written by Jia Sixie
of the sixth century, summarized the systematic knowledge of farming, forestry,
animal husbandry, side-line production and fishery. Treaties and books on agri-
culture written over 2000 years have been handed down to the present day.
According to incomplete figures, 376 essays and books on agriculture in those 2000
years were published, but many of them were scattered or lost. They form a large
set of treatises with deep system and ecological thinking. Primitive but valuable
thoughts are important parts of brilliant Huaxia civilization and left us many world
important heritages. A few examples include rotation and intercropping systems in
agriculture, Dujiangyan Water Conservancy Project, and karez and check dam
engineering, dike-ponds, rice-fish integrated system, terrace planting, pastoral
nomadism, etc. Ecological thinking and many practices were not only important in
the ecological development of China, but also had important influence on the world.
Although a wealth of knowledge related to ecology had been accumulated and
scattered as a result of research carried out by individual scientists, ecology had
been in its embryo phase until the establishment of People’s Republic of China in
1949.

Fundamental Ecological Research Phase

Ecology as an independent branch of science obtained its rapid development after
1949. At the early stage of development, ecological research focused mainly on
autoecology, population, and community ecology. From the very beginning of
ecological research in China, Chinese scientists centered their research on practices
to solve the crucial problems of the country. These include the exploitation and
assessment of the suitability of habitat for cultivation of rubber plantation in tropical
areas; the research on rational exploitation and regeneration of forests in north-
eastern and southwestern mountain regions; the combating with desertification in
arid and semiarid land of northwestern China, and the construction of shelterbelt in
the Northern China plain; and to establish nature reserves in various regions to
conserve natural ecosystems, etc. Important contributions were made by the
interdisciplinary scientific expeditions organized by the Chinese Academy of
Sciences to carry out comprehensive survey to fill the gap of information including
all disciplines of biological and ecological conditions. In this period, many studies
were conducted at the community level. Based on the research, a great number of
articles and monographs were published. The publication of “Vegetation of China”
was a great event in the history of China’s ecology. It sums up the achievements of
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vegetation research covering all the provinces of China and has made the classi-
fication of the vegetation systems and the Vegetation Map of China with
1:100 million scale.

During this period, the international exchange was limited to the Soviet Union
and other socialist countries. It should be recognized that the joint expedition and
training programs had played important roles in the initial stage of the development
of ecology in China.

Ecological Research Phase

Since the 1960s, Chinese ecologists started their research on the ecosystem or
biogeocenoses bases. With the help of experts from the former Soviet Union, China
built its first biogeocenological experiment station in the tropical forest of
Xishuangbanna, Yunnan Province in the early 1960s. With the suggestions of
ecological scientists, China delineated 15 nature reserves. In some of these nature
reserves, interdisciplinary observations and researches were conducted by experts
of relevant Universities and research institutes. Since the late 1970s, experimental
stations were established by the Academy of Sciences, Universities and some other
organizations. Fragmental observations and systematical studies on the structure,
function, and succession of these ecosystems were started. Although the develop-
ment of such long-term research was carried out rather slowly and sometimes
interrupted by some events, the ecosystem study did not stop and it was regenerated
later in the 1980s by upgrading it into a series of nationwide networks to carry out
observation and research on ecosystem. Special contribution was given to the
construction of Chinese Ecosystem Research Network (CERN) under the Chinese
Academy of Sciences. This program was started in 1988 and became prosperous in
the 1990s. Now, CERN consists of 40 field research stations for various repre-
sentative ecosystems involving agriculture, forest, grassland, lake, ocean, and city
areas in different part of China. For effective coordination and management of the
project, a general secretariat and several coordinating centers for water, soil,
atmosphere, and biology and a synthesis center were established.

In 2006 the Ministry of Science and Technology of China began to establish the
Chinese National Ecological Research Network (CNERN). Now a national network
has been set up, which consists of 51 field observation stations for different types of
ecosystems and one comprehensive research center. The project has carried out
observations about ecosystem change covering the main region of our county and
cross-department research and technology demonstration. Furthermore, the Chinese
Forest Ecosystem Research Network (CFERN) has established 33 filed stations
since March 2003. At the same time, works in the wetland and desert ecosystem
station network also made some progress, relying on related state research projects.
At present, the Chinese Wetland and Desert Ecosystem Research Network
(CWERN) and CDERN have established five and four field stations respectively.
The establishment of ecosystem network raised the study of ecology in China to a
new level, which not only provides a long-term platform for the study of
macro-scale ecological problems, but also promotes modernization of observation
instruments and means. If during the period of IBP, China missed the opportunity
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of participation, then from the 1970s, during the implementation of the Man and the
Biosphere Program (MAB) of UNESCO, China has already become a country with
many active participants. The Cooperative Eco-Environmental Research Program
(CERP) sponsored by UNESCO through the fund of BMFT of Germany was one
of the biggest projects in MAB and played an important role in promoting the
progress of ecology and training the personnels. Another important event was the
establishment of Ecological Society of China in 1979.

Ecology for Sustainable Development

Since the second half of last century, especially during the first decade of
twenty-first century, due to the drastic increasing population, escalating needs for
consumption and short-sighted approach when exploiting natural resources, a long
list of hazards and disasters became glaringly apparent. In exploring the solutions to
the problems of sustainable development, contemporary ecological research expe-
rienced its revitalization and breakthrough, and a series of characteristic changes
have occurred. These include:

From natural ecosystems to nature-socio-economic-complex systems;
Expansion of the scope of research both in space and in time;

e From short-term qualitative description to long-term quantitative and experi-
mental research;

e From isolated plot study in limited areas to networking research covering many
regions and ecological zones;
Differentiation of disciplines and emerging new scientific branches in ecology;
The modernization of research facilities and instruments.

In this period, remote sensing, geographic information system, global posi-
tioning system (3S system) are widely implemented for access to accurate infor-
mation. Some ecological stations have been established as observation towers
equipped with many automated continuous observation apparatus. Many manipu-
lative experiments including free air CO, enrichment, Throughfall Displacement
Experiment, Free air temperature enrichment, and ultraviolet-B variation are
established to explore responses of ecosystem processes, structure and function to
climate change. Isotope tracer method is used to study the rates of gross mineral-
ization, nitrification, immobilization, and consumption of soil N. In addition,
mini-rhizotron technique, dilution-plate method and denaturing gradient gel elec-
trophoresis are used to measure root dynamics and species composition of micro-
bial community in microbial ecology studies. Remote sensing satellites to detect the
regional greenhouse gas concentrations, the lidar technique to measure atmospheric
aerosol concentrations, as well as remote sensing inversion models are wide applied
to research carbon cycle. These modern equipments lay a solid foundation for the
continuous improvement of ecology.

In this phase, the hot spots of ecological research were concentrated on biodi-
versity conservation, global change, and sustainable development. These researches
have been listed in the National Key Fundamental Research Program and were
implemented by research institutes, universities, and related ministries/



Preface ix

administrations. With the advent of the twenty-first century, ecosystem rehabilita-
tion, environmental protection, and afforestation had become an urgent and enor-
mous strategic task and a fundamental plan for China in her seeking for survival
and development for the nation and a series of key ecological construction
programs had been implemented. These programs included the Natural Forestry
Protection Program (NEPP), Conversion of Cropland to Forest Land, Sheltbelt
Development Program in such regions as China’s “Three-North Region” and the
Yangtze River Basin areas; the Desertification Control Program in the vicinity of
Beijing and Tianjin; The Wildlife Conservation and Nature Reserves Development
Program; the Fast-growing and High-yield Timber Plantation Program. The
above-mentioned programs have been incorporated into the national economic and
social development plan and thus the ecology had increasingly become a bridge
linking science and development. It is necessary to point out that the Chinese
Society of Ecology, the National Natural Science Foundation of China, the National
Committee of IGBP, and the National Committee of IHDP of China have played
important roles in coordinating and promoting the ecological research in these
fields.

Brief Introductory Description and Analysis on Selected Areas
of Ecological Research

In recent years, the ecological research developed rapidly and covered a wide range
of topics. In this paper, we just select a few of them to give more detailed intro-
duction. These include biodiversity conservation, ecological research on global
change, restoration of degraded ecosystems, and desertification control and pro-
motion of sustainable development from concept to action, etc.

Biodiversity Conservation

China is a country with highly diversified fauna and flora. Since the funding of new
China, much research work has been undertaken on domestication, cultivation, and
breeding of wild plants and animals. The Chinese government attaches great
importance to wildlife conservation and has organized a series of nationwide
surveys focusing on conservation of wildlife and ecosystems. Much information
and a great number of data have been accumulated. With the support of UNEP, and
funded by GEF, a country-wide study on “China’s Biodiversity” was carried out. It
was a study of China’s plants, animals, and microorganisms and their environment
on the land and its marine waters. A comprehensive summary of accumulated
information about biodiversity conservation related to agriculture, forestry, animal
husbandry and fisheries, as well as the various activities involving many regions
over China related to biodiversity conservation and evaluations of their economic,
ecological, and social effects. More than 80 experts took part in the compilation and
appraisal of the national report.
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On the basis of long-term studies, a biodiversity-related database has been
developed. In order to facilitate the study on flora and fauna, Chinese Academy of
Sciences (CAS) has established a specimen collection system with 21 preservation
units, containing 16.23 million specimen accessions. Based on the specimen data,
CAS has established a comprehensive biodiversity information system (CBIS).

Since the beginning of the Eighth Five-year Plan, the Ministry of Science and
Technology has taken the study of biodiversity conservation as a national key
research program, and relevant departments have organized many researches on
artificial of endangered animals and plants. During the period of the “Eighth
Five-year Plan” (1991-1995), status quo and causes of damage to crucial ecosys-
tems, including forest, grassland, freshwater, and coral reef ecosystems, have been
carried out. A series of new methodologies of conservation biology such as
population viability analysis, DNA sequence analysis, and others has been imple-
mented in evaluating the threatened status of important species and its endanger
mechanisms. The result of such research provided a scientific basis for biodiversity
conservation especially for conservation of rare and endangered species as well as
the life-supporting ecosystems. During the period of the “Ninth Five-year Plan”
(1996-2000), the projects like “Study on Biodiversity Conservation in Key Areas
of China” and “Biodiversity Changes, Sustainable Use and Regional Ecological
Security in the Yangtze River Basin” have been included in the national key
program of basic research.

Until 2008, China had founded 2538 natural reserves with a total area of
148.94 million ha, accounting for 15.13 % of the total national land territory of
China. It has now formed a well-coursing national natural reserve network. The
gross area of the protected areas reaches to 17 % of the total territory land of China
which includes forest parks, cultural and natural heritages, scenery areas, wetland
parks, geological parks. Besides, an integrated ex-situ conservation system has also
been built in China, which includes zoos, botanical gardens, arboretums,
wildlife-breeding bases, crop germplasm banks, and animal germ cell banks.

Based on the ecological research, China has preliminarily established a system
of biodiversity conservation policies and regulations, including “Law of Wildlife
Protection” (1988), “Regulation on Nature Reserves” (1994), “Regulation of Wild
Plant Protection” (1997), “Regulations on Administration of Import and Export of
Endangered Wild Animals and Plants” (2006) and so on. In order to implement “the
Convention on Biological Diversity(CBD)”, the State Council established the CBD
Implementation Steering Committee in 1993, headed by the Ministry of
Environmental Protection (MEP) with 24 ministerial members. It is followed by
“the Joint-ministerial Conference for Species Resources Protection and
Management” founded in 2003 with 17 ministries, coordinated by MEP.
Meanwhile, an affiliated scientific body of “National Expert Commission for
Biological Species Protection” was established. Besides, China National
Biodiversity Protection Action Plan was issued by the Chinese government in 1994
and the updated National Biodiversity Strategy and Action Plan was officially
issued in 2010.



Preface xi

Global Change and Global Ecology

Research on alleviation and adaptation to global change has been a key area of
global change science since the end of the twentieth century. Chinese ecologists
have also actively taken part in relevant researches, such as the responses and
acclimation of ecosystem to global change, ecosystem C storage, processes
involved in the C cycle and their mechanisms, the observation and simulation of
ecosystem carbon, nitrogen and water fluxes, and the interaction between human
activities and global change, etc.

Chinese scientists have suggested to set up the Northeast China
Temperate-Grassland Transect in 1993, which was officially registered as the Fifth
Transect of the Global Change and Terrestrial Ecosystems (GCTE) by IGBP in
1994. Later, an assumption of creating the transect from the polar tundra to rain
forests along the east coasts of Eurasia Continent was promoted and its sector in
China was named the North-South Transect of Eastern China (NSTEC). In 2002,
the conception of China Grassland Transect (CGT) was proposed after the exten-
sive researches on terrestrial ecosystem C cycle and its driving mechanism in
China. It covers the main grassland types across the Northeast Plain, Inner
Mongolia Plateau, Loess Plateau and hinterland of Qinghai-Tibet Plateau from
Northeast to Southwest of China. Recently, an initiative has been made in coop-
eration with Euro-Asian Continental Grassland Transect (EACGT) with AsiaFlux.
An integrated observation and research network platform for ecosystem and global
change in Asia has been established, with the carrying out and achievement of the
A3 foresight program (CarbonEastAsia) among ChinaFLUX, JapanFlux, and
KoFlux.

Research on ecosystem C storage, process and mechanism of C cycle, and
C budget in China started basing on the inventory of vegetarian productivity,
biomass, soil census and experiments on organic fertility effect in the early 1960s.
Feng Zongwei, for the first time, quantified the biomass yield of main forest eco-
system types in China and characterized its distribution pattern in 1999, by com-
prehensively summarizing and analyzing the research data accumulated since the
1960s. Hence, a large number of studies assessed the C budget and C storage of
forests as well as grassland ecosystems in China by using the data of soil census and
forest inventory data. Recently, Piao Shilong analyzed the current terrestrial carbon
balance of China and the mechanisms of the involved processes during the 1980s
and 1990s using three different methods: estimation of biomass and soil carbon
inventories extrapolated by satellite greenness measurements, ecosystem models,
and atmospheric inversions.

The Chinese Terrestrial Ecosystem Flux Observation and Research Network
(ChinaFLUX) was established in 2001. A basic system of flux observations based
on eddy covariance technique and gas chromatography has been developed.
Continuous measurements on C and water vapor fluxes over typical terrestrial
ecosystems have been made in the last 10 years. New efforts have also been made to
make observations of atmospheric N deposition, biological N fixation, and the
stable isotope nitrogen flux. ChinaFLUX has obtained long-term observation data
of CO, fixation through photosynthesis, nitrogen fixation by bean root modules
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through biological processes, water evaporation through evapotranspiration, and
energy fluxes in typical terrestrial ecosystems in China. The vegetation and soil
inventory data around each flux site have also been collected. A series of datasets
have been produced, including the spatiotemporal dynamic dataset and atlas of
major climatic and meteorological factors, land resources, and LUCC since 1980 in
China. Basing on the above datasets and modeling system, the spatiotemporal
pattern of C sink or source of typical forest and grassland ecosystems in China were
quantitatively evaluated, and the environmental and biological driving mechanisms
of temperature, precipitation, radiation, and leaf area index on the C budget of
different terrestrial ecosystems in the Asian Monsoon area were also investigated.

The research on C cycle simulation started later in China than that in European
and American countries, but it progressed rapidly. In recent years, Chinese scien-
tists have adopted and improved several terrestrial ecosystem C cycle models from
abroad, such as CEVSA, GLO-PEM, BEPS, EALCO, etc. They also compared the
performance of SIB2, BIOME-BGC, and BIOME3 models in simulating China’s
terrestrial C budget. Furthermore, Chinese scholars have also developed their own
C cycle models for different ecosystem types; for example, the C budget model of
forest ecosystems in China (FORCCHN), the biophysical process-based model for
C budget in agro-ecosystem (Agro-C), the C budget model of grass ecosystems in
China (DCTEM) based on IBIS model, and the atmosphere-vegetation interaction
model version 2 (AVIM2). The rapid development and improvement of these
models greatly promoted the simulation of C and water budget in China’s terrestrial
ecosystem.

Chinese scientists have carried out a series of experiments to test the ecosystem’s
responses to different warming, precipitation, CO, enrichment, and N deposition
conditions. In 2007, National Natural Science Foundation of China (NSFC) laun-
ched a key research project focusing on the response and adaptation of China’s
typical terrestrial ecosystem to climate change and integrated the major observation
sites in China. Important findings were obtained about the short-term response and
long-term adaptation of ecosystem C and N processes, biological diversity, and
ecosystem patterns to climate change. Currently, under experiments control were
made focusing on the grasslands in Qinghai-Tibet Plateau and Inner Mongolia,
where ecosystems are sensitive to climate change. Lately, simulation experiments
on the effects of N deposition, precipitation change, and atmospheric CO, enrich-
ment on plant growth have been carried out at the major forest ecosystems in
eastern China.

Combating Desertification and Erosion Control

China is one of the countries most severely affect by desertification and soil erosion.
According to preliminary estimation, 37.2 % of the country’s territory—some
3.57 million km>—is classified as drylands (including arid, semisarid and dry
sub-humid arid areas). Of the drylands, 2.64 million km? falls under the category of
desertified land in accordance with the definition of the UNCCD, and these
desertified lands are distributed in 18 provinces and account for 27.5 % of the
country’s landarea. The desertified lands of China can be attributed to wind erosion,



Preface xiii

water erosion, salinization, and freezing-thawing processes. The life of over
400 million residents are affected by desertification, and the direct economic losses
per year exceed 64 billion yuan.

China’s desertification mitigation efforts began in the late 1950s. Through a
number of high-profile programs, such as the Three-North’s Shelterbelt
Development Program was initiated in 1978, the National Program on Combating
Desertification was initiated in 1990, the Sandification Control Program for Areas
in the Vicinity of Beijing and Tianjin was launched in 2000, and the Conversion of
Croplands to Forests and Grasslands Program initiated in 2000, the Government of
China has poured on average 0.024 % of the country’s annual gross domestic
product (GDP) into desertification mitigation efforts and, as a result, some 20 %
of the desertified lands have been brought under control.

Based on the result of scientific research, the scientists in field ecology put
forward the following suggestions for further improvement the situation for policy
making: (i) expanding the previous sectoral perspective to embrace a
multi-stakeholder approach; (ii) setting priority zones within the restorable area, and
establishing National Special Eco-Zones (e.g., forest farms, protected areas, and
headwater areas); (iii) restructuring the state anti-desertification investment port-
folio by changing the government direct investment in tree plantations to govern-
ment acquisition of planted/greened areas; and (iv) introducing preferential policies
against sandy-desertification, such as permitting land tenures for up to 70 years and
compensating for ecological services.

China is one of the nations with most serious soil erosion in the world.
According to the second national remote sensing soil erosion survey in the 1990s,
the area of soil erosion and wind erosion reached 3.556 million km?. About
50 million tons of soil would be lost every year.

China, as a country with an ancient civilization, has a long history of soil and
water conservation. Having summarized the experiences in history, considering the
current situation of the country, a soil erosion prevention system with Chinese
characteristics was formulated, mainly based on small watershed comprehensive
management. Small watershed management has been carried out in 27 provinces,
autonomous regions and municipalities. More than 9800 small watershed areas are
made control, with a total area of nearly 40 million km?, of which 22 million km*
are soil erosion area. Nearly 3000 small river basin control projects have been
completed.

Although the worsening trend of soil erosion in China has been controlled, water
and soil erosion areas are still facing high population, densities, and environmental
pressures. Several countermeasures are being taken: (i) recognizing that “soil ero-
sion is a serious ecological degradation” and soil and water conservation as a
national policy; (ii) implementing integrated technology systems; (iii) strengthening
scientific research on soil and water conservation; (iv) strengthening the legal
construction of soil and water conservation; (v) enhancing soil and water conser-
vation; and (vi) constructing soil and water conservation mechanisms, especially
investment practices, compensation, incentive, and restriction mechanism.
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The Ecosystem Study on the Qinghai-Tibetan Plateau

The Qinghai-Tibetan Plateau, also called “The Third Pole”, is a unique geographic
unit with an average altitude over 4000 m. The plateau is one of the biodiversity
hotspots over the world; on the other hand, it is the most fragile region due to its
extreme climate and habitats.

The ecological research dated back to the natural resources survey since the
1950s. The large-scale multi-disciplinary scientific expeditions in Chinese
Himalayas and Hengduan Mountains, were organized and carried out by the
Chinese Academy of Sciences from 1973 to 1979. A wealthy of knowledge
obtained in understanding the ecological conditions and distribution of vegetation
and the productivity of ecosystems. The results of such expeditions were summa-
rized in the book Geological and Ecological Studies on the Qinghai-Xizang Plateau.
In 1980, an International Symposium on the Qinghai-Tibetan Plateau was held in
Beijing. It was a milestone of international cooperation in ecological research in the
high mountain regions. The Commission of Integrated Survey of Natural
Resources, Chinese Academy of Sciences, played an important role in ecological
research on the plateau in collaboration with international organizations such as
International Center for Integrated Mountain Development in Nepal and the
Woodland Mountain Institute, West Virginia, USA and International Development
Research Center in Canada. In the period of “the Eighth-Five Year Plan”
(1991-1995), the national basic research program of “Formation, Evolution,
Environmental Change and Ecosystem Research on the Qinghai, Tibetan Plateau”
was initiated. Some long-term ecological research stations, for example
Gonggashan Mountain Forest Station in west Sichuan, Haibei Alpine Grassland
Ecosystem in Qinghai, and Lhasa Agricultural Ecosystem Research Station were
founded as research bases for ecosystem study. As a consequence, a book
Ecosystems of Qinghai-Xizang (Tibetan) Plateau and Approach for Their
Sustainable Management was jointly published to summarize the results of the
research in this period.

Through physiological studies it was discovered that the slow growth and small
stature of alpine plants including crops is not associated with low rate of carbon
uptake and high loss per unit of tissue. The carbon fixation rates were not lower
than those at lower altitudes. On the contrary, the alpine plants have higher capacity
for carbon assimilation in comparison with their lower populations or plant heights.
The higher carbon investment into roots, but nothing significant difference in leaf
mass ratio, guarantees carbon supply of alpine plants. The duration of active
growing season appeared to be the overwhelming factor to constrain plant pro-
duction. The net primary productions (NPP) of alpine plants in terms of production
per growing day are not necessary lower than the low-altitude plants, even for the
tropical or subtropical ones. However, NPP at the community level is lower than
lower ecosystems due to lower leaf area index (LAI). Low temperature is the
prominent factors limiting plant growth rather than photosynthesis, which is indi-
cated by higher nonstructural carbohydrate concentration in alpine plant tissues in
comparison with the growing at lower altitudes. Therefore, it is lower carbon use
rather than poorer carbon source of alpine ecosystem boundaries such as treeline
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and grassland upper limit. The results of eddy covariance measurement of net
ecosystem CO, exchange (NEE) indicate that alpine meadow and scrubs have
weaker carbon sink or even source. Lower LAI is the key factor to cause lower
carbon uptake. Rainfall patterns in the growing season and pulse rainfall in the
beginning and at the end of the season affect the ecosystem respiration and thereby
the carbon balance of ecosystem. Soil respiration is the main component of
ecosystem respiration. Although temperature is the key factor controlling respira-
tion, plant phenology modifies the temperature dependence of soil respiration in the
season. Seasonal distribution of precipitation greatly affects the sink—source rela-
tion. Grazing and reclamation are the main disturbances that cause carbon loss due
to enhancement of soil respiration. On the contrary, enclosure-pasturing system and
recovery of degraded grassland might alleviate carbon emission and even accelerate
carbon sequestration.

Global warming tended to be accelerated in the past decades in the high alpine
area. Experimental warming caused rapid species extinction in alpine meadow,
which was dampened by simulated grazing. Higher species losses occurred at the
drier sites where N was less available. The indirect effect of climate warming on
species richness was mediated by plant—plant interactions. Heat stress and
warming-induced litter accumulation are potential causes. Grazing might reduce the
risk of loss of species under the global warming scenarios.

Addition of nitrogen increases productivities of alpine N-limited ecosystems, but
simulated nitrogen deposition often causes loss of species not only via increase of
competition between plants species, but between plant and microorganisms. CO,
enhancement ecosystem increases number of wheat tillers and stochastic photo-
synthetic rate of leaves. However, the wheat yields and biomass are not necessarily
increased partly due to nitrogen supply shortage while the growing period.

Promoting Sustainable Development from Concept to Action
Unlike other biological communities, human society is a kind of artificial ecosystem
dominated by human behavior, sustained by natural life support system, and
vitalized by ecological process. It was named as Social-Economic-Natural Complex
Ecosystem (SENCE) by Ma Shijun in 1984. Its natural subsystem consists of the
five elements of Chinese tradition: metal (minerals), wood (living organism), water,
fire (energy), and soil (nutrients and land). Its economic subsystem includes the
essentials factors of production, consumption, reduction, transportation, and regu-
lation. While its social subsystem includes technology, institution, and culture, the
scientific study on sustainability in China is to coordinate the temporal, spatial,
structural, and functional relationships among and within the three subsystems.
Grounded in ancient Chinese human ecological philosophy and SENCE
approach, a campaign of Ecopolis development has been undergoing in some
Chinese cities and towns since the 1990s. Ecopolis is a kind of administrative unit
having productive and ecologically efficient industry, systematically responsible
and socially harmonious culture, and physically beautiful and functionally vivid
landscape. It is a kind of adaptive process toward sustainability through cultivating
five facets of eco-sanitation, eco-security, eco-landscape, eco-industry, and
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eco-culture. The essential idea of ecopolis development is to plan, design, manage,
and construct the ecosystem’s function of production, living, and sustaining
according to ecological cybernetics. It is a healthy process toward sustainable
development within the carrying capacity of local ecosystem through changing the
mode of production, consumption behavior, and decision instruments with three
legs of Circular Economy, Harmonious Society, and Safe Ecology. Integration,
demonstration, citizen’s participation, and scientist’s and technician’s catalyzing are
the keys in its development. The term “ecopolis” is used to imply an ecologically
sound city region and its immediate periphery. The development of ecopolis needs
five ways of motivation, i.e., administrative authorization, scientific supervision,
industrial sponsorship, participation by the community, and motivation by media.
There are four development stages: concept initiation and comprehensive planning,
ecoscape planning and legislation, development through eco-engineering design,
and ecosystem monitoring and management.

During the past two decades, 510 eco-demonstration zones have been appraised
and named by the Ministry of Environmental Protection, 14 provinces/autonomous
regions/directly governed city regions (Hainan, Jilin, Heilongjiang, Fujian,
Zhejiang, Shandong, Anhui, Jiangsu, Inner Mongolia, Shanxi, Hebei, Guangxi,
Sichuan, and Tianjin) were approved to carry on eco-province development. By
February 2010, there were already 108 state comprehensive experimental districts
toward sustainability approved by the Ministry of Science and Technology,
including towns, counties, middle/small-size cities, and districts of large cities
distributed in 93 % of China’s provinces and autonomous regions.

Compared with foreign countries, China’s ecopolis development is rather
through top-down than bottom-up encouragement. The advantages of this way is
that if the decision makers are smart enough, the ecopolis plan will be strongly
implemented; otherwise, it will be just an oral promise or an utopian ideal. While
main lessons and challenges are also gained such as institutional barrier, behavioral
bottleneck, and technical malnutrition, the Sino-Singapore ecocity planning in
Tianjin, and a quite few other cases of ambitious ecocity planning in China, show
the public a dream of a sustainable city. To realize it, however, an adaptive process
is needed to meet the local natural and human ecological condition needs, to
reshape our production mode, consumption behavior, the goal of development, and
the meaning of life, to reform the fragmented institution in legislation, organization,
governance, decision making, planning and management, and to renovate the
reductionisms based and chain-linked technology.

After entering the new century, eco-agricultural development entered into its
new stage. There are some mile stones like the publication of Agro-ecological
Farming Systems in China by Parthenon Publishing in 2001 and Eco-agriculture—
Theories and Practices of China’s Sustainable Agriculture by (Beijing) Chemistry
Press. These two monographs, all compiled by Li Wenhua together with nearly
100 specialists in eco-agriculture, got excellent responses from both in China and
abroad.

In 2005, The Food and Agriculture Organization (FAO) of the United Nations
launched a program on the Conservation of Globally Important Agricultural
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Heritage Systems (GIAHS). FAO defined GIAHS as “remarkable land use systems
and landscapes which are rich in globally significant biological diversity evolving
from the co-adaptation of a community with its environment and its needs and
aspirations for sustainable development”. The Traditional Rice-fish Culture in
Qingtian County, Zhejiang Province, was selected by FAO as one of the first group
of pilot sites of the GIAHS project. Up to now, some researches on biocultural
diversity conservation, eco-tourism development, eco-compensation mechanism,
organic agricultural development, and multi-participatory process on the pilot site
were carried out and many papers published.

Evaluation of Ecosystem Services and Eco-Compensation

Since the middle 1990s, global assessment of ecosystem services and the launching
of the Millennium Ecosystem Assessment (MA) on a regular basis at national and
sub-national scales have attracted great attention and interest of Chinese scholars in
joining the cooperation with international organizations and conducting the
assessment work at home.

In China, since the late twentieth century, researchers have done some pre-
liminary explorations on the evaluation theory, methods, and applications of eco-
system services. Especially after entering the twenty-first century, a lot of works on
the evaluation of various ecosystems in different regions were done. Ecosystem
services of different spatial scales such as national, watershed, provincial, muni-
cipal, and district have been studied, as well as different natural and artificial
ecosystems such as forest, grassland, farmland, wetlands, desert, marine and res-
ervoirs, etc. At the same time, much attention has been paid to some single func-
tions and services like water and soil conservation, carbon sequestration and
oxygen release, air purification and landscapes, too. These achievements have
played important roles in decision-making process related to ecosystem manage-
ment and environmental protection in China.

Recently, scientists in the field of forestry worked on the standardization of the
indicators of ecosystem service assessment and the value of ecosystem services
were calculated on the basis of the forest inventory data, which covers all the forests
in China.

In 2008, a Joint US-China Center on Ecosystem Services (JUCCES) has been
established. The establishment of the Center was based on a series of discussions
and meetings between National Service Foundation of China (NSFC), Chinese
Academy of Sciences (CAS), and National Science Foundation of USA (NSFA),
aiming to establish a long-term mechanism for promoting cooperative research and
exchange information in the field of eco-service and eco-compensation studies. The
mission of JUCCES is to provide a platform for facilitating collaboration, com-
munication, and coordination between scientists engaged in studies on natural
resources, ecosystem services, eco-compensation, impacts of ecosystem changes on
human well-being, and response options for developing a harmonious relationship
between human being and nature.

Research and practice on eco-compensation mechanism are of great strategic
significance in the new period of implementing full-scale scientific development



XViii Preface

approach and setting up of harmonious society in China, which is not only an
effective way to deal with the severe environmental problems but an important
measure to promote the environmental protection policy system, as well as to adjust
the relationship of related stakeholders, to coordinate the regional development and
to enhance the equity of the whole society. Since the 1970s, some theoretical and
practical studies were carried out on eco-compensation in China, and now it is a hot
issue attracting wide attention of all social circles. On the one hand, lots of
local governments started to conduct pilot projects, actively exploring relevant
experiences. On the other hand, the researches of the academic circles have entered
a new era, transiting from researches on the theory and methodology of quantifying
the value of eco-service function to the research on policy design of
eco-mechanism, including the general framework, compensation principles,
approaches and standards, and some pilot studies in key fields such as watershed
eco-compensation, forestry eco-compensation, nature reserve eco-compensation,
and mineral exploitation compensation.

Challenges and Perspectives of Development of Ecology
in China

Challenges
Although much progress has been made in ecology, there are a number of weak-
points in its development. These include:

e The insufficient basic research and lack of innovation in theoretical studies of
ecology;

e Weakness in accumulation of knowledge to meet the immediate need to solve
the ecological problems of the country;

e Weakness in participating international cooperation and active involvement in

global issues;

Ignorance of respect and development of indigenous knowledge in ecology;

Separation in advanced concept with broad practices by people;

Inadequate experience in integration of interdisciplinary research;

Necessity for improvement of the mechanism system in scientific management.

Strength

Having recognized the weakness in our ecological development, we are fully
confident of the prosperity of its further development. This is due to the diversified
natural conditions and rich biological resources; the Chinese have acquired the
primary managerial experience of ecosystem, and accumulated a great amount of
research data for ecology. Besides, the Chinese Ecosystem Research Network
(CERN) was established, the research equipments have been greatly improved and
international corporations have made great progress in ecology research in the
recent years. More importantly, the enhancement of comprehensive national power,
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the increasing focus on the ecological constructions, and the public ecological
awareness laid a solid foundation for the development of ecology in China.

The Ways Forward
The guiding thought of development of ecology has been formed from the mediums
term plan as the following:

e Strengthening of the fundamental theoretical study focused on frontiers in
ecology;

e Active participation in resolving the eco-environment problems in the social
economic development and environment protection;

e Facilitating ecological study with modern scientific theories and methods; make
discoveries and upgrade traditional and indigenous knowledge;

e Strengthening international cooperation and self-innovative creation in ecolog-
ical study;

e Development of medium and long-term plan to coordinate and guide ecological
research in China;

e Strengthening education and training of cultivate scientists in the field of
ecology and popularize ecological knowledge to the public at various levels.

Based on the guiding principles listed above, considering the current situation of
China, the following key problems should be taken as the priorities for further studies.

Ecological assets accounting and ecological compensation;
Repairing and reconstruction of degraded ecosystems;
Comprehensive control and prediction of regional pollution;
Ecological and environmental risk management;

Research and development of circular economy;
Compliance support for the control of global changes.

Conclusion

In conclusion, I would like to say that the above-mentioned ecological research and
achievements are just a small part of the various works done by Chinese scientists.
I wish to express my sincere thanks to those who assisted me to prepare this paper.
I would be satisfied if it can give you a general picture about what we have done
and what we are going to do from my personal point of view. I do believe that with
the unique and diverse biological and physical conditions in China and the rich
experiences accumulated in thousands of years in ancient China civilization, with
the joint efforts of our ecological research team at home in close cooperation with
acknowledged scientists abroad, we are able to make responsible contribution to
develop ecology with our own characters and for the welfare of human beings.

Beijing, China Wenhua Li
March 2015
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Chapter 1
Biodiversity Inventory and Researches

Dayuan Xue, Jianyong Wu, Xu Liu, Baorong Lu and Shengji Pei

Abstract Chinese authorities have organized many national or regional large-scale
investigations, such as national key species resources, terrestrial wildlife resources,
wetland resources, agricultural, and livestock genetic resources investigation.
Currently, China has set up relevant database for biodiversity, published nearly 400
volumes of species cataloged annals, and established the monitoring system of
forest resources, wetland resources monitoring centres, wildlife resources moni-
toring centres, and the Chinese ecosystem research network with dozens of eco-
logical research stations. At the same time, China has gradually formed a set of
perfect identification and evaluation technology on crop germplasm resources,
formulated the unified germplasm resource description specification and data
standard for more than 100 variety of crops, and established a set of scientific and
standardized cryopreservation and monitoring technology system for genebanks,
germplasm, and tube seedlings which is accord with the situation of China itself.
Furthermore, the intimate connection between cultural diversity and biodiversity in
China has been recognized and appreciated.
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1 Progress on Biodiversity Inventory and Researches
in China

1.1 Introduction

Biodiversity is defined as variability among living organisms from all sources, and
it includes the diversities in three levels of gene, species, and ecosystem by the
definition of the Convention on Biological Diversity (CBD) (Chandra and Idrisova
2011). Biodiversity plays an important role in sustaining human lives by providing
different goods and services, and through its intrinsic, cultural, and socio-economic
values. But many negative factors, such as habitat degradation and fragmentation,
over-exploitation of biological resources, introduction of alien invasive species, and
biodiversity-unfriendly agricultural practices, are threatening biodiversity’s loss at
an unprecedented level (Ayyad 2003; Ahrends et al. 2011).

China is one of the mega-biodiversity countries in the world. The main types of
terrestrial ecosystems in China include forest, shrub, meadow, steppe, desert, and
wetland; and the major marine ecosystems are the Yellow Sea, East China Sea,
South China Sea, and Kuroshio Basin. China has known approximately 35,000
species of higher plants, ranking the third in the world. China also has 6445
vertebrate animal species, accounting for 13.7 % of the total in the world. The fungi
species proven in China are about 10,000, making up 14 % of the total in the world.
According to incomplete statistics, there are 1339 species of cultivated crops, 1930
species of wild relatives of crops and 567 varieties or breedings of domesticated
animals in China. But at the same time, China is also one of the countries where
biodiversity is under the most serious threat.

A basic element in the success of managing species for conservation concern is a
full understanding of the country’s biodiversity status. To halt the destruction of the
diversity, it is essential to investigate, inventory, and assess the present biodiversity
status and to forecast future change and trends. In 1950s and 60s, a large-scale
biodiversity survey was carried out, laying down a solid foundation for composition
of a series monographs of the vegetation, flora, and fauna of China.

1.2 Progress of the Study on Inventory of Biodiversity
in China

Since 1990s, field surveys and inventory work have been conducting in some key
areas to identify the important natural resources, as a result, categories and
assessing criteria for Red List Species were developed, the endangered wild animal
and plant species were evaluated and graded, and demonstrative evaluation for
grading ecosystems was carried out. Great progress has also been made in ex situ
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and in situ conservation of biodiversity, and a series of relevant conservation
planning have been developed. Although it is a little late for starting biodiversity
conservation activities, great progress was made during the past 20 years in bio-
diversity researches, especially biodiversity’s identification, and inventory.

1.2.1 Progress on Identification and Inventory of Biodiversity

A national-wide wildlife survey organized by the State Forestry Administration was
carried out on the investigation to 189 nationally protected plant species and 252
wild animal species (State Forestry Administration 2009a, b). Another systematic
survey for 191 wild species of crops has been undertaken in 2002-2009. Based on
data collection, a monograph on national key protected wild plants was compiled
(Wang et al. 2011). To achieve 2010 targets of CBD, in 2004, a project for bio-
diversity survey and inventory was launched by Ministry of Environmental
Protection joined by other relevant ministries of forestry, agriculture, Chinese tra-
ditional medicines (TCMs), and so on. This survey was mainly focused on key
species of plant, animal, and macro-fungi, mainly including rare, endemic, threa-
tened and endangered, and economic species that are mostly involved in Red list
and other lists for protection. Until 2010, “China National Biodiversity
Conservation Strategy and Action Plan” was approved by the State Council. In this
document, identification and inventory of biodiversity was listed as a priority
strategy and action. Therefore, a new program for biodiversity identification and
inventory was implemented since 2010. This program is targeted to inventory all
species based on county level and to establish the biodiversity databases for
counties in whole China. It means that this ambitious program is to identify and
inventory biodiversity for more than 2000 counties in whole China during the next
10 years. To initiate the great job, a pilot project for biodiversity inventory in 26
selected counties in Southwest China (Guizhou. Guangxi and Yunnan) was
implemented during 2010-2011. The project has succeeded in many aspects, for
example, the databases established in 26 counties are not only limited in species,
but also in ecosystems and genetic resources. It is expected that the experience
achieved in this pilot project will play a demonstrative role for the next large scale
of biodiversity investigation in the over 2000 counties in whole Chinese territory.

1.2.2 Inventory and Database of Biodiversity

Inventory and database are important parts of biodiversity investigation. China has
completed all the 80 volumes of Flora and 125 volumes of Fauna of China, etc.
Catalogue of Life (COL) China has an annual checklist. In September 2012, COL
China Annual Checklist 2012 edition, compiled by Species 2000 China Node, was
published by Science Press. The groups of species in 2012 Annual Checklist of
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COL China and their numbers of accepted species names are: virus (348), bacteria
(158), chromista (1540), fungi (140), protozoa (1291), plantae (35,487), and ani-
malia (23,103). The numbers of total species, synonyms and aliases reached to
70,596, 92,635 and 32,120, respectively. Furthermore, a catalog for 60,000 species
and 400,000 accessions of agricultural germplasm resources was completed, setting
up a national database platform for biodiversity, including the databases of eco-
systems, vegetations, species, genetic resources, case study reports, as well as a
huge capacity for photos, video, and specimens.

In situ and ex situ conservation are common and effective approaches for bio-
diversity conservation. By the end of 2011, China had established 2640 nature
reserves, accounting for 15 % of whole country’s territory. However, ex situ
conservation needs a strong management, and assessment for the management
effectiveness of nature reserves is an effective way to promote management quality
and achieve conservation targets. Chen et al. (2009) used geographic information
system (GIS) to assess the conservation status of vegetation types, endangered plant
and animal species, and biodiversity hotspots in China, based on the area, endan-
gered species list, and geographic position of 2047 nature reserves. Yuan et al.
(2009) investigated the protected conditions of state key protected wild plants
within the national nature reserves as of 2008, based on the available data and by
use of information collection and analysis. Quan et al. (2011) carried out a survey in
535 nature reserves in China to assess the management status quo in 2005 using a
questionnaire. Then the state key protected wild plant in natural reserves and the
wild animal species were displayed and assessed for their conservation capacities in
the in situ and ex situ facilities in China.

1.2.3 Study of Categories and Criteria and Assessment
of Endangerment Status of Biodiversity

It is an important task in biodiversity conservation to assess biodiversity status and
determine protection priorities. [IUCN Red list Criteria has been improved through
periodical revision. In 2008, the International Union for Conservation of Nature
(IUCN) established a working group at the Fourth World Conservation Congress to
develop quantitative categories and criteria for assessing ecosystems’ threat status.
As an example, Chen and Ma (2012) illustrated the use of these criteria for
assessing ecosystem threat status, and they evaluated the threat status of these four
ecosystems by use of the existing literature data on the occupancy area for eco-
systems in China’s Liaohe Delta in 1988 and 2006. Under the funding support from
Ministry of Environmental Protection of China, Jiang and Luo (2012) assessed the
status of terrestrial vertebrates in China using IUCN method. The result showed that
five species were listed in the category of extinct, 30 species were near extinct, 343
species were endangered, 459 species were threatened, 439 species were concerned,
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and 1032 species were least concerned. In addition, the development of the red list
for higher plants was executed, joining by more than 100 specialists from different
institutions and universities in China. Zhang et al. (2011) assessed the threatened
status of the nationally protected wild plants in China, by use of [UCN Red List
Categories and Criteria.

1.2.4 Policy Systematic on Biodiversity

China government has being focused on biodiversity conservation for a long time.
Especially, since becoming the contracting party to CBD, China has taken a lot of
actions to halt the loss of biodiversity. In 1994, China issued China Biodiversity
Conservation Action Plan. In 2007, China launched the National Program for
Conservation and Use of Biological Resources. In 2008, National Strategy for Plant
Conservation was released as a response to the Global Strategy for Plant
Conservation. In addition, the renewed China National Biodiversity Conservation
Strategy and Action Plan was formulated during 2007-2010 and approved by the
State Council in Sept 2010. Furthermore, the policy of access and benefit-sharing
for genetic resources and associated traditional knowledge was presented in China
National Intellectual Property Strategy Outlines, which was issued by the State
Council in 2008.

1.3 Conclusion and Discussion

Because of limited financial and expertise resources, biodiversity surveys and
inventories in the past years were mainly concentrated in the important regions or
aimed to the key species. These surveys and inventories are far from the target to
know the biodiversity baselines in China. However, the baselines are significant for
future monitoring and assessment for the country’s biodiversity. Therefore, it is
important to establish a national program for biodiversity inventory based on county
unit level, which is helpful to set up a monitoring network based on over 2000
county nodes. Challenges for biodiversity conservation are not only limited in
inventory and monitoring, but also in access and benefit-sharing for the utilization of
genetic resources and associated traditional knowledge (Xue et al. 2012). However,
a clear baseline and a sound monitoring network, generated by biodiversity survey
and inventory, would be a solid foundation for implementation of access and
benefit-sharing regime. Hence the authors suggest that the urgent work is to start the
implementation of the national biodiversity inventory program identified in the
China National Biodiversity Strategy and Action Plan (2011-2030).
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2 Survey, Catalog, Evaluation, and Conservation of Crop
Germplasm Resources

Crop germplasm resources are the basis for crop breeding and the development of
modern seed industry. They are long-term, fundamental, and public work. The
survey, catalog, evaluation, and conservation of crop germplasm resources have a
far-reaching significance and realistic importance.

2.1 Survey and Collection of Crop Germplasm Resources

Collection of germplasm resources is the basis of and first step to the conservation
of crop germplasm resources. The main collecting methods include general
investigation and specific investigation. When conducting the general investigation
of crop germplasm resources, the related national research institutes draw up an
investigation letter, formulate a collecting form, and send them to the relevant
administrative departments at the provincial level. As required, the relevant local
staff at district or county levels do the survey and collection for the germplasm
resources in their areas. After putting them in order, the collected materials shall be
sent to the agricultural department at the provincial level or the institutes that sent
the letter and form. Finally, the collection of germplasm resources will be char-
acterized, cataloged, multiplied, and preserved in the national genebank and/or field
genebanks under the coordination of institute that leads the general investigation. In
the 1950s, in order to avoid local germplasm resources getting lost in the process of
promoting improved varieties, a general collection of germplasm recourses was
conducted at the county level nationwide. In total, 200,000 accessions of 53 field
crops, 17,000 accessions of 88 vegetable crops, and 12,000 accessions of intro-
duced from foreign countries were collected. From 1979 to 1984, the general
collection was re-conducted and 110,000 accessions of 60 crops were collected.
Besides the general investigation, China also conducted specific surveys and
collecting missions of important crops and their wild relatives in key areas. Based
on exhaustive literature and thorough understanding of geography, climate, social
economy, cultural environment and crop species, diversity, and special resources of
the areas, the work plan for targeted collections is developed, including the scope,
time, personnel, equipment, management approach, and financial budget of the
survey. The participating organizations and staff are determined. The collecting
team will be composed of old, middle-aged, and young scientists with different
expertise. The workshop and training will be conducted for enhancing the capacity
for the surveys. The work plan shall be discussed between the investigation panel
and the local government and related sectors. If the area to be surveyed covers a
broad range and employs many staff, the collecting team could be divided into
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groups, each of which takes charge of part of the area. In the process, the staff needs
to fill in the unified form for each accession of collected crop germplasm resources.
If the tissues or organs of the crop can be preserved as germplasm resources, they
should be collected on the site, numbered, and preserved temporarily. For wild
species, the samples should be collected. But if it is not the right time to collect the
species when the survey is conducted, the collecting team shall authorize the local
team members to do it in its suitable time and send it to the preserving organization,
making sure that the numbering of the samples are consistent.

From 1970s, China has already conducted specific survey of crop germplasm
resources in Yunnan, Tibet, Shennongjia in Hubei Province, Three Gorges Area,
Hainan, Daba Mountains, and the mountainous areas of southern Guizhou, western
Guangxi, southern Jiangxi, and northern Guangdong. China has also surveyed and
collected salt-tolerant crop germplasm resources in coastal areas of 11 provinces
and drought-resistant germplasm resources in 7 provinces in the West part of China.
By 2010, altogether 70,000 accessions of germplasm resources have been collected.
Besides, wild soybean was surveyed and collected in 1020 counties nationwide, and
5000 accessions of soybean seeds and 4000 accessions of soybean plants were
collected. Wild rice was investigated in Hainan, Guangdong, Guangxi, Yunnan,
Fujian, Jiangxi, and Hunan provinces (Autonomous regions). It was discovered in
140 counties (cities) and 3800 seed samples and seedling stems were collected.
During 1986-1990, 1000 accessions of 100 species in 10 genus of wild relatives of
wheat were surveyed and collected in provinces, cities, and autonomous region in
the Northwest and Southwest regions. Starting from 2002, the Ministry of
Agriculture implemented a systematic investigation of wild plants related to agri-
culture as listed in “The List of Wild Plants under National Key Protection” (first
and second parts), which checked up 30,000 distribution sites and collected 10,000
accessions of germplasm resources. Surveys have also been conducted on kiwi fruit
nationwide, wild forage plants, mulberry plants in Sichuan, Hubei, Shanxi, and
Guizhou provinces, cotton in Hainan, Guizhou and Guangxi provinces, and ramie
in 14 provinces. The surveys made a thorough investigation of categories and
distribution of the wild species and collected a number of precious germplasm
resources.

2.2 Evaluation and Catalog of Crop Germplasm Resources

Over the past 30 years, China has formulated a very comprehensive evaluation
techniques and methods and published “Descriptors and Data Standards for Crop
Germplasm Resources” for 110 crops, which standardizes the experimental design,
evaluation standards, data collection, and quality control of the evaluation of dif-
ferent species of crops, and therefore improves the credibility of the evaluation data.
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2.2.1 Characterization and Evaluation

Characterization and evaluation of crop germplasm resources is mainly based on
the principal theories and methods of agronomy, genetics, and statistics. It abides
by the following three basic principles.

First, the basic agronomic traits shall be evaluated in places similar to the ori-
ginal ecological environment where the germplasm was collected. For example, it is
suitable to evaluate indica rice in the South and japonica rice in the North. The
process shall be carried out in similar ecological environment to its original places
for different varieties of the same species, which are collected from different places.
The scope of the evaluation of the basic agronomic traits differs for different crops.
Taking winter wheat for instance, the evaluation shall include information of its
sowing date, emergence date, the number of basic seedlings, returning green date,
elongation date, heading date, flowering date, grain filling date, mature date, days of
whole growth period, stem length, tillering number, number of ears per unit, grain
number per spike, 1000-grain weight, yield per unit area, etc. The specific scope
and standards for each crop shall follow the “Descriptors and Data Standards for
Crop Germplasm Resources”.

Second, biotic-stress and abiotic-stress resistance shall be evaluated in artificially
controlled and natural environments. Characterization and evaluation of
biotic-stress resistance (for example, disease and/or pest resistance) shall be con-
ducted in controlled environment such as greenhouse and/or net houses. By means
of artificial inoculation of disease and/or pest and in suitable temperature and
humidity, the crops are characterized and evaluated for their biotic resistance,
according to the standards and seriousness of being affected by the disease and/or
pest. As to the specific techniques and methods, they shall be selected for different
species of crops, diseases, or pests according to the relevant “Descriptors and Data
Standards for Crop Germplasm Resources.” Evaluation of abiotic-stress resistance
(drought, salt, alkaline, cold, heat, low nitrogen, low phosphorus, barren, etc.) shall
be conducted in natural environment with control, such as drought tents,
salt/alkaline-resistant ponds, and plant growth chambers.

Third, nutrition and food processing traits shall be analyzed and evaluated in
laboratories with equipment. The usual items include protein, starch, fat, amino acid
content, and processing characteristics, for instance, sedimentation value and sta-
bilization time of wheat flour, and the special-function nutrition factors, for
example, isoflavone of soybean and f-glucan of oat. The specific evaluation
techniques and methods shall accord with either national or ministerial standards for
different species of crops.

China has completed evaluation of the basic agronomic traits (generally over 30
traits) of the crop germplasm resources as preserved in the national genebanks, field
genebanks, and in vitro genebanks. For the evaluation of disease/pest resistance,
salt/alkaline tolerance, and quality traits, the percentages of the germplasm
resources evaluated so far are 50, 50, and 60 %, respectively. However, the eval-
uation of basic agronomic traits, disease/pest resistance, salt/alkaline tolerance, and
quality traits of individual crops may be adjusted along with the change of breeding
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objectives. For instance, the evaluation of resistance to soybean phytophthora root
rot and sclerotinia rot, and tolerance of low nitrogen/phosphorus of wheat are the
emerging needs in breeding and agricultural production in recent years.

2.2.2 Unified Catalog

For the crop germplasm resources to be cataloged, they shall meet the following
requirements: viability that meets the requirement to enter the long-term
genebank/field genebanks; potential values in research and application; stable
genetic characteristics; with observation and evaluation results and data on its
agronomic traits for 2—-3 years; with complete germplasm passport information.

The information needs to be cataloged includes the following items. (1) The
purpose, background, process of the catalog, the categories, conditions, numbers of
accessions cataloged, code and numbering method, and the institutes and staff
produced the catalog. (2) The basic information of germplasm resources, i.e., the
passport information, including scientific names of family, genus and species,
national unique accessions number, germplasm name, the preservation institute
name and number, country or region of origin, country or region of introduction,
etc. (3) Botanical features and agronomic traits. (4) Biotic- and abiotic-resistance
and quality traits. Key items shall be selected, identified, evaluated, and cataloged
according to the needs of breeding and agricultural production. (5) Other important
characteristics, such as the special traits of special germplasm resources. Each
accession cataloged is designated a unique accession number. For individual crops,
it shall accord with “National Accessions Number” standards in the “Descriptors
and Data Standards for Crop Germplasm Resources.”

By the end of 2010, there were 463,427 accessions of germplasm resources that
are nationally uniquely numbered, in which 415,692 are in the seed banks, 44,724
in the field genebank, and 3011 in the in vitro genebanks. Catalogs for 370,846
accessions have been published. For the wild plant germplasm resources, experts
organized by the Ministry of Agriculture have compiled “The Outline of Wild
Agricultural Plants Under National Key Protection” covering the scientific names in
Chinese and in Latin, geographic distribution, ecological environment, morpho-
logical traits, conservation value, and state of endangerment. It consists of 209
species, including subspecies and variants, in 72 families.

2.3 Conservation and Monitoring of Crop Germplasm
Resources

There are two main approaches to protect the crop germplasm resources, namely
in situ and ex situ conservation. For the protection of the wild relatives of agri-
cultural crops, the major approach is to establish the in situ conservation regions
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(or sites). The conservation site of wild rice, established in 1985 in Dongxing,
Jiangxi Province, is the rudiment of the early stage of national protection of wild
germplasm resources. By the end of 2010, 137 in situ conservation sites in 26
provinces, cities, and autonomous regions have been established for wild relatives
of crops, including 26 species, namely, wild rice, wild soybean, wild relatives of
wheat, wild lotus, coastal glehnia, wild buckwheat, cordyceps sinensis, wild apples,
wild cherry-apples, wild sugarcane, wild citrus, Chinese ilex, wild kiwi fruit,
Isoetes sinensis, wild tea, wild lychee, wild wolfberry, wild orchid, etc. The
methods for ex situ conservation are seed banks, in vitro bank, cryopreservation,
and field bank, among which the first one is of the most importance.

Low-temperature conservation of the germplasm in China can be traced back to
the late 1970s. Over the past 30 years, it has witnessed significant achievement.
First, a safe conservation system for crop germplasm resources, consisting of
long-term genebanks, duplicate genebanks, and mid-term genebanks, has been set
up. The system contains 1 national long-term genebank, 1 duplicate genebank, 10
national mid-term genebanks as well as about 30 provincial mid-term genebanks,
which makes it possible for the safe storage and efficient utilization of national crop
germplasm resources. Second, a technique system for conservation and monitoring
has been established that is consistent with our national situations. The “Two
Fifteen” seed drying system, where the temperature is controlled at 15 °C and the
relative humidity is set at less than or equal to 15 %, has been developed. By the
end of 2010, there were more than 360,000 accessions of germplasm resources
conserved in the long-term bank, which belong to 735 species. The number of
accessions in conservation ranks the second worldwide. In the national and pro-
vincial mid-term banks, there are around 600,000 accessions that can be distributed
or are to be processed. The annual distribution of germplasm resources can reach
40,000 accessions, which provide a solid basis for the sustainable development of
agriculture in China.

The viability of 14,000 accessions of 34 crops preserved in the national
long-term banks for over 20 years is being monitored. Results show that germi-
nation rates of 92 % seeds monitored maintained above 85 %. However, 155
accessions, accounting for 1.1 % of the total, showed significant decline in ger-
mination rates, from above 80 % to below 70 %. China has started from 1978
conservation of germplasm resources of potatoes and sweet potatoes in vitro with
tip meristem culture. In 1986, the national in vitro genebank of potato and sweet
potato was established. By the end of 2010, 2204 accessions of potato and 1302
accessions of sweet potato were preserved. With SSR and morphological markers,
the genetic stability of germplasm resources of potato and sweet potato was com-
pared between preserved in the germplasm nursery gardens and in the in vitro
genebanks. Results show that genetic stability is higher in the germplasm nursery
gardens than in the in vitro genebanks. But germplasm materials in the nursery
gardens are vulnerable to virus infection and thus are likely to degenerate. The
variation of germplasm materials in the in vitro genebanks is temporary and can be
restored by regenerating in the field.
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Cryopreservation is usually used for preserving germplasm resources through its
organs such as pollen, embryo, root tip, stem tip, sprout, branch, cell, and seed, etc.,
and considered as an ideal way of long-term preservation for vegetatively propagated
germplasm resources. China has succeeded in cryopreservation of germplasm
resources of many species in fruit trees, flowers, and vegetables, such as apples, pears,
sweet cherries, plums, banana, etc. At present, large-scale cryopreservation for
vegetatively propagated crop germplasm resources is being carried out in the country.
Conservation of living plants in field genebanks is also an important way of germ-
plasm preservation, with aims to conserve vegetatively propagated and perennial
plants, including fruit trees like apple, pear, peach, and grapes; economic cops like
tea, mulberry, and rubber; perennial herbaceous plants like wild rice, wild relatives of
wheat and perennial forage grass; aquatic vegetables like lotus, cane shoot and yam,;
and tuberous root and stem like potato, sweet potato, and cassava. The construction of
field genebanks in China has started in the 1970s. By December 2010, altogether 30
field genebanks have been constructed and 7 more are under construction. There are
47,805 accessions of germplasm resources belonging to 1098 species conserved in
field genebanks in China. Monitoring of the germplasm resources in the nursery
gardens show that natural disasters, including disease and pest, aging of the germ-
plasm, and relocation are the main factors causing the loss of germplasm resources.

2.4 Outlook

Survey, catalog, evaluation, and conservation of crop germplasm resources have
been listed in the National Medium and Long-term Development Planning. In the
coming 10-20 years, it is planned to add 100,000 accessions of crop germplasm
resources into the strategic reserves, by introduction from foreign countries and
domestic collection; to conduct deep phenotypic characterization for 30,000 elite
accessions, and select a number of accessions that show eminent and stable elite
characteristics for breeding; to expand 32 field genebanks and build a new national
long-term genebank, enabling the capacity to reach 1.5 million accessions, which
will meet the conservation needs for the coming 50 years; and to establish around 350
in situ conservation sites to improve the conservation of wild germplasm resources.

3 Conservation of Genetic Resources

3.1 Introduction

The rapid increase in global population has posed a great challenge to the world
food security. As indicated in the Declaration of the summary report from the
World Summit on Food Security held at the Food and Agriculture Organization
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(FAO) headquarters in Rome, Italy: “The number of people suffering from hunger
and poverty now exceeds one billion, and that to feed a world population expected
to surpass nine billion in 2050, agricultural output will have to increase by 70 %”
(TISD 2009). This clearly suggests the severe situation of global food shortage and
future food demand. The population increase is in parallel with the gradual decrease
in arable land, shortage of agricultural sources such as water and minerals, loss of
rural laborers, and global climate change. Such a situation arouses serious problems
for the world sustainable development. Dramatically increase in the per unit crop
production can relieve the pressure of world food security. The efficient utilization
of genetic resources and new technologies in crop production can achieve this goal
(Lu 2001).

Genetic resources have played an important role in the production and
improvement of crop varieties. The transferring of useful traits such as those with
enhanced yield and quality, and tolerance to biotic and abiotic stresses can improve
greatly crop varieties. The well-known examples are the production of the
“green revolution” rice, wheat, and maize varieties by introducing semidwarf (SW-1)
gene to these crops and breeding of hybrid rice by introducing male sterility (MS)
gene from wild rice to cultivated rice (Evenson and Gollin 2003). These examples
demonstrate the importance of maintaining the long-term availability of genetic
resources for the genetic improvement of crop varieties at present and in the future.
However, due to great changes such as rapid economic development, urbanization,
human population increase, changes in agricultural management and farming
styles, and global climate change, the long-term availability of genetic resources is
under great threats. Effective and strategic conservation of genetic resources is the
guarantee for their stainable uses (Lu 2001).

3.2 The Concept and Category of Genetic Resources

According to the definition of “Convention on Biological Diversity (CBD),” bio-
logical resources include “genetic resources, organisms or parts thereof, popula-
tions, or any other biotic component of ecosystems with actual or potential use or
value for humanity.” Therefore, genetic resources represent a part of biological
resources and can be defined as “genetic material of actual or potential value.
Genetic material is any material of plant, animal, microbial or other origin con-
taining functional units of heredity.” Although genetic resources include a wide
spectrum of living genetic materials such as medicinal plants, agricultural crops,
and animal breeds, this article only emphasize those closely associated with agri-
cultural genetic resources.

Agricultural genetic resources include: (1) domesticated crops; (2) wild species
genetically closely related to crops; and (3) con-specific weeds of crops. Crop
species are domesticated plants from wild species through long-term utilization and
cultivation by human. Crop species have played extremely important roles in
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human civilization and the world food security. There are many cultivated types for
each domesticated species that are usually divided into traditional crop varieties or
landraces selected by farmers, modern or improved crop varieties bred by breeders,
and genetic stocks from hybridization or genetic manipulation. All domesticated
species are originated from their wild ancestors, and therefore any wild species that
have a certain genetic relationship with the domesticated crops are referred to as
crop wild relatives, including the direct ancestor of a crop.

Various types of genetic resources have different evolutionary relationships with
crops, which reflect the accessibility to the genetic resources for utilization in crop
breeding. This is due to compatibilities of a crop species that is involved in genetic
improvement with other species used as genetic resources. Based on such com-
patibilities, Harlan and De Wet have categorized genetic resources into three gene
pools: primary gene pool (GP-I); secondary gene pool (GP-II); and tertiary gene
pool (GP-III) (Harlan and Wet 1971). GP-I includes genetic resources that belong to
the same biological species as the target crop. Species including crop varieties,
genetic stocks, and con-specific weeds in this gene pool can have sexual crosses and
genetic recombination with the target crop species freely. GP-II comprises of
genetic resources that have close relationships with the target crops. Species
including wild species in the same genus of the crop species in this gene pool
cannot easily hybridize with the target crop without manipulation. GP-II contains
genetic resources that have distant relationships with the target crops. It is impos-
sible to use species in this gene pool for breeding unless special technologies are
applied (Fig. 1).

Fig. 1 Categories of genetic
resources into primary (GP-I),
secondary (GP-II), and
tertiary (GP-III) gene pools
using cultivated rice as an
example, based on the
concept of Harlan and De Wet
(1971)

Oryzeae species
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Weedy rice
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3.3 Strategies for Genetic Resource Conservation

Given the importance of genetic resources, governments, nongovernment organi-
zations, and international organizations have invested enormously for conserving
genetic resources. Usually, there are three strategies for the effective conservation of
genetic resources: ex situ conservation, in situ conservation, and on-farm conserva-
tion. Ex situ conservation, also referred to as off-site conservation, is the process of
protecting a target species of plant or animal outside its natural habitats in a new
location, for example, to store seeds of a target plant species in germplasm banks. In
situ conservation, also referred to as on-site conservation, is the process of protecting
a target plant or animal species in its natural habitats, for example, to protect plant or
animal species in nature reserves and original conservation sites. On-farm conser-
vation is a special conservation strategy for protecting landraces or traditional vari-
eties of crop species. On-farm conservation of crop genetic resources is defined as the
continued cultivation and management of a diverse set of crop populations by farmers
in the agroecosystems where a crop has evolved (Lu et al. 2008; Zhu et al. 2003).

The three strategies provide complementary approaches to each other for the
effective conservation of genetic resources because each of these strategies has its
unique characteristics and limitations (Table 1). For example, ex situ conservation
is static conservation in terms of evolution, and potential genetic variation from the
changing environment will never occur in gene banks. In addition, genetic diversity
may be compromised when collections are multiplied ex situ. In situ conservation
can include great amount of genetic variation that always evolves under changing
environment.

Table 1 Different conservation strategies with their characteristics and limitations

Strategy Target species Conservation Advantages and limitations

site
Ex situ Wild and cultivated In germplasm Easy to access when genetic
conservation species banks, gardens, resources are need for

or nurseries utilization; evolutionary process

of the conserved resources is
stopped, no genetic variation
can be generated during

conservation
In situ Wild and cultivated All in natural Difficult to access when genetic
conservation | species habitats resources are need for

utilization; evolutionary process
of the conserved resources is
continuing; genetic variation can
happen during conservation

On form Cultivated species All in farmer’s Easy to access when genetic
conservation (landraces and fields resources are need for
varieties) utilization; evolutionary process

of the conserved resources is
continuing; genetic variation
occurs during conservation
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3.4 Challenge of Genetic Resource Conservation

Genetic resources are extremely important for human livelihood, proving funda-
mental materials such as food, clothes, and housing. However, the sustainable use
and long-term availability of some genetic resources are under great threats due to
many factors such as dramatic change of agricultural practices, expanding of
farming land, extensive cultivation of only a few modern crop varieties in a huge
area, and deterioration of agricultural and natural ecosystems (Bellon et al. 1998;
Mack et al. 2000). The strategic conservation of genetic resources becomes
increasingly important. Because of the above-mentioned factors, the conservation
of genetic resources faces unprecedented challenges, which will significantly affect
the efficient conservation of genetic resources. In addition, our understanding on
genetic diversity of conserved genetic resources under different situation, rela-
tionships between conservation methodologies and effectiveness of conservation,
for example, what are the sampling strategies for conserved resources of plant
species, is still not perfectly known (Zhu et al. 2007). More scientific studies
concerning the conservation methodology need to be carried out for ex situ as well
as in situ conservation strategies.

The long-term availability of genetic resources of plant species is significantly
influenced by the changing environment. For example, the habitat fragmentation
and habitat losses will pose severe threat to the lone-term availability or even
extinction of a plant species (Kiang et al. 1979). Factors such as extensive human
disturbances to the habitats, expanding of farming land, changes in agriculture
management styles, invasion of alien species to local habitats, and global climate
change will exert significant threats to the existence of traditional crop
varieties/landraces and wild relative species in many parts of the world. This sit-
uation is particularly true for the biodiversity-rich countries and regions located in
the centers of origin for domesticated plant species. In addition, one important but
neglected factor may significantly influence genetic diversity of traditional crop
varieties and wild relative species. That is the potential impacts of continued
introgression of crop genes, particularly transgenes from genetically engineered
crops on conservation (Lu 2013).

3.5 Conclusion and Discussion

Genetic resources are essential for the production and improvement of crop species
that are associated with the world food security. Given the increasing threats to the
long-term availability and diversity of genetic resources, strategic and effective
conservation of plant and animal species that harbor genetic diversity become very
important. To achieve such objectives, we need to complete the follows tusks.
(i) To strengthen scientific researches on conservation, such as sampling strategies,
genetic diversity and structure of wild populations, and gene flow within and
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between populations, which will enable us to design strategies and measures for
implementation and management of effective conservation, particularly for in situ
conservation. (ii) To minimize genetic erosion during the conservation and man-
agement process, for example, contamination during seed multiplication in germ-
plasm banks. (iii) To increase the utilization of genetic resources, which will
promote the effective conservation of genetic resources, particularly for on-farm
conservation of traditional crop varieties and in situ conservation of wild species.
(iv) To strengthen scientific studies on the adaptive evolution of in situ conserved
genetic resources, which can facilitate the effective conservation of genetic
resources under changing environmental conditions. (v) To increase the public
education on the biodiversity and conservation of genetic resources, which will
mobilize resources from governments, nongovernment organizations, and the
whole societies for the course of genetic resource conservation.

4 Cultural Diversity and Biological Diversity

4.1 Introduction

With the conclusion of the CBD in 1992 by United Nations World Summit in Rio
and the Convention on the Protection and Promotion of the Diversity of Cultural
Expressions in 2005 by UNESCO in Paris, the conservation of biological and
cultural diversity for environmental protection and sustainable development has
now become a common concern of the international community. Since 1980s,
ethno biologists, human ecologists, and conservationists around the world have
been actively engaged in the research of indigenous community biodiversity con-
servation that lead to recognize of biodiversity and traditional culture is inseparable;
genetic resources preservation and traditional knowledge are inseparable, and tra-
ditional cultural beliefs are not separated with ecosystem conservation. As McNeely
(1993, 2003) pointed that cultural and biological diversity are intimately and
inextricably linked. Case studies and reports from research have strongly supported
the coevolutional relationships of biodiversity and cultural diversity which was first
discussed in the Oxford University published book ‘Our Common Future’ in 1987
and built up the theoretical basis for the study of BioCultural diversity conservation
today (Pei 2006; Pei and Huai 2007).

China is a country of multicultural nationalities, 56 ethnic cultural groups have
jointly together created the great Chinese civilization with which the root-base is
agrocivilization covering agroculture; nomadic-patrolman culture; forest culture;
medical culture; and other relevant cultures of utilization animals and plants
throughout Chinese history. China has the richest northern temperate flora and
fauna in the world. Known as one of the Mega-bio diversity countries of the world,
for instance China has recorded 31,500 native species of vascular plants, around
8 % of the world’s estimated total. China is the only country in the world that
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possess continue terrestrial ecosystems from tropical to cold rigid zones and from
sea level to the highest peak of the world. The 5000 years noninterrupted Chinese
civilization development has been developed from ancient time to present time is
also very unique among nations of the world. Traditional knowledge on plants and
animals in China is very rich that has been formed into the Chinese philosophy of
‘Man and Nature are the One’; many plants and animals have been recorded in
Chinese ancient literatures, for example, the ‘Zhou Yi-Zhen-Yi’ is one of the books
over 2000 years. Different traditional forms and approaches of conservation eco-
systems and biodiversity have been developed and maintained since ancient China
which have made great contribution to the world civilization development and
nature environment conservation (Pei 2006; Pei and Huai 2007).

4.2 The Relationship of Biodiversity and Cultural Diversity

4.2.1 The Coevolutional Relationship of Biodiversity
and Cultural Diversity

Biological resources are the basic nature resources for human life. Plants, animals,
and associated ecosystem have been mixed together with human’s material life and
spiritual life. Today, human being is highly depended on and influenced on eco-
system even much stronger than any time in its history, at same time remarkable
progress has been made in science and technology over the last half century, human
have more powerful to change environment. However, culture and biodiversity are
intimately and inextricably linked. The studies on coevolutionary relationship
between biodiversity and cultural diversity are discussed in many ethnobotanical
studies over the last three decades (Pei and Huai 2007; Pei 1987, 2000, 2001, 2002,
2006). The roots of appreciation of the value of biodiversity run very deep in many
traditional world views connected to spiritual understanding and religions
(McNeely 1993, 2003). The accelerated loss of biodiversity does not mean only the
loss of gene, species, and ecosystem, but also destruction the unique structure
relationships between all life forms and human cultures which further proves the
importance to understand the coevolutional relationship of biodiversity and cultural
diversity in biodiversity conservation.

4.2.2 The Interdependency of Biodiversity and Cultural Diversity

Without biodiversity, there is no cultural diversity to talk about. On the other hand, if
there not have cultural diversity, biological diversity cannot be preserved effectively.
Human society utilization and management of land and ecosystems are based on
cultural values and arranged by the entitled social systems. The relationship of man
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and biodiversity is expressed through cultural expressions of human societies, which
is the reflection of interdependency of plants, animals, and ecosystems and human
being.

4.2.3 Culture Expresses Human Interactions and Biological Species

Human influence all aspects of biodiversity at different levels: species diversity,
genetic diversity, ecosystem diversity, landscape diversity, etc.; man increases
biodiversity throughout domestication and acclimatization biospecies, and decrea-
ses biodiversity through land use change, over-use biospecies, and introduce a
certain economically high-value species (e.g., Rubber, coffee, cacao, tea, etc.) to
replace native species resulting disappearing and extinction of hundreds of local
species from local environment. On the other hand, man respect and protect some
plants, animals, forest and ecosystems through cultural beliefs and religions sys-
tems, for instance Sacred Natural Sites (SNS) as cultural-landscape systems are well
protected in southwest China through history, which greatly help biodiversity
conservation in China (Pei 2002).

4.3 Biodiversity as the Material Basis for Building-up
Human Cultures

The relationship of biodiversity and traditional culture cannot be separated, the
formulation, and development of human culture was influenced by biodiversity
which is also the carrier of traditional culture. This chapter focuses on the analysis
of human cultures that are directly related to biodiversity including linguistic cul-
ture, belief culture, landscape culture, agroculture, forest culture, medical culture,
food culture, and folklore culture as discussed in below paragraphs:

4.3.1 Linguistic Culture and Biodiversity

The accumulated knowledge on biodiversity comes from leaning and exchange
through language. In ancient Chinese literatures, there were massive records on
names of plants, animals, and it distribution, usage, notes, and miscellanies. As
early as the year 2000 BC, the Chinese Poem Collections ‘Shi Jing’ recorded more
than 200 plants and more, including the famous aquatic weed Potamogeton crispus
L. Linguistic culture contains very rich biological knowledge. There are 5000 and
more ethnic groups in the world today; different culture have different names on
plants, animals, and ecosystems; local names and nomenclature systems are even
more details than modern scientific systems. For instance, the Hamunoo people in
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Luzon Island of the Philippines have named 1600 plants in local flora but modern
taxonomy could only identified 1200 species names (Cookling 1954).

4.3.2 Believe Culture and Biodiversity

Plants and animals play very important role in human belief systems; cultural
believe regulates man’s behavior and plays important role in biodiversity conser-
vation, in particular religion belief; ancestor worships; and totem beliefs. Buddhism
was introduced into China in Han dynasty (300 BC). Buddhist temples maintain
many plants in the temple yard and protected significant nature forests in sur-
roundings, case study shows that 58 plants are commonly cultivated in the temples
in Xishuangbanna area, Yi people in Yunnan worship flowers of Camellia retic-
ulata and Rhododendron delavayi both plants are well protected in forest area of
Yunnan. SNS culture is one of the important cultural believes among ethnic
minorities of China which includes the Dai’s holly-hill forest; Tibetan’s Sacred
Mountains and Lakes; Miao’s God-forests; Dong’s village-protection forest, as well
as the Han’s ‘Feng Shui’ forests and ‘Dragon-Pool’ protection beliefs, which are
not only important for biodiversity but also significant to protect ecological service
functions of ecosystem (Pei and Huai 2007).

4.3.3 Landscape—Culture and Biodiversity

Many landscapes have been modified and influenced by human societies through
human history. Since ancient time, landscape arrangement includes natural pro-
cesses and man’s activities that have shifted landscape in rural area and urban areas
to meet their demanding for better life. Cultural landscapes contain rich biodiversity
components. For instance, ficus trees are well protected by Dai people in
Xishuangbanna, Ficus religiosa, Ficus hookeriana, Ficus altissima as well as Ficus
benjamina are very attractive big trees in various cultural landscapes of south China
and Tropical Asian countries. In Chinese Himalayas, the Chinese cypress tree
(Sabina chinensis), Pine tree (Pinus yunnanensis), Oak tree (Quercus pannosa),
Dog-wood tree (Dendronbenthamis capitata) among Naxi’s landscape culture are
important cultural plant species and well protected by local people in their sur-
rounding landscapes (Pei 2006) (Fig. 2).

4.3.4 Agroculture and Biodiversity

Agro civilization was established on the success of domestication wild plants and
animals by ancient farmers. China is one of the countries of the world agriculture
origin in human history; paddy-rice cultivation can be traced back to 10,000 BC in
China. China has extremely rich agrobiodiversity, from tropical agriculture, aquatic
culture, and high plateau agriculture to Oasis agriculture, all can be found in China.
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Temple

Fig. 2 Traditional landscape in Xishuangbanna presents the Dai’s landscape culture arrangement

Agro cultural diversity have benefited to agro biodiversity, contributing to maintain
crop genetic at very high level. For instance, in the Hengduan Mountain’s area of
Northwest Yunnan where resides thirteen different ethnic groups (Tibetan, Naxi,
Yi, Bai, Lisu, Lu, Jinpo, and others) landforms ranging from hot and dry valley to
subalpine mountain lands distributed diverse agricultural patterns and maintains
very high crop diversity, mountain crops such as buckwheat, belay, oat, potato, and
maize are well maintained in farming systems of the region. In tropical region,
shifting or swidden agriculture is a traditional agriculture practice that used to be a
very common mode of production and way of life for mountain people in south
China tropics. In 1980s, there was an argument on swidden agriculture among
governments and societies in the region; however, better understanding the nature
of swidden agriculture is the key. From scientific point of view, swidden agriculture
is a traditional culture of millions people’s way of life for their survivor; any change
of the practice must be based on the swiddeners culture of their own. In fact,
traditional swidden agriculture practice involves strategies for maintaining biodi-
versity and land-soil restorations in swidden farming lands, and crop diversity is
highly maintained in swidden farming systems including hundreds of crop land-
races of rice and wild edible plants (wild vegetable more than 20-30 species); even
the Yak grass (Imperata cymlindricd) maintained in the fallow fields is used for
construction houses and hunting sites. However, it is also revealed that swidden
agriculture could be maintained only in areas where human population density is
less than 15 people per km* (Ramboo 1983; Pei et al. 1997), but this old agroculture
practice along with swidden agriculture are totally disappeared since 1990s in
China due to rapid socio-economic development and cultural changes in the area.
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4.3.5 Forest Culture and Biodiversity

Forest culture is the culture of traditional societies about forest management tra-
ditional knowledge and practices, forest traditional knowledge involves man’s
consciousness, belief, and values of forest; and management practice involves use
of forest land, forest products harvesting, cultivation, management and protection
methods, and technologies. In fact, forest culture is a complexity and precise
knowledge body developed by people in forest areas. As forest culture is important
for sustainable management of forest and at the time forest culture is rapid disap-
pearing due to land use change and rapid urbanization development over the last
two decades. In recent years, Chinese scholars (ethnobotanists, foresters, botanists,
and ethnologists) have been working together to develop methods and approaches
in forest culture studies and biocultural approaches for biodiversity conservation
(Pei and Huai 2007). Therefore forest culture can be explained as a complexity of
biocultural diversity with extensive application and significant role to play in
biodiversity conservation. Traditional forest culture is not only consisting of belief,
value, sacred forest, sacred land, and other spiritual cultures, but also involves forest
utilization, management and protection rules, social organizations, community
regulations, folk norms, technical standards, and other practical materialized stan-
dards. Globalization has come a time and modern industrial civilization was
expanded into almost every corner of the world; traditional forest culture is being
disappeared very rapidly, on the other hand, traditional forest management system
is being transformed to adopt market economy model that threats biodiversity, for
example, large tropical forest lands are converted into rubber plantations in
Xishuangbanna over half century that is seen as a challenge to biodiversity con-
servation in the biodiversity hot-spot area, this was partially linked with forest land
use from previous swidden agriculture into modern plantation economy and also
transformation of mountain people livelihoods from forest people into plantation
farmers (Pei and Huai 2007). We do not know what forest looks like in the future.
Who will manage forest? How biodiversity is preserved? Can forest continue
providing social and ecological service functions to us? So far there is no answer to
these questions, but the facts are truly faced to us: nature forest area is continuing
disappearing, forest structure and ecoservice functions are reduced rapidly, and
people’s forest value is being changed.

4.3.6 Medical Culture and Biodiversity

Use of plants and animals for medicine represents a long history of human inter-
actions with the environment. In China, the first records herbal plants are the ‘Shen-
Nong Herbal Book’ in 3000 BC, it comprises 365 plants and animals. The updated
inventory of TCM consists of 11,146 plants of which 10,654 are wild plants (Pei
2001). Today all knowledge about medicinal plants almost comes from traditional
medical culture. Many modern medicine and new drugs are developed based on
traditional medicine. Statistics show that there are 50,000 medicinal plants in the
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world, China ranks number one with 11,146 species; Europe holds about 1000
medicinal plants; North America about 1600 spp. Central and South America
known for medicinal plants 5000 spp (Hamilton 2008). Therefore, as we can see
even today plants are still the powerful weapons for human being to against disease.
In fact all knowledge about medicinal plants and associated traditional medical
culture are from traditional medicine of all nations in the world. Conservation of
medicinal plants and all components of biodiversity have to be consulting with and
working together with traditional medical culture in all nations.

4.3.7 Food Culture and Biodiversity

Food culture is directly linked to human health, food culture involves selection,
harvesting, procession, preparation and storage of edible plants and animals,
reflecting man’s physical requirements (nutrient, ingredient, quantity, and quality),
cultural demanding (color, fragrance, test, and appearance), and spiritual demand-
ing (ritual, festival, ceremony, and worships). Chinese food culture is very diverse
with long history; food sources include plants, animals, fungus, insects, and
microorganism. Yunnan province is located in Southwest China that holds 50 % of
plant and animal species of China, including edible plants 2000 spp.; edible fungus
150 spp.; edible insects over 100 spp. An unique food culture of flower-eating
culture is remarkable among ethnic minority populations, number of edible flowers
is over 150 plants such as flowers of Gmelina arborea in low-land tropics by the
Dai people; and flowers of Rhododendron decorum in mountain forests by the Bai
and Yi people; and flower of Ottlea acuminate from fresh waters in central Yunnan
by all ethnic groups, the rich food culture of people in Yunnan is obviously sup-
ported by rich biodiversity in the mountainous province (Pei and Huai 2007).

4.3.8 Folklore Culture and Biodiversity

Plants and animals play an important role in folklore culture, since ancient time man
have been established worships of nature and animal and plants totems. For
instance, the Dragon totem, Tiger totem, Ox totem, Horse totem etc., are very old
Chinese cultures among different ethnic groups. Many plants are worshiped by
people in different areas, e.g., Calabash worship, worship of Rhododendron dela-
vayi, Camellia reticulata, Artemisia, Acorus calamus, Pyracantha fortuneana etc.,
which are localized folklore cultures but with distinctive cultural symbolic mean-
ings. Plants and animals are always used in folk music, arts, and writings; for
example, plum, orchid, bamboo, and chrysanthemum are the ‘Four Gentlemen’;
Peony indicates indicating long life, firm, indomitable, etc. Biodiversity has been
mixed up with people’s daily life in every aspect including folklore culture, which
can be explained not only that people love and enjoy biodiversity but also appre-
ciate and preserve biodiversity.
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4.4 Trends and Progress on the Study of Biodiversity
and Cultural Diversity

4.4.1 Studies on Cultural Value and Ecosystem

Previous human ecology studies use cross-cutting culture methods to engage in a
comparative study on the interactions of human culture and biophysical environ-
ments in Southeast Asia. In 1985 University of Michigan Ann Arbor published a
book entitled ‘Cultural Value and Human Ecology in Southeast Asia’(Hutterer et al.
1985), in which a number of case studies were presented using case study to
analysis impact of cultural values on environment, one of the case study reports was
‘Some Effects of Dai People’s Cultural Beliefs and Practice upon Plant
Environment of Xishuangbanna, Yunnan Province, SW China (Pei 1987)’, this was
first report on the interactions of culture and environment among ethnic minorities
in China by a Chinese scholar.

In 1984-1996, Chinese ethnobotanists and ecologists in collaboration with
American human ecologists and scientists from Southeast Asia countries working
together in a regional network namely Southeast Asia University Agro-ecosystem
Network (SUAN). The SUAN group was engaged in rural agroecosystem analysis
and assessment throughout various rural ecosystem case studies in the region
including Yunnan of China; the human ecology approach on rural ecosystem
studies was based on a conceptual frame work of interactions between social system
and forest-farming natural systems with five indicators of the hierarchical system:
productivity, stability, sustainability, equilibrium, and resilience (Ramboo 1983)
(Fig. 3).

During 1985-2009, Chinese scholars were starting to use ethnobotanical
methodologies and approaches to study impact of human culture on biodiversity
begun with ethnic minority culture and biodiversity in southeast China; hundreds of
research papers and case study reports were published in this regard over the last

Natural System Social System
Genetic — Culture D—
Species —> Technology [¢——
Population —> Economics D
Community —> Indigenous Knowledge [¢——
Ecosystem/Landscape — Information |g——
Others —> Others [

|

Fig. 3 A theoretical modal for study social system and natural system (cited from: Pei and Sajise
1995)
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three decades (Pei 2000, 2001, 2002, 2006, Pei and Huai 2007; Pei et al. 1997).
Many of these studies were focused on the below aspects:

(i) Cultural value and biodiversity conservation

(i) Traditional knowledge and biodiversity management
(iii) Adoptive technologies for biodiversity resource management
(iv) Natural and cultural heritage protection and biodiversity.

4.4.2 Culture-Disappearing Accelerates Biodiversity Lost

Over the last half century, globalization has brought the world into a new era,
economic development model of China has been transformed from traditional
agriculture model into industrial development model, traditional organic,
biodiversity-based agriculture which is being transformed into intensive,
mono-culture, petroleum-based, and gene transfer high-tech agriculture, which is
seen as revolutionary change in Chinese history that has brought about unpre-
dictable effects on biodiversity and cultural diversity. Anthropologists pointed that
today in China the loss of ‘Cultural Species’ is much faster than the loss of bio-
logical species. At present, the loss of culture diversity in connection with biodi-
versity can be summarized into below six respects:

(1) Rapid loss of traditional knowledge

(i) Change of cultural values
(iii) Modern development accelerates loss of traditional technologies
(iv) Dis-integrated the inheritance mechanism for traditional culture
(v) Dis-connection of biodiversity and cultural diversity
(vi) Misunderstanding traditional cultures.

4.5 Conclusion

The modern human society has exerted massive impact upon all forms of life on
earth, our social economy, development of science and technology, management of
natural resources, cultural values, policy, and legislation all have impacts on nature
and biodiversity. In fact, the conservation of biodiversity today is far more than a
purely scientific issue. Globalization has accelerates the process of biodiversity loss.
Many believe it is the economic drive to balance, actually the root-cause threat on
biodiversity comes not only from the economy development, but also from the
cultural values and the development model we use that decide the mode of eco-
nomic development in a society. In fact, traditional knowledge has made great
contribution to the development of science and technology in human history (ICSU
2002). Our study indicates that human culture is a critical factor for biodiversity
conservation. Traditional cultures offer numerous examples of species and



1 Biodiversity Inventory and Researches 27

ecosystem presentations. By rescuing traditional cultures associated with cultural
diversity and biodiversity coexist and coevolve with each other. Their interaction is
strong and complicated, varying from one ethnic group to another ethnic group and
from one region to another region. We believe that with 5000 years development of
sophisticated Chinese culture and enormous rich traditional knowledge on biodi-
versity and environment, China will reach a new era of ecocivilization in which
cultural diversity and biodiversity will be maintained in a harmony world to con-
tribute to national social, economic, and cultural development.
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Chapter 2
Biodiversity Conservation and Its
Research Process

Zhigang Jiang, Fumin Lei, Chunlan Zhang and Moucheng Liu

Abstract In this chapter, we mainly introduce the wildlife vertebrates and birds
conservation and research. China has great habitat and biological diversity; however,
many of wildlife are in peril due to habitat loss and over exploitation in the past few
decades. Ever since, China had strengthened the protection of wild animals, especially
the establishment of nature reserves. Here we take the protection of giant panda, Milu
and Przewalski’s wild horse as case studies. For birds, China has extremely rich bird
resources, highly endemism, but faces high threaten for endangered species. In
addition, the development of molecular biology, bioacoustics, a variety of analytical
software, various analytical models, etc, have played an important role in promoting
the scientific researches and conservation of birds in China.

Keywords Biodiversity - Vertebrates - Giant panda - Przewalski’s wild horse -
Birds - Endangered bird species - Wild bird diseases - Conservation

1 Wildlife Conservation and Research

1.1 Introduction

China’s fauna is divided by the Palaearctic and Indomalayan Realms with a
boundary lies approximately along the Mt. Qinglin and Huihe River. The climate in
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China is diverse. Much of southern and southeastern China has a subtropical cli-
mate; which turns into more continental northwards and westwards. Monsoon rains
affect the east coast, while the desert interior of the west has very low rainfall. The
size of the country, its climate and topographical variety and its biogeographic
position result in great habitat and biological diversity. Owing to the temperature
difference, from the north to the south, there are Taiga, deciduous broadleaved
forest, ever-green broad levered forest and rain forest in the Monsoon Zone. Wild
animals in the zone are primarily forest inhabitants, like red and white giant flying
squirrel Petaurista alborufus, sika deer Cervus nippon, and tiger Panthera tigris.
Tibetan plateau characterized by the dry and cold alpine climate. Many wild ani-
mals live on the open plateau are endemic ungulates like Chiru Pantholops
hodgsonii, Kiang Equus kiang, wild yak Bos mutus, white lipped deer
Przewalskium albirostris, and Tibetan gazelle Procapra picticaudata, which are
significantly different from the surrounding region. However, the differentiation of
the fauna in the region is basically at the species or genus level, not the family level.
Even though, Chen et al. (1996) claim the Tibetan region should be classified as a
separate zoogeographic realm. Many researchers are exploring the ecological and
evolutionary mechanism which determines the animal species richness pattern in
China (Li et al. 2013; Luo et al. 2012).

1.2 Status of Terrestrial Vertebrates

As new species being discovered, new taxonomy is being adopted and new records
are being added, and number of species in the country is increasing. Roughly, there
are 2637 terrestrial vertebrate species in the country (Table 1). Endemic species
varied from nearly 70 % in the amphibians to about 6 % in birds. During the last
century, because of rapid economic growth, pressure on wildlife mounted in the
country.

Generally, the species richness decreases from southeast to northwest in China.
For an example, only 12.9 % of the 100 x 100 km grids contained more than 500
vertebrate species. These high vertebrate species richness (VSR) grids were mainly
located in the southwestern areas, tropics, and sub-tropics of the country, which
contained several hot spots, including the Hengduan Mountains, the Xishuangbanna
region of Yunnan Province, the southeastern and southern coasts, Hainan Island, and
Taiwan Island. The grids containing 200-500 species were mainly concentrated in

Table 1 No. of species and No. of Endemics Endemics

endcj)mics of mamrpa.ls, birds, species (%)

reptiles. and amphibians Amphibians | 298 208 69.80
Reptiles 402 131 32.59
Birds 1330 82 6.17
Mammals 607 114 18.78
Total 2637 535 20.29




2 Biodiversity Conservation and Its Research Process 31

the vast eastern and northeastern plains of the country, which accounted for 49.2 %
of the total of grid cells. The remaining grid cells (37.9 % of the total) had VSRs of
<200 and they were mainly located in the northwestern areas and Qinghai—Tibetan
Plateau (Luo et al. 2012).

Many of China’s wildlife are in peril due to habitat loss and over exploitation. In
1989, The Wild Animals Protection Law of PRC was promulgated, which was a
milestone for wildlife conservation in China. One hundred and one animal species are
listed in the Category I of the National Key Protected Wild Animals. 84 species are
listed in CITES Appendix I, including one amphibian, six reptiles, 34 birds and 43
mammals. One hundred and forty-eight species are listed in CITES Appendix II,
including one amphibian, five reptiles, 99 birds and 43 mammals. Fifty-three species
(10 amphibians, 15 reptiles, 4 birds and 24 mammals) are listed as CR in the [IUCN Red
List; 154 species (19 amphibians, 22 reptiles, 22 birds and 91 mammals) as En; 324
species (78 amphibians, 67 reptiles, 73 birds and 106 mammals) as VU (IUCN 2013).

Habitat management is one of the most important aspects of wildlife conser-
vation, while establishing nature reserves is one of the most important measures to
protecting habitat. Nature reserve in the country is following the MAB model, a
nature reserve is divided into three function zones: core zone, buffering zone, and
the experimental zone. Human activities are forbidden in the corn zone of reserves.
Until the end of 2012, 2669 nature reserves of 1.50 million km® have been
established, which accounted for 15 % of the territory of China.

1.3 Case Studies

1.3.1 Giant Panda

Giant panda Ailuropoda melanoleuca is a relic species which lives in fragmented
habitats of Mt. Minshan, Mt. Chionglai, Mt. Major Xianglin, Mt. Minor Xianglin,
Mt. Liangshan and Mt. Qinglin in central China. 1,569 pandas were estimated and
lived in field at the end of twentieth century according to the Third Nationwide
Giant Panda Survey. Long-term isolation caused genetic differentiation in panda
population. It is reported that the giant panda of Mt. Qinglin is a subspecies of giant
panda due to geographic isolation. Logging was a threat to the giant panda; five
nature reserves were established in 1963 to protect the habitats of giant panda. Since
1970, the country has already finished three nationwide giant panda surveys; the
fourth one is nearly finished. Since 1980, many researches on the field ecology of
giant panda had been conducted (Schaller et al. 1985; Pan et al. 2001). Recently,
development in molecular biology, like whole-genome sequencing of giant pandas
provides insights into demographic history and local adaptation of the relic species
(Li et al. 2010a; Zhao et al. 2013), means to assess implications for conservation of
the drastic reduction of the smallest and most isolated giant panda population.
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Nationwide survey, field and molecular ecological research identified key popula-
tions and habitats of giant panda and helped to understand behavior, ecology. and
evolution of the giant panda; thus, set up scientific basis for field conservation.
About 60 % of giant panda habitat, supporting over 70 % of the wild populations, is
now protected in 64 nature reserves, most of them are national nature reserves. The
ex situ population is demographically and genetically strong, and increased efforts
are underway to develop an effective release program to reinforce wild populations.
On the other hand, artificial breeding of giant panda has been carried out in the
Wolong, Chengdu, Beijing and Fuzhou (Peng et al. 2001, 2009). Integrated global
ex situ conservation strategy is supported by the Chinese Association of Zoological
Gardens (CAZG) , the State Forestry Administration (SFA), and Conservation
Breeding Specialists Group (CBSG) of IUCN. More than 300 giant panda have
been bred in breeding centers and zoos in China. Global ex situ giant panda
population is now 375 pandas, conservation breeding plan uses less genetically
valuable females designated to produce offspring suitable for release training
efforts. Recently a re-wild of giant panda project is well on the operation at Wolong
Giant Panda Conservation Center.

1.3.2 Milu

After the last glacial period, Milu Elaphurus davidianus was restricted to swamp
and wetland in the region south of 43°N and east of 110°E in China. Population of
Milu declined because of human hunting and land reclamation as human population
expanded in Holocene. Finally, Milu was extinct in the field (Cao 1992). The first
conservation reintroduction of Milu into China included two groups of 20 (55" 159)
and 18 (all?) in 1985 and 1987, respectively. Beijing Milu Park (39°07'N,
116°03'E) was established. The second reintroduction of 39 Milu, selected from
five UK zoos, was carried out in August of 1986. Dafeng Milu Natural Reserve
(33°05'N, 120°49'E) was established to host the reintroduced Milu (Jiang et al.
2000). Further population growth in Beijing Milu Park was restricted by its limited
size. Thus, more than 300 Milu were relocated to over 50 sites all over China.
Ninety-one Milu were relocated to Shishou Milu Reserve, which was established in
1993 and 1995. A flooding of the Yangtze River in 1998 resulted in several cohorts
of Milu leaving the initial release area and forming permanent herds in other parts
of the province, as well as around Dongting Lake in Hunan province (Maddison
et al. 2012). Researchers and graduate students conducted research projects
including population monitoring on the introduced Milu in the country. Three
international workshops on management and research on the reintroduced Milu
were held at Beijing Milu Park in 2006 and Dafeng reserve in 2011 and 2012,
respectively. Recently, a team is monitoring the field-released Milu in coast marsh
of Dafeng with satellite collars. Many papers have been published in peer-reviewed
journals (Zeng et al. 2013; Li et al. 2011a, b).
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1.3.3 Przewalski’s Wild Horse

Przewalski’s wild horse Equus przewalskii is a fleet ship species in the Jungar Basin
in northern Xinjiang where the first type specimen of the wild horse was collected
in the 19th century. The wild horse was reintroduced to China in 1985. From 1985
to 2005, a total of 24 Przewalski’s horses (14 males and 10 females) were trans-
ported to Jimsar Wild Horse Breeding Center in Xinjiang. The first foal was born at
the breeding center in 1988. Since then, a total of 258 foals have been born, and the
number of animals in the captive population continues to increase. On August 28,
2001, 27 wild horses were released into the Mt. Kalamaili Ungulate Nature
Reserve. Studies on the acclimation, food habit, and community-based conservation
were conducted (Chen et al. 2008). Because the first released site was close to a
major highway, fatal vehicle collision caused several casualties in the released wild
horses; the wild horses were then relocated to Qiaobaixili region of the reserve.
After acclimating to the local habitat, the released wild horse families established
territories and started to breed. Seventy-two foals were born, 7 families with 73 wild
horses roamed in field in 2010. Number of re-wild wild horses reached 96 by the
end of 2012 (Fig. 1).

1.3.4 Wildlife Trade

Commercial trade is identified as a threat to biodiversity. Unregulated international
trade in wildlife not only devastates local ecosystems, but also poses threat to the
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Fig. 1 Population trends of the reintroduced wild horse in Xinjiang. Numbers in the flags indicate
the numbers of wild horse (5/?) released into field
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survival of individual species. Trade records show that since 1990, with respect to
some species of snakes, China has changed from a net export country to a net
import country. Importing snakes sharply increased in China before 2002 (Zhou
and Jiang 2004). Since then, measures of suspending snake trade had been imposed
by National Wildlife Management Authority in China. Jiang et al. (2013) found
both import and export of all snakes in China recorded in the CITES Trade
Database and the Wild Animal and Plant International Trade Database of China
have sharply decreased since 2004. Li and Jiang (2014) also found that international
trade of live birds in China peaked during the late 1990s; then decreased to the level
before the surge of trade in a few years. The trade dynamics of wild birds may have
been affected by governmental policy and the outbreak of avian influenza during the
period.

1.4 Conclusion and Discussion

Wildlife conservation is a branch of conservation science. It is to be noted that there
are more conservation practices than theoretic research have been done in the field
(Jiang et al. 2014, in press). The wildlife ecology should be the focus of the wildlife
research in China; however, not until three decades ago, people had started to study
live animals in the field. While the achievement in artificial propagation of
endangered species and nature reserve construction in the country is encouraging,
researches on the behavior, ecology, and management of the endangered wild
animals in China have just been carried on. The reality is that many of China’s wild
animals either live in remote habitat, possess of cryptic nature or are of very low
density; it is confronted with logistic problems to carry out field study, even though
Chinese researchers are still working hard in field. Routine surveys monitor the
population trends of wildlife. Progresses have been made in behavioral ecology.
Radio and GPS collars and camera traps have been put in use in the field. GIS, in
aid with GPS, is now widely in use for analyzing spatial data like GPS position data
of animal movement and home range. Molecular ecology is developing rapidly in
the country. With little samples, using PCR and computer software, people can
infer the historical population trend, genetic landscape, gene flow, and population
genetic structure of wild animals in laboratory, which becomes an indispensable
tool in wildlife research. Nevertheless, as a country with mega animal diversity,
field ecology study is not matched up with the number of species and degree of
species in peril. Conservation of biodiversity, of which conservation of wildlife is a
key part, is on the top agenda of the nation. There are gaps in scientific knowledge.
Since many species are endemic which only live in the unique ecosystem in the
country, the wildlife ecologists in the country need to desperately work more on the
wild animals in the field in order to fill up the knowledge gaps. Younger field
ecologists should be trained for qualifying the enormous work.
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2 Biodiversity and Conservation of Birds in China

2.1 Introduction

As one of the “megadiversity” countries of the world, China has very rich bird
resources; however, it has also been seriously threatened now. Increasing emer-
gence of zoonotic diseases makes it even worse. China spans two ecozones, the
Palearctic realm and the Oriental realm, which makes it an important region for
biodiversity research and conservation. Benefited from new technologies in tax-
onomy, many new species and new records have been reported in China. The
advance of phylogeography also increases our knowledge in understanding the
formation of high endemism and species richness in China. This chapter therefore
summarizes a brief review on the following five topics: biodiversity and distribu-
tion, endemism and conservation priority, phylogeography and molecular ecology,
conservation and management for rare and endangered species, and avian diseases
and eco-health.

2.2 Biodiversity and Distribution

New species or records of birds are discovered in China frequently because of the
fast development of the research methodology and increasing numbers of orni-
thological researchers and bird watchers. During the past 50 years (1958-2008), six
new species were reported by Yang and Lei (2009), e.g., Bradypterus alishann-
ensis, Phylloscopus emeiensis, Phylloscopus Hainanus, Seicercus omeiensis,
Seicercus soror, and Certhia tianquanensis. Currently, 1371 species are recognized
by Zheng (2011), accounting for 13.12 % of the world total species.

China is characterized for holding both high species diversity and endemism of
birds, thus has important role in conservation of world bird resources (Lei et al.
2003a, b). Some groups, such as cranes, pheasants, and babblers, have been
attracting worldwide attention. Nine of 15 crane species of the world are distributed
in China, while the black-necked crane is the only one in high altitude of Qinghai—
Tibetan Plateau (QTP). There are 27 species of pheasants and 131 species of
babblers in China, occupying more than half of the world species respectively. In
China provinces, Yunnan has the highest species richness. Over 848 species
account for over 62 % of the whole species recorded in China (Yang 2004),
followed by Sichuan (683 species, Xu et al. 2008). Geographically, Hengduan
Mountain areas harbor the highest richness, which has also been suggested as
original center for many taxa. Nearly half of pheasant species and babblers are
distributed here with high subspecies and population differentiation. Qinling
Mountains lies in central China. It is an important boundary between the Palearctic
Realm and the Oriental Realm.
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China also has varied habitats, especially wetlands, and thus it has rich water-
fowls. On the East Asian-Australian Flyway and Central Asian-Indian Flyway,
there are the most important wintering and breeding grounds as well as stopovers
for wild bird migration, for example Grus leucogeranus, Grus monacha, and Grus
grus wintering in Poyang lake; Anser indicus and Tadorna ferruginea breeding in
Qinghai lake. Climate warming was recently reported influencing the geographical
distribution range of birds. One hundred and twenty species in China were reported
to extend their distribution range northward, e.g., Egret tagarzetta, Ardeola bac-
chus, Pycnonotus sinensis (Du et al. 2009). Wang et al. (2010) analyzed the change
of species richness patterns from 1976 to 2005 based on breeding birds distribution
database and found that the richness increased in all zoogeographic subregions.
Southern Yunnan Hilly subregion, Qiangtang Plateau subregion, and East Meadow
subregion had the most obviously increasing but Hainan and Taiwan subregions are
relatively more stable.

2.3 China Avian Endemism and Biodiversity
Conservation Priority

Endemism is the most interesting question in biogeography and biodiversity con-
servation (Crisp et al. 2001). China is one of the most important countries in global
biodiversity and biogeography. The distribution of endemic species has been
considered very important for China avifaunal regionalization (Cheng et al. 1997).
It has also been suggested in setting priorities for biodiversity conservation (Lei
et al. 2003a, b).

The peak of richness distribution of endemic species was found in three areas,
including Hengduanshan Mountains, mountain areas of western Qinling, north
Sichuan province and South Gansu province, as well as Taiwan Island (Lei et al.
2003a). For endemic genera, the northern and eastern Hengduanshan Mountains,
and the Qinling, Dabashan and Minshan Mountain regions have been found with
the highest richness. Obviously, both endemic species and endemic genera have
high richness in east edge of QTP, which was considered because of the uplift of
QTP. Of these areas, Taiwan Island has the highest narrow distributed species than
mainland, which implies that island isolation has great contribution to differentia-
tion for Chinese avifauna. By comparing subregional distribution of overall ende-
mic species, narrow distributed range species (EOSR), monotypic species and
subspecific diversification, Lei et al. (2007) concluded that this pattern might reflect
the avifaunal evolutionary and ecological isolation results from the highly diver-
sified habitats and geographical environments as well as the historical effects from
the primitive avifauna, inferring this ‘“ecological island effect” hypothesis for
explaining what driving this pattern. Huang et al. (2010a, b) using Parsimony
analysis of endemicity recognized four Areas of Endemism (AOE):
Qinghai-Zangnan Subregion, the Southwest Mountainous Subregion, the Hainan
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Subregion, and the Taiwan Subregion). All these four AOEs located at the
mountainous habitats, which implied the hypothesis that “mountainous environ-
ment may act as “historical and ecological barriers” preventing population gene
flow, promoting speciation and maintaining a high endemism in explaining China
avian endemism.”

Based on endemicity of birds, biodiversity conservation hot spots and priority
have been proposed. BirdLife International has ever suggested the Endemic Bird
Area (EBA) in explaining avian endemism (Stattersfield et al. 1998). Lei and Lu
(2006) also argued that it is wise, reasonable and practical to determine the priority
for biodiversity conservation for China, a developing country. Lei et al. (2003a, b,
2007) proposed the distribution center of endemic species as the “biodiversity
hotspots” in reference to set the priority of biodiversity conservation. By consid-
ering the distribution patterns of both endemic species and endemic genera, the
southeastern peripheral areas of the QTP (e.g., Qinling-south Gansu mountainous
region, Henduanshan Mountain areas), being considered as refugia in Pleistocene
because of the high endemism and genetic diversity, should have the highest pri-
ority for conservation (Lei et al. 2003a, b; Lei and Lu 20006).

The study on distribution patterns by using GIS in China avian endemism was
referenced by other taxa researches, and these algorithms for site prioritization have
also been cited to identify indicative sets of potential conservation areas (Solymos
and Feher 2005). The studies from the distribution pattern of endemic species and
genera have inferred the “historical and ecological barrier” hypothesis, the “eco-
logical island effect” hypothesis, and “evolutionary powerhouse” in particularly
explaining the hot spot in Hengduan Mountain areas. These macro-ecology based
findings have provided scientific questions and testable hypotheses for explaining
the underlying mechanisms of formation of China avifauna and biogeographical
distribution patterns, meanwhile the regional endemism properties have also pro-
vided new scientific questions for interpreting the global scenario of all animal
endemicity.

2.4 Phylogeography and Molecular Ecology

Phylogeography is in understanding the principles and processes of forming the
geographic distributions of genealogical lineages (Avise et al. 1987).
Phylogeographical studies on birds obtained significant improvement by under-
standing the genetic consequences of the geological events on birds’ population
structure. Particularly, in North America, the recent population expansion was
revealed in many passerine species, indicating that the current distribution patterns
may be the consequences of the post-glacial population expansion during the late
Pleistocene (Spellman et al. 2007). In Europe, many species experienced population
expansions after the Last Glacial Maximum (LGM), which was believed pro-
foundly affecting population dynamics (Hewitt 2000). The glacial cycles in Asia
differ from those in Europe, even though the two continents spread similar
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latitudinal belts (Hewitt 2000). Post-glacial population expansion was less diag-
nosed in Asian birds, and the populations were rather stable through the late
Pleistocene, inducing unique phylogeographic patterns in Asian birds. The phylo-
geographical researches about birds in China disclosed multiple phylogeographical
patterns and glacial refuges and indicated that population divergences were much
affected by Pleistocene climate changes earlier than LGM (Yang et al. 2009).
Phylogeographic patterns and its driving factors of birds in China have been well
studied during the last 10 years. Phylogeographical studies on birds in Qinghai—
Tibetan Plateau (QTP) revealed population dynamics and geographical distribution
shifts response to Pleistocene glacial oscillations. The uplift of QTP greatly
impacted the phylogeographic structure of the Plateau species, while most of the
QTP species underwent population expansion after glacial movements. The eastern
margin of the QTP area was detected as refugia for many plateau species during the
Pleistocene glaciations. e.g., Onychostruthus taczanowskii, Pyrgilauda ruficollis,
and Pseudopodoces humilis experienced rapid population expansion (0.07—
0.19 Ma) from the eastern “refugia” to the platform of the plateau after the retreat of
the extensive glaciers (Qu et al. 2005; Yang et al. 2006). But most species have not
shown any deep phylogeographical structures, with the “no divergence” pattern,
while Pseudopodoces humilis has distinct phylogeographical structure with a
“north-south divergence” pattern. A “platform and edge” phylogeographical
divergence was also detected by other plateau species, e.g., Carduelis flavirostris.
(Qu et al. 2010). The QTP platform populations were derived from a single refuge
at the eastern edge of the plateau. No bottleneck effect or population expansion was
found at the lower altitude edge populations (Qu et al. 2010). The results implicates
that plateau birds experienced population expansions from edge to the platform of
the plateau around 0.17-0.50 mya, after the glacial extension in QTP. Elliot’s
laughing thrush is endemic to the Hengduan Mountain. It was isolated in different
areas during the interglacial periods but connected again when they expanded to
suitable habitats at low elevation during glacial periods; these repeated population
isolation and extension are occurring in the spatial “sky island” pattern (Qu et al.
2011). The pre-LGM population expansions are rather earlier than post-LGM
expansion scenarios common in European and North American birds. The studies
shed lights on evolutionary history and formation of the avian fauna of the QTP.
The refuges revealed by the phylogeographical studies are coincident with endemic
hot spots detected by biogeographical analyzes, implying fundamental processes
and mechanisms of avian fauna dynamics response to climate changes.
Phylogeographical structures and population divergence of south China species
is different from the QTP species in many cases. Bambusicola thoracica, Alcippe
morrisonia, Stachyridopsis ruficeps, and Parus monticolus distributed in Southern
China are all detected with multiple phylogeographical breaks, but different species
have different lineage structures. This population divergence was considered to be
related to the uplift of the QTP, topographic complexity, and mountain system.
Populations of most species have experienced the expansion events much earlier
than the Last Glacial Maximum (LGM). The consistent patterns of this “pre-LGM”
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population expansion imply less impact of climate changes on birds in South China
(Dai et al. 2011; Song et al. 2009; Huang et al. 2010a, b).

Remarkable achievements have been done for avian phylogeography in China
within the last 10 years. The preliminary findings shed lights on the mechanism and
processes of avian speciation and diversification of birds in China. The results from
phylogeographcial studies also help us, from the evolutionary viewpoint, to explore
the history and underlying mechanism in forming the diversity pattern as well as
endemic pattern of birds in China, which enhance our knowledge in understanding
the formation and evolution of the global biodiversity and endemicity.

2.5 Conservation and Management of Rare
and Endangered Species

China has very rich rare and endangered bird species. From IUCN report in 2011,
124 species are threatened, 7 of them are critical endangered, e.g., Eurynorhynchus
pygmeus, Garrulax courtoisi, Pseudibis davisoni, Grus leucogeranus, Fregata
andrewsi, Sarcogyps calvus, and Sterna bernsteini, while 17 species are endan-
gered, e.g., Gyps bengalensis, Nipponia nippon, Arborophila rufipectus, Aythya
baeri, Ciconia boyciana, Grus japonensis, Mergus squamatus, Platalea minor, etc.
(http://www.iucnredlist.org). In regard to conservation, China has contributed great
efforts and obtained important achievements for these species. Here we have only
taken fewer examples, e.g., Cabot’s Tragopan (Tragopan caboti), Crested Ibis
(Nipponia nippon), Black-faced Spoonbill (Platalea minor), etc.

Cabot’s Tragopan is an endangered and endemic pheasant in China and listed as
national key protected animal species (class I) by law. Since 1980, Chinese
researchers have been working on the study and conservation and have now suc-
cessfully solved the breeding, feeding, and conservation problems. A series of key
techniques referring to the artificial sperm collection and insemination has been
grasped. Based on these basic research results, Chinese scientists have now suc-
cessfully established the artificial breeding population for over 100 individuals
(Zhang 2005). The restoration of the habitat is the key to protect these endangered
species. Since 1990, lots of habitat restoration programs have been conducted in
Wuyanling Nature Reserve. The results of basic researches have been used for
managing conservation strategy for the field population. The research team lead by
professor Zheng Guangmei have obtained many national prizes in honor of their
great contributions for the endangered species research and conservation. Crested
Ibis was historically widely distributed in East Asia in China, Russia, Japan, and
Korea Peninsula (Bird Life International 2001). Since 1950, the population has
decreased dramatically and locally extinct in Russian, Japan and Korea Peninsula
due to the shortage of foods, illegal hunting, loss of breeding trees and wetland
habitats. This species was once declared to be extinct (Yu et al. 2006). In May
1981, researchers from Institute of Zoology, Chinese Academy of Sciences found a
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small population of only 7 birds in Yang County, Shaanxi Province. After 30 years
of research and conservation efforts, the population has now increased to 1100.
600 of them are wild population distributed in 11 counties of Shaanxi province. The
rest artificial populations are distributed mainly in Yangxian, Zhouzhi, and
Ningshan counties of Shaanxi, in Beijing Zoo, Henan and Zhejiang provinces (Ding
2004). Because of their great achievements in research, rescuing, restoration, and
management for the species, the Chinese team has received the national second
prize. IUCN specialists suggested this as a successful example to the world for
conservation of endangered species. The black-faced spoonbills had ever been very
common in Asia in 1950s, but, the population decreased to only 288 in 1988.
However, no one knows where the breeding population is. Researchers first dis-
covered the small breeding colony in Xingren Islet, Changhai County, Liaoning
Province in June 15th, 1999 (Yin et al. 1999). More breeding birds were reported
and found after that, and the wild breeding area has been protected as a nature
reserve.

Chinese colleagues have also actually achieved great success in protecting these
rare and endangered birds but are still far from the final objectives. Here, we cannot
list all these achievements from different researchers and for different species.
However, conservation of birds in China also faces severe challenge as the global
climate change and increasing disturbance from human activities, and especially
when compared with the developed countries. The conservation program is a
long-term task and thus needs a long-term effort.

2.6 Wild Bird Diseases and Eco-health

Birds are important hosts and vectors for many zoonotic diseases. Some of the
diseases are fatal, e.g., High Pathogenic Avian Influenza (HPAI). As the most
focused infectious zoonose, HPAI has tremendously threatened the economic
development and eco-health of our society. Wild birds are considered natural res-
ervoir of all known avian influenza (Al) virus subtypes, and Anatidae species are
identified as the major vectors. However, whether wild birds are the hosts or vectors
of H5N1 virus has been widely debated (Altizer et al. 2011; Normile 2005). HSN1
virus have ever been isolated from the Peregrine Falcon (Falco peregrinus), Grey
Heron (Ardea cinerea), and other wild birds, however, these are sporadic cases,
isolated viruses from migratory birds in Qinghai Lake was the first case report from
wild bird population over the world (Liu et al. 2005). This finding supposed the
relationship between migratory birds and global circulation of HSN1 virus. The
latter on Al surveillance in wild birds in China isolated 17 strains in corresponding
to five clades in the genomic phylogenetic tree, which suggested that high genetic
diversity existed among H5N1 viruses (Kou et al. 2009). After the extensive sur-
veillance programs, HPAI H5N1 viruses were isolated from diversified wild bird
species, which strongly support the association between viral transmission and bird
movements (Kou et al. 2005, 2009). The satellite-tracking studies on bird migration
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further indicated the preservation possibility of H5Nlvirus in the Qinghai lake
areas, and spread through wild bird migration (Cui et al. 2011a, b; Li et al.
2010b, c). Moreover, resident birds could also be a potential vector to carry and
spread HSN1 virus (Kou et al. 2005). However, some new genotypic HSN1 strains
emerged in Qinghai Lake after 2009, which was suspected to be related with bird
migration and the viruses reassortment from migratory birds and poultries (Li et al.
2011a, b; Hu et al. 2011). The breakouts of H5SN1 have threatened eco-health and
human society. The global epidemic of H5N1 virus has killed lots of wild bird
species and caused thousands of migratory birds death, including very endangered
species, e.g., Black-necked crane (Grus nigricollis) (Chen et al. 2006). We have
also estimated the risk of H5N1 virus introduction to Qinghai Lake by using a
quality—quantity integrative method and indicated that ducks and geese were most
likely the vectors to introduce HPAI H5NI1 into the lake through migration. The
studies highlighted the importance of eco-health and Al surveillance activities
around the lake, which could be guided to Al monitoring program in the whole
Central Asian Flyway (Cui et al. 2011b). The finding of HSN1 outbreak in wild bird
population in Qinghaihai Lake was published in Science in 2005. The paper was
elected to get the “Thomson Reuters Research Fronts Awards” by Thomson Reuters
in 2008, to recognize the outstanding contributions to the frontier scientific field
worldwide. The significance of above researches on Al has also lies in confirming
the role of wild birds in dissemination of AIV, so as to guide national Al prevention
and control management, and global response to Al outbreaks; to supply crucial
scientific recommendations on the establishments of the national monitoring system
of AI and other emerging infectious zoonotic diseases.

2.7 Conclusion and Discussion

China has extremely rich bird resources, high endemism, but faces high threaten by
endangered species. The uplift of the QTP, the Himalayan orogeny, geographical
isolation of islands, and Pleistocene glaciations have greatly impacted on the
endemism, distribution, and phylogeographical divergence, in facilitating the
forming process of regional endemism and speciation. One hundred and tenty-four
species are highly threatened, of them 7 are critical endangered; in addition, cur-
rently varied zoonotic avian diseases have also threatened the biodiversity and
ecological security.

The technological developments have brought innovative opportunities for sci-
entific researches. The development of molecular biology, bioacoustics, a variety of
analytical software, various analytical models, and so on, all these have played an
important role in promoting the scientific researches and conservations of birds in
China and even the whole world. On morphology basis, to us multiple gene markers
including mitochondrial and nuclear genes, sonograph analysis have played great
role in bird taxonomy and species recognition. In particular, entering the next
generation of genomics, a large number of sequences into mechanization at large
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scale, will dramatically reduce the financial and human resources invested, which
make it possible to base on the whole genome, multiple gene combination in
studying evolution, genetic diversity, phylogeny, and phylogeography researches.
Despite birds are well studied among all animal taxa, there are still lack of basic
knowledge in making conservation and management measures for endangered
species. So, researches of behavior, ecology, geographical distribution, and biodi-
versity conservation are still a long way to go; therefore, basic biology in filling
necessary data gap is still important. As global climate changes, illegal wildlife
trade, the burst of human movements, will promote and rise the emerging of
potential zoonotic diseases, so important pathogen surveillance and studies on
co-evolution between pathogen and host of birds are still hot topics for human
society.
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Chapter 3
Biodiversity Evaluation and Monitoring

Haigen Xu, Xiaoping Tang, Jiyuan Liu, Hui Ding, Jun Wu,
Ming Zhang, Qingwen Yang, Lei Cai, Haijun Zhao, Yan Liu,
Rui Wang and FangHao Wan

Abstract Biodiversity evaluation is the basic work and an important means to
objectively know the status and trend changes in biodiversity and scientifically
conducts the protection of biodiversity. Here we take the 2010 global biodiversity
target as an example which develop national indicators to successfully evaluate
China’s progress toward the 2010 target. But the lack of a national biodiversity
monitoring system still hinders timely and accurate assessment of biodiversity. In
addition, invasive alien species (IAS) has worsened it in recent years. Because of
the severe situation of biological invasions in China, the theoretical and applied
research on IAS has gained great importance since 1990s. Main research of Chinese
scientists focused on eco-impact mechanisms and management basis of important
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invasive species in China. And research models on biological invasions and a
discipline of invasion biology are gradually formed with Chinese characteristics.

Keywords Biodiversity - Indicators - Evaluation - Threats - Monitoring -
Invasive alien species (IAS) - Ecological impact - Management

1 Indicators and Assessment of 2010 Global Biodiversity
Target

1.1 Introduction

Over the past hundred years, humans have caused species extinction rates to
increase 1000 times as much as the background rates that were typical over Earth’s
history (Millennium Ecosystem Assessment 2005; Pimm et al. 1995). Parties to the
Convention on Biological Diversity (CBD) adopted in April 2002, the 2010 bio-
diversity target “to achieve by 2010 a significant reduction of the current rate of
biodiversity loss.” We developed national indicators to evaluate China’s progress
toward the 2010 target.

1.2  Indicators

Indicators should reflect loss of biodiversity, cover main elements of biodiversity,
be sensitive to change, and be acceptable by decision-makers and public. We
developed indicators in three aspects: state, threats (including driving force and
pressure), and response (Table 1).

1.3  Results

1.3.1 Status and Trends of the Components of Biological Diversity

In terms of change in land coverage, the area of cultivated lands, inland waters, and
residential quarters increased, but the area of forests, grasslands, and undeveloped
lands decreased from the late 1980s to 2000; the area of cultivated lands, grass-
lands, and undeveloped lands decreased while the area of forests, inland waters and
residential quarters increased between 2000 and 2005.
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Table 1 National indicators
for assessment of the 2010
biodiversity target

Indicators

Status and trends of the components of biological diversity

(1) Change in land cover
(2) Net primary productivity (NPP)

(3) Total growing forest stock and annual net increase of
growing forest stock

(4) Area of desert land
(5) Marine trophic index

(6) Water quality in marine ecosystems

(7) Water quality in freshwater ecosystems

(8) Change in status of threatened species

(9) Genetic diversity of domesticated animals, cultivated plants,
fish species of major socioeconomic importance

Threats to biodiversity

(10) Discharge of major pollutants

(11) Difference between nitrogen input and output

(12) Density of railroad and expressway

(13) Trends in invasive alien species

(14) Impact of climate change on biodiversity

Response

(15) Number and coverage rate of nature reserves

(16) Status of access and benefit-sharing of genetic resources
and traditional knowledge

(17) Financial resources for biodiversity conservation

Net primary productivity (NPP) plays a significant role in global carbon balance.
In the last two decades, the NPP of China showed an increasing trend (Gao and Liu
2008).

Forest area, forest coverage rate, and forest growing stock are indicators for the
ranges and functions of forest ecosystems. Over the last two decades, forest
resources have been increasing. China has become a country with the fastest growth
in forest resources in the world (Xu et al. 2009).

Marine Trophic Index (MTI), or mean trophic level, is the mean position in a
food web that an organism occupies, and it indicates the integrity of a marine
ecosystem (Pauly et al. 1998; Pauly and Watson 2005). From the early 1980s to the
mid-1990s, overfishing led to a significant decline in the MTI. However, statistics
showed a steady increase in the MTI from 1997 to 2006 (Fig. 1). This may be
attributed to the implementation of summer fishing ban on all marine waters of
China.

Water quality of inland waters has been improving in mainland of China since
2001. According to the Third National Monitoring of Land Desertification (State
Forestry Administration 2005), the area of desertified land decreased by 6416 km?
from 1999 to 2004 in mainland of China, a drift from an average annual expansion
of 3436 km?” to an average annual reduction of 1283 km?® Loss of grasslands
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continues, and 33 % of natural grasslands are overloaded (Ministry of Agriculture
2007), although grassland conservation programs have been initiated in recent
years.

Red List Index (RLI) illustrates the relative rate at which a particular set of
species change in overall threat status (Butchart et al. 2004, 2005; Lamoreux et al.
2003). RLI value of mammals and freshwater fish decreased from 1998 to 2004,
which showed a continuing deterioration in the threat status of mammal and fish
species. RLI value of bird species showed a decreased deterioration in the threat
status based on equal-steps approach (Butchart et al. 2004); if the weight of criti-
cally endangered species is higher, the RLI value of bird species would show a
continuing deterioration in its threat status. China’s wetland conservation has
contributed to better conservation of bird species.

1.3.2 Threats to Biodiversity

The total discharge of chemical oxygen demand, and sulfur dioxide in waste gas,
two national-targeted pollutants, first decreased in 2007, down 3.14 and 4.66 %
from the previous year, respectively. There were decreases in the discharge of toxic
and harmful pollutants (mercury, cadmium, hexavalent chromium, plumbum,
arsenic) in wastewater, the emission intensity of chemical oxygen demand of key
industries, the emission of soot dust and industrial dust in waste gasses, and dis-
charge of solid wastes. However, China still faces severe environmental pressure.
The total emissions of pollutants are still high and especially wastewater discharge
is increasing at a 3.90 % average annual rate.

Agrochemicals have been the key driver for the remarkable increase in food
production. The annual application of fertilizers has increased by 5.48 % on average
since 1980, and that of pesticide has also increased by 4.50 % on average since
1991, but as much as 60 % of the nitrogen fertilizer and 70 % of the pesticide
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applied may be lost to the environment (China EPA 2005), which leads to soil
pollution, lake eutrophication, ground water pollution, etc.

Invasive alien species (IAS) expedite the losses of biodiversity (Xu et al. 2006a, b).
The annual economic losses caused by IAS to China accounts for 1.36 % of its GDP
(Xu et al. 2006a). The number of IAS newly discovered in 20 years’ interval was
between 1 and 16 before the 1930s. The figure rose to 21 and 32 from 1930s to 1960s
and exceeded 40 after the 1970s, showing a tremendous growing trend (Fig. 2).

1.3.3 Response

As of the end of 2007, the number of nature reserves was 2531, 32 times of the
number in 1978; its area was 151.88 million hectares accounting for 15.2 % of the
national territory (China EPA 2008) and 120 time of the area in 1978. The Chinese
government has initiated environmental pollution control programs and forest
conservation programs. Investment in pollution control increased at an average
annual rate of 40.35 % and that of forest conservation increased at 40.83 %.

1.4 Discussion

It is crucial that progress toward the 2010 biodiversity target and beyond can be
monitored. The lack of a national biodiversity monitoring system still hinders
timely and accurate assessment of biodiversity more. Owing to limited monitoring
capacity and data availability, the indicators “trends in extent of selected biomes,
ecosystems and habitats” and “trends in abundance and distribution of selected
species,” were not included in China’s national indicator framework. The estab-
lishment of this system calls for properly planned partnerships, development of
sampling regimes, design of data collection programs, and statistical analyses.
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2 Invasive Alien Species in China

2.1 Introduction

China is one of the world’s hotspots of biodiversity. However, about 5000 higher
plants are at the edge of extinction or nearly extinct, which account for 12-20 % of
all the higher plants in China (Lin 2008). This phenomenon has been worsened by
IAS in recent years. There were about 520 IAS invaded into China last century
(Fig. 3), in which 50 species were listed among “100 of the world’s worst IAS”
published by the World Conservation Union (IUCN). IAS invaded almost all the
ecosystems in China (Wan et al. 2009). The spatial distribution of abundances of
IAS in China indicates a significant variation among provinces and territories.
These invaders severely threaten China’s biodiversity and protection of genetic
resources (Wan et al. 2002; Xu et al. 2006). With economic globalization and rapid
development of international trades, challenges posed by biological invasions will
be very serious (Lin et al. 2007; Ding et al. 2008).

Because of the severe situation of biological invasions in China, the theoretical
and applied research on IAS has gained great importance since 1990s (Wan et al.
2009). Main research progress by Chinese scientists was summarized in this sec-
tion, with focus on eco-impact mechanisms and management basis of important
invasive species in China.

2.2 Eco-impact Mechanisms and Management Basis of IAS

2.2.1 Ecological Impacts of Important IAS

IAS has caused huge economic losses and ecological disasters in various ecosys-
tems of China (Xu et al. 2006). After an alien species successfully established its
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population in one area, it will squeeze the local species out through competition and
occupation of native species’ ecological niche, resulting in decrease of species
diversity and changes in population structure, thus affecting ecosystems’ material
cycles, energy flows and the whole service function in the end (Wan et al. 2002,
2009). Above all, the recession of ecosystems service function is persistent and
irreversible. Some important IAS (e.g., smooth cordgrass, alligator weed, and
Crofton weed) usually create mono-dominant community and threaten native
species, resulting in vanishing and extinction of native species, especially leaving
the precious and rare species at endangered or extinct risk status (Wan et al. 2005)
(Figs. 4 and 5). For example, extensive spread of smooth cordgrass has not only
destroyed habitat of neritic organisms, but also competed with native plants for
growing space, which finally led to disappearance of mangrove trees and impos-
sible restoration of habitat conditions in such areas that had been invaded (Chen
et al. 2004).

Fig. 4 Single dominance
community of Crofton weed
in southwest of China

Fig. 5 Alligator weed in
canal
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2.2.2 Invasion and Expansion Mechanisms of Major IAS

Biological invasions could be viewed as an orderly ecological process with phases
of introduction, establishment, dispersion, and outbreak (Wan et al. 2009, 2011a).
According to the sequential process with different core scientific issues during
different stages, the research on biological invasions in China covered biological
intrinsic features like introduction and population establishment, survival and
adaption, development and evolution and interspecies interaction, as well as
extrinsic characteristics like response and resistance of ecosystem and prevention
and management technology.

From the above studies, population establishment and expansion mechanisms,
genetic and ecological adaption mechanism of important alien species, co-adaption
between IAS and its host, competition and replacement between IAS and native
species, synergetic effects between IAS and other biological factors were revealed.
Some new viewpoints, hypotheses and theories were brought forward, such as the
intrinsic propagation potential under competition or adverse conditions (Cheng
et al. 2008; Wan et al. 2010a), asymmetric mating interactions driving widespread
invasion and displacement in a whitefly (Liu et al. 2007), interaction between plant
virus and virus vectors (Luan et al. 2013), semiochemical regulation of invasion
behavior (Lu 2008; Zhao et al. 2013), synergetic effects between IAS and native
species (Lu et al. 2010), hypothesis of the evolution of nitrogen allocation (Feng
et al. 2009), feedback of soil biota and self-reinforced invasion mechanisms of
invasive plant (Niu et al. 2007), and multiple mechanisms underlie the spread of
invasive plant (Wang et al. 2011). These achievements contribute immensely for
the construction and development of invasion biology in China and provide sci-
entific basis for the IAS management strategies and techniques.

2.2.3 Management Strategies of Invasive Alien Species

According to the invasion process of the alien species, we have established related
prevention and control technology (Wan et al. 2009). We first established risk
assessment and early warning techniques for potential and local-level invasive
species (Wan et al. 2010b). The potential geographical distribution areas and high
risk area for 99 IAS (including TCK, pine wood nematode, Crofton weed, etc.)
were analyzed (Wan et al. 2010b). Based on the potential distribution area and
spread pathway of newly arrived and established local-level invasive species,
blocking zones were established on the front edge and potential spread pathway.
Spread interdiction and construction of blocking zone have been carried out in
China on 12 IAS, such as red imported fire ant, Colorado potato beetle, grape
phylloxera, pine wood nematode, and crofton weed, etc. (Wan et al. 2009, 2010b).
Second, we developed rapid detection and monitoring technology of 35 important
IAS, based on rapid molecular detection techniques of invasive diseases and small
insects, chemical and physical monitoring techniques of invasive insects (Wan et al.
2011c). All these techniques, methods, and standards provide powerful
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technological support to deal with emergency situations caused by IAS. Third,
sustainable management systems of important IAS based on classical biological
control and ecological restoration were developed. Sustainable management tech-
nologies of common ragweed, alligator weed, coconut leaf beetle, and tobacco
whitefly have been constructed and demonstrated in Hunan, Fujian, Hainan, and
Zhejiang, respectively (Wan et al. 2008).

2.3 Conclusion and Prospect

The research on biological invasions in China has achieved great progresses under
the support and R&D investment from government departments. Gradually,
research models on biological invasions and a discipline of invasion biology are
formed with Chinese characteristics (Wan et al. 2011b). The research on biological
invasions is a persistent task in the long term and requires multidisciplinary
approach to study the subject. On the basis of the discipline framework of invasion
biology and development of current research results, we should first conduct
innovative cutting-edge research, upgrade our research level at different scales
(Wan et al. 2009, 2011b). At the global dimension, the future research should focus
on the effects of global changes (including changes of climate, environment and
land use) on biological invasions, especially the influences of ecological factors on
the colonization, dispersal and damage of IAS, thus revealing the correlations
between different geographic environments and invasion success. At specific
ecosystem level, the research should focus on the relations between biological
invasions and changes of agricultural and forest ecosystems services and functions
to reveal influence processes and mechanisms of biological invasions on native
species losses, erosion of species’ genetic resources, changes and function loss of
community structure and food chain, and the decline of ecosystems services and
functions, etc. At the inter-species relationship dimension, the research should focus
on IAS’ population control imbalance and the adjustment mechanism, analyze the
ecological factors of natural control imbalance of invasive species, investigate the
ecological processes of population construction and collapse of invasive species,
etc. Second, we should be more innovative and develop more effective prevention
and control technologies, establish four-technology systems on prevention and early
warning, detection and monitoring, eradication and containment, and control and
management, especially to develop innovative quantitative risk analysis methods,
construct the technological system for quick detection of invasive species; inves-
tigate the epidemic monitoring and emergency eradicating technology for important
invasive species. Third, we should develop management model in accordance with
China’s actual conditions, upgrade obligation mechanism in accordance with
international trading rules and international conventions, as well as lay a foundation
for empowering China’s international negotiations on relevant issues.
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Chapter 4
Technology and Perspective of Sustainable
Biodiversity Utilization

Luqi Huang, Lanping Guo, Sheng Wang, Qisheng Tang, Ling Tong,
Long Li, Jing Yang, Chengyun Li, Youyong Zhu, Runzhi Zhang,
Wenhua Li, Qingwen Min and Lu He

Abstract The combination of traditional knowledge and modern biological
technology promotes the biodiversity conservation and sustainable utilization in
China, which embodies in biological pharmaceutical, healthcare, crop breeding and
cultivation, control of disease and insect pest, forest management and administra-
tion, ecological protection, restoration and construction, and so on. Here we list the
following aspects. First, the conservation and utilization of medicinal bioresources
have been gradually formed a multilevel, multifaceted, and multidisciplinary
characteristic and achieved remarkable results. Second, China is one of the early
countries that conduct the ocean ecosystem dynamics research, including from the
structure and process of ocean ecosystem to the ecosystem service and production
function, which laid the groundwork for the sustainable development of the ocean
ecosystem. Third, intercropping, as one of the multiple cropping systems, is the
essence of Chinese traditional agriculture. We have conducted plenty of inter-
cropping practices about increasing production and efficient use of resources,
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including legumes and nonlegumes intercropping, single cotyledon and dicotyle-
donous intercropping, gramineae and nongramineous intercropping, and so on. In
addition, intercropping can increase the species diversity of farmland ecosystem,
improve utilization of system resources for biology, sufficiently protect and use
natural enemy, and inhibit pest outbreaks. Finally, agricultural heritage, as a tra-
ditionally sustainable agriculture practices, also plays an important role on biodi-
versity protection and utilization. Currently, this research on agricultural heritage
mainly concentrated on the theoretical consideration of agricultural heritage,
agrobiodiversity characteristics of agricultural heritage, multivalues of agricultural
heritage dynamic conservation, substitute industry, and development law and policy
on conservation of agricultural heritage.

Keywords Medicinal bioresources « Conservation - Utilization - Ocean ecosystem -
GLOBEC - Intercropping - Root interaction - Nutrient acquisition - Disease man-
agement - Ecological management pest insects - Agricultural heritage - GIAHS

1 Conservation and Utilization of Medicinal Bioresources

1.1 Introduction

Medicinal bioresources refer to biological resources which have medical or health
effects for human diseases, or have therapeutic effects on domesticated animals, as
well as those have insecticidal, fungicidal, herbicidal, and other effects in general
(Li 2007). Medicinal bioresources are the basis for the sustainable development of
Chinese medicine and the material basis of human health. Along with social pro-
gress and development, the awareness of self-care continues to improving. People
pay more and more attention to seek medical treatment from natural plant and
animal which biological resources of medicinal increasing pressure.

As the core country of origin, distribution, and production of medicinal plants
and animals in the world, China have 11,146 kinds of medicinal plants and 2215
kinds of medicinal animals, in approximately 80 % of wild medicinal plants and
animals. Although enrich in resources of medicinal plants, China faced an
increasing pressure from conservation and sustainable utilization of medicinal plant
resources with the expansion of demand due to population growth and industrial
development of traditional Chinese medicine. The disorder and unrestraint uti-
lization of traditional Chinese medicine resources induced a great threat for the
survival of many wild medicinal plants, so far, there are 168 kinds of medicinal
plants have listed in the Rare and Endangered Plants List of China. Some high
economic value medicinal plant and animal resources (especially Daodiherbs) have
been seriously undermined. China Plant Red Data Book released 398 kinds of
endangered plants in 1992, including 168 kinds of medicinal plants.
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Since the fifties of last century, a large number of researchers dedicated to
conservation and sustainable development of medicinal bioresources research, and
the research and development medicinal bioresources has been gradually formed a
multilevel, multifaceted, and multidisciplinary characteristic and achieved
remarkable results.

1.2 Advances

Faced on the drawbacks of irrational development and utilization of medicinal
bioresources, a large number of scholars dedicated to conservation and utilization of
medicinal bioresources and have initially established a system of medicinal
bioresources research, conservation, and sustainable utilization, including the
following aspects.

1.2.1 Investigation and Collation of Medicinal Bioresources

In this regard, China carried out the fourth National Investigation of CMMR which
will provide a strong foundation for the protection and utilization of medicinal bio
resources. This will help our nation ascertaining the real situation of Chinese
material medica resources fully, grasping impact of environmental changes on
Chinese material medica resources, analyzing reasons of changes in Chinese
material medica resources, strengthening protection, research, utilization of pro-
tected wild endangered species, and establishing Chinese material medica resources
database. It is of great significance for the protection of genetic resources and
associated intellectual property rights.

1.2.2 Protection of Endangered Medicinal Bioresources

Many scholars studied the protection strategies of endangered medicinal biore-
sources and endangered mechanisms. There are many reasons for decreased wild
and endangered Chinese material medica resources, but it mainly due to the human
impacts and ecological environment changes. Protected methods of endangered
medicinal bioresources include in situ conservation and ex situ conservation,
germplasm repository of Chinese material medica resources, gene banks, and wild
medicinal materials tending. We have progressively realized multifaceted protec-
tion of medicinal species biodiversity, ecosystem diversity, and genetic diversity.
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1.2.3 Mechanism Researches About Environmental Impact on Quality
Formation of Medicinal Bioresources

Since the growth and quality formation of medicinal bioresources has a very close
relationship with the surrounding natural environment, thus resulting in a concep-
tion of “Geoherbs,” also known as “Daodi-herb” (Guo et al. 2002; Lu et al. 20006).
Research about environmental impact on quality formation of medicinal biore-
sources is specific in Ecology of Chinese Material Medica Resources. With the
development of “Ecology of Chinese Material Medica Resources” and “Medicinal
Plant Physiological Ecology,” researches about environmental impact on quality
formation of medicinal bioresources have been made significant progress.

1.2.4 Regionalization of CMM for Cultivation

Regionalization of CMM for Cultivation is the basis for introduction and cultivation
of Chinese herbal medicine. For full and rational use of medicinal bioresources and
high-yield production of Chinese material medica, it is of very significance. In
recent years, technologies and methods of regionalization of CMM for cultivation
are constantly updated. Based on the traditional method, some modern technology
such as GIS and remote sensing analysis combined with regionalization of CMM
method will become the main method in this field (Guo et al. 2005). Using GIS
technology to achieve storage, management, analysis, and display of daodiherbs
spatial data can overcome the current prevalence problem of sample representation
in Ecology of Chinese Material Medica Resources researches. And it will provide
scientific basis for the introduction and standardized cultivation of Chinese herbal
medicines (Guo et al. 2007).

1.2.5 Ecological Farming of Medicinal Plants

At present, about 40 % of Chinese herbal medicines on the market come from the
cultivation plants and breeding animals. In more than 200 kinds of commonly used
Daodiherbs, 25 % of them completely rely on cultivation, and 60 % is cultivated and
wild resources coexist. In 1998, China proposed GAP in standardized medicinal
planting and officially launched countries in June 2002. With the promotion
of Chinese herbal medicine GAP standardized planting, our government have
established large-scale modernization of Chinese material medica industry bases in
Yunnan, Sichuan, Ningxia, Jilin, Zhejiang Province and supported and funded
standardized cultivation of dozens medicinal species. At present, China has built more
than 50 kinds of commonly used Chinese herbal medicines GAP planting bases; some
of the base have been great success, such as Notoginseng base in Yunnan Wenshan,
Salvia base in Shangluo, wolfberry base in Zhongning, and so on.
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1.2.6 Bioengineering Researches of Medicinal Bioresources

Bioengineering researches of medicinal bioresources include: rapid propagation
technology to achieve rapid production of quality seeds and seedlings of medicinal
plants; cultivation of medicinal plants cells, tissues, or organs in bioreactor to get
the active ingredients of medicinal plants directly and quickly (Gao 2008). And
others like transgenic organ culture, Genetic Engineering breeding, biotransfor-
mation, and biosynthesis of the active ingredient associated function genes colon.
Among them, study about biosynthesis of the medicinal bioactive components
related genes has become a research hotspot this year (Zeng 2011), and biotrans-
formation technology for developing new medicine, reducing toxicity of the active
ingredient of Chinese medicine, improving the activity of the active ingredient, and
transforming the void ingredients into active ingredient and other aspects of a good
application.

1.3 Discussion and Conclusion

In order to achieve the goal of sustainable development of medicinal bioresources,
with the system of sustainable development and utilization of medical bioresources
established gradually, researches will show the following trends:

(i) The evaluation and monitoring of endangered medicinal bioresources will be

standardized and normalized gradually (Li 2007);

(i) Fixed-point cultivation based on daodiherbs and directed breeding targeted on
the active ingredient maturing;

(iii) Soil microbial ecology becomes a hotspot in environment basic researches of
quality formation of medicinal bioresources (Huang et al. 2011);

(iv) Research areas of medicinal bioresources will expand in both micro and macro
directions supported by modern molecular biology and 3S technology.

2 Global Ocean Ecosystem Dynamics Research in China

2.1 Introduction

The ocean is a key component of the earth system and playing a major role in
regulating the earth’s climate and biogeochemical cycling of key elements. Ocean
ecosystem dynamics is one of the most active front fields of ocean science research
related with the global change and marine sustainable studies. Global Ocean
Ecosystem Dynamics (GLOBEC) and Integrated Marine Biogeochemistry and
Ecosystem Research (IMBER) are two projects of International Geosphere-Biosphere
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Programme (IGBP) core element structure related with ocean research. Both projects
operate together and continuously to develop an integrated understanding of the
linkages, interactions, and food-banks between physical forcing, biogeochemical
cycles, and food webs of ocean. Chinese marine scientists involved GLOBEC and
IMBER studies focus mainly on the scientific issues of the shelf ecosystem dynamics
in the characteristics of shallow sea in North Pacific.

The GLOBEC program is an important part of the global change and marine sus-
tainable studies established by the Scientific Committee on Oceanic Research (SCOR)
and IOC in late 1991 and incorporated into the IGBP Core Element structure as first
ocean project in 1995. The GLOBEC Science Plan published in 1997 set out the
GLOBEC goal as To advance our understanding of the structure and functioning of the
global ocean ecosystem, its major subsystems, and its response to physical forcing so
that a capability can be developed to forecast the responses of the marine ecosystem to
global change (Harris etal. 1997). GLOBEC research was organized around four foci:
retrospective analyses in the context of large-scale climatic changes, process studies,
predictive modeling capacity, and feedbacks from changes in marine ecosystem
structure (Aksnes et al. 1999). The research was initially developed within the regional
projects and a series of national projects.

2.2 Development of Global Ocean Ecosystem Dynamics
with Scientific Questions in China

A working group of the national strategic research on marine ecosystem dynamics
development was founded under the support of National Nature Science Foundation
of China in 1994 (Tang et al. 1995). One result from the group is to identify four
main themes of China GLOBEC study: (1) influencing mechanism of key physical
process on biological production, (2) nature of bio-elements recycles and settlement
input, (3) primary production process and manipulation of zooplankton, and
(4) trophic dynamics of food web and alternation principle of dominate resources.
Multidisciplinary and synthesis studies are encouraged to provide breakthrough in
understanding ecosystem dynamics and recruitment mechanism of living resources
in continental shelf areas.

The Chinese GLOBEC studies focus mainly on the scientific issues of the shelf
ecosystem dynamics in the shallow sea and shelf of Chinese waters which are an
area affected heavily by global change and human activities. The experimental
fields should be characteristics in typically physical, chemical, and biological
environment and sensitive to global change so the Bahia Sea, Yellow Sea, and the
East China Sea are determined as the field study of China GLOBEC. The China
national strategic research of GLOBEC brings forward a goal to study the func-
tioning of ecosystem dynamics in coastal ocean. The process studies are most
important part directly implemented in the research. China GLOBEC studies
developed six scientific questions related closely with the ecosystems in continental
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shelf. The questions are (i) energy flow and shift of key species, (ii) recruitment of
zooplankton population, (iii) recycle and renewal of bio-elements, (iv) ecological
effect of key physical process, (v) coupling of pelagic and benthic systems, and
(vi) microbial food loop contribution in ecosystem. All the questions emphasize the
interaction and coupling of physical and biological progress in the continental shelf
(Tang et al. 2000).

2.3 General Review of the Development of GLOBEC Studies
in China

China is a country to develop GLOBEC and IMBER research early in the world.
Chinese scientist acted as member of GLOBEC Scientific Steering Committee in
1991 and involved in the framing the GLOBEC Science Plan and Implementation
Plan. In 2004, IMBER Scientific Steering Committee came into existence. One
Chinese scientist become the member of the first committee group and joined to
prepare the IMBER Science Plan and Implementation Strategy. China
GLOBEC/IMBER has been promoting through the program “Ecosystem Dynamics
and Sustainable Utilization of Living Marine Resources in China Coastal Seas.”
Three phases of the program, including China GLOBEC-I Project, China
GLBOEC-II Project, and China GLBOEC-III/IMBER-I Project, are being imple-
mented from 1997 to 2010. The Chinese GLOBEC and IMBER studies are
regarded as a regional contribution to the international research to providing a case
study of coastal ecosystem and its living resources dynamics.

2.3.1 China GLOBEC-I Project

China GLOBEC-I Project entitled “Bohai Sea Ecosystem Dynamics and
Sustainable Utilization of Living Resources” (BoSEC 1997-2000) has four major
themes: early life history of the Bohai prawn and critical processes in its habitat,
zooplankton population dynamics, and its role in the Bohai Sea productivity,
trophodynamics of the food web, and the mechanism of the dominant species shift
in Bohai Sea ecosystem and Bohai Sea ecosystem dynamics modeling (Su et al.
2002). The achievements of project study are mainly on:

(i) Environmental processes of the habitat of Penaeus chinensis and its biomass
change of the early life, including stock dynamics of P. chinensis, relevant
physical and biogeochemical processes in its habitat, long-term variations of
atmospheric parameters, and hydrographic properties and their influence on
the marine ecosystem.

(i) Population dynamics of zooplankton and its controlling effects in the marine
ecosystems, including phytoplankton composition, primary productivity and
new productivity, bacteria production, community structure and population
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dynamics of zooplankton, feeding pressure on phytoplankton, ecological
conversion efficiency and secondary production, and benthos and benthic
productivity.

(iii) Trophodynamics of food web and species change, including feeding rela-
tionship and food web structure, trophodynamics in higher trophic level,
community structure and biological productivity, and influence of human
activities on living resources.

(iv) Ecosystem models of the Bohai Sea, including 3-D primary productivity
models and a box model of pelagic—benthic in ecosystem dynamics study.

2.3.2 China GLOBEC-II Project

China GLOBEC-II Project, entitled “Ecosystem Dynamics and Sustainable
Utilization of Living Resources in the East China Sea and the Yellow Sea (EYSEC
1999-2004),” is funded through the National Key Basic Research and Development
Program of China (973 Program). The scientific objectives of the project are to
determine:

(1) Impacts of key physical processes on biological production,

(i) Cycling and regenerations of biogenic element,
(iii) Basic production processes and role of zooplankton in the ecosystem,
(iv) Food web trophodynamics and shifts of dominant species.

The goals of EYSEC project are to understand the function, production, and the
critical ecosystem-relevant physical mechanisms of the coastal sea, as part of the
knowledge basis for the formulation of strategy to achieve sustainable use of the
marine resources. It regards the interaction and coupling of physical and biological
progress happening in the shelf as its main efforts. The key target species of the
research in the East China Sea and Yellow Sea include zooplankton species
(Calanus sinacus), small pelagic fish (anchovy, Engraulis japonicus), and large
commercial species (Spanish mackerel, Scomberomorus niphonius). These key
species form a main linkage for the study of all the identified major scientific
questions of the project. All studies also carry out in three stratums of key species,
important species and bio-community. The dominant physical forcing mechanisms,
biogenic elements, and its transfer mechanism, and ecological characteristics are
examined to find potential linkages between the mechanisms and the change of the
living resources. The major themes of this study in the East China Sea and the
Yellow Sea as one integral region are: trophic dynamics of key species; recruitment
of zooplankton; recycle and regeneration of biogenic elements; critical physical
processes in high-productivity areas; coupling of pelagic and benthic systems; and
microbial contribution to secondary production. One of the main results commonly
in the coastal ocean of China is the academic frame of China coastal ocean
ecosystem dynamics research based on the six scientific questions.
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2.3.3 China GLBOEC-III/IMBER-I Project

China GLBOEC-III/IMBER-I Project entitled as Key Processes and Sustainable
Mechanisms of Ecosystem Food Production in the Coastal Ocean of China from
2006 to 2010 funded by 973 Program. The project carries out integrated studies
among multidisciplinary subjects by focusing on the coupling mechanism of the
marine biogeochemical cycles of biogenic elements and the end-to-end food web in
the China seas to comprehend the supporting, regulating, and producing functions
of food production and to understand the sustainable mechanisms in the coastal
ocean ecosystems of China seas from the perspectives of both anthropogenic
impacts and natural changes.

The major scientific questions to be dealt with are: the biogeochemical processes
of food production, the physical mechanisms of biogenic element cycle and sup-
plement, coupling mechanism of primary production with major biogeochemical
processes, and food web trophodynamics of major biological functional groups. The
research activities mainly aim at some unique subecosystems in the Yellow Sea and
the East China Sea with studies on ecological capacity. The following four foci will
be deployed: the supporting role of main biogeochemical processes in food pro-
duction, key physical processes of biogenic element cycle and supplement, primary
production coupling with main biogeochemical processes, and food production
processes of biological function groups together with their sustainable models.

One main scientific achievement is on the spring phytoplankton bloom in the cold
mass area of the Yellow Sea. Phytoplankton bloom ecosystem process and its var-
ious trophic levels and trophodynamic interaction in the food web are studied (Sun
and Song 2009). The spring bloom happening and developing are founded com-
posing by a series of subprocesses. The different type blooms are actually diverse
phases of bloom. Phytoplankton biomass increased during spring bloom is following
a parabola shape so that the highest biomass occurs in the metaphase. The biomass of
subprocesses and spatial-temporal change lie on environment and phytoplankton
species of bloom. The highest biomass of subprocesses is happen from south forward
north with patch distribution in the region of Yellow Sea Cold Water Mass. Wind is
the key control factor of bloom coming into being, and wind and water circumfluence
play an important effect to carry through and develop the bloom. Nutriment is the
most control factor but dust storms swept over the Yellow Sea from Northern China
also effect the bloom in the continental shelf of the in the Central Yellow Sea.

2.4 Perspectives of the Development of GLOBEC

After the completion of the GLOBEC research, SCOR and IGBP set up a working
Group of Transition Task Team (TTT) in 2008 on how the second phase of the
IMBER program proceeding to accommodate new developments in marine
ecosystem research that needs addressing. Key aspects of IMBER research, as only
one IGBP program conducted on ocean research, will be the seamless integration of
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biogeochemical and ecosystem research in a truly trans-disciplinary approach and
the incorporation of social science research to enable the investigation of options for
mitigating or adapting to the impacts of global change. This integration is also
important because feedbacks are critical. Marine biogeochemical and ecosystem
responses to global change are complex and diverse, and can only be evaluated
through integrated interdisciplinary studies that allow observation and analysis of
the target process in the context of the system and its feedbacks. Such studies will
include targeted field-based process studies, in situ mesocosm studies and labora-
tory experiments, and comprehensive observation and modeling of biological,
chemical and physical processes.

Through discussion of GLOBEC and IMBER activities, the TTT has identified
some emerging scientific issues that are recommended to be addressed in IMBER-II
(John et al. 2010). These issues are CO, enrichment and ocean acidification, new
metabolic and biogeochemical pathways, role of viruses, coupled
biogeochemical-ecosystem model projections. The term presents research approa-
ches as following:

(i) Innovative approaches.

(i) Innovative technologies.

(iii) Process studies.

(iv) Sustained observations.

(v) Palaeo-oceanography.

(vi) Molecular genetics and functional groups.

(vii) Integration of human dimensions in ecosystem models.
(viii) Comparative approach among ecosystems.

(ix) Synthesis and modeling.

3 Overyielding and Efficient Resource Utilization
in Intercropping via Interspecific Below-Ground
Interactions

3.1 Introduction

Intercropping, as one of the multiple cropping systems, has been practiced in China
for thousands years as well as all over the world for many years (Li et al. 2013).
Intercropping is a productive and sustainable system due to its effective resource
utilization (water, light, and nutrients), and especially symbiotic nitrogen fixation
into the cropping system when legumes involved in an intercropping system (Zhang
and Li 2003). Most studies on intercropping have focused on crop combination and
above-ground resource use; little attention has been paid to below ground inter-
actions and their effects on yield advantage and resource-use efficiency.

Since the 1990s, we have conducted a series of field and greenhouse experiments
to investigate the role of interspecific root interactions and rhizosphere processes in
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yield advantage in intercropping systems. The objectives of these studies were to
examine the complementarity N utilization between intercropped nonlegume/legume
species, interspecific facilitation of phosphorus uptake by intercropped P-efficient/
P-inefficient species, microelement acquisition by intercropped species, and the root
distribution relative to interspecific interactions in various intercropping.

3.2 Interspecific Root Interactions Play an Important Role
in the Yield Advantage of Intercropping

Yield advantages of various intercropping within China were examined by literature
study and our field experiments. We found that there was more than one of land
equivalent ratio (LER) for the most intercropping practiced by farmers in China.
The crop combinations included cereals/cereals (i.e., wheat/maize, barley/maize,
spring maize/summer maize, etc.), cereals/legumes (i.e., maize/soybean,
maize/peanut, maize/pea, maize/faba bean, wheat/faba bean, wheat/soybean, etc.),
and some cereals/vegetables intercropping (Li et al. 1999, 2001a, 2013; Li 2013).

Interspecific below-ground interactions play an important role in overyielding of
intercropping. A significant positive yield effect on maize was found when the root
systems intermingled freely (no root barrier) or partly (400 mesh nylon mesh batrier)
compared with no interspecific root interaction (plastic sheet root barrier) in a
microplot experiments (Li et al. 1999; Zhang and Li 2003; Li et al. 2007). When the
roots of two species intermingled, LER values based on total yields and grain yields
were 1.21 and 1.34, respectively, but when the roots of the two species were separated
completely, the intercropping advantage was greatly diminished and the LER values
were reduced to 1.06 and 1.12 (Li et al. 1999). In wheat/maize and wheat/soybean
intercropping, we also found that almost half of yield increases in wheat were derived
from below-ground interspecific interactions between intercropped species by similar
root barrier experiments under field conditions (Zhang et al. 2001).

3.3 Complementary Utilization of Nitrogen Between
Intercropped Nonlegume/Legume Species

Nitrogen transfer from faba bean to wheat was estimated by the indirect >N isotope
dilution technique and by direct plant labeling via petiole injection of a '°N solution
in intercropping of faba bean and wheat. With the indirect method, N transferred
from faba bean to the associated wheat was 2 mg with a mesh barrier and 6 mg
without barrier, which accounted for 1.2 and 2.4 % of total N of wheat plant,
respectively. Using direct labeling method, N transferred from faba bean to com-
panion wheat was 7 mg, equal to 15 % of total N in wheat (Xiao et al. 2004).
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On the other hand, intercropping increased the percentage of N derived from air
(%Ndfa) of the wheat/faba bean intracropping, but not that of the maize/faba bean
system when no N-fertilizer was applied (Fan et al. 2006). When receiving
120 kg N/ha, however, intercropping did not significantly increase %Ndfa either in
the wheat/faba bean system or in the maize/faba bean system in comparison with
faba bean in monoculture. The amount of shoot N derived from air (Ndfa), how-
ever, increased significantly when intercropped with maize, irrespective of
N-fertilizer application. NDFA decreased when intercropped with wheat, albeit not
significantly at 120 kg N/ha (Fan et al. 2006).

Intercropping alleviated the inhibitory effect of N fertilization on nodulation and
N, fixation of legumes. Symbiotic nitrogen fixation is usually inhibited by N fer-
tilization in intensive farming systems (Salvagiotti et al. 2008). We tested the effect
in two years of field experiments, where different N-fertilizer rates (0, 75, 150, 225,
and 300 kg N ha ') were applied to faba bean (Vicia faba L.)/maize (Zea mays L.)
intercropping and corresponding sole cropping systems in the north-western part of
China (Li et al. 2009d). The nodule biomass and nitrogen derived from the
atmosphere (Ndfa) in intercropped faba bean were increased by 7-58 % and
8-33 % at the start of flowering, 8—72 % and 54-61 % at peak flowering, 4-73 %
and 18-50 % at grain filling, and 7-62 % and 7-72 % at maturity, respectively,
compared with sole faba bean (Li et al. 2009d).

3.4 Interspecific Facilitation of Phosphorus Uptake
by Intercropped Species

Interspecific facilitation of P uptake by intercropped species was examined under
inorganic P and organic P supplies. Phosphorus in soil includes the inorganic P and
the organic P which is mostly not available to general plants. However, some plant
species had greater capability to acquire insoluble inorganic P (i.e., white lupin and
faba bean) and organic P (i.e., chickpea). Mechanisms behind interspecific facili-
tation on P uptake by intercropped crops included (i) rhizosphere acidification by
P-efficient species resulted in a pH decrease in the rhizosphere, which increased the
availability of insoluble inorganic P in soil, such as Ca,¢—P, FePO,, and AIPO,, and
benefited associated P-inefficient species that has less ability of mobilizing insol-
uble soil P; (ii) carboxylates from root exudation of one species chelated Ca, Fe,
and Al, consequently mobilizing insoluble soil P, which will benefit the species and
other species grown together with it; (iii) greater phosphatase activity in the rhi-
zosphere decomposed soil organic P into an inorganic form, which can be used by
both species, such as wheat/chickpea and maize/chickpea (Li et al. 2003a, b, c,
2004, 2007; Zhou et al. 2009)

Maize/faba bean intercropping with rhizobia inoculation enhances productivity
and recovery of fertilizer P in a reclaimed desert soil. The apparent P recovery of
faba bean/maize intercropping system was much greater (P < 0.001) than that of
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sole cropping systems (weighted means) and was highest at the intermediate
P application rate on average. Moderate fertilizer P application enhanced produc-
tivity and noclulation of the intercropped faba bean in a reclaimed desert soil, and
P deficiency was ameliorated to some extent (Mei et al. 2012).

3.5 Maize Improves Iron Nutrition of Intercropped Peanut

Iron deficiency chlorosis frequently occurs in peanut (Arachis hypogaea L.) grown
on calcareous soils, especially in north China. Interestingly, iron deficiency
chlorosis of the crop is more severe in sole cropping systems than in the inter-
cropping system of peanut/maize on these soils. The studies showed that the
improvement in the Fe nutrition of peanut intercropped with maize was mainly
caused by rhizosphere interactions between peanut and maize (Zuo et al. 2000).

3.6 Yield Advantage, Nutrient Acquisition
and Competition-Recovery Production Principle

Except for interspecific facilitation, there is another mechanism behind overyielding
of intercropping and competition—recovery production principle (Li et al. 2001a, b).
In wheat/maize or wheat/soybean intercropping, wheat is grown with maize or
soybean for 80 days and afterward maize grows alone for around two months after
wheat harvest. During the co-growth period, lasting for about 80 days from maize or
soybean emergence to wheat harvesting, yield and nutrient acquisition by inter-
cropped wheat increased significantly, while those by maize or soybean intercropped
with wheat decreased significantly (Li et al. 2001a, b). Both aggressivities and
nutrient competitive ratio of wheat relative to either maize or soybean revealed the
greater competitive ability of wheat than either maize or soybean (Li et al. 2001a).

The biomass and nutrient accumulation in either intercropped soybean or
intercropped maize were significantly smaller than in sole soybean or maize before
wheat harvest but thereafter increased sharply. The rates of dry matter accumulation
in the intercropped maize (10.0-20.1 g/m* per day) were significantly lower than
those in the sole maize (17.1-34.8 g/m” per day) during the early stage from 7 May
to 3 August, while mostly intercropped with wheat. After 3 August, however, the
rates of intercropped maize, increasing to 58.9-69.9 g/m? per day, were signifi-
cantly greater than in sole maize (22.7-51.8 g/m> per day), and nutrient acquisition
showed the same trends as growth (Li et al. 2001b). It was concluded that then was
indeed recovery of growth after wheat harvesting in wheat/maize and
wheat/soybean intercropping (Li et al. 2001b).

These findings explained well-yield advantage of cereals/cereals intercropping
by temporal niche complementarity.
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3.7 Root Distribution and Interactions Between
Intercropped Species

In wheat/maize intercropping, interspecific interactions lead to an increase for
wheat, but a decrease for maize, in terms of yield and nutrient acquisition during the
co-growth stage (Li et al. 2001a). In maize/faba bean intercropping, increases in
plant growth and nutrient acquisition of both faba bean and maize have been
observed, and the interspecific below-ground interactions contributed more to yield
advantage in this case than in that of wheat/maize intercropping (Li et al. 1999,
2003a, b, ¢). We investigated the root distribution of the contrast intercropping to
define the relationship between the interspecific interactions and the root distribu-
tion (Li et al. 2006, 2011a, b; Xia et al. 2013).

Our studies showed that the roots of intercropped wheat spread under maize
plants and had much greater root length density (RLD) at all soil depths than sole
wheat. The roots of maize intercropped with wheat were limited laterally but had a
greater RLD than sole-cropped maize. The RLD of maize intercropped with faba
bean at different soil depths was influenced by intercropping to a smaller extent
compared to maize intercropped with wheat (Li et al. 2006).

Faba bean had a relatively shallow root distribution, and the roots of inter-
cropped maize spread underneath them. The results support the hypotheses that the
overyielding of species showing benefit in the asymmetric interspecific facilitation
results from greater lateral deployment of roots and increased RLD, and that
compatibility of the spatial root distribution of intercropped species contributes to
symmetric interspecific facilitation in the faba bean/maize intercropping (Li et al.
2006).

Intercropping with wheat leads to greater root weight density and larger
below-ground space of intercropped maize at late growth stages (Li et al. 2011a, b).
In addition, the roots of intercropped maize have a longer life-span than the roots of
sole maize at later growth stage (Li et al. 2011a, b). The result may further
understand the recovery growth of later mature species at later growth stage (Li
et al. 2001b).

4 Intercropping and Disease Management

4.1 Introduction

The abundant biodiversity in agricultural ecosystem can be achieved through
increasing crop species, including cover crops, intercropping, changing cultivating
spatial patterns, applying microbial manure and pesticides, using organic fertilizer
to improve soil microorganisms, building the marginal zone and buffer zone in
agricultural ecosystem, etc. It is widely approved that intercropping not only
effectively manage the disease occurrence and prevalence, but also increase
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ecosystem diversity, enhance stability, increase crop yield ,and improve the quality
of the product. To grow crop varieties with rich genetic backgrounds can effectively
defense against potential dangerous of pathogen and insects, decrease the risk of
alien invasive species as well. Innovative cultivation technologies make the func-
tion of the genetic resources in farmland ecosystem can be more effectively
exploited. Lots of practices suggest that strategy of introducing single-resistance
gene into elite line can be overcomed by pathogens and pests rapidly, and pyra-
miding a number of resistance genes into one line is technologically difficult.
Exploration and utilization of combination of different genes are alternative method
to exert excellent germplasm resources. Intercropping of crops is the essence of
Chinese and Asian traditional agriculture, but principles underlying was undis-
covered recently. Patterns of intercropping include combination of differences of
plant species, growth period, nutrient characteristics existed in different crops to
effectively utilize nutrient and heat resources, importantly, the interaction between
different species or genotypes of same species was revealed also.

4.2 Effects and Mechanisms on Rice Genetic Diversity
Jor Blast Disease

4.2.1 Rice Genetic Diversity for Preventing Prevalence of the Disease

Rice blast disease, caused by Magnaporthe oryzae (Hebert) Barr, is one of the most
serious fungal diseases worldwide (Ou et al. 1985), and the disease seriously limits
rice yield annually. Chemical control and utilization of resistant varieties are main
measure to manage the blast disease, but pesticide is of higher cost and easily
pollutes the farmland ecosystems, in addition, rice varieties carrying single
disease-resistant gene are easily loss the resistance within a few years because of
complexity and diversity of physiological races of pathogens. Many production
practices have proved that varieties with single-resistant gene are prone to disease in
the short term when they are deployed in large-scale areas, namely the blast
resistance will quickly loss once these varieties continuously cultivate in large-scale
areas for three or five years (Ou 1985). In order to extend cultivation life of resistant
varieties to achieve purpose of sustainable management of blast disease, plant
pathologists are making lots of exploration and research in the aspects of utilization
of rice genetic diversity to manage the disease. Zhu et al. (2000) uses hybrid rice
varieties of Shanyou 63 (or Shanyou 22) to intercrop with two good quality
glutinous varieties such as Huangkenuo and Zinuo in Yunnan in 1998 and 1999; the
results show that rice yield increase by 89 % and blast disease severity decrease by
94 % when intercropping two good quality glutinous varieties, comparing with
monoculture of two glutinous varieties.

According to crop genetic diversity research and practical application, mecha-
nism on crop genetic diversity for managing disease can be summarized as follows.
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One is the dilution of source amount of compatible races of pathogen. Two is the
barrier effect of resistant plants. Three is induction resistance, e.g., nonpathogenic
strain or weak pathogenic strain preinoculate plants, the plants can achieve the
function that defense against strong pathogenic strain, so that reduce occurrence of
leaf blast and panicle blast. Four is microecological effects such as modern variety
with high-yield and short-stalk intercropped with glutinous varieties with good
quality and tall stalk in the same field, which decrease relative humidity on parts of
panicles and shorten dew duration on panicle neck of glutinous varieties, then
reduced suitable condition of blast disease occurrence.

4.2.2 The Effect of Rice Genetic Diversity on Population Genetic
Structure of M. oryzae

Because of complexity and diversity of M. oryzae races formed in the long period
of evolution, the pathogenicity also appear variability, and thus cultivars are often
eliminated due to occurrence and prevalence of rice blast. One of the measures to
solve this problem is to continuously breed the new resistant varieties, but these
varieties will be quickly eliminated when they continuously monoculture in
large-scale areas for several years, which lead to a vicious spiral such as breeding
speed do not keep pace with resistant loss of varieties. In view of the above reason,
it necessary to mine-resistant resources, avoid-resistant varieties carrying single
same resistant gene to deploy in large-scale areas for a few years and alternate
cultivate different cultivars with different genetic backgrounds, which prevent
formation of single variety carrying single-resistance gene and dominant races,
stabilize composition of physiological races of pathogen and lessen pesticide
application. Through these measures, the ultimate objective is to reduce damage of
ecological environment.

Zhu et al. (2003) analyze population genetic structure of blast strains isolated
from samples collected from different rice varieties intercropping fields in Shipping
County between 1999 and 2000 using Pot2-rep-PCR and pathogenicity test, the
result confirm that rice genetic diversity favor to stabilizing selection, keeping
genetic diversity of pathogen population, limiting the development of dominant
races, and leading significantly to decreasing of disease severity in the field.

4.3 Multi-effects and Mechanisms of Maize Intercropping
with Soybean

Intercropping of different crops makes full use of agricultural production resources
and reaches the goal for the intensive utilization of lands, soil nutrients, natural
resource including moisture, light, heat etc. Intercropping can increase solar energy
utilization efficiency, improve the soil quality, reduce diseases and pests, and
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increase yield significantly. Intercropping maize with soybean is a typical culti-
vation pattern of long-stalked crops and dwarf-stalk crops. Maize variety of ‘Yunrui
88’ and soybean variety of ‘Nandou 12’ was intercropped as different rows
(monoculture of maize, intercropping 2 rows of maize with 2 rows of soybean, an
intercropping 2 rows of maize with 4 rows of soybean) in 2009 and 2010. The
maize and soybean yield, stomata characteristics, photosynthetic characteristics,
and the change of field microclimate were systematically studied in Yunnan, China.
The results show briefly as follow.

4.3.1 Change of Light Intensity and Humidity

Light intensity and humidity in different parts of plants in different periods of crop
growth and development in fields were measured, and the result showed that the
light intensity and humidity were higher in intercropping field than that in mono-
culture field. In small bell stage, large-bell stage and anthesis, the humidity in
middle part of maize plants was higher than that in intercropping field.

4.3.2 Stomata Characteristics of Leaf Lower Epidermis

Stomata characteristics of leaf lower epidermis showed that the length of stomata
decreased in the upper part of plants, but increased in the middle and lower parts in
maize-intercropping field, comparing with in maize-monoculture field. As for the
width and density of stomata, in maize-intercropping field, maize leaves in the
upper and middle parts had smaller stomata but bigger ones than in lower parts,
more density of stomata in the upper part but less density in the middle and lower
parts in intercropping field, comparing with those in monoculture field. There were
significant differences in stomatal characteristics parameters between intercropping
and monoculture.

4.3.3 Photosynthetic Characteristics

Photosynthetic characteristics showed that the photosynthetic rate of the upper part
of plant (above 250 cm from ground), the middle part of plant (above 120 cm from
ground), the lower part of plant (above 30 cm from ground) in intercropping fields
increased comparing with that in monoculture, and the increase of the photosyn-
thetic rate had a positive relations with soybean sow number. There were great
differences in photosynthetic rate between maize intercropping and monoculture.
According to the two-year data, there were random changes in transpiration rate and
stomatal conductance in different parts of maize plants in intercropping fields of
maize and soybean.

Comparing with height of maize plant in monocropping field, there was a ten-
dency such as plant height shortened, leaf number, and leaf area increased in
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intercropping field, and the tendency enhanced along with increase of soybean rows
number. The data of maize yields showed that seed setting rate significantly
increased, which leading to increase of maize yield.

4.4 Summary and Future Prospects

Construction of crop genetic diversity for effectively managing diseases requires
conservation of more bioresources and keeps higher genetic heterogeneity within
crop varieties. Zhu et al. (2000) found that varieties with different genotypes were
mixture cropped in the same field, which resulted in decreased incidence of blast
disease due to increased genetic diversity, comparing with monoculture of one
variety. Based on recent research and application, the mechanisms on crop genetic
diversity for effectively managing disease can summarized as follows: (1) dilution:
the dilution of infection source amount of compatible race of pathogen; (2) isola-
tion: the barrier effect of the resistant varieties can be the barrier of pathogen,
increasing distance of compatible hosts; (3) induced resistance for host plants, and
(4) variation of microecological condition: humility, dewing time, and temperature
can be changed to not favorable for pathogen infection and disease development. In
addition to above-mentioned factors, traditional varieties with good quality are
higher price than that of hybrid ones, which make more favor market competition of
the products and income increase. Actually, farmers have more choice of crop
combination both for marketing needs and cultivation practices, and more effective
for pests management and yield increasing (Li et al. 2009a, b, c¢) than in paddy field.
The mechanism is also more complex the paddy field system, which need inves-
tigating in detail.

Due to different crops or varieties intercropping in the same plot of field, species
diversity and genetic diversity are increased, and disease, insect, and weed can be
effectively controlled without chemical pesticides, which decrease the risks and
pressures of agropractice to ecological environments. These technologies can play
the important roles in sustainable development of agriculture.

5 Ecological Management of Agricultural Pest Insects

5.1 Introduction

Agriculture is the foundation of China’s national economy with agricultural devel-
opment increasing production to meet demand for agricultural products. However,
ensuring food safety standards and maintaining ecosystem function require constant
vigilance. China’s environmental, social and economic development faces a
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resource bottleneck. Ecological agriculture needs to incorporate more sustainable
rural development to ensure high-quality industrial practices, multifunctional sys-
tems and the integration of modern technology (Li et al. 2011a, b).

Agricultural diversification measures including leisure farm landscapes, inter-
cropping and no-tillage practices could reduce the occurrence of pests. Wheat and
cotton aphid [Aphis gossypii Glover; Sitobion miscanchi (Takahashi), Schizaphis
graminum (Rondani), and Rhopalosiphum padi (L.)] are the main agricultural pests
in northern China, requiring the intensive application of chemical pesticides to
control them, causing increasingly serious impacts on the environment and food
chain. Farmland incorporating ecological systems has inherent pest control factors
including the pests’ natural enemies, allowing crop plants to produce higher yields.
Understanding the importance of biological regularity (including the pest) using
various methods will achieve long-term sustainable agricultural development.

5.2 Ecological Management Methods to Control Aphids

5.2.1 Cotton Aphid

The cotton aphid, A. gossypii, is the first major pest of cotton in Xinjiang, China.
The cost of controlling the cotton aphid contributes to more than 20 % of the annual
crop loss and is considered a serious threat to cotton production in the Xinjiang
Autonomous Region, the largest cotton production area in China (Zhang and Zhang
1998a). In Xinjiang, the cotton aphid emerges and begins damaging cotton plants in
mid-June. Therefore, the optimal stage to control this pest is mid-to late June. The
natural enemies of cotton aphid in order of their effectiveness are: ladybird beetles,
lacewings, hoverflies, Syrphus bugs, and spiders. To encourage natural enemies
into this system requires plants that provide food and shelter to the predators.
Alfalfa has been used in conservation biological control, benefiting natural enemies,
and can be used as a food source because it develops earlier than cotton, allowing
sufficient natural enemy populations to establish to control aphids in cotton (Zhang
et al. 2004). The planting of a marginal alfalfa zone near cotton fields, followed by
cutting the alfalfa while the aphids are entering the cotton, resulted in the natural
enemies moving into the cotton crop and controlling aphid populations (Fig. 1).
The main pest species may differ from one plant to another, but they usually
share common natural enemies. Alfalfa and cotton have different insect pests, but
these pests have similar natural enemies, including ladybird beetles, lacewings, and
hoverflies (Fig. 2). During the first ten-day period in June, while cotton aphids
started invading the cotton field, the total amount of insects on alfalfa showed a
higher density compared with the cotton crop. Insect abundances on the alfalfa crop
were approximately 6.94 times higher compared with the cotton crop. The cotton
aphid was the dominant species in the cotton fields accounting for 67.77 % of the
total insect count. During the second ten-day period in June, insect numbers in
cotton fields increased rapidly. The total number of insects in the cotton crop was
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Fig. 2 The principle of cotton aphid ecological management

approximately 1.42 times higher compared with the alfalfa crop. Concurrently, the
number of major natural enemies on alfalfa was 13.65 times higher than in cotton.
The natural enemy densities on alfalfa were 27.89, 11.69, and 3.16 times higher
(ladybird beetles, lacewings, and hoverflies, respectively) than those in the cotton
field (Zhang et al. 2000a).

This pest control technology has the advantage of simple operation, relatively
long lasting, and is environmentally friendly (Zhang et al. 2000b). Other advantages
are: (i) alfalfa is a high-quality forage species, suitable for the adjustment of agri-
cultural structure and the development of animal husbandry in traditional rural
areas; (ii) farmland protection forest provides shading, adversely affecting crop
growth, whereas planting alfalfa can significantly improve the use of limited
croplands; (iii) alfalfa can improve soil fertility.
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5.2.2 Wheat Aphids

Wheat aphids are a significant pest on wheat crops, potentially spreading viruses and
leading to decreased wheat yields and quality. Aphid species on wheat include
S. miscanchi (Takahashi), S. graminum (Rondani), and R. padi (L.). The natural
enemies of wheat aphids can be divided into two types, either predatory or para-
sitoids (Huang et al. 2008). The main predators are: Harmonia axyridis Pallas,
Propylaea japonica (Thunberg), Coccinella septempunctata L., Episyrphus balteata
De Geer, Lasiopticus pyrastri (L.), Syrphus corollae F., Chrysoperla sinica (Tjeder),
Chrysopa formosa Brauer,and Eringonidium graminicolum (Sundevall), with the
main parasitoids being Apridius avenae Haliday and Apridius gifuensis Ashmaed.
Huang et al. (2008) investigated aphid populations on wheat in Yucheng,
Shandong Province, showed that populations peaked in mid-May with parasitoids
and ladybirds peaking 5-10 and 15-20 days later (respectively). Aphid density was
negatively correlated with their natural enemy density, including a significant
negative correlation with ladybird density. At the wheat heading stage in late April
and early May, aphid populations exponentially increased because of the low
density of natural enemies’. From late April to early May, predator density on
Rumex sp. and alfalfa was 2-3 times higher compared with wheat. This suggests
that these plant species have potential applications in regulating aphid populations.
In the wheat/cotton farmland ecosystem, the main problems for insect pest
management were: (i) prior to wheat harvest, a large concentration/population of
parasitoids and predators is required in the area. However, following the wheat
harvest the natural enemies of aphids will move to find new hosts and habitat;
(ii) after the wheat harvest, a natural enemy population could be introduced into
grazing type plants such as rumex or alfalfa (with a large number of aphids)
(Fig. 3). When the cotton aphid begins to damage the crop, their natural enemies
could be introduced to the crop as biological controls. This concept of ecological
management using mutual plant (grass) species to mediate the natural enemy
population and control pest insects is critical in improving environmental impacts.

Grazing plants

Fig. 3 Transfer of natural enemies from wheat to cotton via grazing plants
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Fig. 4 The use of Rumex sp. (a) and alfalfa (b) for rearing natural enemies to control wheat aphids

When rumex and alfalfa species are at early growth stages compared with wheat,
aphids on early stage species could be used as food to attract ladybirds from wheat,
especially during the wheat harvest (Fig. 4). The most effective period to control
aphids with natural enemies is during the aphids’ population growth stage. At this
time, it is important to assist predator transfer from the mutual plant species to target
the protective crops. The planting of forage grasses along the crop boundary or
intercropping the grasses is relatively simple, ensuring the natural enemies will
enter the crops while the pests are emerging. Conversely, weed management along
the field boundary is critical to increase plant diversity within the crop field. This
can provide suitable habitat for the natural enemies of agricultural pests using
ecological management techniques.

5.3 Discussion

At the annual meeting of China’s Ecology Society, Li (2011) suggested that the
field of ecology in China developed relatively late compared with western coun-
tries. This development can be divided into five stages according to the research
direction during different periods (Li 2011). Agricultural pest control has been
developed to prevent/reduce biological invasion, emphasizing the protection of
biodiversity and the use of green control technologies. The ecological management
of agricultural pests includes the mutual plant protection concept (MPP). This
concept emphasizing the relationship between pests and their natural enemies
regulated by mutual plants will become increasingly important (Zhang and Zhang
1998b). Frank (2010) developed a similar concept known as the ‘banker plant’
(Frank 2010). The historical experiences of Europe prove that ecological farming
system optimization is crucial to the control of agricultural pests (Vasileiadis et al.
2011). Therefore, MPP is an important developmental direction in agriculture and
forestry pest management and a necessary pathway for sustainable agricultural and
forestry development.
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6 Agricultural Heritage Research in China: Progresses
and Perspectives

Agriculture has flourished in China from time immemorial. With a long history of
thousands years of agricultural development, Chinese farmers have been develop-
ing for many agricultural practices adaptive to different natural conditions; these
traditional practices or models are not only the synthetic application of traditional
Chinese philosophy but also the foundation of modern ecological agriculture, which
have much positive influence on the sustainable agriculture movement throughout
the world (Li 2001). However, because of the population growth and economic
driving, more and more farmers gave up the traditional way and adopted modern
agricultural techniques. The intensive production practices in modern agriculture
resulted in significant negative externalities (Pimentel et al. 1992).

This paper reviewed the progresses of agricultural heritage research in China,
which can be divided into two aspects, documentary-based traditional agricultural
heritage research and practice-oriented research of dynamic conservation and
adaptive management. The former one including China’s history of traditional
agricultural heritage and archeological have laid a solid foundation for starting the
latter one and further study. Dynamic conservation and adaptive management of
agricultural heritage was promoted by the Globally Important Agricultural Heritage
Systems (GIAHS) project initiated by FAO in 2002. Until now, this research mainly
concentrated on the theoretical consideration of agricultural heritage, agrobiodi-
versity characteristics of agricultural heritage, multivalues of agricultural heritage
dynamic conservation, substitute industry and development law and policy on
conservation of agricultural heritage. At last, the authors indicated that some greater
efforts should be made in the future to advance the study of agricultural heritage:
further enrichment for the content of investigation, more creation in the methods of
research, deeper research in conservation and utilization of agricultural heritage.

In fact, researches on China’s agricultural heritage have been started since the
end of 19th century, focusing on agricultural archeology, agricultural history, tra-
ditional Chinese philosophy, and agricultural folklore, etc. (Wang et al. 2010). Prior
to the intervention of GIAHS project in 2005, Chinese researchers had already done
plenty of work on traditional agricultural heritage with emphasis on agricultural
history, agricultural archeology, ecological ideas of traditional agriculture, and
agriculture custom. These studies tried to discover and identify the agricultural
heritages through history records. The results have laid the foundation for any
further study.

Compared to the systematic collection and documentation of agricultural history
materials and agro-archeological achievements, the research on other aspects of
agricultural heritage had been neglected before. Since 2005, based on previous
researches, many Chinese scientists have studied on China’s agricultural heritage
from different perspectives, using modern methods. These would be very helpful
for the agricultural heritage conservation and management. These studies can be
divided into five aspects.
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The first aspect is theoretical developments. FAO defines GIAHS as
“Remarkable land use systems and landscapes which are rich in globally significant
biological diversity evolving from the co-adaptation of a community with its
environment and its needs and aspirations for sustainable development.” However,
controversies exist regarding the concept of agrocultural heritage, mainly focusing
on its interpretation from English and its exact connotation (Min 2007; Han et al.
2007; Zhang et al. 2008; Wang et al. 2010).

The second one is agrobiodiversity evaluation. One of the salient features of
agricultural heritage is their high degree of agrobiodiversity. The early studies on
agrobiodiversity of agricultural heritage focused on the performance information
gathering and compilation. Later researches on agrobiodiversity of agricultural
heritage employed more quantitative research methods (Zhang et al. 2010b) and
focused on the mechanisms of ecological effect, such as diseases, pests, and weeds
control in species coexistence systems (Wang et al. 2007; Zhang et al. 2010a).

The third one is multivalues analysis. Due to specific natural conditions and
human activities, agricultural heritage sites always have a fragile ecological envi-
ronment, rich cultures, undeveloped economy as well as multifunctionality in
agriculture. The Multi-values of agricultural heritage have been gradually recog-
nized and many efforts were put on it, from qualitative research (Sun et al. 2008; Li
et al. 2009a, b, c; Gao et al. 2010) to quantitative research (Qin et al. 2010; Zhang
et al. 2009a, b, 2010; Liu et al. 2010).

The fourth one is dynamic conservation approaches. The agricultural heritage
and its dynamic conservation and adaptive management have attracted increasing
attention in recent years and have been becoming an emerging field of inquiry. It
has become a consensus that agriculture heritage conservation should be integrated
with the local socioeconomic development. This requires the development of
alternative income sources for local farmers so that dynamic conservation of
agricultural heritage will be possible (Liu et al. 2008; Zhang and Tang 2008; Cui
2008). Suggestions range from developing ecotourism (Min et al. 2007; Yan et al.
2008; Chang et al. 2008), developing organic agriculture (Liang et al. 2010; He
et al. 2009), production of high-quality agricultural products, development and
industrialization of characteristic agriculture, to promoting ecological agriculture
and related industries.

The last one is legislation and policy suggestions. The current legal framework
for the protection of agricultural heritage is sporadic. The weaknesses and problems
concerning the existing legislations and policies lay in the fact that the national
interest, especially the interest of traditional communities are not taken consider-
ation during the implementation of the international conventions (Li 2007; Xue
et al. 2009). There is no specific law on the maintenance, protection, and utilization
of the agricultural heritage. And, the law of protection of agricultural culture is
absent. In short, legislations and policies at both international and national levels
should be better coordinated and integrated for effective protection of agricultural
heritage (Wu et al. 2010).
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Although the promotion of GIAHS has received great enthusiasm and support
from related governmental departments and organizations, agricultural heritage is
still a new concept. Greater effort should be made in the future to advance the study
of agricultural heritage. Future research agenda should shift from static literature
studies to dynamic explorations and focus on agricultural heritage conservation and
utilization, which has greater concern about people’s livelihood. The ultimate goal
is to achieve the objectives for both protection of traditional agricultural systems
and the sustainable development of the local population.
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Abstract In this chapter, we listed three important species and population as
typical cases of species and population conservation. Mangrove, as a special
ecosystem in the edge of the land and sea, has been conducted plenty of in-depth
researches for a long time. Here, we tease and describe the historical perspectives
and current status of mangrove ecological research. In addition, the protection
consciousness of the ecological environment and biodiversity has gradually
improved during the development process of biological industry. Sericulture, as a
traditional industry, played an important role in the economic, culture, and social
development in China at one time. In recent years, researches have been focused on
the multiple ecological functions of mulberry, such as windbreak and sand-fixation,
soil and water conservation, etc. Rubber is a typical tropical cash crop, and natural
rubber is an important industrial raw materials and strategic resources. The sus-
tainable management on rubber ecosystem has been reinforced at the same time of
natural rubber industry development.
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1 Historical Perspectives and Current Status of Mangrove
Ecological Research in China

1.1 Introduction

Mangrove species in China covered >50,000 ha in 1950s (Lin 1999), but reduced to
about 23,000 ha now (Chen et al. 2009). Since 1995, the majority of natural man-
groves have been protected as part of the national wide mangrove nature reserves.
Chinese scientists have conducted a great deal of research on mangroves since 1950s
(Lin 1999). Chen et al. (2009) provided one in-depth reviews on Chinese mangrove
current status and research. Since then, increased government investments have
greatly improved the research on mangroves in China. In this paper, we provided
some historical perspectives and reviewed the rapid developments in the mangrove
conservation, restoration, and researches in China after 1990s.

1.2 Historical Perspectives

Mangrove research in China can be divided into the following five stages:

(i) Early awareness and taxonomy study period (before 1955): There was only
38 reports, most descriptions and taxonomy of mangrove species, on man-
groves in China between 1600 and 1975 (Rollet 1981), including «Fujian
Flora and Plant Communities», «Chinese Mangrove Forestsy», etc. Under the
supervision of Prof. Jing He, Peng Lin started his mangrove community field
surveys in 1953.

(i) Community ecology study period (1955-1965): Mangrove research in China
shifted from taxonomy studies to more on plant ecology, and yielded some
milestone publications such as «Mangrove Forests» in Taiwan, «Mangrove
Ecology» in Fujian and «Mangrove Communities on Leizhou Peninsula» in
Guangdong. Meanwhile, Kandelia candel was successfully introduced in 1952
to Ruian, Zhejiang from Guangdong and Fujian.

(iii) Mangrove resource and conservation study period (1976-1985): As vegetation
science progressed in China, especially publication of «Vegetation of
Guangdong» in 1976 and «Vegetation of China» in 1980, mangrove values
and related studies received more and more attentions during this period. Prof.
Peng Lin and his research group at Xiamen University made significant pro-
gresses in mangrove ecological studies, and published some significant books
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(iv)

)

such as «Mangrove Communities and Distributions along Chinese
Southeastern Coastlines» (1981) and «Mangrove Forests» (1984). Yunzhang
Gao in Botany Institute of South China and Hongda Zhang at Zhongshan
University conducted some excellent work on mangroves in Hong Kong,
Macao and Guangdong. In Taiwan, a few papers on mangrove ecology were
published in 1982, including famous authors Ming-yi Chen, Chang-hung
Chou, etc.

Mangrove ecosystem ecology research period (1985-2000): This was the peak
period for mangrove ecosystem ecology research, with strong focus on the
structure and functions of mangrove ecosystems in China, including energy
flow and nutrient cycle processes, biodiversity of benthic animals, algae,
phytoplankton, microbes, and birds, and trophic relations among primary
producers, consumers, and decomposers. Mangrove physiological ecology and
molecular ecology were also received great attentions (e.g., Ge and Sun 1999).
Influential research groups included the Mangrove Research group of Prof.
Peng Lin at Xiamen University (members: Changyi Lu, Guanghui Lin,
Ronghua Chen, Wenjiao Zheng, Yiming Lin, Wenqging Wang, etc.), the
research group of Prof. Hongda Zhang at Zhongshan University (members:
Guizhu Chen, Shenyu Liao, etc.), the research team led by Yushan Wong and
Nora FY Tam at City University of Hong Kong, and the research team led by
Hanging Fan at Center for Mangrove Research of Guangxi (Chen et al. 2009).
In 1992, Research Group of Mangrove Ecologists was established within
Ecology Society of China, and the first national symposium on mangrove
ecosystems in China were organized in Beihai, Guangxi in 1993, followed by
the second symposium in Guangzhou in 1996 and third symposium in Xiamen
Fujian in 1996, respectively. These meetings greatly promoted the academic
exchanges among Chinese mangrove ecologists and stimulated Chinese
mangrove research.

Mangrove-global change interaction study period (2001-present): During
recent years, Chinese mangrove researchers paid great deal to possible inter-
actions between mangrove ecosystems and global change. In addition to field
or experimental studies on methane emission and mangrove responses to sea
level rise (e.g., Lu et al. 1999; Ye et al. 2003, 2004), several long-term field
research stations were established, respectively, in Dongzhaigang National
Mangrove Nature Reserve by Bao Liao’s group at Institute of Tropical
Forestry, Chinese Academy of Forestry and in Zhangjiangkou National
Mangrove Nature Reserve and Zhanjiang National Mangrove Nature Reserve
by Guanghui Lin’s group at Xiamen University (now moved to Tsinghua
University). Another threat of global change on Chinese mangrove wetlands
came from the fast spread of Spartina alterniflora and introduction of exotic
Sonneratia apetala, which received intensive studies during recent years (e.g.,
Chen et al. 2008, 2012, 2013; Zhang et al. 2012). However, few studies are
available on the effects of elevated CO,, nitrogen deposition, and land-use
change on mangroves in China (Chen et al. 2009).
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1.3 Recent Developments in Mangrove Research

Since 1990s, significant amount of books and scientific papers have been published,
indicating the rapid development in this research field (Chen et al. 2009). In total,
there were 1473 papers published in domestic and international journals from 1990
to 2007, according to the records in the Weipu Database of China and the Web of
Science Database (Table 1). Although the number of annual published papers on
mangroves by Chinese scientists increased exponentially from 1990 to 2007, the
proportion of the peer review journal papers written by Chinese scientists to the
world mangrove publications after 2000 was 10.2 %, which was lower than that in
1990s (Table 1).

Between 1990 and 2007, the mangrove research in China focused on a dozen
areas (Fig. 1), which included remote sense and modeling, aquaculture, global
ecology, geography and hydrography, energy flow, morphology and anatomy,
molecular ecology, pharmaceutics and active material exploitation, silviculture,
community and population ecology, biodiversity, pollution ecology, ecophysiol-
ogy, conservation and management. Among them, five research areas increased
most rapidly, including molecular ecology, pollution ecology, biodiversity, con-
servation and management, silviculture and pharmaceutics, and active material
exploitation (Chen et al. 2009).

Extensive researches on mangrove ecosystem structure and function revealed
extremely high biomass and primary production for the mangrove forests in China
(see Chinese literature cited by Chen et al. 2009). Based on these results, a
“Three-High” or “3-H” theory on mangrove communities, i.e., high productivity,
high return ratio, and high decomposition ratio, was later proposed (Lin 1999).
A great deal of field and greenhouse studies pointed to great challenges in selecting

Table 1 Number of papers on China’s mangroves published from 1990 to 2007 (Chen et al.
2009)"

Year No. of No. of Total No. of Proportion of
publications in publications world mangrove China’s SCI
Weipu database | in SCI publications SCI publications to
of domestic journals of journals of web of | world mangrove
journals in web of science database publications (%)
Mainland China | science

database

1990-99 307 104 679 153

2000-7 780 282 2752 10.2

Total 1087 386 3431 11.3

(1990-2007)

*Officially published papers of Mainland China, Hong Kong, Taiwan and Macao mangroves were
included. While the abstracts submitted to conferences and book chapters were not included
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Fig. 1 Distribution of published papers in 14 major research areas from 1990 to 2007 (Chen et al.
2009)

suitable tidal flats for the mangrove afforestation efforts in China (Fan and Li 1997,
Mo and Fan 2001). Physiological studies showed that Bruguiera gymnorrhiza had
lower tolerance to soil flooding than K. candel (Ye et al. 2003), while the optimal
tidal inundation period for Kandelia obovata growth and photosynthesis was 2—4 h
per tidal cycle (Chen et al. 2004, 2005; Wang et al. 2011a, b). Studies on mangrove
management and new techniques in silviculture developed rapidly after 2000
(Fig. 1). The exotic Sonneratia apetala was shown to have good tolerance of high
tide and chilling conditions (Liao et al. 2003), which may explain why it was
considered as one of the best mangrove afforestation species and used almost in all
mangrove afforestation projects in China.

Researches on the potentials of mangrove wetlands for wastewater treatments
and pollutant degradation have been also greatly promoted in China since 1990s
(Tam and Wong 1997; Wong et al. 1997), and it was estimated that more than 70 %
of dissolved organic carbon, ammonia, and total Kjeldahl nitrogen; 50 %of inor-
ganic nitrogen and many polycyclic aromatic hydrocarbons could be removed or
degraded by a constructed mangrove wetlands (Zhong et al. 2007; Yang et al.
2008). Furthermore, medicinal applications of Chinese mangrove plants were
known for a long period of time (Lin and Fu 1995), which stimulated great interests
in the studies on the sources, compound structures, and bioactivities of natural
products from mangrove materials after 2000 (Li et al. 2007; Tao et al. 2007; Wu
et al. 2008). However, the direct utilization of mangrove materials for medicine
production will likely reduce mangrove resources and should be avoided. A better
way for this application is to formulate new medicines through chemical synthesis
base on the compound configurations of related compounds found in certain
mangrove materials (Chen et al. 2009).
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Great progresses have been made in the field of molecular ecology since 2000,
especially in the areas on the geographical distances and species relationships of
Chinese mangroves. The genomic basis of the adaptive evolution and speciation in
mangrove was established (Zhong et al. 2002; Shi et al. 2002, 2005), and several
molecular biomarker, including chloroplast DNA, mitochondrial DNA and
inter-simple sequence repeat, were used to identify the gene flows between South
China Sea and nearby regions (Tan et al. 2005). Molecular markers were also used as
taxonomic evidences for several mangrove species classifications (Sheue et al.
2003). These studies illustrated the values of using modern technologies in resolving
long-standing ecological or evolutionary issues in mangroves (Chen et al. 2009).

1.4 Conclusion and Discussion

Because of the apparent success in mangrove conservation and reforestation during
last two decades, the loss of mangrove habitats was halted or even reversed, with
about two third of mangrove forests being protected in more than 30 natural
reserves of national, provincial and county-level as well as over 2000 ha mangrove
forests being restored in southern China (Chen et al. 2009). However, there are still
many threats to Chinese mangroves, including urban and aquaculture wastewater
discharge, oil pollution, biological invasion, insect outbreak and the influence of
water transportation remain serious threats to mangroves in China. For example,
human destruction of mangrove mud flats or forest canopy may facilitate fast
invasion of S. alterniflora into mangrove forests (Zhang et al. 2012).

A large number of case studies on Chinese mangroves have significantly
increased our understanding of the structure and functions of the mangrove
ecosystems as well as the values of mangrove wetlands over the past two decades
(Chen et al. 2009). However, there are still many areas needed to be strengthened in
the future, including (i) the role of keystone species in determining Chinese man-
grove ecosystems and the relationships between species diversity and ecosystem
functions; (ii) the consequence of large scale sea wall construction on the fate of
mangrove forests in China under rising sea levels in coming decades or century;
(iii) the invasive mechanisms and the efficient measures for controlling biological
invasions caused by exotic species such as S. alterniflora; and (iv) universal
standard system for evaluating such efforts and achievements and enforcement of
such standard system by governmental agencies (such as State Administration of
Forestry), research institutions and local communities, etc.

In conclusion, the population boom and rapid economic developments have
greatly reduced mangrove areas in China since 1980s, leaving only about 23,000 ha
mangroves in Mainland China (Chen et al. 2009). Chinese government has laun-
ched a series of programs to protect mangroves since 1980s and has established
mangrove ecosystems as high-priority areas for improving environmental and living
resource management. During last three decades, a total of 34 natural mangrove
conservation areas have been established, which accounts for 80 % of the total
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existing mangroves areas in China. Mangrove restoration areas in Mainland China
accounted for <7 % of the total mangroves areas in 2002. A great deal of research
papers on Chinese mangroves has been published in international journals.
However, more systematic protection strategies and active restoration measure-
ments are still urgently needed in order to preserve these valuable resources in
China.

2 Ecological Issues of Mulberry and Sustainable
Development

Mulberry trees have long been planted solely for silkworm rearing. Its ecological
roles were neglected. In recent years, as people paid more and more attention to the
increasingly deteriorated ecological environment, the roles of mulberry trees in
prevention and control of desertification, control of stony desertification, water and
soil conservation, saline land management, and returning farmland to forestry have
received renewed cognition. Meanwhile, multiple values of mulberry trees as
source of other products other than as silkworm food have also been gradually
explored, leading to an innovation and transformation on management of mulberry
industry. Mulberry ecological industry, its core technologies, and its ecological
governance and industrialization mode in a typical fragile ecological zones, have
become the focuses for academia and industry.

Mulberry trees are good carbon sink plants. It is primarily estimated that 1 mu
mulberry trees could absorb about 4162 kg of CO, (equivalent to 135 kg of carbon)
and release 3064 kg of oxygen each year. In addition, mulberry leaves have high
endurance and certain absorption and purification function to air pollutants, such as
chlorine, hydrogen fluoride, and sulfur dioxide. Under 6 h of fumigation at
0.79 x 10~ concentration of sulfur dioxide, 1 kg dry mulberry leaves could absorb
5.7726 g sulfur dioxide and one cubic meter mulberry forest could absorb 20 mL
sulfur dioxide gas each day. Mulberry has strong resistance to sulfur dioxide pol-
lution, being a first-class resistant tree species against sulfur dioxide. Mulberry also
has high resistance to chlorine dominant air pollution. Under such air pollution,
mulberry leaves remained undamaged or area of damage was below 20 % of total
leaf area, and trees grew and developed normally, being a first-class resistant tree
species which can be used as resistant plants. No matter what is considered, mul-
berry is an ideal tree species for city landscape due to its excellent features in tree
form, leaf color, growth vigor, tenacity, and resistance. As a deciduous arbor
species, mulberry is resistant against drought and flood. It can be planted along
riversides, at field edges, on slopes, at garden corners, along roadsides, and in
public parks and other recreation places. It is an excellent tree species for city
afforestation at “four sides”.
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Mulberry has very strong root system. Its roots form a greatly tangled and
densely network in the soil. Mulberry plantation is highly capable of suppressing
sandstorm and conserving water and soil. According to experiments at Natuo
High-efficiency Agri-ecological Garden, Fuling District of Chongqing City,
anti-erosion of soil under mulberry tree hedgerow was considerably improved. The
aggregation degree and aggregation status of top soil was increased by 25.2 and
50.6 %, respectively than that under traditional planting pattern, while dispersion
rate was lowered by 3.7 %, water stability index was 1.9 times to that of traditional
down slope planting pattern, and the destruction rate of water stable soil aggregates
within the first 10 min was only 57.2 % to that of the traditional planting pattern.
Compared to traditional planting pattern, runoff volume, and runoff coefficient were
reduced by 10.34-20.00 %, erosion was lowered by 55.23-67.84 %, and sand
content of runoff was lowered by 48.60-59.80 %. Under heavy rain, mulberry tree
hedgerow had significant effect in reducing total runoff and enrichment ratio of
nutrients as well.

Mulberry root system occupies a room bigger than aerial part of the plant. In
loess plateau of Shaanxi, China, length of the root system of a 1-year-old mulberry
sapling could reach 1000 m. That of a 10-year-old mulberry tree could reach
10,000 m. The longest taproot was 8 m deep in the soil. The longest lateral root was
over 9 m. The distribution area of underground root system could be 4-5 times to
the projected area of tree canopy. Compared to un-afforested land, water conser-
vation was 20 m® higher and mud and sand runoff was 3 t less in 1 mu mulberry
field per year. While no other vegetation was present, the agricultural land with
mulberry plantation was capable of stabilizing 3067.8 kg/km” sand a year. The
erosion ditches were 57 % less, 59.2 % shorter, 61 % narrower, and 64 % shallower
than those in agricultural land without mulberry plantation. After establishment of
ecological mulberry plantation for water and soil conservation on agricultural land
with 40° steep slope, reduction of rainfall runoff could reach 70 % and reduction of
soil erosion could reach 79.7 %.

Mulberry trees have high adaptability to soil. Under soil pH value of 4.5-8.5 and
slat content of 0.2 %, they could still grow normally (Hu and Zhou 2010). Mulberry
trees could grow in barren soil with poor nutrients. In arid or semiarid desert area
with annual rainfall less than 300-600 mm, they could still grow well under natural
condition. Even in desert area of Xinjiang with annual rainfall below 150 mm, they
could also grow and develop normally. Under abundant supply of soil moisture, the
transpiration coefficient of mulberry trees was 350—450. Under drought stress, net
photosynthetic rate, transpiration rate and water utilization efficiency of mulberry
leaves would decline. The transpiration coefficient of some drought resistant mul-
berry varieties in the north of China was as low as 274, being lower than that of
Populus diversifolia (300), Elaeagnus angustifolia (383), seabuckthorn (483), and
poplar (513). Wilting coefficient of northern drought resistant mulberry varieties
was 9, being lower than wild apricot (13), white elm (13), poplar (15) and other tree
species, demonstrating that mulberry could adapt to dry climate. At present, mul-
berry has been used as an ecological tree species for water and soil conservation of
loess plateau in Shaanxi, desert control in Xinjiang, control of stony desertification
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in Chongging, sand control in Beijing, control of stony desertification in Guangxi,
and construction of ecological environment in many other provinces.

Mulberry trees can resist chilling and freezing of —30 °C and endure high
temperature of 40 °C. Dormant mulberry trees have the highest resistance against
chilling. Mulberry trees also have certain resistance against chilling at growth stage.
Investigations showed that adult mulberry trees could survive from an inundation of
20 days during their growth period. This is very rare among other xerophytic plants.
Mulberry trees have very strong endurance to waterlogging in dormant stage.
Mulberry trees in hydro-fluctuation belt of the Three Gorges Reservoir Area which
had undergone inundation of 150 days in over 10 m deep water could still ger-
minate and grow, being a tree species with best growth after emergence of the
hydro-fluctuation belt.

As an ecological tree species, mulberry trees not only bring good ecological benefit
but also yield high economic income. This is a prominent characteristic of mulberry
ecological industry. Mulberry leaf, fruit, stem, and bark can be utilized and easily
integrated with other advantageous industries. All these utilizations are beneficial and
sustainable, having caused wide attentions of researchers at home and abroad.

Mulberry leaf is a kind of forage resource with complete nutritional composition.
Mulberry tea has the effects of calming liver, improving eyesight, and evacuating
wind-heat, being a healthcare drink suitable to all ages. Mulberry fruit is a kind of
good taste, tonic fruit. Mulberry tree has very high medicinal value. It has multiple
medicinal parts. Its root, root bark, leaf, twig, and fruit can all be used as medicine.
In recent years, many clinic application studies have discovered that the chemical
components of mulberry tree have various pharmacological functions, such as
reducing blood sugar level, reducing blood lipid level, lowering blood pressure,
antibacteria, antivirus, antitumor, delaying aging, anti-filariasis, spasmolysis, and
antiulcer, having important clinic application value.

Mulberry trees can also be utilized in food and chemical industries. For examples,
food, food additives, and cosmetics made from mulberry leaf and fruit have been
available in the market. A special edible carbon made from carbonization of mulberry
root and stem has been widely used as food additive. Recombined wood boards and
bars made from mulberry branch can be used to substitute wood logs for making floor
boards, door jambs, and wooden models of buildings, furniture, and parts of wooden
structures. Mulberry branches can substitute miscellaneous woods or cotton seed hulls
for producing various edible fungi such as mushroom, agaric, Ganoderma lucidum,
Flammulina velutipes, and Pleurotus ostreatus. Meanwhile, it is an excellent raw
material for paper making and active carbon production. Mulberry branch has quite
high unit combustion value, being an excellent biomass fuel. Mulberry twigs can be
used to make skin care agent. Mulberry bark fiber has excellent characteristics of
natural fiber, being good raw material for making high rank paper.

Mulberry is a fast-growing woody plant characterized by deep roots, flourish
leaves, high resistance to pollution, high resistance to wind and sand, high resis-
tance to drought, high endurance to salinity, strong adaptability, and easy culti-
vation. The broad ecological adaptability of mulberry to light, temperature, water,
soil, and other natural conditions objectively enables it to have multiple ecological
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protective functions in water and soil conservation, wind resistance and sand
consolidation, water source preservation, and air refreshment. As a traditional
economic woody plant, mulberry also has great values for comprehensive devel-
opment and utilization. It is an excellent tree species with both ecological and
economic benefits for water and soil conservation and ecological environment
construction in China.

To sum up, mulberry tree has a strong adaptability, strong ecological function,
high economic efficiency, can grow in different ecological fragile areas. At the
meanwhile, the economic use of the diversity for mulberry ecological industry,
make it a good coupling in various kinds of ecological industrial system, to achieve
a sustainable development.

3 Ecosystem Management in the Natural Rubber Industry

3.1 Introduction

Ecosystem management originated from management and utilization of the tradi-
tional forest resources (Christensen et al. 1996). Forest ecosystem management has
formed a robust theoretical framework in China (Liao and Zhao 1999; Yang and
Jiang 2003; Zhou et al. 2007a, b).This management method has been widely rec-
ognized because of growing awareness of environmental degradation and resource
depletion. However, ecosystem management is not only applicable to the man-
agement of natural resources, but has also developed into an integrated resource
management system targeting the structure, function, and processes of sustain-
ability. This approach ensures that ecological services and biological resources have
not been irreversibly consumed due to human activities, and achieves long-term
sustainability (Zhao et al. 2004; Yang et al. 2004).

The natural rubber ecosystem has been degenerated due to a long-term focus on
economic benefits, and a new method for the management of natural rubber is needed.
The natural rubber industry ecosystem is a typical compound ecosystem, and rela-
tionships between ecosystem elements are complex (Jiang and Wang 2004). So its
management can not merely focus on the economic benefits but should take into full
account the coordination of ecological, economic, and social benefits for sustain-
ability, health, and industry development. The ecosystem management provides anew
approach for natural rubber industry ecosystem management. This method can guide
production and management of the natural rubber industry, and this will benefit the
healthy and sustainable development of the natural rubber industry.

Hainan is a tropical island and the second largest island in China, the environ-
ment is good for growing rubber trees. After decades of effort, Hainan has become
the largest production and supply base of natural rubber in China and rubber forest
is one of the largest artificial ecosystems on the island (Jiang and Wang 2004). So
Hainan is selected as an example to present a basic model of natural rubber industry
ecosystem management in this paper.



5 Case Study of Species and Population Conservation 99

3.2 Ecosystem Management in the Natural Rubber Industry

Natural rubber industry ecosystem management mainly reflected in the ecological
management engineering of rubber plantation, industrial ecosystem regulation,
ecosystem evaluation, and sustainable management, Eco-management information
(Fig. 2).

3.2.1 Ecological Engineering of Rubber Plantation
Environmental Selection Engineering

Agro-climate analysis and regionalization are most important in selection and
evaluation of rubber planting environments. Two main principles should be fol-
lowed: (i) more than 30 years of meteorological data should be considered, since
the rubber tree is a long-term crop; (ii) meteorological indices of selected planting
sites should be as similar as possible to the place of origin. Temperature and
moisture related to chilling injury are the main indicators for climatic regional-
ization of the rubber tree when selecting appropriate sites.

Ecosystem management

of natural rubber

Ecological Industrial ecosystem Ecosystem evaluation Eco-management

engineering of rubber regulation and sustainable management information

Environmental

selection Ecosystem service

- - Structural regulation functional valuation
Variety selection and

1 cultivate engineering

Ecological footprint

— Population accounting and analysis

match engineering Function regulation

Soil and water Ecological audits

Conservation engineering|

Disaster prevention and Institutional

i

Ecological compensation

mitigation engineering mechanism establish

Eco-physiological

T regulation engineering

Fig. 2 Ecosystem management of natural rubber industry
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Variety Selection and Cultivate Engineering

Selection and cultivating of desirable rubber clones is one of the main ways for
China’s rubber plantation industry to succeed in a relatively short period of time.
The specific measures include: local field trial and local extension of the clones;
cultivation of multi-clones, planting clones in the line of local conditions; rubber
planting recommendation; and implementation of appropriate agricultural technical
standards and measures.

Population Match Engineering

Many years of scientific research and production practice proves that planting other
crops between the rows in the rubber tree was able to conservation soil and water,
increase soil nutrient content, maintain and improve biological diversity of rubber
plantation, etc., and ultimately achieve ecological, economic, and social benefits.
Common cover crops include cereal, oil crops, potatoes, economic crops, and green
manure crops. The common cropping system includes a one-year, two-year, or
three-year rotation system.

Soil and Water Conservation Engineering

Annual rainfall is high and concentrated in Hainan’s rubber plantations, and hard to
be absorbed completely by the soil in a short time, causing soil erosion. We must
focus on water and soil conservation engineering when the rubber tree planted. The
main technical measures for soil and water conservation engineering in rubber
plantation include: contoured planting on slopes, building benches and terraces on
gentle slopes.

Disaster Prevention and Mitigation Engineering

Many years of rubber planting have shown that shelter-forest can reduce natural
disasters and protect rubber plantations, so it is essential to construct wind belt
network in rubber plantations areas. The protective effect of the shelter-forest belt
depends on the structural configuration and the direction, width and distance
between the shelter-forest.

Eco-physiological Regulation Engineering
Eco-physiological regulation engineering of rubber plantation divided into bio-

logical regulation and chemical regulation, biological regulation mainly include
Intercropping, chemical control including nutritional diagnostic fertilization,
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stimulation tapping. Intercropping in rubber plantation has numerous advantages,
such as conserving soil and water, increasing soil nutrient content, maintaining and
improving biodiversity, promoting growth and increasing yield of the rubber tree.
Fertilization management significantly affects growth of the rubber trees, so the
rubber tree needs supplementary fertilizer through nutrient diagnosis. Since stim-
ulated tapping has been practiced, it is very important to good tend and enhance
fertilizer for the rubber trees.

3.2.2 Natural Rubber Industry Ecosystem Regulation
Structural Regulation

Structural regulation of the natural rubber industry ecosystem includes: regulate
spatial structures of the rubber planting acceleration replanting of the old rubber
plantation to adjust time structure of rubber plantation; adjust variety structure of
the rubber planting; make full use of existing factories, and adjust processing layout
of the natural rubber.

Institutional Regulation

Institutional regulation of the nature rubber industry ecosystem includes: establish
scientific and rational structural framework of industrial business entities on the
basis of reforming existing systems; emphasis on building the institutional network,
establish and improve market circulation, finance and social service institutions, and
develop the market of futures transaction and e-commerce transaction; build the
prototype of targeted institutional system model, adjust targets and measures in the
next phase, improve the institutional system of the natural rubber industry.

Functional Regulation

After new tapping system was adopted, physiological processes and material flow
processes changed significantly, and material circulation was significantly faster,
accelerating nutrient depletion of the rubber plantation ecosystem. This forces us to
seek a new functional regulation strategy, and to improve the fertilizer formula and
fertilizing mode. In addition, biological regulation should also adopted, and
strengthen research in ecological adaptability and service function of the
inter-crops, and other areas of the biological regulation should also to research.
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3.2.3 Ecosystem Evaluation and Sustainable Management
Ecosystem Service Functional Valuation

The artificial forest ecosystem replaced of the natural forest ecosystem conforms to
the law of value transfer in ecosystem service functions. Ecosystem service func-
tional value in economic and social systems will be amplified several times or even
scores of times through input of human labor, material and energy. The total value
of ecosystem service function in rubber plantations in Hainan State Farms are lower
than those of montane rainforest, the lower part of which can be regarded as natural
input and bring about powerful economic and social service function value.

Ecological Footprint Accounting and Analysis

Accounting and analysis of ecological footprint to evaluate regional sustainable
development has become central in ecological economics. The results of accounting
and analysis of the natural rubber industry ecosystem shows that the Hainan State
Farms had a per capita ecological footprint of 0.44038 ha and per capita ecological
capacity of 9.11196 ha, available per capita ecological footprint of 8.01852 ha, per
capita ecological capacity of 7.57814 ha, and had a per capita ecological footprint
surplus of 5.71852 ha. This indicates that the natural rubber industry ecosystem in
Hainan state farms is healthy and sustainable in economic development terms.

Ecological Audits

Ecological audits reflect relationships between the economic growth of natural
rubber industry with the resource environment and social progress. Research shows
that natural rubber plantations have strong ecological service functions in soil
conservation, water saving, fixing of carbon dioxide, and the release of oxygen. The
natural rubber industry in Hainan State Farms mainly relies on energy input and
affected by the environment at lower levels, and the ratio of the energy input to
currency is lower than in other areas of the country. This is to say that the natural
rubber industry has relatively good economic benefits (Yu 2007).

Ecological Compensation Mechanism Establish

Ecological compensation mechanism is environmental economic policies that
integrated use of administrative and market instruments to adjusting ecological
protection and construction interests. The ecological compensation mechanism has
begun to explore in Hainan and Yunnan rubber planting area. The fees of the
ecological compensation through government to engage in the production of rubber
processing enterprises imposed was used to transformation low-yielding rubber
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plantation, and to compensate for the environment losses in rubber production
process, regulate coordination of the natural rubber industry development and
ecological environment.

4 Conclusion and Discussion

Ecosystem management research has mainly focused on the theoretical study in
ecological economics and policy. Little practical study into the specific technical
and management measures has been done. According to the actual situation of
natural rubber industry ecosystem in Hainan, we initially explored a set of natural
rubber industry ecosystem management approaches and methods experienced many
years of effort. However, ecosystem management of natural rubber plantations is a
huge systematic project involving ecological, economic and social factors,
long-term and large-scale substitution of natural vegetation with rubber plantations
and change of global climate will give some impact on the structure, function and
ecological process of the regional ecosystem, and the regional ecological envi-
ronment will also evolved. Therefore, we need to carry out long-term monitoring
and basic experiments of the ecological environment and explore the effective
management of natural rubber industry ecosystem to promote the coordination and
long-term sustainable development of the natural rubber industry.
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Chapter 6
Classification and Research Methods
of Ecosystem

Jixi Gao, Shihai Lv, Zhirong Zheng, Junhui Liu, Changxin Zou,
Zhaoping Yang, Liding Chen, Bojie Fu, Changhong Su
and Wenhua Li

Abstract The vast territory, diverse climate, rich landscape types, the numerous
lakes, and vast sea in the east and south, relatively superior natural, historical and
geographical conditions from tertiary and quaternary, make China one of the richest
countries in ecosystem in the world. In this chapter, our topic include the main
types of ecological system, crisscross band of ecological system, ecological secu-
rity, ecological function area division, landscape pattern, ecological process,
microbial ecology, and so on. Because rapid population growth and large-scale
rapid urbanization process bring huge pressure on resources and environment,
combined with the impact from the global climate warming and unreasonable
land-use activities, ecological security has become a key focus areas of national
security and sustainable development strategy. At present China still has not formed
a unified evaluation index system and standard of evaluation methods to evaluate
ecological security, and the exact meaning of ecological security is a lack of unified
understanding. We still use static evaluation in most work at present, short in
researching dynamic change, and the evolution trend of ecological security.
Ecological security properties, assessment scales of time and space of theoretical
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basis, evaluation index system, and evaluation method are an important part of the
study of ecology in China at present. To develop regional ecological function
zoning plan, clarifying the main ecological problems of different ecological func-
tion areas has very important practical significance. Ecological regionalization has
become the current macro and ecosystem ecology research hot spot. Using the
theory of modern ecology, with full consideration regional ecological processes,
ecosystem service functions, and ecological sensitivity to human activity intensity
relationship on the basis of comprehensive functional zone is one of the ecology
theories in practice. Ecological function regionalization is based on partition
method and consolidation method. The relationship between landscape patterns and
ecological processes and scale features is complex as landscape itself, and the
simple concept of causality is not enough for quantitative research. The main
research methods include landscape pattern index analysis, spatial autocorrelation
analysis, and landscape model. The research contents involved in the evolution of
the landscape pattern and drive process.

Keywords Classification of ecotones - Forest—steppe ecotone - Farming—pastoral
ecotone - Desert—oasis ecotone - Geographical distribution - Forest—steppe -
Desert—oasis ecotone - Landscape pattern analysis

1 Typical Ecotones in China

1.1 Introduction

Ecotone refers to a transition area between two biomes or two different ecosystems
(Odum 1971). Since the ecotone was first proposed by Clements in 1905, many
have contributed to ecotone research and theory. A focus on ecotones has also
played an important role in protecting ecological environments and enhancing
industrial and agricultural development. Since the 1970s, especially, the study of
the ecological ecotone has increasingly gained notoriety as an important facet of
ecological research.

The ecotone possesses many unique natural attributes such as the distinctiveness
of edge effects (Clements 1905; Hardt 1989), noncontinuity of vegetation distri-
bution, heterogeneity in landscape structure (Walker 1979, 1985), and the fragility
of the ecological environment. These attributes guide the study of ecological eco-
tones and play an important and irreplaceable role in the exploration of natural
ecological laws and protection of the ecological environment. For these reasons, the
ecotone has increasingly received attention from scientists and governments (Di
Casstri and Hansen 1992; Kevin and Thomas 2006; Temuulen 2005; Wang et al.
2000).
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China has a vast territory with a complex and changing geology, climate, and
vegetation, and is consequently home to a variety of ecological ecotones. This
variety is witnessed in breeds, scales, and sizes. This vast array has not only
allowed for a solid foundation of scientific research but has also enhanced China’s
economic development, social development, and cultural diversity conservation.
The rational selection of a typical ecological ecotone, the in-depth study of its
spatial distribution laws, characteristics of natural environment, as well as the
fragility of the ecological environment will lead to a comprehensive understanding
of the evolutionary patterns of ecotones. This study will play a significant role in
protecting regional ecological environments and optimizing economic structures.

1.2 Classification and Basic Characteristics of Ecotones

1.2.1 Classification of Ecotones

According to the geographical distribution and ecological features of China’s
large-scale ecotone and the national land type classification standard, this thesis
uses system ecology, agricultural climatology, and landscape ecology theory to
establish “The trinity index system” including land-use types, natural climate
characteristics, and agricultural economic development. Based on this index sys-
tem, we define the spatial distribution of typical ecotones in China (Table 1).

In accordance with the professional division standards, the indicators for national
ecological ecotone, and the basic characteristics of the fragile ecological environ-
ment, we adopted techniques such as remote satellite sensing, satellite interpreta-
tion, geographic information system, and graphics overlay to classify ecotones in
China into five different classes, eighteen sub-ecotones, and a number of units. We
classify localized ecotones if provided with regional vegetation types, characteris-
tics of plant communities, and other detailed data. The classification only applies to
the ecological transition zone in the ecosystem scale.

1.2.2 Basic Characteristics
Forest—Steppe Ecotone in Northern China

The distribution of the forest—steppe ecotone is concentrated in the semiarid and
sub-humid temperate zone of northern China, which refers to the area among the
outer Daxinganling Forest, south of the Yanshan Mountain, west of the Bashang
Plateau, and part of the Loess Plateau. This area can be roughly divided into the
northern temperate forest—steppe ecotone and the northern warm-temperate forest—
steppe ecotone.
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Table 1 The spatial definition indices of typical ecotones in China

J. Gao et al.

Ecotone types

Land-use patterns

Natural climate
characteristics

Agricultural economy
development

Forest—steppe
ecotone in
Northern China

Forest and grassland
mosaic distribution,
and woodland area
ratio is less than 30 %

Annual
precipitation 350-
500 mm, aridity
0.6-1.0

Animal husbandry
accounted for more
than 60 % of
agricultural economy

Farming—pastoral
ecotone in
Northern China

Dominated by grass,
and farmland area less
than 30 %

Annual
precipitation 300—
450 mm, aridity
1.0-2.0

Farming herd
coexists, cultivate
industry accounted for
more than 60 % of
agricultural economy

Desert—oasis
ecotone in
Northwest China

Dominated by desert,
oasis distribution was
mosaic and the area is
less than 30 %

Annual
precipitation
<150 mm, aridity
>4.0

Farming herd
coexists, crop
occupies 60 % above

The Chuan-dian
farming—pastoral
ecotone in
Southwest China

Altitude 2500-4500 m
in southwest mountain
area, vertical
distribution of forest
and grassland, ravine
area of farmland area
less than 30 %

Annual
precipitation
>1000 mm, above
10 °C accumulated
temperature 500—
4000

Agriculture forestry
animal husbandry to
coexist, animal
husbandry, animal
husbandry accounted
for more than 30 % of
agricultural economy

Eastern
marine-terrestrial
interlaced zone

Eastern
marine-terrestrial
interlaced zone, there
is significant tidal
wetland

Annual
precipitation
>800 mm, across
temperate,
subtropical and
tropical

Fishing accounted for
more than 60 % of
agricultural economy

Farming—Pastoral Ecotone in Northern China

We redefined the exact location of the farming—pastoral ecotone in northern China
from the two perspectives of land-use and climatic elements. The results show that
climate changes are very obvious in the farming—pastoral ecotone in northern
China, which covers a total area of 621,000 km?, and spans over 10° in latitude and
20° in longitude. Located in 154 counties (autonomous counties and county-level
city), it is shared by nine provinces or autonomous regions (banners, cities). The
boundaries of land use have been extended frequently, growing to include an
additional 23,000 km? between 1986 and 2000 (Fig. 1).

Desert—Oasis Ecotone in Northwest China

The distribution region of desert—oasis ecotone in northwest China mainly includes
the outer Hetao Plain, the west of the Helan Mountain, Hexi Corridor, the north and
south of Tianshan Mountains, Wushaoling, Qilian Mountains, Altun Mountains,
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Fig. 1 The boundary changes of the land use in the farming—pastoral ecotone in northern China

and the large marginal areas in the north of the Kunlun Mountains. Such areas are
located in Inner Mongolia, Gansu, Xinjiang Uygur Autonomous Region, Qinghai,
and Ningxia Autonomous Region. The desert—oasis ecotone in China has the fol-
lowing characteristics: circular or horseshoe shape, dominated by desert vegetation,
simple structure, extremely fragile environment, etc. Its area is about 1490,000 km?,
accounted for about 13.5 % of total area.

The Chuan-Dian Farming—Pastoral Ecotone in Southwest China

We have defined the Chuan-dian farming—pastoral ecotone in southwest China
following three aspects of agro-climate, agricultural economy, and land use. The
results show that the elevation of the ecotone ranges from 2500-2800 to 4200-
4500 m, the accumulated temperature isocline above 10 °C ranges from 500 to
4000 °C, and the average temperature of the hottest period is above 10 °C, while the
average temperature of the coldest period is above -10 °C. Based on county-level
administrative boundaries, the ecotone is located in a total of 40 county-level
administrative units including Ganzi County, Aba County, and Liangshan County
in Sichuan, Diging County, Nujiang County, and Lijiang County, and covers an
area of about 280,000 km”.
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Eastern Marine-Terrestrial Interlaced Zone

The large-scale marine-terrestrial interlaced zone is the junction between terrestrial
ecosystems and marine ecosystem, located in eastern China. It is a sensitive zone
and transition zone. The total length of the Chinese eastern coastline, comprising
the main body of the marine-terrestrial interlaced zone, is 32,000 km, of which
18,000 km is mainland coastline and 14,000 km is island coastline. The total area of
the marine-terrestrial interlaced zone is approximately 100,000 km?.

1.3 Conclusion and Discussion

Based on existing problems such as excessive deforestation, a northward moving
tree line, grassland degradation, and biodiversity loss in the northern forest—steppe
ecotone, effective actions are needed. This action may include strengthening
regional ecological construction and building a reasonable vegetation protection
system and environmentally friendly industrial system.

In the northern farming—pastoral ecotone, attention should be paid to prevent
land boundaries from spreading to grasslands. This spread is due to over-grazing,
over-cultivation, and land desertification, and should be avoided wherever possible.
In addition, more effort should be directed toward the construction of ecological
projects and the establishment of farming—pastoral industry structure, with specific
focus on the maintenance of ecological balance. In so doing, hazards from sand-
storms may be effectively curbed and a state ecological protective screen built.

As for ecosystem deterioration caused by climate acidification, and
over-exploitation of soil and water resources in the northwestern desert—oasis
ecotone, the strategy of “determining production by water” should be implemented.
An industrial structure and development mode based on the assessment of water
resources should be established in order to recover natural vegetation. This action
will help to maintain ecological security in the oasis.

In the Chuan-dian farming—pastoral zone in southwest China, ecology is rather
fragile and people live on little economic resources. Since soil erosion has been
caused mostly by human activities, including farming, afforestation, and grazing,
programs should be established to ensure that human activity is suited to local
conditions. Advantage-oriented ecological industries should be encouraged and a
mutually beneficial relationship between environment protection and economic
development is required.

2 Eco-environmental Security Assessment

Ecological and environmental problems have become more and more serious and
the international society has attached high importance to eco-environmental secu-
rity. To ensure regional eco-environmental security and to support sustainable
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development, it is urgent need to build ecological security assessment system, early
warning system, and environmental management system. Eco-environmental
security is also called environmental security. General concept of
eco-environmental security means a complex ecosystems including resource
security, environmental security, biological security, and ecosystem security.
Limited concept of eco-environmental security means natural (seminatural)
ecosystem health and integrity.

The concept of the eco-environmental security is rich in content. The evaluation
of eco-environmental security has a variety of scales which vary from individual,
population, community, ecosystem, landscape, and catchment to the whole earth.
From the perspective of nature protection, the objective of eco-environmental
security evaluation varies from single ecosystem, complex ecosystem, region,
watershed ecosystem, and eco-region (biogeographic region) to the ecosphere.
From the perspective of social system and development, the objective of
eco-environmental security evaluation varies from village, town, county, city,
country, and multi-countries, to the whole world, which restricted by administrative
boundaries.

The evaluation of eco-environmental security is confide in a spatial scale or
concentrated on natural-social-economic complex system. Based on the theories of
ecosystem hazard, ecosystem health, landscape ecology, and sustainable develop-
ment, the purpose of eco-environmental security evaluation is to realize sustainable
development, identify the eco-environmental security status, and predict and control
the risk with the trend. The selection of evaluation indexes system complies with
the principles of science, integrity, layer-divisibility, easy-to-operation, and
dynamic. General steps of eco-environmental evaluation are identifying the target
(region), building evaluation indexes system, establishing the standards of each
index, selecting the evaluation model, generating the result, analyzing, and dis-
cussing the process and conclusion.

Theoretically, the eco-environmental security is evaluated by various models
such as mathematic model, ecological model, landscape model, and digital terrain
model. The common used models are ecological carrying capacity-based model,
pressure-state-response assessment model, eco-environment management model,
and risk prevention/control model. The followings are summaries of these models:

1. Ecological carrying capacity refers to the ecological system of self-maintenance
and self-adjustment. It also means the capability of resource storage and envi-
ronmental containment that supporting the economic growth. The concept of
ecological carrying capacity contains three components, namely, resource car-
rying capacity, environment carrying capacity, and ecological elasticity. The
assessment of ecological carrying capacity includes three aspects. First, the
environmental pressure should not surpass the ecological edacity. Second, the
demand of economic development should not surpass the provision of resour-
ces. Third, the discharge of waste should not surpass the decomposition of
pollutants.
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2. In the model of pressure-state-response assessment, pressure means the unsus-
tainable human activities including the consumption discharge of wastage or any
other related factors in economic system, state reflects the situation of each
economic and environmental sub-systems, and response means the effective
measures or investment taken for sustainable development and pollutant control.

3. The eco-environment management concentrates on the ecosystem structure, the
process of succession, and the function of ecological service. To realize sus-
tainable development, the targets of eco-environment management are to pro-
tect, to restore, and to rebuild the ecosystem. Measures of protection, restoration,
and reconstruction should be made in order to keep the equilibrium of various
types of ecosystems.

4. Generally, ecological risk assessment is a special evaluation in the scopes of
biological engineering, ecological invasion, and natural/human disaster. In a
regional scale, ecological risk assessment contains the describing and assessing
the consequence of adverse effects such as environment pollution and
natural/human disaster. Generally, the possibility of natural/human disasters and
environmental pollution and the extent of the adverse influences on ecosystem
(or its components) are the objectives of the ecological risk assessment.

The evaluation of eco-environment security is complicated. Up to now, sys-
tematic evaluation methods and theories have not established. Same indexes could
not be applied to another region and determining the threshold of ecosystem
security meets difficulties. Moreover, the eco-environmental security observation
system and management platform have not established, which retard the disaster
prediction and pollution control. In future, the construction of observation system
and management platform needs to be strengthened.

3 Landscape Ecological Studies in China

3.1 Introduction

Landscape ecology grows rapidly since it was introduced into China in the early
1980s (Fu 1983; Xiao 1991). The scientists engaging in landscape ecological
studies have increased from tens to thousands in past three decades. Until today,
seven national conferences on landscape ecology have been organized since 1989
when the first national conference was held in Shenyang of northeastern China
(Xiao 1991). In addition, two international conferences on landscape ecological
studies circum-pacific regions and the 8th World Congress of IALE (2011) were
organized. After 30 years growth, a theoretical framework on landscape ecological
study is gradually developed in China by digesting the academic achievements on
landscape ecological studies of both North-America and Europe, and considering
the specialty of landscape in China.
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3.2 Recent Progresses on Landscape Ecological Studies
in China

Although many achievements on landscape ecological studies were made in China,
most of them are the consequences of following the leading groups in the world.
The main academic merits made in past decade in China include the following
fields: landscape pattern change and its multiple scale effects (Li et al. 2006, 2007),
landscape pattern analysis and optimization of landscape eco-network (Cheng et al.
2009; Guo et al. 2010), allocation of ecosystem service land and urban eco-security
pattern design (Yu et al. 2009a, b), forest landscape modeling and ecosystem
management for insect pest and fire control (Chang et al. 2008; Liu et al. 2009),
source-sink landscape pattern analysis and soil erosion risk assessment (Chen et al.
2008a, 2009), landscape pattern index and soil erosion risk identification at multiple
scales (Fu et al. 2006, 2013), etc.

3.2.1 Landscape Pattern Change and Its Multiple Scale Effects
in the Loess Plateau

Landscape change and its driving force is the hot topic in landscape ecological
studies, and many works are conducted in China (Chen et al. 2008b; Fu et al. 2008).
An interested work was completed by Zhang et al. (2012) who investigate
land-use/land-cover change in Yan’an region of northern loess plateau using survey
data on cropland, orchard, woodland, pasture land, and residential land in 1980,
1986, 1996, 2000, and 2001. In this study, the index describing the dynamic degree
of land-use change was employed to explore the characteristics of
land-use/land-cover change. In detail, the characteristics of land-use/land-cover
change in Yan’an region at different periods of 1980-1986, 1986—-1996, 1996—
2000, and 2000-2001 was examined, as well as the features of driving force of
landscape pattern evolution in spatial scale. It was found that the index of dynamic
degree of land-use change is becoming smaller as the spatial scale increase.
Furthermore, distinct temporal scale effects are presented on land-use/land-cover
change besides the spatial scale effects. Generally, the land-use types with an annual
growth period such as cropland and pasture grassland have the rule that the index of
dynamic degree is increased with temporal scale becoming smaller. However, the
index of dynamic degree of the other land-use types, for example, woodland,
orchard, and residential land, is varied, and the peak index of dynamic degree
appears at the temporal scale of 5 years. It becomes smaller with the temporal scale
increases or decreases.

Usually, landscape pattern is the consequence of the driving forces composed of
natural and socio-economic factors. It was found that the natural factors may
function predominantly on landscape pattern in long term or large scale, and the
response is slow and uncertain. However, the socio-economic factors are the main
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driving force of landscape change and may affect landscape pattern by determining
the trend of landscape change.

In the loess plateau, land-use/land-cover change has distinct spatial scale effects,
and the driving force in the large scale is normally the combined impacts of all
driving forces in the small scale. In addition to the effects of spatial scale, clear
effects of temporal scales are also displayed on the driving force of landscape
pattern change. In short period, the effects of natural factors on landscape pattern
are slight; however, it may contribute more in the long term.

3.2.2 Landscape Pattern Analysis and Optimization of Landscape
Eco-Network

To explore methodology and means for landscape pattern optimization in large
scale by considering the effects of landscape pattern on ecological processes and
ecosystem services is highly addressed in China and some achievements were
realized.

Landscape concentricity and eco-network optimization. To build a
high-connectivity, landscape eco-network is a useful method in biodiversity con-
servation, ecosystem management, and environmental hazard control (Fu et al.
2008). Landscape planning and management thus received many attentions from
landscape ecologists and planners. However, how to seek out the key points in a
heterogeneous landscape is critical for landscape eco-network planning and man-
agement. For such purpose, an index called landscape concentricity was proposed
by Teng et al. (2010) based on graph theory and network analysis principles. The
significance of landscape elements in the heterogeneous landscape and ecological
processes are emphasized in the model. The index thus can be applied in landscape
eco-network planning and management for biodiversity conservation and landscape
sustainability.

Urban expansion model and optimization in spatial scale. The spatial models of
urban expansion and eco-network optimization are important topics in landscape
ecological studies. It aims to establish a sustainable urban landscape planning based
on spatial model of landscape eco-network. In such purpose, Wang and Liu (2009)
classified the urban landscape eco-network into four types after investigating the
features of landscape pattern and ecosystem service land in the urban area of China,
i.e., Wetland-scenery-woodland landscape pattern, Woodland-road-dwelling land-
scape pattern, Plain-city-farm-shrub-river landscape pattern, and
Island-city-green-land-road landscape pattern. And the features, functions, and
ecological significance of these landscape patterns were further elaborated. The
result can be used as guidance to urban planning and urban ecosystem management.

Landscape planning and nature reserve network design. The relationship
between landscape pattern and animal movement is one of important research fields
in landscape ecology. Many studies indicate that landscape pattern may produce
crucial impacts on animal movement, as well as biodiversity conservation. Thus, to
study the effects of landscape pattern on the movement and conservation of
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endangered species is highlighted. However, it sometimes may bring adverse effects
on biodiversity conservation due to inappropriate distribution of nature reserves,
particularly in spatial allocation from large scale. Thus to establish a fit landscape
network from large scale is required. Many Chinese landscape scientists have
conducted researches addressing such issues. For example, Xu et al. (2010) pro-
posed an optimal network of nature reserves in the purpose of protecting Giant
Panda in Qinling mountainous areas based on habitat suitability evaluation and
accessibility analysis. Based on the network planning, two new nature reserves and
three habitat corridors are to be built for a safe pattern for Giant Panda living in the
concerned regions. Zhang et al. (2011) delineated out the most crucial areas to be
protected for biodiversity conservation in Hainan Island by habitat suitability
assessment as for 140 endangered animal species.

3.2.3 Ecosystem Service Land and Landscape Security Design

The issues such as extremely crowed living, traffic congestion, water shortage and
pollution, ecosystem degradation, etc., due to rapid urban expansion, are becoming
social hot topics, especially in the developing countries. How to solve the practical
problems appeared during urbanization by integrating landscape pattern analysis
has been paid much attention in China (Li et al. 2011b; Yu et al. 2009a, b). One of
them is about ecosystem service land and landscape eco-security design.

Ecosystem service land and urban security pattern. How to determine the
minimum quota of land to be used for ecosystem services in the metropolitan area is
of high significance, particularly in the case of reducing land resource and
increasing demand on land resource due to economic development. Yu et al.
(2009a, b) proposed a fundamental and safe landscape pattern for sustainable
development in Beijing using landscape eco-security pattern theory and GIS
techniques. In this study, a comprehensive and safe landscape pattern of Beijing at
minimum level is given by considering the effects of urban landscape pattern on
hydrological process, environmental hazards, biodiversity, and ecosystem services
such as cultural landscape protection and recreation for local people. As well, the
environmental effects of urban expansion were further investigated.

Urban expansion based on the distribution of ecosystem service land. The level
of landscape eco-security pattern of Nanchong of Sichuan in southwestern China
was estimated by Li et al. (2011a) after taking landform, flooding, soil erosion,
vegetation pattern, geological hazards, and biodiversity conservation using RS/GIS
techniques. Ecological corridors and critical landscape points were determined
using minimum distance resistance model in the purpose of ensuring urban
eco-security by reasonable urban expansion both in area and spatial configuration.
An index system for landscape eco-security evaluation was set up by Song and Cao
(2010) by integrating landscape pattern, function, vitality, ecological sensitivity,
and landscape stress. And landscape eco-security level of Beijing in 1988 and 2004
was compared.
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3.2.4 Forest Landscape Modeling for Pest/Fire Control

How to control fire/pest burst in forest area is a worldly concerned issue. As for this
topic, many researches were carried out in northeastern China, particularly in the
Daxinganling mountainous areas.

Dynamic modeling for forest landscape management and fire disturbance
control. An important work conducted by Chang et al. (2008) is that a comparison
on spatial pattern of fire frequency, burned area, intensity, and patch of forest fires
under two scenarios in Huzhong region of Daxinganling region was explored using
LANDIS model. Another research finished by Liu et al. (2009) is modeling the
effects of 10 scenarios on treatment of combustible under forest, including five
human involved treatments and five combined treatments of human and natural
disturbance. The long-term effects of such treatments were compared using
LANDIS model in term of burned area and fire intensity.

Dynamic modeling of forest landscape and pest burst control. As the most two
important disturbances in forest evolution, fire and insect pest, have been paid much
attentions in forest ecosystem management, however, how to control them in
heterogeneous forest landscape is still not clear. Chen et al. (2011) simulate the
interaction of fire and insect pest in forest evolution in future 300 years using
LANDIS model. It was found that fire frequency of forest may be reduced in the
early and middle stage of forest evolution due to combustible removal with the
occurrence of frequent insect pest in the forest landscape. It helps to keep a stable
and healthy forest landscape at low-level pest occurrence.

3.2.5 Location-Weighted Landscape Index and Soil Erosion Risk
Assessment

How to integrate landscape pattern analysis with ecological process is a key and
tough work for landscape ecologists, and has been paid much attention in China
(Chen et al. 2008; Wu et al. 2012). The construction of the landscape index
Location-Weighted Landscape-contract Index (IWLI) may give a new concept on
this field in landscape ecology.

Location-weighted landscape contract index (IWLI). Understanding the rela-
tionship between landscape patterns and ecological processes is a central yet
challenging research theme in landscape ecology. Over the past decades, many
landscape metrics were proposed but few of them directly incorporated ecological
processes. The landscape index, i.e., location-weighted landscape-contract index, is
developed by Chen et al. (2008a) to link landscape pattern analysis with the eco-
logical processes such as soil erosion or nutrient loss. In this index, relative dis-
tance, relative elevation, and slope of landscape units located were employed to
indicate the importance of landscape to the targeted ecological process at the outlet
in watershed scale. It can be used to characterize the contribution of landscape
pattern to a targeted ecological process (e.g., nutrient losses) with respect to a
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specific monitoring point in a watershed. In 1999, it was improved by Chen et al.
(2009) as

LWLI =~ Asourcei * Wi * AP; /
i=1

L

m

ZAsourcei * Wi * APz + ZAsinkj * W] * AP}
i=1 Jj=1

where Agqurce ; 18 the area of the ith source landscape type versus the distance, the
relative elevation, or the slope gradient; and Ay ; represents the area of the jth sink
landscape type versus the distance, the relative elevation, or the slope gradient. W;
and W; are the weights of the ith source and the jth sink landscape type, respec-
tively; m is the number of source landscape types, while n is the number of sink
landscape types; AP; and AP; are the area percentages of the ith source landscape
type and the jth sink landscape type in a watershed, respectively. In the equation,
when function of source and sink landscape is in balance, the value of LWLI would
be 0.5. This landscape pattern in a watershed would produce little nutrient losses or
soil erosion.

The highlighted significance of IWLI foundation is the integration of spatial
pattern of landscape types (Agource) USing Lorenz Curve, the quantitative attributes
of landscape types (AP;) in terms of landscape percentage, and the importance of
landscape types at a watershed scale by weight assigning. It can be employed to
compare the effects of landscape pattern on ecological processes.

Source-Sink landscape pattern analysis and soil erosion risk assessment. After
corrected by Xu (2009) with considering the contribution of rainfall, landforms, and
soil erosivity to soil erosion, LWLI can be used to estimate the risk of soil erosion
or nutrient loss at watershed scale by calculating IWLI value. It can also be used to
determine which landscape pattern is better in a watershed by comparing LWLI
index at different periods, or be used to determine which watershed is the potential
area on soil erosion by comparing LWLI index among different watersheds in same
period. In general, the bigger the LWLI index in a watershed, the higher the risk of
soil erosion occurs. Apart from evaluating the potential risk of nutrient losses or soil
erosion, LWLI can be used to characterize the effects of landscape pattern on
ecological processes, such as meta-population and wildlife conservation and urban
heat island effect.

3.2.6 Landscape Pattern Index for Soil Erosion Assessment
at Multiple Scales

To quantify the relationship between landscape pattern and soil erosion is a high-
lighted issue in landscape ecological studies (Fu et al. 2009, 2013). However, how
to define the effect of landscape pattern on soil erosion in different scales is a hard
work. In China, a framework on evaluating soil erosion risk at multiple scales was
proposed by Fu et al. (2006) at considering the effects of land use, terrain, soil, and
rainfall on soil erosion and using scale—pattern—process principles in landscape
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ecology. The scales involved include slope transact, small watershed, and regional
scale. This model can be used not only in exploring the relationship between
landscape pattern and soil erosion, but also in identifying the potential risk of soil
erosion in different landscape patterns. It is a useful tool to land-use planners and
decision-makers on sustainable land-use planning and ecosystem restoration.

3.2.7 Rural Landscape Analysis and Environmental Conservation

Landscape analysis and environmental conservation in the rural areas of China is an
important field for landscape ecologists, and many researches have been conducted.
Agricultural landscape pattern in Beijing at both patch and landscape level was
investigated by Zhao and Zhang (2008) using Fragstats3.3 based on land-use map
of 1993 and 2004. Based on the results, four functional zones in Beijing, i.e., urban
agro-environmental regulation area, suburb agro-environmental protection area,
plain agro-production aggrandized area, and hilly agro-ecosystem service main-
taining area, and suggestions on landscape pattern optimization in each area were
given. Moreover, a comprehensive agro-landscape quality assessment index was set
up by Pan et al. (2009) based on field survey and expert knowledge by considering
the aesthetic values of agro-landscape, wildness, openness, diversity, pollution risk,
regularity, etc. The quality and spatial difference of agro-landscape in Beijing was
addressed based on land-use data and remote sensing images.

3.2.8 Landscape Health Assessment

As a new trend of ecosystem health study, landscape health focuses on the health
value in landscape scale. An important indicator of landscape health is to see
whether the landscape pattern is sustainable. A case study carried out by Li et al.
(2010) is about the spatial difference of landscape health in Xixi Wetland Park in
Hangzhou of Jiangsu Province using an index developed based on socio-economic
factors and ecosystem protection. Another case study conducted by Shuo et al.
(2011) is about the evaluation of the response of ecosystem services to landscape
change in Liaohe River delta using remote sensing images of 1990-2010.

3.2.9 Oasis Landscape and Sustainable Development

Oasis landscape pattern analysis and function dynamic are also concerned in China.
The hydrological response to the landscape pattern change in the Oasis area in
northwestern China has been paid a lot attention. The important works mainly cover
the following areas: (1) landscape change in oasis area and its driving force (Li et al.
2007). Generally, both natural and human affecting factors that driving landscape
change were addressed using remote sensing images and GIS techniques. Recently,
the effects of snow smelting due to global warming and water shortage due to



6 Classification and Research Methods of Ecosystem 123

human activity increase in the upper river on landscape health are becoming a hot
topic; (2) Oasis landscape stability assessment and regional eco-security. Oasis
landscape stability is closely related to eco-security of oasis (Li et al. 2007). Many
researches have been conducted on landscape stability in oasis region using the
methodology with weight assigning by experts to the proposed index system;
(3) Landscape change and hydro-ecological balance in oasis area. Oasis landscape
in the lower river and the water source in the upper river compose a complex system
in the arid regions. However, the change in landscape pattern will result in
hydrological reaction in the drainage area and further water shortage, and thus the
hydro-ecological cycle and balance in regional scale are to be explored.

3.2.10 Landscape Fragmentation and Biodiversity Conservation

In landscape fragmentation and biodiversity conservation, a new research field
concerned by landscape ecologists is the hereditary effects of landscape fragmen-
tation due to natural or human disturbance. The spatial variation of gene diversity
was affected by landscape pattern, as well as the gene flow between
meta-population using landscape pattern index (Shen and Ji 2010). As for the plant
meta-population due to deforest, Jian et al. (2008) found that the pattern of
hereditary structure is determined by landscape fragmentation and gene flow among
different populations. Therefore, to investigate the response of gene flow to land-
scape fragmentation requires to study further the reproductive strategy (Wang et al.
2009).

3.3 Conclusions and Remarks

By integrating the advantages of both North-American landscape ecological studies
and European landscape ecological studies, a Chinese framework on landscape
ecological studies is gradually developed. Some original works both in theories and
methodologies have been done in China after the concept of landscape ecology
introduced into China since 1980s. They are mainly focused on the following fields:
multiple scale effects of landscape change, landscape eco-network design for
wildlife conservation, and spatial arrangement of ecosystem service land for urban
eco-security. Further, seeking new landscape index is also addressed, such as LWLI
index (location-weighted landscape contrast index) by integrating landscape pattern
and ecological processes, traverse-slope landscape pattern index, or
longitudinal-slope landscape pattern index (You and Li 2005), and the
multiple-scale soil erosion index based on the correlation between landscape pattern
and soil erosion(Fu et al. 2006). All the above-mentioned indexes are new and
valuable metrics to be employed in describing the relationship between landscape
pattern and ecological processes (Chen et al. 2008b). Although many achievements
are made on landscape ecological studies in China, there is still much work to be
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done. The highly geographical difference both in cultural and human-nature cou-
pling relationship resulted from long history of human activities and complicated
environmental conditions in China call for a methodology to seek a solution to the
increasing environmental issues (Jiao et al. 2012; Qin et al. 2010). Additionally, the
intensity, diversity, complexity, and typicality of the interaction between natural
ecosystem and social system in China are quite different from that in the other
countries. All above-said provides a chance for Chinese landscape ecologists for
acquiring much more achievements, and also raise a challenge for them to resolve
all the problems faced to realize sustainable and healthy landscape in China.

4 Coupling Analysis of Landscape Pattern and Ecological
Processes

4.1 Introduction

Landscape ecology has been applied widely for its theories and approaches. The
link between landscape patterns and ecological processes forms the foundation of
landscape ecology, understanding which is key to further promote the study of
landscape ecology (Fu et al. 2001; Wu 2007; Wu and Hobbs 2002). Exploration of
the coupling relation between landscape pattern and ecological processes is con-
ducive to understandings of ecosystem function mechanisms and prudent land-use
policies.

4.2 Quantification of Landscape Pattern

Landscape pattern metrics, spatial statistical analysis, and dynamic models constitute
the three types of primary methods for quantifying landscape patterns. Landscape
pattern metrics are used most widely in analyzing landscape structural composition
and spatial configurations. Unfortunately, most existing landscape metrics fail to
capture the fundamental patterns in landscapes important to ecosystem processes,
due to lack of or confusion in ecological meanings (Jones et al. 2012), which makes
it difficult to explain the underlying mechanism of the landscape pattern change.
Real-world landscapes are always typified by spatial autocorrelations which
reflected the spatial gradient variations. Studies on these gradient variations lay the
foundations for regional ecological process researches and the future directions of
exploration on spatial evolutions of landscape patterns, albeit subjected to various
natural factors. Dynamic models of landscape pattern consist primarily of spatial
Markov (Aaviksoo 1995), cellular automata (Wu 2002), and agent-based models
(Bithell and Brasington 2009). Markov model calculates the land-use transfer
probability matrix table based on historic land-use images, and simulates the future
landscape patterns. Cellular automata simulate the complex spatial structure through



6 Classification and Research Methods of Ecosystem 125

simple transferring or domain rules. Agent-based models are robotic in depicting the
influences of complex human decision on landscape pattern. Integrating the
agent-based models into cellular automata is a key future direction for landscape
study.

4.3 Scale Dependence of Landscape Evolution

Along with the spatial scale increase, the magnitude of land-use change will decrease,
and the complexity of land-use transfer will increase. (i) Slope is the smallest spatial
scale, which is characterized by land use, hydrology, topology, soil, etc. In addition,
physical and anthropogenic processes are directly interacted at slope scale. The
landscape evolution at the slope scale in the Loess Plateau during the Grain for Green
program period is characterized by slope farmland conversion to nonfarm land use
based on the criteria of slope degree. (ii) Watershed/sub-watershed is a basic unit key
to understand land use and hydrological response. At watershed/sub-watershed scale,
in the Loess Plateau, patches become more regular and aggregated. Landscape
becomes more fragmented with higher landscape diversity and complexity.
(iii) County is the basic unit for regional sustainable development. As a relatively
independent unit, county is a scale at which natural resources and social statistical
data are easy to be obtained. At county level, the Loess Plateau underwent frequent
land-use transfer characterized by decreased farmland, and expanded forest, grass-
land, and residential land (Zhang et al. 2004; Wang et al. 2006). (iv) Region is a unit
characterized by correlations between population, resources, and environment. Take
Yan’an district as an example, from 1980 to 2001, land-use types of farmland, water
area, and waste land decreased, whereas vegetable land, forest, grassland, and
industrial and mining land increased.

Generally, vegetation changed more abruptly at shorter temporal scale. The
studies on the Loess Plateau show that, since 1930, Zhifanggou watershed has
undergone four stages, i.e., sudden destroy, slow recovery, stable, and quick recovery
(Zhang et al.’s 2004); studies show that along with the shortening of the temporal
scale, land-use dynamic index (LUDI) of farmland showed a monotonic decreasing
tendency, LUDI of vegetable yard and industrial/mining land showed a “V”’-shaped
trajectory, LUDI of forestry showed a invert “U”-shaped trajectory, and LUDI of
grassland showed a first-fluctuate-then-surge tendency.

4.4 Driving Mechanisms of Landscape Pattern Change

The driving system of landscape pattern consisted dominant and nondominant driving
factors. At larger scale, natural factors of topology and climate and anthropogenic
factors of population, culture, and regional social and economy take the leading
function. At medium/small scale, vegetation, soil, and technological renovation exert
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the pivotal effects. Generally, studies on larger scale are conducive to exploration of the
overall tendency of the relations between landscape variation and the multiple factors,
but it is not advantageous for grasping the landscape pattern and driving factors at
smaller scale. At 1970-1990, the major driving factors of land use in Zhifanggou
sub-watershed include population policy, land-use policy, reforming of economic
system, economic development, agricultural technology advancement, comprehen-
sive harnessing program, and factors of slope and soil. Whereas, at county (Anshai)
scale and region (Yan’an District) scale, the driving factors are more comprehensive,
anthropogenic factors of population policy, economic policy and technological reno-
vation, and physical factor of topology became the dominant factors. Some factors
insignificant at shorter temporal scale, e.g., temperature and precipitation, possibly
become influential at longer temporal scale (Zhang et al. 2004).

4.5 Coupling of Landscape Pattern and Ecological
Processes

4.5.1 The Theoretical Framework of Coupling Study

At finer scales, in situ observation and experimentation are used widely in studying
landscape pattern and ecological processes. High controllability and accuracy
makes in situ observation good verification for researches of landscape pattern and
ecological processes at larger scale. Land unit provides ‘bricks’ for coupling studies
at various scales. Hierarchical patch theory and scale transition strategy provide the
theoretical bases for establishing spatial explicit model linking landscape pattern
and ecological processes. We provided a framework for coupling landscape pattern
and ecological processes (Fig. 2).

4.5.2 Models for Landscape Pattern and Ecological Processes

According to the directions of the interactions between landscape patterns and
ecological processes, the models coupling landscape pattern and ecological pro-
cesses are generally divided into models that analyze the effect of landscape pat-
terns on ecological processes (Hattermann et al. 2006), models that analyze the
influence of ecological processes on landscape patterns (Jeltsch et al. 1999), and
models coupling landscape patterns and ecological processes.

4.5.3 Influences of Landscape Pattern on Various Ecological Processes

Landscape pattern is a key factor affecting hydrological cycling and water
resources. Land-use configuration pattern exerts profound influences on the feature
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Fig. 2 Framework on coupling landscape pattern and ecological process (Lii et al. 2012)

of the substrate and the physical/chemical characteristics of soils. At sub-watershed
scale, configuration of slope farmland—grassland—forest has higher nutrition reten-
tion ability than other patterns (Fu et al. 1999). Biodiversity and environment have
formed relatively stable co-adaptive relations during the long-period evolution.
Generally, land-use pattern close to natural state is conducive to biodiversity
conservation. Landscape pattern directly influences the soil carbon cycling.
Farmland ecosystem generally is regarded as an atmospheric carbon sink.
Conservation farming practice is effective in improving soil structure and soil
organic carbon. Conversion from farmland to forest/grass or fallowing farmland can
improve soil organic carbon. Logging or weeding accelerates carbon released from
plant residues and reduces the carbon content in the soil.
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4.6 Conclusion and Discussions

Given the awareness and understanding of landscape ecology, the mere description
of landscape patterns can no longer meet the needs of academic pursuits.
Developing landscape pattern indices that reflect ecological processes has much
theoretical and practical significance for future study.

Due to the complexity and abstract nature of ecological processes, most current
studies are confined to small/medium scales. It is necessary to test the cross-scale
relationships between landscape patterns and ecological processes, and to reveal the
scaling characteristics of ecological processes.

Long-term ecological research (LTER) is significant in exploring dynamic and
periodic ecological processes. One of the main purposes for landscape model is to
establish quantifiable and repeatable methods studying landscape pattern and eco-
logical processes. Parameters and functions need to be verified by in situ obser-
vation and controllable experiment which necessitate the LTER.

So far, research on the influences of landscape pattern on ecological processes is
relatively mature. However, research on the effects of ecological processes on
landscape patterns has not aroused sufficient attention. Ecological processes are
subtle and long lasting, which call for long-term and unremitting study.
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Abstract With the development of the ecology research, the in-depth under-
standing of the characteristics of different types of ecological systems, ecosystem
observation techniques progress, all kinds of ecosystem observation data to accu-
mulate, an value analysis and evaluation of the ecosystem make it possible for
understanding the ecological system evolution and discussing the sustainable
development of ecosystem. All parts of the ecosystem including humans and their
environment, ecosystem provide all kinds of ecological services to human through
the process of its function. Ecosystem services (ESs) is considered as no value by
the existing economic model and theory for a long time, only part of the ecological
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products have the market price, in order to obtain tangible ESs, human damage or
even destroy some invisible ecological services at the same time, led to a decline in
ESs. Since the mid-1990s, the Chinese ecologists widely study the ESs and its value
assessment research, contenting forest, grassland, wetland, farmland, and marine
ecosystems. Through the general laws of ecological service value method and the
time spatial heterogeneity of ESs space model method, we assess the ESs value in
whole and reflect its spatial and temporal heterogeneity. Value assessment method
of ESs is developing constantly, widely used in the main are valued based on the
price per unit area, based on the function of laws of value and dynamic laws of
value based on the single function time three types. Three methods are widely
adopted, they are based on the price per unit area, based on the function of laws of
value, dynamic laws of value based on the single function time. In a new paradigm
to investigate the relationship between ecosystem and economic system, so as to
promote an efficient economic decisions for resource allocation in the economic
system and ecological system of integrated system framework. To cultivate and
develop effective market mechanism for ecological service has become one of the
hot spot of ecological service research and ecosystem management. Researching on
ESs consumption and building ecological system efficient continuous consumption
mode, we can hold the direction of the rational utilization of ecological system, and
it is of great practical significance to safeguard the ecological safety. On the basis of
understanding the principle of ecosystem consumption and consumption mea-
surement model, analyzing consumption process, analyzing consumption utility
function (UF), and analyzing the consumption process, we can realize ESs, and this
provide a scientific basis to optimize the structure of consumption of ESs, and to
build efficient continuous consumption patterns (CPs).

Keywords Valuation methods - Spatial heterogeneity - Ecological compensation -
Forest ecosystem service - Monetary value of FES - Wetland ecosystem service -
Grassland ecosystem service + Agroecosystem service - Marine ecosystem service

1 Theory and Method

1.1 Introduction

Economists and ecological economists now recognize that nature is providing a
wide range of services that were previously ignored, and have proposed the term
ecosystem services (ESs) to encompass these services. The widely accepted defi-
nition for ES is the environment and its effectiveness that human beings must rely
on, maintained by ecosystems or formed by ecological processes (Daily 1997), or
the benefits people obtain from ecosystems (Costanza et al. 1997; WGMEA 2003a,
b, ¢). Obviously, the economies of every country are all entirely based on the goods
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and services provided by ecosystems, and human life itself depends on the ability of
ecosystems to continuously provide multiple benefits.

Scientists have increasingly recognized that both economic goods and services
and ecological goods and services are equally important to human welfare. In order
to achieve environmental sustainability in policy and management practice, it is
very important to determine ESs and evaluate these. The main purpose of this
section is to summarize valuation methods for ES and the progress and contribu-
tions of Chinese ecologists in this field.

1.2 Valuation Methods of Ecosystem Services and Progress

1.2.1 Valuation Methods of Ecosystem Services

The value basis of ESs includes: (i) the value of ES which is a utility value;
(i1) consumer surplus and producer surplus; and (iii) the willingness to pay or
willingness to accept compensation.

ESs have multiple values. The value of ESs includes two parts: the use value and
nonuse value. The use value includes direct use value and indirect use value; the
nonuse value includes the heritage value and existence value. Except for the values
mentioned above, there is an option value, which can be classified as either a use or
nonuse value.

Valuation methods for ESs are challenging and there remains no internationally
recognized or standardized valuation methodology. Existing valuation methods
include Avoided Cost (AC), Replacement Cost (RC), Factor Income (FI), Travel
Cost (TC), Hedonic Pricing (HP), Contingent Valuation (CV), Group Valuation
(GV), and Marginal Product Estimation (MP).

1.2.2 Dynamic Change and Spatial Heterogeneity of Ecosystem
Service Value

Valuation methods for ESs can assess the eco-services value of a certain region for
a given period. Therefore, as research in this area deepens, temporal and spatial
changes in ES values are receiving increased attention. Dynamics of ES value can
be expressed by ES flow. The spatial heterogeneity of ES can be expressed by a
space model.

1.2.3 Example Valuation of Ecosystem Services in China
Since the mid-1990s, Chinese ecologists have extensively studied and assessed ESs

and accomplished outstanding achievements. For example, Li et al. (2002, 2008)
organized experts to compile and publish a series of monographs including the
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Study of Ecosystem Services, Theory, Methods and Applications of Ecosystem
Services Valuation, and Ecological Compensation Mechanism and Its Policy in
China. These books systematically summarize the fundamental theories and
methods underpinning ES valuation and establish an ecological compensation
system and policy for China. Ouyang at al. (1999a, b) evaluated ESs in China
quantitatively and others have systematically explored ESs for different ecosystems,
including forest (Zhao et al. 2003), grassland (Xie et al. 2001), river and farmland
(Xiao et al. 2004). As to valuation methods for ESs, and Xie et al. (2003, 2008)
posited an equivalent factor method for ESs. The development of these methods has
played an important role in ES valuation in China. Unlike in other countries,
ecological service valuation research has been directly used to promote the estab-
lishment of ecological compensation mechanism in China. In fact, some research
results have been adopted directly by national authorities, for example, the
Evaluation Standards for the Ecosystem Services of Forest Ecosystems has become
the forestry industry standard in China and was officially issued by the State
Forestry Administration (SFA) of China in 2008. ES valuation methods remain a
sphere of development, and widely used methods can be divided into three types:
(i) valuation methods based on the price of unit area; (ii) valuation methods based
on the function value; and (iii) valuation methods based on temporal changes in a
single function.

1.2.4 The Mechanism of ES Value

Most ESs are public goods; however, since there is no market or market devel-
opment is far from perfect, they are always forgotten in the resource allocation of
the social-economic system. In essence, the coordination between economy and
ecology is a large challenge faced by many countries in the world. Although
ecological degradation has an indivisible relationship with the market economy,
market mechanisms are not the cause of ecological degradation but only intensify
market failure for ESs. The cause of ecological problems lies in economic activity,
rather than the market mechanism itself. Compared with nonmarket mechanisms,
market mechanisms are more effective for resource allocation and remain a fun-
damental way to ease ecological degradation and protect and restore ecosystems.
ESs provide a new paradigm to evaluate the relationship between the ecological and
economic systems, and promote effective allocation of resources within a com-
prehensive framework composed of economic and ecological systems according to
social and economic policies.

Trade form of ES: whether the supply and demand of ESs in the market are real
or not, as long as they exist and the quantity or value of ES transfer occurs in time
or space, it can be regarded as ES trade. There are three main forms of trade for
ESs: (i) economic trade; (ii) the spatial transfer of ESs; and (iii) the transfer of ESs
between different generations.

ES payment mechanisms have the potential to promote the formation of eco-
logical service protection funds by creating new demands for ecological products
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and services. The ES payment system is developing rapidly around the world and
accumulating a lot of experiences in promoting the marketization and value real-
ization of ESs. However, these are mainly case studies only and exploring the
‘market’ for ESs remains at an early stage and far from a ‘real’ ES market. Market
mechanisms will fully play a role in resource allocation only under an ‘ideal’
market. Therefore, the fair, impartial, sustainable ES trade requires effective
intervention from governments and robust international cooperation.

1.3 Conclusion and Discussion

ESs have emerged as a kind of theory and thought area within ecological eco-
nomics. The theory and method of ecological service valuation is still being
developed. The supply, consumption, and value of ESs will be gradually merged
into the theory of ecological service valuation, and ES payment mechanisms will be
established in a gradual manner.

ESs provided a new paradigm through which to evaluate the relationship
between ecological and economic systems, promote the cultivation and establish-
ment of ES markets in many countries, and accumulate experience in coordinating
the relationship between economic development and ecological protection.
However, the market for ESs development remains local and at a pilot stage, and
effective government intervention is necessary for continued development. Legal
and economic systems must be brought into the concept and framework of ESs. As
a society, specialized departments and policy are needed to ensure the reasonable
management and utilization of ESs.

2 Assessment of Forest Ecosystem Services in China

2.1 Introduction

Coupled human and natural systems (CHANS) are systems in which human and
natural components interact (Liu 2007). According to Mooney and Ehrlich (1997),
the idea that humans depend on natural systems dates back as far as Plato, but the
first modern publication that addresses this issue is Man and Nature by George
Perkins Marsh in 1864. Today, interactions between human and natural systems
have emerged as concerns because human activities are globally connected. At the
same time human societies and globally interconnected economies rely on
ecosystems services and support (Millennium Ecosystem Assessment 2005). ESs
are the conditions and processes through which natural ecosystems, and the species
that make them up, sustain, and fulfill human life (Daily 1997), including provision
services, regulation services, cultural services, and support services. It is now clear
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that patterns of production, consumption, and well-being develop not only from
economic and social relations within and between regions but also the capacity of
other regions’ ecosystems to sustain them (Arrow et al. 1995).

Valuation of ecosystems has continued (de Groot et al. 2002), but research and
attention has expanded greatly since the estimation of the value of ESs and natural
capital (Costanza et al. 1997). The development of science-based policy has been
increasingly recognized as an method for protecting and managing the environment
in the context of global change (Sun and Chen 2006; Daily and Matson 2008;
Fisher et al. 2008; Mailer et al. 2008; Carpenter et al. 2009). The recent Millennium
Ecosystem Assessment (MEA) provided a new general conceptual framework for
estimating the value of ESs at the regional, national, and global scales (MEA 2005).
In April 2011, a UK National Ecosystem Assessment (UK NEA) report was
published and it was the first and relatively complete assessment of ESs at a
national scale (UK NEA 2011). The UK NEA included four recognized services
provided by all the main ecosystems: supporting, regulating, provisioning, and
cultural services.

Here we focus on valuing China’s forest ecosystems services (FES). Forests
cannot only provide timber, but also critically represent important habitats and ESs
(Miller and Tangley 1991; Mendelshon and Balick 1995; Pearce 1998, 1999). The
ESs provided by forest ecosystems are diverse and difficult to quantify accurately at
a national level. In the last two decades, the estimation of the value of FES at the
national or regional scale has been the focus of ES research. For example, economic
techniques for estimating the total economic value (TEV) of forests in Mexico was
proposed (Adger et al. 1995), however, only a proportion of this value can feasibly
be ‘captured’ within Mexico: much of the benefits of Mexico’s forests fall outside
its borders and is therefore not considered by forest users or national policy-makers.
These benefits include maintaining water quality, reducing storm water runoff and
erosion, improving air quality, regulating climate and carbon sequestration, pro-
viding habitat for wildlife, maintaining biodiversity, and providing a destination for
recreation and tourism in addition to providing timber and non-timber resources,
which were estimated in America (Krieger 2001). The economic value of
Mediterranean forests, brought together forest valuations at the national level from
18 countries, is based on extensive local data and research findings in the context of
institutions and new policy approaches for improving management at national,
regional, and local levels (Merlo and Croitoru 2005). A study on the TEV of
Amazonian deforestation during the period of 1978—1993 also suggested the value
of FES from different points of view (Torras 2000), and scientists combined the
green income accounting and TEV approaches and applied the new framework to
Brazil in order to assess the foregone economic benefits resulting from Amazonian
deforestation. Canada also assesses the real value of its boreal ecosystems (Anielski
and Wilson 2005). Assessment work was carried out in 1972, 1991, and 2000 in
Japan (Wang 2005), and more recently in the UK (UK NEA 2011). All these
studies indicate the high value of FES, which has important implications in the
development of policy to protect and manage forests via ecological compensation.
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In the last 30 years, forest resources in China have rapidly increased along with
its economy. In 2008, the total area of forests was 195 million ha with a growing
stock of more than 13 billion cubic meters (State Forestry Administration 2009a).
Forested areas covered 20.36 % of the land base of China in 2008, a value that has
tripled from 8 % 60 years ago. The Chinese government has announced a plan to
expand forested areas by 40 million ha between 2005 and 2020 with carbon
sequestration as the main policy objective. China is an important country in the
world in terms of the importance of forests. Without a doubt, the benefits of
afforestation and reforestation make an important contribution to environment
improvement and economic development. The value of China’s FES in forest
ecology and forestry economics is an essential issue to consider. Based on the latest
national forest resources survey (the seventh) and socioeconomic data, this section
aims to show the monetary value of China’s FES at a national scale in 2008, and to
discuss the characteristics and implications of these assessments in an international
context.

Research is committed to supporting policy action toward a sustainable use of
forest resources nationwide, and the forest economic evaluation challenge has
gradually reached the national policy agenda. The methodology and approaches for
assessing FES and applying results are currently being developed in China, but
uncertainty factors when assessing FES remain. Therefore, sharing research
methods and results among scientists, forest managers, policy-makers, and the
public in different countries is important. China has an exceptionally diverse cli-
mate, geography and hydrology and forest vegetation, and social and economic
conditions differ between regions. While Chinese scientists and policy-makers
desire to learn from the work of other countries, China’s diverse conditions favor
the development of a methodology that is applicable to other countries with dif-
ferent climatic, geographical, and hydrological conditions. China should play an
important role in the development of environmental and forest management.

2.2 Data and Methods

2.2.1 Data Sources

Field measurement data consisting of ecological properties (e.g., net primary pro-
ductivity (NPP), water, and soil conservation) and characteristic parameters were
obtained based on 50 long-term research stations (consisting of 286 supplement
stations) in the China Forest Ecosystem Research Network (CFERN). This network
covers almost all forest ecosystems of all dominant trees in the country. The forest
inventory dataset was also used. Although SFA data are available from 1973 to
2008 via seven national forest resources inventories (NFI), (1973-1976) (the 1st
NFI), 1977-1981 (the 2nd NFI), 1984-1988 (the 3rd NFI), 1989-1993 (the 4th
NFI), 1994-1998 (the 5th NFI), 1999-2003 (the 6th NFI), and 2004-2008 (the 7th
NFI), only the period 2004-2008 (the 7th NFI) is complete and reports forest area,
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timber volume, and some ecological parameters. Data recorded included the forest
group (planted and natural forests), dominant tree species and age-class and so on.
We used data from the 7th NFI. Social-economical public data released by
authorities was also used in this assessment.

2.2.2 A Framework for the Ecological Valuation of Forest Ecosystem
Services in China

We evaluated the valuation of forest ESs based on the framework in Fig. 1. The
framework comprises four steps: (i) selection of indicators for the FES assessment;
(i1) identification of units for assessing FES; (iii) calculation; and (iv) synthesis of
the results.

Selecting Items for the FES Assessment

Forests are amongst the most biologically rich terrestrial systems in the world and
provide us with a wide variety of ESs. Six items have been selected to assess the
FES, including water conservation, soil conservation, carbon sequestration and
oxygen release, nutrient accumulation, atmosphere environmental purification, and
biodiversity conservation. Data from China are available for all the six measures.
Water conservation service contains water quantity regulation and water quality
purification, reflecting the role forests play in mitigating natural disasters such as
droughts and floods, as well as clean drinking water. Water and soil erosion is
widespread and affects all natural and human-managed ecosystems. It often causes
soil deterioration (Marques et al. 2008), decline in land productivity (Pimentel and
Kounang 1998), and is caused by a lack of vegetation protection (Canton et al. 2001;
Ludwig et al. 2005). Soil conservation is an indicator to demonstrate the interaction
between human and natural systems. The reasons for considering carbon seques-
tration and oxygen release are that forest ecosystems are important carbon sinks and
have a close relationship with climate change. Forests account for around 50 % of
total aboveground terrestrial organic carbon, as well deforestation and forest
degradation are estimated to cause 20 % of annual greenhouse gas emissions (SCBD
2008). So this indicator can better understand the effects of human activities on
natural systems and the responses of natural systems to human activities. Key
publications such as the MEA (2005) and Red List of Threatened Species (IUCN
2004) indicate that a large and increasing number of forest ecosystems, populations,
and species are threatened globally due to the loss and degradation of forest habitat,
and thus this indicator is needed to assess the value of forest biodiversity conser-
vation. With industrialization and increasing pollution, human living environmental
issues are more and more remarkable. Forest functions by absorbing air pollutants
and biochemistry cycles, and thus the indicators nutrient accumulation and atmo-
sphere environment purification are therefore required.
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Fig. 1 Framework for evaluating FES in China

Identifying the Units for Assessing FES

Basic geographical unit China is a large country of varied topography, climate,
forest vegetation, forest management systems, and social-economic development
levels. In order to minimize differences in natural conditions and maximize the
implication of the assessment results in policy-making, 31 administrative regions
(provinces and municipalities directly under the Central Government) across the
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Chinese mainland were used as assessment units. The value of FES in Hong Kong,
Macau, and Taiwan was not included here.

Basic forest unit Forest vegetation was divided into 46 kinds of forests based on
dominant tree species. In addition, a large area of economic forest (fruit trees, cork
plantations, and rubber plantations), bamboo forest, and shrubbery woodland exists.
These forests are difficult to classify based on dominant trees and are treated as
three kinds of forests. In total, 49 kinds of forests were used in this assessment. In
view of the effect of stand age on FES, each kind of forest was divided into five
age-classes: young, middle-age, premature, mature, and overmature stands.
Similarly, each kind of forest was divided into five age-group stands in a province
based on the NFI in 2008 (SFA 2009a). When all age-class stands in all kinds of
forests were found in a province, 245 age-class stands were involved in accounting
FES at the provincial level. In general, the number of age-class stands was less than
245 in a province because some kinds of forests or some age-groups in a kind of
forest were not present. Ultimately, 7020 assessment units with homogenization
were used as accounting units at the national level.

Calculation Process

Based on field measurement data from forest ecosystem research stations, remote
sensing data, and using process and mechanism models such as IBIS, we were able
to convert data conversion across scales.

Synthesis of FES Results

An age-group stand was used as the basic forest unit for accounting the value of
each FES. For each age-class stand in a province, the annual quantity of each FES
provided by the stand was estimated based on local research station observations or
published data. The unit price of each FES was determined based on relevant
Chinese yearbooks or published data. For example, the price of nitrogen conserved
in the stand was determined by referring to the current market price of nitrogen
fertilizer (Wang and Yang 2008). For an age-class stand, the annual monetary value
of each FES was obtained by multiplying the annual amount provided by the stand
with the price per unit amount. For each FES, the total values for quantity and
monetary could be obtained for a kind of forest, forest type, and province by
summing the quantity and monetary value of each FES in different age-class stands
within a province.
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2.3 Conclusion and Discussion

2.3.1 Monetary Value of FES at a National Level

In 2008, the total value of the six FES (water conservation, soil conservation,
carbon sequestration and oxygen release, nutrient accumulation, atmosphere envi-
ronmental purification, and biodiversity conservation) was estimated to be
10.01 trillion CNY (1.48 trillion USDs) per year. The contribution of each ES to the
total FES from highest to lowest was water conservation (40.51 %), biodiversity
conservation (24.01 %), carbon sequestration and oxygen release (15.57 %), soil
conservation (9.92 %), atmosphere environmental purification (7.92 %), and
nutrient accumulation (2.07 %) (Fig. 2).

2.3.2 Monetary Value of FES at the Provincial Level

Sichuan provided the largest FES value (1059 billion CNY) and Shanghai was the
least (2.31 billion CNY) (Fig. 3). The values for water conservation, biodiversity
conservation, and carbon sequestration and oxygen release at the provincial level
are the three largest fractions, and the value of nutrient accumulation was the
smallest. The value of FES showed the different traits in spatial distribution. In
general, southwestern provinces (e.g., Sichuan 10.57 %, Yunnan 10.24 %, and
Guangxi 7.73 %) and northeastern provinces (e.g., Heilongjiang 8.57 % and Inner

NC
= SC = PA 2.07% BWC
7.92% ~ a
9.91% 40.51%
10%

B CS
15.57%
16 %
BC
24.01%
24%

Fig. 2 Proportions of water conservation (WC), biodiversity conservation (BC), carbon
sequestration (CS), soil conservation (SC), purification of the atmosphere (PA), and nutrient
conservation (NC) of total value of FES (10.01 trillion CNY, 1.48 trillion USD) in China
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Fig. 3 Monetary value of water conservation (WC), biodiversity conservation (BC), carbon
sequestration (CS), soil conservation (SC), purification of the atmosphere (PA), and nutrient
conservation (NC) (billion CNY) provided by forests in 31 provinces. AH Anhui; BJ Beijing; CO
Chonggqing; FJ Fujian; GS Gansu; GD Guangdong; GX Guangxi; GZ Guizhou; HAN Hainan; HEB
Hebei; HL Heilongjiang; HEN Henan; HUB Hubei; HUN Hunan; IM Inner Mongolia; JS Jiangsu;
JX Jiangxi; JL Jilin; LN Liaoning; NX Ningxia; QH Qinghai; SD Shandong; SH Shanghai; SNX
Shannxi; SX Shanxi; SC Sichuan; 7J Tianjin; XJ Xinjiang; XZ Xizang (Tibet); YN Yunnan; ZJ
Zhejiang

Mongolia 7.15 %) had higher contributions to the total national FES; Central and
Eastern provinces (e.g., Jiangsu 0.51 % and Shanghai 0.02 %) had lower contri-
butions (Fig. 4).

2.3.3 Per Unit Area FES Value at the Provincial Level

Variation in provinces exists in terms of mean FES per unit forest area
(x10* CNY/ha). For instance, the highest FES per unit forest area was in Hainan
(64 x 10> CNY/ha), and the lowest one in Xinjiang (16 x 10°> CNY/ha). The mean
FES per unit forest area for the whole country was 46 x 10° CNY/ha.

2.3.4 FES of Different Forest Types

Forty-nine kinds of forests were classified into four groups according to their
contribution to the total FES: >10 % group (shrubbery and broadleaf forest),
5-10 % group (Quercus spp. forests, economic forests, conifer and broadleaf mixed
forests, and Pinus massoniana forests), 1-5 % group (13 kinds of forests), and <1 %
group (30 kinds of forests). The first two groups displayed a substantial contribution
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Fig. 4 The mean FES per unit area (x 10° CNY/ha) for each province (column) and entire country
(dash line). For province acronyms see the legend to Fig. 3

to total FES (57.79 %). As a single genus, Quercus spp. forests had the largest
contribution to total FES (11 %), and as a species, P. massoniana had the largest
contribution (5.00 %)

2.3.5 Characteristics of China’s FES Value

High spatial heterogeneity of FES value and decoupling from GDP China has an
unbalanced development for the economy and environment protection. Like eco-
nomic production (e.g., GDP as an indicator), FES varied greatly among provinces
(Fig. 4). The contributions of the FES value of provinces were decoupled from the
contribution of GDP (in 2009) at the national level (Fig. 4). Large FES contribu-
tions arose from Sichuan, Yunnan, Guangxi, Heilongjiang, and Inner Mongolia,
whereas large GDP contributions arose from Guangdong, Jiangsu, Shandong,
Zhejiang, and Henan. The smallest FES contributors were from Shanghai, Tianjin,
Ningxia, Beijing, and Jiangsu. In general, the largest FES contributors were
undeveloped provinces and remote provinces are located in the northeast and
southwest China. Large GDP contributors were the Eastern and Central provinces
and metropolitan regions. As an extreme example, Shanghai is the most developed
region in terms of economy, society, and technology, but its FES contribution is
negligible at a national scale. Tibet, in southwest China, is an opposite example
(Fig. 4). Given the pattern of decoupled FES and GDP across the country, special
importance for economic compensation from higher GDP provinces to higher FES
provinces in China is apparent.
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Rapid increase in future FES Changes in ESs in the UK were investigated,
showing that a decline or increase in ESs was dependent on the ecosystems of the
previous years (UK NEA 2011). In contrast, China’s FES value will rapidly
increase in the coming decades as a large proportion of forests are young plantations
(33.8 %) (SFA 2009a). These young plantations have great potential to grow in size
and ecological function, and will likely result in a net increase in FES values. The
Chinese government has announced a plan to expand the forested areas by
40 million ha between 2005 and 2020 because of the huge potential for sequestering
atmospheric CO, (Pan et al. 2011). Therefore, forests in China are expected to
increase in stock (stock density and total area) and ecological functions in all key
aspects of FES, including carbon sequestration, nutrient accumulation, and water
and soil conservation in the future.

Parts of plantations and economic forest in providing FES China has the largest
area of plantation in the world, accounting for 38 % of its total forest area; more
plantations are being planned over the next 10 years. Plantations play essential roles
in providing FES and materials. This is a distinct feature compared to Canada,
Russia, and the USA (FAO 2010). In particular, the plantation area of China is
about 62 million ha (38 % of national forest areas), of which half is economic forest
(32 million ha) (SFA 2009b). For economic forest, the annual direct economic
income was 3.56 trillion CNY in 2008 (SFA 2009b) and provided 1.4 trillion
CNY FES value, about 40 % of direct economic income.

Differences in FES demands by region Different regions and provinces have dis-
tinct demands for FES because of differences in geography, climate, and social
development. For example, in the eastern plains of China, where the economy and
society are developed, the function of forest ecosystems in the purification of air
pollution is more favorable, while in the northwestern mountainous region, water
conservation is vital. Similarly, such differences exist among countries. Relative to
the larger need for the roles of water and soil conservation in China and Japan, the
value of protecting biodiversity, landscape, culture, and tourism in the UK (UK
NEA 2011) and Canada (Anielski and Wilson 2005) may be more important.

2.3.6 Policy Development for Ecological Compensation at a National
Level

Relative to countries with balanced economic and environment development (e.g.,
Canada, USA, and UK), developing ecological compensation policy is especially
important in China because of its distinct decoupled GDP and FES. In fact, much
discussion in China has focused on how to determine economical compensation for
underdeveloped regions with high FES from low FES but economically developed
regions (Fei et al. 2004; Sun and Chen 2006). For establishing such a framework,
quantifying the monetary value of ESs is important. In this sense, the assessed value
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of FES could be used as a basis for establishing ecological compensation at a
national level. For example, Sichuan, Yunnan, Heilongjiang, Guangxi, Inner
Mongolia, and Tibet are the top five provinces (from 7.15 to 10.17 %) (Fig. 4) in
terms of FES contribution to the national total, but are all located in undeveloped
regions. In general, eastern provinces have higher GDP contributions, whereas
northeastern and western provinces have higher FES contributions (Fig. 4).

Further, 58 % of forests fall under collective ownership in China, with the state
owning remaining forests. Reforms to change the collective ownership forest sys-
tem to private ownership in China are ongoing. This is considered a way to effi-
ciently manage existing forests and increase new plantations in non-forest
mountains (Zhao et al. 2010) and these private forests can be traded in a forest
ownership trading center. This ongoing area of reform is considered a significant
change in China’s forestry system and the FES value in a stand should be taken into
account in future trading.

Although current forest coverage across China is 20.36 % and it has
286.6 million ha of forested land (SFA 2009b), establishing forests in mountainous
areas where commercial forests for timber production are not suitable is in high
demand. Farmers are more interested in planting trees in those areas if their
investments deliver through the consideration of FES values on the forest trading
market, in addition to the direct benefits of forests.

2.3.7 Improving Assessment Methods

Barriers to the complete assessment of FES across an entire country remain (e.g.,
methodology) despite that a theoretical framework has been proposed to account
the value of all ESs (e.g., supporting, provisioning, regulating, and cultural ser-
vices) (Costanza et al. 1997). UK NEA (2011) and Merlo and Croitoru (2005)
exercised a relatively more complete FES assessment at the national scale in UK
and in some Mediterranean countries. However, the current assessment in China
only includes parts of the FES. Specifically, the aesthetic values, cultural heritage,
and educational values of ecosystems are not considered because of a lack of
methods for assessing the FES values of ecosystems, other than water conservation,
soil conservation, carbon sequestration and oxygen release, nutrients accumulation,
atmosphere environment purification, and biodiversity conservation.

International timber trading may transfer some of the FES observed in a country
to losses of forests in other countries (Mayer et al. 2005). China is not self-sufficient
in wood products and needs to import round wood and pulp from other countries.
Thus, the effects of international trade should be considered when calculating the
net FES value when accounting FES in a country.

An important feature of China’s FES assessment is its close combination with
data from national forest resources surveys conducted nationally at 5-year intervals.
This means it is possible to produce a regular assessment of FES at a provincial and
national level into the future.
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3 Assessment of Wetland Ecosystem Services in China

3.1 Introduction

It is well known that wetlands are an important component of the terrestrial land-
scape, performing significant ESs such as climate regulation, flood storage, water
supply, and biodiversity conservation. Increasing human land use has put wetlands
at risk. The Organization of Economic Cooperation and Development (OECD)
estimates that the world may have lost 50 % of its wetlands since 1900, and land
conversion for agriculture is the principal cause (OECD/IUCN 1996). Once thought
to be wastelands, wetlands have been extensively drained for economic develop-
ment. Direct land conversion for agricultural drainage, forestry, and urban con-
struction has caused widespread degradation and destruction of wetlands.

In the mid-1990s, an article titled The Value of the World’s Ecosystem Services
and Natural Capital represented the beginning of TEV estimation of our planet.
The services of ecological systems and natural capital stocks that produce them are
critical to the functioning of the earth’s life support system (Costanza et al. 1997).

Loss or degradation of wetland habitats can result in a loss of biodiversity,
reduction in water supply and water storage, and increased soil erosion.
Additionally, wetland conversion for industrial and agricultural purposes has
directly or indirectly contributed to an increase in atmospheric concentrations of
major greenhouse gases. How to recognize or understand these functions generally
remains a challenge and it is very important to introduce value estimation.
Restoration actions that enhance both biodiversity and ESs are necessary world-
wide. In order to achieve the goal of ‘no net loss’ of wetland function, we should
establish wetlands compensation accounts to balance any loss.

3.2 Wetland Ecosystem Services and Value Estimation

3.2.1 Wetland Ecosystem Services

Ecosystem functions refer variously to habitat, biological or system properties or
processes of ecosystems. Ecosystem goods (such as food) and services (such as
waste assimilation) represent the benefits human populations derive, directly or
indirectly, from ecosystem functions. For simplicity, we will refer to ecosystem
goods and services together as ESs. A large number of wetland services have been
identified such as carbon sequestration and greenhouse gases emissions, flooding
regulation, biodiversity, nutrient cycling, water supply, waste treatment, food
production, and sediment retention.

Wetlands regulate biogeochemical cycling, play an important role in the global
carbon budget and exchange greenhouse gases such as carbon dioxide (CO,) and
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methane (CH,4) with the atmosphere. According to the Chinese Second Soil Survey,
wetland soil organic carbon (SOC) density ranges from 14.1 to 60.0 kgC/m?* (Pan
1999). Wetland SOC density ranged from 13.9 to 47.3 kgC/m” in the Sanjiang
Plain, northeastern China (Ma et al. 1996). Recent global concerns over increased
atmospheric CO, have furthered interest in SOC changes and the carbon seques-
tration capacity of various ecosystems, especially wetlands. CH, is a very potent
greenhouse gas, and CH,4 emissions from natural wetlands account for 20 % of
global emissions (Liu 2004).

Flooding regulation, storm protection, or drought recovery of wetland habitat
responding to environmental variability are mainly controlled by wetland vegeta-
tion structure. For example, the porosity of vegetation roots was up to 71-93 % and
maintains flooding. The mean depth of marshlands is 30 cm, so natural marshlands
can store 17.15 x 10® m® of water. Taking into account the Sanjiang Plain, Liu et al.
(2007) indicated that maximum soil water storage was 46.97 x 10® m’.

Wetland habitats are keystones of biodiversity reservation. Patchy shapes, area
and corridor length influence species migration. Endangered waterfowl and other
species that rely on wetlands have become threatened or extinct in areas where
wetland habitat has been destroyed (Liu 2005).

3.2.2 The Coupling of Wetland Structure, Process, and Service

Land use changes impact GHG emissions because of the growing human popula-
tion. Although the greenhouse effect is a global issue and under global influence,
one should consider the effect of these gases on our local and regional climates.
Wetland ESs such gas regulation have become one of the key issues in environ-
mental and ecological scopes (Liu et al. 2013). What influence do changes in
ecosystem structure and process have on services? This is a key question when
trying to improve wetland services.

Flood pulse supports floodplain biological productivity functions, but under
disturbance by people, hydrological regime changes may impact the flood pulse.
After wetlands are drained, they are converted from CO, sinks to CO, sources,
leading to carbon cycles. In the long run, there is a potential to influence global
warming (Lu 2004).

3.2.3 Wetland Ecosystem Service Estimation and Dynamic Change

The value coefficients of different wetlands ESs are listed in Table 1. There is much
research on the types of natural wetland services and their values, but little research
on the ESs of constructed wetlands.

Compared to the value coefficients of different services, we must consider
regional heterogeneity when estimating ESs. Services are affected by different
geography, ecology, and climates, so the values of these services also differ.
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Worldwide, wetlands have had the fastest rate of loss amongst all ecosystem
types. Many studies have investigated marshland loss and landscape changes in
some portions of the Sanjiang Plain or over the whole region. Land use changes
have spatial and temporal patterns, and correspondingly, ESs exhibit dynamic
change. The value of wetland ESs may decline when wetlands shrink.

3.3 Conclusion and Discussion

Ecological economic methods could be an effective way to value wetland ESs.
These methods clarify the conceptual difference in the functions and services of
ecosystems and reveal the relationship among structure, process, and service. This
approach also identifies the different services of different wetland types and means
the indirect value of ESs are easily understood. In the future, dynamic changes in
service estimation should stimulate wetland conservation and restoration.

Considering environmental and human factors, we should give priority to
dominant services across different wetland types. Ecological compensation should
be implemented for loss of wetland and other ecosystems. Monitoring station
network data are critical in wetland service estimation, such as for the service of
biodiversity.

4 Assessment of Grassland Ecosystem Services in China

4.1 Introduction

ESs are the foundation that sustain and fulfill human life and development (Daily
1997; Ouyang et al. 1999a, b). Grasslands are the largest and most important
terrestrial ecosystem in China and play a major role in maintaining ecological
safety, forage production, soil erosion prevention, biodiversity conservation, and
carbon sequestration (Xie et al. 2003). Costanza et al. (1997) valued grassland ESs
at a global scale and showed that the valuation of global grassland is 9.06 x 10'°
USD, accounting for 7.3 % of total terrestrial ESs. Zhao and Ouyang (2004) and
Min et al. (2004) studied the ESs of Chinese grasslands and the Inner Mongolia
steppes, respectively, and found that grassland ESs are important for maintaining
ecological conditions and the development of society (Zheng et al. 2009). However,
several grassland ecosystems and their services have been degraded across China
because of the rapid development of local economies, increased population, and
animal husbandry (Xu et al. 2005; Yu et al. 2005). It is important to understand how
human actions impact the ESs of grasslands so that these precious resources can be
managed in a sustainable way. Here, I report on a study of the impacts of human
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disturbance on ESs in the Inner Mongolian steppes region, including grazing,
non-grazing, and reclamation.

4.2 Site Description

The study area is located in experimental pasture at the Meteorological Bureau of
Xilinhaote City, China (116°04'N-117°05'N, 43°26'E-44°08'E). The region has a
temperate semiarid continental climate, with a windy and dry spring, a warm and
rainy summer, a very short autumn, and a long and cold winter. Precipitation is
300 mm and the annual average air temperature is —0.1 °C. The site is located in the
central region of Inner Mongolia typical steppe, composed of the following species:
Stipa krylovi, Leymus chinensis, Cleistogenes squanosa, Anemarrhena asphode-
loides, Allium anisopodium, Allium ramosum, Salsola collina, and Carex durius-
cula. The soil is characterized as chestnut soil. There are experimental plots for
non-gazing of different times (2, 7 and 17 years), and grazing plots are located
outside non-grazing plots.

4.3 Conclusion and Discussion

4.3.1 Impact of Disturbance on Biomass

Cultivation and grazing decrease biomass in the ecosystem and non-grazing
increases it. The net productivity of the ecosystem is highest for farmland and
smallest for grassland under grazing; grassland under non-grazing for 7 and 2 years
is higher than that for 17 years. The valuation of production of goods is biggest for
the farmland ecosystem from grassland. Non-grazing can raise the valuation of
production of goods, and the longer the banned-grazing period, the larger the
valuation.

4.3.2 The Impact of Disturbance on Carbon Storage

Cultivation leads to asharp decrease in soil carbon storage; non-grazing distinctly leads
to increases in the carbon storage of soil, litter, and aboveground plants and roots.
Topsoil (0-20 cm) carbon storage is affected strongly by human disturbance rather than
deep soil. Topsoil (0-20 cm) organ carbon densities are ranked in the descending order
as follows: grassland non-grazing for 17 years (4.47 kg/m?) > grassland
banned-grazing for 7 years (4.23 kg/m?) > grassland banned-grazing for 2 years
(4.01 kg/m?) > grazing grassland (3.70 kg/m?) > farmland (2.27 kg/m?). Total carbon
storage is ranked in the descending order as follows: grassland non-grazing for 17 years
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(9.44 kg/mz) > grassland non-grazing for 7 years (9.09 kg/mz) > grassland non-grazing
for 2 years (8.82 kg/m?) > grazing grassland (8.78 kg/m?) > farmland (4.72 kg/m?).

4.3.3 The Impact of Disturbance on Anti-wind Erosion

Wind erosion rates (WER) of grassland soil increase as wind speed rises, but are
limited by the amount of erodible soil. In general, the WER of farmland soil is
unlimited because of its deep plough layer. The WER and wind erosion amount
(WEA) in banned-grazing grasslands are lower than that under grazing, and the
longer the banned-grazing period the less the WEA and WER. In cultivated land the
WEA and the WER are more than for natural grasslands and the differences
between them increase with wind speed. Non-grazing reduces the loss in valuation
due to wind erosion, and cultivation and grazing can increase this. Value loss rates
ranked in the descending order are: farmland (initial stages of cultivation) > farm-
land > grassland under grazing > grassland non-grazing for 2 years > grassland
non-grazing for 17 years.

4.3.4 The Impact of Disturbance on Soil Nutrient Content

Cultivation and grazing lead to a decrease in soil nutrient content, especially topsoil,
and cultivation affects it more significantly than grazing. Non-grazing increases soil
nutrient content, which increases with the time of banned-grazing. Using valuation by
biology nutrient pools, the value of the nutrient circle maintaining service is 1302.54
CNY/(ha year) for farmland, 571.87 CNY/(ha year) for grassland non-grazing for
2 years, 556.09 CNY/(ha year) for grassland non-grazing for 7 years, 551.65 CNY/
(ha year) for grassland non-grazing for 17 years, and 441.03 CNY/(ha year) for
grassland under grazing. Subtracting the cost for farmland, the value of farmland is
only 2284.37 CNY/(ha year). Using valuation by soil nutrient pools, the value of the
nutrient circle maintaining service is 3911.52 CNY/(ha year) for grassland
non-grazing for 17 years, 3813.43 CNY/(ha year) for grassland non-grazing for
7 years, 3665.09 CNY/(ha year) for grazing grassland, 3648.77 CNY/(ha year) for
grassland non-grazing for 2 years, and 2893.43 CNY/(ha year) for farmland.

4.3.5 The Impact of Disturbance on Biodiversity Nutrient Content

Non-grazing does not affect the composition of dominant species markedly, but
does affect the dominance of species. Non-grazing enhances the biodiversity of
grasslands at an early stage, but as non-grazing time extends, biodiversity and the
richness of grasslands decline. Water conditions affect biodiversity distinctly and
appropriate non-grazing times and better water conditions favor the restoration of
grassland biodiversity. The decline in biodiversity of grasslands in this region can
be ascribed to over grazing and drought.
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5 Assessment of Agroecosystem Services in China

5.1 Introduction

Agroecosystems have become integrated crop production systems with significant
human disturbance. Compared to natural ecosystems, the crop production function
of agroecosystems has intensified while impairing other ESs such as gas and water
regulation, soil conservation, and biodiversity maintenance (Fowler and Mooney
1990; Wood et al. 2000; Tilman et al. 2002). In recent years, agro-ESs have become
more and more scarce because of demands from rapid global development (Tilman
et al. 2001; Foley et al. 2005). This has resulted in increasing concern about the
values and services of agroecosystems across the world. The biodiversity of
agroecosystems was the physical basis for ESs (Wall et al. 2010). There have been
many studies on agro-ESs, including production supply, carbon sequestration, soil
conservation, nutrient cycling and water regulation, and comprehensive assess-
ments of agro-ESs (Xie et al. 2005; Swinton et al. 2007; Sandhu et al. 2008; Porter
et al. 2009; Yoshikawa et al. 2010). The passive effects (e.g., nonpoint pollution,
CH4/N,O emissions and heavy metal pollution) of agricultural production on
human society and the environment have also been explored (Liang et al. 2007;
Koel-Knabner et al. 2010; Xiao et al. 2010). Farmers and government organizations
have realized the importance of the tradeoff between the advantages and disad-
vantages of agricultural production. The various effects of agricultural production
systems (e.g., integrated, conventional and organic agroecosystems, and combined
food/forest systems) on the services of different agroecosystems have been com-
pared (Yang et al. 2007; Xiao et al. 2011). Only multifunctional agricultural pro-
duction systems maximize welfare supported by agro-ESs. To manifest the effects
of ESs of agroecosystems to human well-being, three main studies have been
conducted and will be discussed in this section.

5.2 Assessments of Ecosystem Services by Agroecosystems
in China

5.2.1 Ecosystem Services by Wheat-Maize Croplands on the North
China Plain

Field investigations were conducted at Luancheng Agro-Ecosystem Experimental
Station of the Chinese Academy of Sciences in Hebei from 2006-2007 (Xiao et al.
2011). Field data were then used to evaluate the ESs of wheat-maize croplands in
the North China Plain. ESs analyzed included primary products, gas regulation, soil
organic matter (SOM) accumulation, water regulation, and nitrogen transformation.
The results showed that primary products from croplands accounted for 5.04-5.71 t/
(ha year) of wheat grain, 6.69-8.24 t/(ha year) of maize grain, 8.58-9.72 t/(ha year)
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Tabletz Asseﬁsmefll)t of Services types 2006 2007
Wheatmaze agroccosystems N[N N[
CNY/(ha year) Primary 19,679 21,210 19,267 19,233
production
Gas regulation 37,346 41,384 36,256 36,141
SOM 2033 967 2033 967
accumulation
Water regulation -215 —230 -173 —188
N transformation 2977 —962 2900 —1424
Integrated values 61,897 62,484 | 60,356 54,809

Note In the integrated values of ecosystem services of the
wheat-maize agro-ecosystem, the value for N,O emissions was
just counted once, though it was calculated both in gas regulation
and nitrogen transformation. N,O emission values were —78
CNY/(ha year) (N1), —114 CNY/(ha year) in 2006 and —73
CNY/(ha year) and —79 CNY/(ha year) (N2) in 2007

of wheat straw, and 6.97-8.58 t/(ha year) of maize straw. As for cropland gas
regulation: O, and N,O emissions were 24.99-28.64 t/(ha year) and 0.72-1.13 kg/
(ha year), whereas CO, and CH, assimilations were 34.23-39.22 t/(ha year) and
3.39-5.70 kg/(ha year), respectively. While cropland SOM accumulation was 1.13—
2.39 t/(ha year), that of water consumption was 2890-3830 m3/(ha year). Soil
nitrogen content dropped considerably at a rate of —107.73 to 5.33 kgN/(ha year)
after one crop rotation. The TEV of cropland ESs was estimated at 5.48 x 10* to
6.25 x 10* CNY/(ha year), three times the value of food production. Based on these
results, the effects of nitrogen fertilizer on the welfare of cropland ESs appear
complicated. Nitrogen application led to economic loss due to increasing nitrogen
transformation, simultaneously, increased economic value of primary production,
gas regulation, CO, fixation, and O, release. Most ES studies have focused on the
positive effects of ecosystems on human welfare, but a balanced and reasonable
approach is to analyze the positive and negative effects of cropland ESs on human
welfare (Table 2).

5.2.2 Ecosystem Services by Rice Paddy Ecosystems in Suburban
Shanghai

The rice paddy is one of the most important farmland systems in China, responsible
for more than one-third of total food production. Rice paddy ecosystems cannot
only provide food, but also support many ESs such as gas regulation, water reg-
ulation, flood controlling, SOM accumulation, nutrient transformation, and envi-
ronment purification. In 2002, we executed a field experiment in a rice paddy
ecosystem at Wusi Farm, Shanghai to examine the ESs of rice paddies under
different levels of nitrogen application (Xiao and Xie 2009). We investigated
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primary production, gas regulation, nutrient transformation, SOM accumulation,
water regulation, and environment purification and their values. The results of
primary production indicated that the rice seeds and stalks and their values
increased with N application. Gas regulation showed that rice paddies absorbed
CO, from the atmosphere; O, emissions and N,O emissions by rice paddies
increased with N addition, but CH, emissions decreased with N addition. The
economic value of gas regulation by rice paddies with 375 kgN/ha was the highest.
Nitrogen transformation indicated that among different sources of nitrogen inputs,
nitrogen application provided the most nitrogen input and the harvest and ammonia
volatilization were the most important nitrogen outputs. According to this study,
nitrogen transformation resulted in economic loss and these increased with nitrogen
addition. SOM showed that rice planting increased the content of SOM, and the
quantities of SOM accumulation and their values increased with N application. Rice
cultivating consumed water resources, and the ridge of the rice paddies controlled
flooding as a reservoir with a height of 5 cm. Comprehensive evaluation indicated
that ESs by rice paddies in Wusi Farm provided many benefits to society in the
range of 3.83-4.85 x 10* CN'Y/ha. The ESs by rice paddies with 375 kgN/ha of N
application yielded the highest economic value. However, the economic values of
the ESs by these rice paddies did not have significant advantage over those without
N application. The economic loss of environmental damage by N application
comprised the benefits supported by rice paddies. Therefore, to maximize the
benefits of ESs and the sustainability of rice production, the government should
control the release of nitrogen fertilizer and improve nitrogen application tech-
nologies to improve the efficiency of nitrogen application (Table 3).

Table 3 Asseﬁsmefflt of Services types | NO N225  |[N375  [Ns25
Syst R S
geosystemm SErvices ot a Primary 6469 | 7694 11,769 | 13,181
rice paddy agro-ecosystem at ducti
Wusi Farm in 2002 CNY/ha ~_Production
Gas regulation 36,858 34,586 |37.,810 30,808
N 628 —5264 —9956 | —14,992
transformation
SOM 3160 4073 8731 8936
accumulation
Water 1891 1891 1891 1891
regulation
Environment 941 941 941 941
purification
Integrated 48,322 | 41,250 | 48,518 38,290
values

Note In the integrated values of ecosystem services of the rice
paddy agroecosystem, the value for N,O emissions was counted
once, though it was calculated both for gas regulation and
nitrogen transformation
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5.2.3 Evaluation of Ecosystem Services Provided by 10 Typical Rice
Paddies in China

Based on a reference review, this study investigated ESs supported by 10 typical
rice paddies in six rice planting regions of China (Xiao et al. 2011). The services
were primary production, gas regulation, nitrogen transformation, SOM accumu-
lation, and water regulation and flood control. The results indicated that grain
production of the 10 rice paddies was between 4.71 and 12.18 t/(ha year); straw
production was 4.65-9.79 t/(ha year); gas regulation was calculated to emit O,
ranging from 8.27 to 19.69 t/(ha year) and to assimilate greenhouse gases ranging
from —2.13 to 19.24 t/(ha year) (in CO, equivalent); nitrogen transformation was
estimated as nitrogen input from 209.70 to 513.93 kgN/(ha year) and nitrogen
output of 112.87-332.69 kgN/(ha year); SOM accumulation was between 0.69 and
4.88 tC/(ha year); water regulation was estimated to consume water resources of
19,875 m*/(ha year) and to support water resources of 6430 m>/(ha year); and flood
control of several of the rice paddies was calculated to be 1500 m*/(ha year)
(Table 4). The integrated economic value of ESs of these rice paddies was estimated
at 8605-21,405 USD per ha per year, of which 74-89 % of the value can be
ascribed to ESs outside primary production. The integrated economic value of the
ESs of the 10 rice paddies was higher when nitrogen fertilizer was applied in the
range of 275-297 kgN/(ha year). Until now, the economic value of the rice paddy
ecosystem has been underestimated as only the economic value of grain and straw
production were previously calculated. As more and more forestland and grassland

Table 4 Integrated economic values per unit area of ecosystem services for 10 rice paddies in
China

Sites Primary Gas Nitrogen SOM Water Integrated

production regulation transformation accumulation regulation economic
values
Guangzhou 3013 11,557 287 2538 444 16,525
Changshu 2665 15,095 317 852 387 18,351
Chengdu 2219 11,654 =71 2063 385 15,407
Taoyuan 3564 14,735 264 3487 367 21,405
Yingtan 2556 4610 58 2509 359 9677
Bijie 2166 5486 497 1145 414 8605
Fenggiu 1484 7532 —1498 494 387 8657
Shenyang 2622 14,353 381 739 32 17,002
Hailun 1810 13,687 632 979 -22 16,338
Lingwu 2283 16,719 —906 1213 —204 18,878

Note All values are USD/(ha year). As values of grain and straw harvest in nitrogen transformation and primary
production were recalculated, only the economic value of primary production was calculated in the integrated
value. As the economic value of N,O emission was also recalculated in gas regulation and nitrogen transformation,
only the economic value of N,O emission in gas regulation was calculated in the integrated value
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is lost to urban and industrial uses, cropland, especially rice paddies, will become
more ecologically important to society. The economic value of ESs supplied by rice
paddies, outside primary production, are therefore worthy of increased research
attention.

5.3 Conclusion and Discussion

In this section, we reviewed research on the ESs of agroecosystems and estimated
the economic value of ESs of (1) wheat-maize croplands in Luancheng County,
Hebei, (2) rice paddy fields in suburban Shanghai, and (3) 10 typical rice paddy
fields across China. The results indicate that primary production was the core
service delivered by these agroecosystems. Gas regulation, water conservation,
nutrient maintenance and transformation, and environment purification also con-
tribute to human well-being.

Agroecosystems support food and other critical ESs to people, but impair human
well-being by the addition of chemical fertilizers, pesticides, and herbicides. This
tradeoff between food production and the impassive effects remain a major chal-
lenge for the implementation of sustainable agriculture. Compared with natural
ecosystems, intensive agro-systems supply much more food and relatively fewer
ESs, such as gas regulation, water regulation, and nutrient transformation. The
impassive effects of intensive agriculture on social-economic systems counteract the
human well-being supplied by food and fiber production in the long run.
Agroecosystems with a natural buffer belt and those that compromise primary
production and other ESs are better choices for achieving primary products, other
ESs and sustainable agriculture. The future direction of sustainable agriculture will
be to manage agroecosystems by optimizing human well-being supported by both
primary production and other ESs.

6 Assessment of Marine Ecosystem Services in China

6.1 Introduction

ESs refer to the natural environmental conditions and their benefit formed by
ecosystems through ecological processes, on which humankind relies on for sur-
vival (Daily 1997). Since the early 1990s, studies on ESs have rapidly progressed
and become one of the dominant research topics and frontlines (Daily 1997,
Costanza et al. 1997). The promulgation of the MEA by the United Nations in 2005
has drawn broad attention and concern from the governments of many countries
and a wide variety of sectors of society. To date, almost every type of ecosystem on
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earth has been assessed and we have gradually recognized the great value of natural
ecosystems to our long-term survival and development.

Marine ESs refer to the products and services provided for the survival and
development of human society by specific marine ecosystems within a given period
of time and through certain ecological processes. Compared to our knowledge of
land systems, our recognition and understanding of seas and oceans are relatively
poor. In particular, the complexity and uniqueness of marine ecosystems and the
applicability of assessment methodologies means assessments of marine ESs and
their values are extremely difficult.

6.1.1 Progress in Basic Research on Ecological Theories

The formation and realization of ESs requires the support of complex ecological
processes. Changes in the size of an ecosystem are influenced by changes in bio-
diversity. Many ecologists have conducted in-depth research on relationships
between ESs and biodiversity (Naeem and Li 1997; Loreau et al. 2001; Hemminga
and Duarte 2000). A number of researchers have also focused their efforts on the
formation mechanisms of ESs, including sources of ESs and methods for realizing
their value (Zhang et al. 2006; Wu 2006) and the influence of human activity on
ESs (Holmlund and Hammer 1999).

Naeem and Li (1997) found that biodiversity can strengthen the stability of
ecosystems and that biodiversity can prevent population loss and functional
reduction: the higher the species number, the more stable the ecological system.
Hemminga and Duarte (2000) stated that the correlations between biodiversity and
ecosystem functions/services are very complex. To study these correlations is very
important to elucidate the impacts of biodiversity on ecological system function,
and is also helpful when explaining reasons for protecting biodiversity rather than
protecting individual species alone. Using seaweed as a case study, Hemminga and
Duarte (2000) analyzed the supporting function of biodiversity for the function and
services of various ecosystems. Holmlund and Hammer (1999) defined fish ESs as
the maintenance of functions and elasticity of ecosystems and called these eco-
logical services derivatives of human demands. Holmlund and Hammer (1999)
stated that overexploitation of fishes globally not only reduces the total allowable
catch and the capability of population regeneration but also threatens ecological
services provided by fish populations, reduced biodiversity, ecological functions
and our welfare.

Zhang et al. (2006) analyzed ESs supported by major ecological processes,
including photosynthesis, respiration, biological pump functions, decomposition,
mineralization, calcification, bioturbation processes, nitrogen cycle processes,
biotransport, and bioabsorption. Referring to the classification methods of ESs
developed by Costanza et al. (1997), Wu (2006) divided ecological service func-
tions of a mangrove ecosystem in Guanxi, China into three types (resource function,
environmental function, and humanity function) and analyzed in the formation
processes for each service function.
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6.1.2 Progress in Basic Research on Economic Theories

The evaluation of the value of ESs requires the support of economic theory.
Costanza et al. (1997) analyzed the characteristics of ESs and stated that the total
value of resources was the sum of producer surplus and consumer surplus. Due to
the requirement of curve estimation for ESs and the difficulty in calculating con-
sumer surplus, a contingent valuation method (CVM) based on public surveys on
the willingness to spend on environmental quality improvement or willingness to
accept the tolerance of environmental loss, plays an important role in evaluation of
the nonmarket values of ESs (Loomis et al. 2000).

Stephen et al. (2002) expounded the economic and ecological meaning of values
and corresponding methods for evaluation techniques. Values based on utility
commodities and services reflect people’s willingness to acquire them or the
willingness of accepting compensation for giving them up, whereas values based on
trade reflect the values of commodity and trade services. In the evaluation of market
values, this value reflects the marginal values of the commodities or services.
However, in the evaluation of the nonmarket values, indirect estimation methods
are required. This method is new and a supplement method for the classical value
theory or a replacement of energy value theory, and is also one of the methods for
value evaluation on the natural assets recommended by ecologists and economists.
Time can be also used as a means for value evaluation (Farber et al. 2002). The
ecological footprint (EF) method based on material flow within ecosystems can be
used to carry out calculations and assessments by converting a variety of human
consumption and activity into land area (Rees 1992). Thus, evaluation methods for
monetization are not the only standard method for the value evaluation of ESs. Due
to convenience, this is the most common method used to evaluate the value of ESs.

Chinese researchers have conducted some research on economic theories for the
assessment of marine ESs. Based on labor theory of value and utility theory of
value, Wang et al. (2005) investigated the value theory of marine ecological
resources. Zheng et al. (2006) analyzed the role of ESs in meeting human
requirements from the angle of welfare economics. They stated that both the ESs
and human welfare influenced and interacted mutually. Through definition and
content analysis of ecological assets, Zheng et al. (2007) analyzed asset attributes
from the aspects of revenue, scarcity, and rights.

6.1.3 Progress in Research on Value Assessment Methods

Types of Marine Ecosystem Service Values

Analysis and classification of the components of marine ESs are the basis for
carrying out value evaluation of ESs. Pearce et al. (1989), McNeely et al. (1990),

Turner et al. (2001) have conducted substantial research on the components of ESs
and methods for assessment. Pearce et al. (1989) proposed a theory of the TEV of
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natural resources that includes utilization values, existence values, and selection
values. The utilization values can be divided into direct utilization values and
indirect utilization values. The selection values include the individual’s future
utilization values, other peoples’ future utilization values and future generations’
utilization values. McNeely et al. (1990) stated that biological resources can be
divided into direct values and indirect values. The former can be further divided
into consuming utilization values and producing utilization values, whereas the later
can be further divided into nonconsuming utilization values, selection values, and
existence values. When Turner et al. (2001) discussed the utilities of wetlands and
their management, he divided the TEV of wetlands into utilization values and
non-utilization values. The utilization values included direct utilization values,
indirect utilization values, and selection values. The non-utilization values included
existence values and heritage values. Pearce et al., McNeely et al., and Turner laid
the foundation for theoretical research on the classifications of natural assets and the
values of ESs. It is generally accepted that the TEVs of ESs can be divided into
utilization values and the non-utilization values. The TEVs of marine ESs can be
correspondingly divided into utilization values and non-utilization values also.
Currently available assessment technologies can easily distinguish direct utilization
values from nondirect utilization values; however, due to overlaps among selection
values, heritage values and existence values, it is difficult to clearly distinguish
these from one another.

Economic Assessment Methods for the Value of Ecosystem Services

The value assessment methods for marine ESs are mainly divided into three types:
the conventional market assessment methods, replacement market assessment
methods, and proposed market assessment methods. For each marine ES, several
methods can be used to conduct assessments. Selection of the assessment method is
determined by the characteristics, application scope of the assessment methods, and
obtainability of data.

6.1.4 Applied Research

Research on the assessment of marine ESs has mainly been static assessments and
few studies have addressed dynamic assessments. More research has been con-
ducted on the specific types of ecological systems than on ecosystems at a regional
scale. More applied research has been conducted on direct assessments than applied
research on conclusive assessments.

Taking studies conducted by Chinese researchers as examples, in recent years
Chinese scientists have begun to pay attention to applied research on the man-
agement of functional assessments of offshore-coastal ESs. For example, Peng and
Hong (2006) established a series of ecological-economic models and conducted an
assessment and applied research on the value evaluations of ESs for the Xiamen.
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Shi et al. (2008, 2009a, b) examined bay and island ESs and methods of assessment
for Sangguo bay (Shi et al. 2008) and the Miaodao Islands (Shi et al. 2009a, b).
They constructed assessment models for detecting the sensitivity and uncertainty of
ES values (Shi et al. 2009a, b). Zheng et al. (2009a, b) constructed cost—profit
analytic models for marine aquaculture patterns based on the value theory of marine
ESs, and provided a feasible framework for incorporating ESs and their value
assessment into marine management.

6.2 Characteristics of Marine Ecosystem Services and Their
Values

6.2.1 The Alien Land Realization of Marine Ecosystem Services

Compared to land ESs, the alien land realization of marine ESs is especially
prominent. Due to the connectivity and dynamics of marine ecosystems, the values
of marine ESs are not usually realized locally. For example, climate regulation and
oxygen generation provided by marine ESs are usually realized at a global scale.
Furthermore, organisms within marine ecosystems can swim and migrate at a larger
scale and these characteristics result in marine ESs follow an obvious alien land
realization (Zhang et al. 2006).

Alien land realization makes the value assessment of marine ESs difficult. Due to
alien land realization of marine ESs, it is difficult to evaluate precisely what pro-
portion is contributed by alien land during the specific assessment process. It is also
difficult to determine the range of temporal and spatial scales for certain services.

6.2.2 Temporal and Spatial Scales of Marine Ecosystem Services
and Regional Dependence

The formation of marine ESs is dependent on ecosystem structure and processes at
certain spatial and temporal scales. Only within certain spatial and temporal scales
can the ESs play a leading role and cause significant impacts (Zhang et al. 2007).
Different types of ESs confer different utilities for humans in different temporal and
spatial scales. For example, the material supply service of an ecosystem is usually
more closely related to the interest of local residents, whereas the regulatory services
and supporting services of the ecosystem are usually related to the interests of people
at regional, national, and global scales. Cultural services are closely related to
interest-related aspects at the local-global scale. How large the temporal scale the
formation of marine ESs depends on is a difficult point that has attracted research
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attention. For example, ESs such as marine tourist/entertainment and climate reg-
ulation can be realized at regional and global scales, but the size of the selected scope
of the scale of the assessment is an important factor that influences the size of the
assessment results.

Marine ESs are displayed as utilities that marine ecosystems provide for people.
However, the value realization of some marine ESs relies on local social and eco-
nomic conditions. For example, different coastal leisure/entertainment values (an
ES) at the same period of time differ. The leisure/entertainment values in the regions
where population density is high and the economy is well developed are usually
higher than for regions where the population density is low and the economy is less
developed. Even for the same coast, due to changes in the levels of economic and
social development over different periods of time, leisure/entertainment values also
change. Thus, marine ESs have obvious characteristics of regional dependence.

6.3 Problems with Value Assessments of Marine Ecosystem
Services

6.3.1 Deficiencies in Systematics, Theory, and Methods

Scientific systems for the theory and methods of value assessment of marine ESs
have not been established. Currently, there is a deficiency in systemic studies on the
formation mechanisms of marine ESs and routes for realizing service values.
A majority of applied research in this area comprises simulated applications of
theories and methods for land ESs. However, due to the systematics and dynamics
of marine ecosystems they differ greatly from land ecosystems and the application
of these methods influences the accuracy of the value assessment of marine ESs.
Taking the value assessment of the nonmarket ESs as an example, due to differ-
ences in social and economic development status, public psychological character-
istics, recognition level, understanding level and exploration and utilization
intensity, hypothetical market assessment technologies (such as conditional value
methods) widely applied to assessments on land ecosystems are less commonly
applied to marine ecosystems due to large errors. This influences the value
assessment of nonmarket ESs.

6.3.2 Further Improvements

Due to a lack of background multidisciplinary knowledge, our recognition of
marine ecosystems is not adequately deepened. Additionally, it is difficult to
acquire data and we usually place emphasis on assessment of the utilization values
(the direct utilization values and the indirect utilization values) and not the
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assessment of non-utilization values (selection values, heritage values, and exis-
tence values). Thus, our value assessment of marine ESs is neither complete nor
perfect.

Due to different regions, differences in possession of research data and differ-
ences in the understanding of the contents of marine ESs and the application of
different assessment methods, the comparability of assessment results across studies
is greatly reduced.

6.4 Conclusions and Discussion

6.4.1 Basic Research on Mechanisms of Marine Ecosystem Services
and Theories for Value Realization

The reason why current research on marine ESs is not adequately deepened is
mainly due to the complexity of marine ecological processes and the relatively low
level of marine exploration and utilization. We are still not clear what the sources of
many marine ESs are and this leads to incorrect evaluations or omission of parts of
ESs. Due to the characteristics of alien land realization and regional dependence,
when we conduct value evaluation we must have a clear understanding of the routes
and processes of realization of their values so that we can accurately grasp eval-
uation criteria. Thus, strengthening basic research on the formation mechanisms of
marine ESs and theories for realization of their values is the only method for
deepening and maturing our understanding of marine ESs.

6.4.2 The Uncertainty of Value Assessments

The accuracy of value assessments of marine ESs is consistently a tough problem in
this field of research. In reviewing the entire assessment process, the main errors are
outlined below.

Limitation of Assessment Methods

We do not have mature methods for the assessment of nonmarket values. Methods
such as substitute cost, conditional value, shadow project, and TC are usually
applied to evaluate nonmarket values. These methods have their own applicability
scope and prerequisites. For example, when the substitute cost method is applied to
assess the value of marine ESs and when certain ecosystems have two or more
substitute products or services, determining which product or service is the most
suitable becomes critical for whether the evaluation is accurate or not. When the
conditional value method is applied to study a person’s willingness to pay, the
interviewed person’s level of the recognition and understanding of ESs usually
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influence their willingness to pay. We always place our hope on reducing errors
through larger samples; however, these errors cannot be eliminated entirely this
way.

The Weak Reliability of the Selected Assessment Criteria

Spatial heterogeneity exists between the supply of marine ESs and value realization.
During the assessment process, due to the limitation of available data, criteria used
for assessment of ecosystems in other regions are frequently cited. Attention should
be paid to conversion at certain temporal and spatial scales to avoid errors.

Differences in Researcher Recognition of Marine Ecosystem Services

Differences in researcher recognition of marine ESs are an important factor causing
assessment errors. Different researchers have conducted classifications and defined
assessment methods based on their own understanding of the ecosystem and no
uniform criteria for value assessment exist.

We must quickly establish the accuracy of value assessments for marine ESs,
perform comprehensive assessments on the distribution characteristics of a variety
of key factors and conduct research into uncertainty, so that we can provide a
relatively complete description for regional marine ESs and their value.

6.4.3 Applied Research on Management Based on the Values
of Marine Ecosystem Services

Research on marine ESs has mainly been static assessments at different spatial
scales, which do not truly reflect the responses and feedback of marine ecosystem to
man-made interference. An assessment of ESs forms a bridge between our recog-
nition of nature and ecosystems and management decisions. Assessments are also
the basis for ecological protection, ecological restoration, and ecosystem manage-
ment (Ouyang 2007). The goal of marine management based on ecosystems is to
make the supply capability of the ESs optimal through standardization and opti-
mization of regional human activity. Thus, to conduct research on the responses of,
and feedback from, marine ESs to human interference is needed to transition
research into a decision-making process.

Due to the limitation of our recognition of marine ecosystems and assessment
methods, our current attempt to conduct a complete and reliable value evaluation on
ESs is impossible to realize. The purpose of assessment on marine ESs is mainly to
uniformly incorporate nature and ecosystems into our economic system; the ulti-
mate goal is to apply the values of ESs. Often, we study only a few ESs that have
already been influenced by human activities and this could be a focal point for our
research on marine ESs into the future.
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7 Assessment of Regional Ecosystem Services in China

At the beginning of the twenty-first century, the impact of ecological degradation
on human welfare and economic development increased at a global scale. The MEA
was an important international cooperation plan initiated by the United Nations at a
critical turn of the century aimed at depicting the health condition of the earth’s
ecosystem through international cooperation and meeting the scientific require-
ments of decision-makers. The MEA was announced by the Secretary General of
the United Nations, Kofi Annan, in June 2001 and the assessment report was
officially released on March 30, 2005.

The MEA is an integrated assessment on ecosystem and human well-being at
multiple spatial scales, such as the community, basin, nation, region, and globe.
Due to high variability of ecosystems across space and time, the MEA deployed a
series of Sub-Global Assessments at all scales to ensure the evaluation results were
helpful for the effective management of ecosystems.

The Chinese Ministry of Science utilized the MEA scientific conceptual
framework and ecosystem assessment methods during the successful implementa-
tion of the Western China Development Strategy and consequently launched the
Western China Ecosystem Assessment (MAWEC) as part of a Sub-Global
Assessment of the MEA. In April 2001, the MAWEC project was officially rec-
ognized by the MEA as one of five first draft Sub-Global Assessment projects. In
March 2005, the MAWEC and MEA reports were simultaneously released in
Beijing.

The integrated ecosystem assessment of western China was based on the
framework of the MEA and proved to be a comprehensive assessment of the status
quo, evolution law and future scenarios of macrostructures and service functions of
ecosystem in western China. This platform was also a driving mechanism of
ecosystem change and the relationship between ecosystems and human well-being.

The MAWEC developed an integrated ecosystem process simulation and earth
information science system using multitier ecological zoning and information
systems to develop models for analyzing ESs. Data collected from nine areas
representative of ‘typical’ ecologies and socioeconomic conditions were used for
in-depth assessment and modeling at the local level. Trends and scenarios for water
and food supply services of various ecosystems, carbon storage, and biodiversity
were analyzed by combining developed models with geographical information
systems (GIS). Additionally, a method of surface modeling population spatial
distribution (SMPD) was developed to analyze the relationship between ESs and
human well-being. Integration of multi-scale information and discrepancies with
GIS data were handled through the development of high precision surface modeling
(HPSM).

Through in-depth research in these nine typical areas, MAWEC revealed key
conflicts between ESs and human well-being in different ecological zones and
systems, refined some effective human—ecosystem relationship optimization
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models, and offered good examples to guarantee the sustainability of western China
ecosystems.

The results of the integrated ecosystem assessment of western China show that
due to the driving forces of climate change and human activities, in the past
20 years all kinds of ecosystems in western China have experienced different
degrees of degradation. For example, the area of permanent snow and ice continued
to decrease and desert area increased, but ecosystem diversity increased (important
carbon sequestration in China). As for the carrying capacity of ecosystems, the
surrounding metropolitan areas (parts of Gansu, Shaanxi, Ningxia, and Guizhou)
showed signs of overload, but the western area on the whole exhibited marginal
potential carrying capacity.

The results of the future scenario analysis showed that in the next 50-100 years,
due to increasing biological temperature in western China, rainfall will increase. In
addition to human-driven systematic ecological restoration and reconstruction,
ecosystem diversity and forest cover will increase, productivity for all kinds of
ecosystems will increase and carbon sequestration will strengthened. However,
rising temperatures will lead to a constant shrinking of the permanent snow zone on
the Qinghai Tibet Plateau and northwest China and the area of desert will expand at
a low rate.

The food supply function of ecosystems in western China will rise on the whole.
Food area in the northwest increases greatly. The food supply potential of eastern
parts of Inner Mongolia, Guangxi, Yunnan, and the Qinghai Tibet Plateau will fall
slightly or experience less obvious change. Though there are increases in other
regions, the increase was significantly lower than that of northwest China.
According to analysis of population growth, the carrying capacity of ecosystems in
western China guarantees population development over the next century.

In the next 50-100 years, if China engages in effective ecosystem protection and
restoration according to western China development plans, ecosystems in western
regions will show a benign development trend. If the intensity of human activities
goes beyond the regulation range of ecosystems, western ecosystems will maintain
their current trend of degradation and this may even accelerate.

In response to global environmental change and intensified human activity
affecting ecosystems in western China, the following policy stages are necessary:

(1) According to ecological function zoning, conduct regional targeted ecological
construction, guide the behavior of people in particular ecological zones and
ecological systems, and avoid blind development.

(2) Adopt building a water-saving society as a basic strategy. Adapt measures to
local conditions to develop the utilization and protection of water resources.
For example, develop and utilize water resources of international rivers
properly; develop soil reservoirs, forest reservoirs, and reservoirs; change
slopes to terraces or flat farmland; conserve water through farmland; and
conduct afforestation and water conservation.

(3) Implementdesertification control projects and protect vegetation. Protect existing
vegetation and strictly prohibit random deforestation, disordered mining,
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farming, and grazing. Define ecological imbalanced areas which are difficult to
restore or are sharply deteriorating as ‘Depopulated zones’ or ‘No animal areas’ in
order to facilitate ecological balance and recovery in these regions.

(4) Ecological environmental construction is a long-term and complicated systematic
project. Given the scale of households over a vast area, simple government
investment and fiscal subsidy policy is insufficient for change: there is an urgent
need to establish a complete policy system that ensures ecological environmental
construction in western China. In particular, all economic activity in the deser-
tification area requires judicial management and strict monitoring.

(5) Taking water and soil resources carrying capacity and ecological environment
capacity as the premise and the structure-function-balance-efficiency principle
of the ecosystem, optimize system structure and enhance system function;
combine ecological construction with economic development; vigorously
promote industrialization of agriculture; and cultivate ecological economic
systems to break the vicious spiral of vulnerability-poverty and fragility.

(6) Implement ecological compensation mechanisms across China. Long-term
investment of people, money and materials are needed in the middle and upper
reaches of rivers to implement ecological management and protect vegetation
and water and enhance ecological environmental security downstream; sacri-
fice economic interests to some degree in these areas. The nation should take
responsibility, duty and authority into consideration. Establish comprehensive
economic compensation mechanisms in ecosystem function benefit areas and
ecosystem function protection and provision zones, and realize common
prosperity in eastern and western China.

8 Consumption of Ecosystem Services

8.1 Introduction

According to the MEA, approximately 60 % of ESs are degraded or used unsus-
tainably and human activity is a major driver of these changes (MEA 2005). In
recent decades, research has focused on ES studies and especially the concepts and
theories underpinning this concept (Daily et al. 2000; Ouyang et al. 1999a, b) and
economic assessments of global, regional, and typical ES (Costanza et al. 1997;
Turner et al. 2003; Ouyang and Wang 2000; Zhao et al. 2000; Xie et al. 2001).
The MEA has addressed the interrelationship between ES changes and human
well-being and this has become a way forward for ES studies (MEA 2003).

Given recent population growth, rapid economic growth and associated changes
in lifestyle, the human utilization and consumption of goods and services provided
by natural ecosystems are changing rapidly. Here, we aim to summarize research
progress on human consumption of ES and highlight major challenges into the
future.
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8.2 Conceptualization and Measurement of Ecosystem
Service Consumption

Consumption is a process whereby humans use goods and services to meet basic
needs and demands for survival (Shen, 2008). Ecosystem service consumption
(ESC) is defined as the human utilization and occupation of natural ecosystems’
goods and services in order to meet demands for production and living (Zhen et al.
2010). Therefore, ESC includes individual consumption and production con-
sumption; the latter refers to the utilization of other ES in order to produce certain
kinds of ES, for instance, food provision service depends on soil formulation, soil
and water conservation, and other services. Individual consumption refers to our
daily consumption, utilization, and occupation of ES. Consumption behavior sig-
nificantly influences human consumption features, which can be divided into the six
aspects of who, when, what, where, why, and how (i.e., SW1H). Due to differences
in consumption behavior, different CPs can be identified. CP reflects main con-
sumption features over a certain time period, and includes components of con-
sumption, level of consumption, structure of consumption, approach of
consumption and trends in consumption, expressed as follows (Zhen et al. 2008):

Ec = Edc (f(Xa»Xhzyxgen; XedebeVaXcmraXinCa .. -vXn) + Eidc)

where E. = total ES consumption; E4. = direct ES consumption, of which, X,:
accessibility to ES, Xp,: household size; Xgen: sex; Xeqy: educational attainment;
Xpev: consumption behavior; X ,: type of consumers; X;j,.: income of consumers;
and Ei4. = indirect consumption, which includes consumption of regulation and
supporting services like water and soil conservation and soil formation for the
production of goods and services.

Both physical and monetary assessments can be used to evaluate ESC.
(1) Physical measurements directly assess the actual quantity consumed and are
commonly used for measuring food, fuel wood, water, raw materials, medicine, and
other goods consumed. Some ES are indirectly consumed for producing directly
consumed goods and services and therefore the total consumption of ES should
include both of direct and indirect consumption. For example, for food consump-
tion, we need to calculate both the food quantity consumed and other ES such as the
water and soil nutrients necessary for food production. (2) Monetary assessment is
normally used for marketable goods where market prices are available and values
can be calculated. For ES that do not yet have market value, alternative methods can
be used such as the CVM to determine willingness to pay and willingness to accept
by stakeholders through intensive questionnaires measuring landscape amenity.
Those are only few of the commonly used methods for ESC, however, specific
methods for ESC quantification would need to be identified and applied during
actual case studies.
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8.3 Case Studies of the Consumption of Ecosystem Services

8.3.1 Consumption Pattern and Accessibility

CPs are affected by the availability and accessibility of ES. Based on household
questionnaires in the Mongolian Plateau in 2006, we found that herders relied
heavily on ES produced locally such as meat, milk, and products (Zhen et al. 2010)
(Table 5). To reduce risks, herders normally combine different consumption items
and diversify their consumption. Mongolian herders tend to accept diversified meat
consumption like mutton, beef, and horse meat, while Inner Mongolian herders
used different fuels such as fuel wood, crop straw, and animal dung. Accessibility to
ES is affected by distance, time, and the costs involved in obtaining the ES. We
selected fuel wood consumption to investigate the influence of accessibility to fuel
wood resources on consumption in the upper stream of the Jinghe watershed on the
Loess Plateau. Through surveys, we found that fuel wood collection intensity
decreased from 2000 to 2005 as some households had given up fuel wood col-
lection due to poor accessibility.

In recent years, an increasing number of Chinese studies have focused on rela-
tionships between ES production and consumption. The EF has been widely applied
to the calculation of land resources required for producing consumption items (Xu
et al. 2002; Jiao et al. 2010). Dong et al. (2006) estimated the balance between ES

Table 5 Consumption patterns of ecosystem services on the Mongolian Plateau

Consumption pattern Proportion of household surveyed (%)
Mongolia (N = 150) Inner Mongolia (N = 102)
Meat Mutton 4.7 8.3
Beef 0.7 13.9
Mutton + beef 15.4 75.0
Mutton + horse meat 13.4 0
Beef + horse meat 0.7 0
Mutton + beef + horse meat 64.4 0
Dairy Milk 33.6 83.3
Butter 2.0 0
Milk + butter 58.4 0
Fuel Fuel wood 18.8 0
Dried grass 0.7 0
Animal dung 38.9 27.8
Fuel wood + straw 0 5.6
Fuel wood + animal dung 19.5 44.4
Fuel wood + coal 2.0 0
Dried grass + animal dung 0 11.1
Straw + animal dung 2.7 8.3

Source Zhen et al. (2010)
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supply and consumption in Taicang city, Jiangsu using the methods of alternative
cost, shadow price, and protection cost and found that total production and con-
sumption remained balanced from 1996 to 2001, but after 2001 consumption
increased quickly leading to a rapid decline in net value between production and
consumption. Consequently, total consumption exceeded total production.

8.3.2 Utility Function Derived from ES Consumption

The ultimate purpose of consumption is to achieve maximum utility function (UF).
In ES consumption studies, UF refers to the consumption behavior, preferences,
and choices of consumers (Lui 2009). The Cobb—Douglas function is adopted to
analyze UF of imperfect substitution consumption types (Varian and Repcheck
2006) and the main variables used for the analysis include quantity of the items
consumed and preference (represented by cost). This method identifies the appro-
priate and alternative combinations of different consumption items if certain UF is
desired (Fig. 5). Based on household survey data in the Jinghe watershed, we found
that when the consumption of grains, vegetables and fruits, and meat, egg, and milk
were 200, 200, and 26.6 kg, respectively, the UF was 123. However, when grain
consumption remained unchanged, vegetable and fruit consumption declined by
100 kg and an additional 102.4 kg of meat, egg, and milk was needed in order to
maintain the same UF, meaning the total cost will be increased by 546 CNY.

Expenditure on food is important for UF. An ideal UF can be reached through
readjustment of the quantity of each of the food items consumed (Table 6) and this
is useful when identifying a rational consumption structure with high UF but with
lower cost and resource use.
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Table 6 Utility function and associated consumption patterns under different expenditure levels

Expenditure (CNY/year) <500 500-1000 1000-1500 >1500
UF/person 60 78 125 179
Consumption/person year AC? MUEC® AC MUFC AC MUFC AC MUFC
Grains (kg) 162 151 200 184 221 221 275 246
Vegetable + fruit (kg) 30 27 95 76 194 177 309 283
Meat, egg and milk (kg) 8.4 6.4 17.9 17.6 37.2 32.7 46.9 43.2
Actual expenditure 393 353 726 639 1216 1127 1727 1573
(CNY/year)

Source Household survey in the Jinghe watershed 2008
?Actual consumption
hC(msumption under MUF

8.4 Conclusion and Discussion

Human consumption of ES significantly impacts natural ecosystems, and it is
important to examine interactions between ESs and socioeconomic systems (Li
2008). Here, we conclude that humans directly (e.g., provisioning services) and
indirectly (e.g., regulation and cultural services) consume ES and that both physical
and monetary methods are being used for these assessments. CPs are affected by the
availability and accessibility of ES. The UF can be achieved through different
combinations of ES types and quantities consumed.

Many challenges exist in this field of study. For example, there would be
cross-calculations on indirect consumption when considering food consumption for
items such as water and soil conservation, soil formation, primary production, and
nutrition circulation. It is necessary to explore the relationship between production
and consumption regions when consumed ES are transported from other regions
and in-depth case studies are required here. The UF needs to be further investigated
to establish functional relationships between consumption and its utility in order to
maximize resource use while meeting our basic consumption needs.
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Chapter 8
Ecosystem Management

Limin Dai, Guofan Shao, Jizhou Ren, Tao Wang, Guangting Chen,
Xianguo Lv, Qinzeng Xu, Hongsheng Yang, Qiang Xu, Shiming Luo,
Lin Ma, Liu Qian, Wenqi Ma, Fusuo Zhang, Jikun Huang,
Xiangping Jia and Cheng Xiang

Abstract Ecosystem management is to make adaptive management strategy based
on full understanding the process of composition, structure and function of eco-
logical system, and to restore or maintain ecosystem integrity and sustainability.
Forest ecosystem management attempts to maintain forest ecosystem complex
process, path and the interdependent relationship, and maintaining their function
good, for sustainable forest management and forest ecological system, and estab-
lishing and developing comprehensive theoretical system of forest ecosystem and
sustainable forestry management system and decision support system, method and
technology system. Grassland ecosystem is the prairie land biological coupling with

L. Dai

State Key Laboratory of Forest and Soil Ecology, Institute of Applied Ecology,
Chinese Academy of Sciences, Shenyang 110164, China

e-mail: Imdai @iae.ac.cn

G. Shao

Department of Forestry and Natural Resources, Purdue University, West Lafayette,
IN 47907, USA

e-mail: shao@purdue.edu

J. Ren

State Key Laboratory of Grassland Agro-ecosystems, College of Pastoral and Agricultural
Science and Technology, Lanzhou University, Lanzhou 730020, China

e-mail: renjz@vip.sina.com

T. Wang - G. Chen

Research Institute, Chinese Academy of Sciences, Cold and Arid Regions Environmental
and Engineering, Lanzhou 730000, China

X. Lv (X)

Chinese Academy of Sciences, Northeast Institute of Geography and Agroecology,

Changchun 130102, China
e-mail: luxg@neigae.ac.cn

Q. Xu - H. Yang - Q. Xu
Chinese Academy of Sciences, Institute of Oceanology, Qingdao 266071, China

S. Luo
Institute of Tropical and Subtropical Ecology, South China, Agricultural University,
Guangzhou 510642, China

© Springer-Verlag Berlin Heidelberg and Higher Education Press 2015 179
W. Li (ed.), Contemporary Ecology Research in China,
DOI 10.1007/978-3-662-48376-3_8



180 L. Dai et al.

its survival in nature. Absorbing new achievements of science and technology, to
build and to make the new grazing system unit perfect, and make it as the indis-
pensable important component of modern agriculture. Desert ecosystem management
needs to solve problems of harmonious interaction and the sustainable development of
river basin, as well as the ecological water requirement of river basin security prob-
lems. Desert ecosystem management must adopt comprehensive ecological man-
agement measures in the process of management, give attention to utilization and
protection to optimize economic, social, and environmental benefits. Wetland surface
interaction process and the system response, the succession of wetland ecosystem and
its ecological effect, and the further research of wetland ecosystem function evaluation
becomes scientific foundation to explain wetland process route and wetland ecosys-
tem management. Lake ecosystem is affected by human activities. Controlling food
chain control of biological on the basis of the classic and nonclassical biological
control theory is one of the important measures to control eutrophication in lake.
Aquatic plant restoration is also very important in the process of eutrophication in
lake. We developed the marine ecosystem management system in China, including
ocean space planning and Marine functional zoning planning, Marine nature reserve
construction, fishing intensity control and the closed fishing rule, ecological
restoration and resource conservation, maintenance management information system
construction, and emphasize more on the ocean in terms of ecosystem management in
new pattern. Driven by the interests of the market due to the economic benefit and
production effect, ecological environmental benefits are neglected in agricultural
ecological system. Using the ecology principle “prevention and control of integrated
system” is the fundamental way for agricultural pest control.

Keywords Grassland ecosystem management - Forest ecosystem management -
Desert ecosystem management - Wetland ecosystem management - BKF restoration
measures
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1 Forest Ecosystem Management in Northeast China

1.1 Introduction

About one-third of China’s natural forests are found in its northeastern region,
including the Daxing’anling, Xiaoxing’anling, and Changbai Mountains (Tang
et al. 2009). Northeast (NE) China is not only an important national base for wood
products, but an ecologically significant region as well.

Broadleaved-Korean pine mixed forest (BKF) is the native climax forest vege-
tation in the eastern part of NE China and accounts for a large proportion of the
temperate forest zone both in the Xiaoxing’anling and Changbai Mountains. BKF is
primarily comprised of Pinus koraiensis and broadleaved tree species such as Tilia
amurensis, Betula costata, Fraxinus mandshurica, Juglans mandshurica, Quecus
mongolica, Acer spp., and others (Dai et al. 2003). This forest type, thus, constitutes
not only a huge gene pool and a rich reservoir of biodiversity, but also has great
economic and societal values. However, due to long-term human disturbance in the
region, including extensive logging in the latter half of the last century, the area of
primary BKF forests has decreased substantially, accompanied by severe disruption
of stand structure and serious degradation of overall forest quality and function (Pei
2000; Hao et al. 2000). In effect, the history of forest logging and management in
BKF mirrors the developmental history of forestry in NE China. Addressing the
challenges in forest management of BKF in NE China is thus essential for the
sustainability of these forests in the future.

1.2 1949-1998: Human Disturbance

During the latter half of the past century, especially in the early years of the
People’s Republic of China, the main goal of forestry in NE China was to produce
timber in order to meet the exigent demands of economic construction and social
development. As a result, excessive harvesting of timber was encouraged (Zhou
20064, b; Zhang et al. 2000).

In 1950-1956, diameter-limit harvesting of BKF forests was the rule. Although,
this promoted forest regeneration to some extent, because most of the young trees
were broadleaved species of low quality, this guideline led to large areas of sub-
standard young broadleaved mixed forest in NE China (Liu 1963, 1973).

During 1957-1965, clear-cutting with artificial regeneration was the predomi-
nant harvesting regime (Wang et al. 1997). Cutting in narrow, broad, and unequal
strips were all adopted (Liu et al. 1965). As a result, large areas of primary BKF
disappeared and were replaced with equally large expanses of Korean pine plan-
tations (Dai et al. 2004).
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The most drastic phase of this early exploitation of the country’s timber
resources occurred from 1966 to 1976 during the 10-year period of the “Cultural
Revolution,” when neither clear-cutting with artificial regeneration nor selective
harvesting with other silvicultural treatments were employed by most of the forest
bureaus in NE China. These were replaced by heavy selective cutting methods with
intensities of 70-90 % and no artificial regeneration (Dai et al. 2003; Deng 2008).
Thus, forest landscapes were fragmented (Shao and Zhao 1998), and much of the
remaining primary BKF were replaced by large areas of low-quality secondary
forests (Shao et al. 2001).

From 1978 to 1998, although some protective measures and forestry laws were
adopted, they were not sufficient to sustain the nation’s forest resources (Zhao and
Shao 2002). Excessive logging of natural forests in NE China was not effectively
prevented, and small-area clear-cutting was a common practice until 1996 (Shao
and Zhao 1998). In addition, serious problems of illegal timber cutting and resultant
excessive deforestation were also rampant (Xu et al. 2004).

1.3 Conservation Efforts

During the last half century of extensive logging of BKF in NE China, some efforts
at resource conservation were also attempted. Thus, for example, several nature
reserves in which harvesting of BKF was prohibited were established, beginning in
the 1960s with Fenglin and Liangshui reserves in Xiaoxing’anling and the Chagbai
Mountain Nature Reserve in 1960. Although not seeing fruition as implemented
polices, attention was given in the scientific community to exploring ways of
formulating and adjusting forest laws and regulations in seeking a balance between
forest utilization and conservation, forest growth and harvesting, and between
developing forest plantations and harvesting natural forests (Wang et al. 2004).

Forestry scientists did begin to consider the relationship between BKF har-
vesting and its restoration as early as end of the 1950s. First, the biological char-
acteristics of Korean pine came under debate with the publication of three papers by
a Japanese ecologist in the 1950s (Guo et al. 1995). With respect to natural
regeneration, researchers who viewed Korean pine as a shade-intolerant species
insisted that clear-cutting was the best approach to managing BKF forests, while
others who considered Korean pine to be a shade-tolerant species insisted that it
should be selective harvesting (Liu et al. 1965). At the same time, forestry scientists
who claimed that Korean pine is shade-intolerant investigated areas of cutover lands
and found that the natural regeneration of Korean pine was unsatisfactory (Wang
1957; Liu 1957).

Thus the situation regarding Korean pine natural regeneration and forest
restoration after harvesting became a dilemma for researchers. As debates contin-
ued, new perspectives eventually emerged. From the perspective of botanical
dynamics, Liu concluded that the tolerance of Korean pine varies with age, in that it
requires shade as a seeding followed by sunlight thereafter. It was thus proposed
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that selective harvesting combined with subsequent silvicultural treatments was the
appropriate management approach for BKF (Liu 1963; Wang et al. 1997). This
helped clarify the perplexing problems regarding the biological characteristics of
Korean pine as well as the dynamics of Korean pine regeneration. As a result,
prescriptions for appropriate harvesting methods, including a core of postharvest
silvicultural treatments, gradually became more crystallized.

In the 1980s, based on years of research, the management theory of “Plant
conifers and reserve young broad-leaved trees” for BKF was put forward (Zhou
1982). This method offered a much more effective approach to mixed forest
management in the region by integrating conifer planting with a protective strategy
regarding the general problems of plantation management. In effect, it signaled that
forest management of BKF in NE China was maturing.

During this time forest researchers in China also continued making efforts to
explore ways of formulating and adjusting forest laws and regulations (Wang et al.
2004). In 1981, the “Resolution on Issues Concerning Forest Protection and
Development” was issued; and in 1984, the Forest Law of China was passed. In the
same year, forest management strategies based on a five-category classification
system of forest resources was also put into effect (Dai et al. 2009, 2011). In 1987,
“cutting quotas,” which regulated the annual timber, output, were introduced (Liu
2001; Dai et al. 2013). All of the above effects, while only marginally successful in
slowing the enormous pressure on BKF as a source of timber for economic
development, helped lay the foundation for more permanent changes in the future.

Many feel that the corner was turned in 1998, when China broadened the focus
of forest management in the country and launched the Natural Forest Conservation
Program (NFCP) aimed at protecting and restoring natural forests (Zhang et al.
2000; Dai et al. 2009). At the same time, China’s forest law was amended to
reclassify the five forest categories into two—Commodity Forest (CoF) and
Ecological Welfare Forest (EWF) (Cai et al. 2003). These changes have provided
unique opportunities to pursue ecosystem management of forests in NE China
(Zhao and Shao 2002). To aid in this process, state financial funding for forestry
was further enlarged, and the forest harvesting quota in NE China was further
decreased. Unlawful timber cutting and excessive logging were also effectively
contained. In addition, a digital decision support system was used for managing and
protecting primary forests in NE China (Shao et al. 2003, 2005). These changes and
innovations have provided formal recognition and official status to the many other
functions and services of forests in addition to timber production. Moreover, with
respective to Korean pine, this species may no longer be harvested for timber in NE
China, but only utilized as a seed-tree species (Yu et al. 2011).

All of the above measures had immediate and significant effects on forest
resource protection and restoration in NE China. Since their adoption, forest area of
BKF has slowly increased (Wang et al. 2004).
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1.4 Current Problems and Challenges in BKF Sustainability

The practice of monoculture forestry for several decades in NE China not only
contributed to many economic difficulties in forested regions, but also to a series of
ecological disasters for BKF (Shao et al. 2003).

(i) The area of primary BKF decreased substantially and was replaced with
low-quality secondary forests. Even within the existing primary BKF, tree
species composition was modified with only Korean pine being reserved and
associated tree species such as Manchurian ash (F. mandshurica), Amur cock
tree (Phellodendron amurense), and Manchurian walnut (Juglans maudsurica)
declining or disappearing.

(i) The sharp decline in the quantity and quality of primary BKF has resulted in
the loss and fragmentation of natural habitats, along with the decline and
disappearance of ecological functions and services.

(iii) Forest age structure of BKF was suboptimal while it was dominated by
old-growth forest, with a much smaller proportional representation of
middle-aged and young age classes, which contributed to the poor regenera-
tion of BKF in NE China.

On an overall basis, ecosystem management remains a primary philosophical
concept underlying the management of China’s forests, especially for dealing with
large spatial scales and long time frames. It also represents the foundation for
addressing the array of challenges faced by forest managers and forestry scientists
in meeting the country’s demands for sustainable multiple-use management of the
nation’s forests.

1.5 BKF Restoration Measures

In view of the problems for BKF outlined earlier and with the aid of lessons learned
during the country’s tumultuous history of forestry development, it is worthwhile to
consider some restoration measures for BKF in NE China.

First, the protection of existing primary old-growth and mature BKF both in the
center and buffer zones of nature reserves is paramount for the restoration of
biodiversity and ecological functions. This includes the prohibition of timber har-
vesting and any other human activities that would damage the integrity of core
ecosystems, as well as reasonable protection of buffer areas to ensure the caliber of
ecological attributes and processes.

Second, the quality of the large areas of natural secondary forest should be
improved through effective silvicultural practices and management regimes in a
multiple-use framework that encompasses both restoration of regenerative capaci-
ties and utilization of timber resources.
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Third, the development of plantations for large diameter tree should be accel-
erated to replace components of existing plantations with low quality and short
rotations so that an effective mix of both short and longer rotations can better
address societal demands for wood production.

2 Grassland Ecosystem Management

Grassland ecosystems are an important component of terrestrial ecosystems.
According to FAQO’s statistics, 69 % of agricultural land is permanent grazing land,
where Oceania, sub-Saharan Africa, South America, and East Asia were 89, 83, 82,
and 80 %. Grazing systems provide mankind with more than half of meat, 1/3 of the
milk, fur, and other animal products.

Grazing is the human agricultural behavior on the aim of grassland management
as well as utilization through livestock grazing. Grazing has two aims. One aim is to
keep pasture healthy via managing grassland. Another aim is to produce animal
products, which can achieve sustainable economic benefits.

Grazing contains dual combination with interface: grassland—Ilivestock—habitat
which constitute factor groups, it is the initial combination of grazing behavior;
based on this foundation, spatial and temporal combination of grassland—Iivestock,
that is to say, secondary portfolio of grazing behavior is implemented, and further
contribute grassland and livestock cooperative development.

Grazing go through different historical stages, a dramatic change had taken place
especially at the late nineteenth to early twentieth century, which was a critical
period, and finally in 1930 completed a grazing modernization. Modern grazing is
still prevalent in North America, Australia, New Zealand, Western Europe, and
Northern Europe.

Grazing is a “double-edged sword,” it is our powerful tool for grassland man-
agement as well as to achieve livestock products with appropriate use. But if
misused, too light or overgrazing, for example, it will damage the grass as well as
lead to low productivity. The key is to make good use of grazing. We do not treat
grazing as a tool for grassland management, instead, grazing has been demonized,
and grassland ecological degradation, pastoral poverty, and cultural backwardness
ascribe to the grazing. Many districts forbid grazing in order to highlight grassland
management reform efforts. For now grazing forbidden is prevalent all over the
country, even called for more than 90 % of the grassland should be completely
abolished grazing in two or three years, this should arouse us great concerns.

Grazing is a system constituted of three elements which are human settlements,
grassland, and livestock in grassland ecosystems. The grassland ecosystem main-
tains healthy development status only under the correct use of grazing and coexist
the three elements in harmony.

The grassland carrying capacity shows dimensionless of carrying capacity under
grazing pressure, it contains three elements: yields of grassland which is denoted by
a, grazing duration which is denoted by b, and the number of grazing animals
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which is denoted by c. So for the measurements of carrying capacity, there are three
formulations: area, time (duration), and livestock.

Carrying capacity area unit load method: a = b x ¢, expressed as a paddock, for
given animals, how much time grazing in the area.

Carrying capacity time (duration) unit load method: b = a X ¢, expressed as a
paddock, allowing livestock grazing how much time.

Carrying capacity animal husbandry unit load method: ¢ = a x b, expressed as a
paddock, a certain time to allow how many animals grazing.

There can be mutual conversion among the three units, in order to facilitate the
calculation, often based on one kind of livestock by habit, European and American
adopt “cow units,” while China, New Zealand, and Australia adopt “sheep units.”
Because they differ in livestock species, body sizes, production levels and man-
agement, productivity denoted by carrying capacity which expressed the grassland
conversion efficiency is also different. The real carrying capacity is grassland and
livestock husbandry system coupling reach close to a perfect desired level, in other
words, it depends on the overcoming process and overcoming degree of time
contrary, species contrary and space contrary in interface system coupling between
grassland and herbivore.

The most simple and accurate metering system is animal production unit (APU).
One APU is equal to a moderate fertility grazing cattle weight gain 1 kg, which is
equivalent to 111 MJ digestible energy (DE), or 94.2 MJ metabolizable energy
(ME), or 58.2 MJ net consumption growth energy (NE) as well. APU of variety
grazing livestock is just compared to the energy consumption of fertility grazing
cattle weight gain 1 kg, in this way, the APU coefficient of livestock can obtain.
Any livestock production in grassland anywhere can convert to APU by the
coefficient (Table 1). APU directly describes the final grassland productivity, in
addition, it reflects comprehensive scientific and technological level of grassland
management indirectly, it is the most accurate way to measure grassland load as
well. APU measures the true grass loads simultaneously avoiding deviation caused
by livestock species, numbers, management, and other factors since it is according
to the principles of energetic grassland production.

Grazing went through a long process of historical development. After a primitive
nomadic stage, which last from the late Pleistocene to early Holocene (8000 aB.P—
6000 aB.P.), after the global flood subsiding. Nomad is the survival forms of early
humankind, for they moved from place to place in search of water and grass. In East
Asia, as represented by the Hongshan culture, creating a golden era when there is
harmony between man and nature. Herbivore has the instinct of looking for grass
and water, human trail the animals, it is so-called “grazing.” The herds lead to
migration of human, its essence is human tracking food source, just as wolves
following behind the deer to hunt for food at any time. Grass—herds—human food
chain, which forming a ring of ecosystems. When people put this grazing system
from passive to active and fixed, to be manipulated on the completion of the first
human bionics, it was a big step forward of human civilization.

With the formation of human habitats, there were organized grazing order
according to the natural watershed, the key point is grazing system unit of habitat—
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Table 1 The conversion of animal product unit and different animal products

Livestock production Animal production unit

Weight gain 1 kg 1.0

Carcass of 50 kg sheep 22.5 (Slaughter rate 45 %)
Carcass of 280 kg cattle 140.0 (Slaughter rate 50 %)
Edible offal 1.0

1 kg standard milk (Fat content 4 %) 0.1

1 kg various clean fur 13.0

One three-year-old serving horse 500.0

One three-year-old serving cattle 400.0

One four-year-old serving Camel 750.0

One four-year-old serving donkey 200.0

Serving horse work for a year 200.0

Serving cattle work for a year 160.0

Serving camel work for a year 300.0

Serving donkey work for a year 80.0

One sheep skin(fur sheep breed) 13.0

One fur coat 15.0

One cowhide 20.0 (or count as 7 % live weight)
One horse skin 15.0 (or count as 5 % live weight)
One sheep skin 4.5 (or count as 9 % live weight)
One weed out mutton sheep(live weight 50 kg) 34.5 (or count as 69 % live weight)
One weed out mutton cattle (live weight 280 kg) 196.0 (or count as 70 % live weight)

grassland-livestock. Its basic elements were seasonal pastures within one year or
between years, in other words, it contains grazing pastures of different seasons,
which can constantly provide or offer rotary grazing fields, this ensure relative
stability of the grazing system unit. In the long history of the social development,
with combination of human habitats, social may change significantly, but we should
keep stability of grazing system unit, and its managing model of habitat—grassland—
livestock has no essential alteration. Grazing system unit—the symbiosis of habitat—
grassland-livestock is an enduring legacy of primitive society, it finally, inevitably
will find and create its own grazing system unit no matter how social order turbulent
and change, otherwise, it will lead to the collapse of nomadic society. Grassland
animal husbandry management system gradually transmute on the premise of sta-
bility of the grazing system unit and complete modernization of livestock grazing
finally, its key aspect is transformation of grazing management. From original
nomadic stage to livestock modern grazing phase, which can be called
“pre-modernization grazing” period. This process may be long or short, early or late
due to social conditions divergence, but from original nomadic stage to livestock
modern grazing phase which is a necessary historical process. In western countries,
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with the industrializing, industrial civilization penetrates to grassland management,
which built a more scientific and meticulous management system and completed the
transformation of grazing management as well. The grazing development history of
North America has typical sense to grazing history, this article takes Americans for
example. America is in state of primitive nomadic under American Indian before
colonialists invaded the American continent. After American civil war, with arrival
of the fast economic development, “westward movement” completely broke the
grazing system of native Indians. The government established Indian reservation,
and then forced aboriginal moved to protected areas, and allocated most of grass-
land to new immigrants. It provided great favorable conditions for the development
of grazing livestock of western United States. A lot of social capital put in grassland
animal husbandry of western United States, new cattle nurture companies emerged
massively and got climax of foreign investments, which constituted “Livestock
Kingdom.”

America’s “westward movement” lasts three centuries from 1607 to 1890, when
black storm swept prairie. The United States gradually formulated relevant laws and
regulations in the context of this disorder situation. The modern transformation of
grassland management had been basically completed at 1934 when promulgated the
“Taylor grazing act.” Its iconic features can be summarized as follows: (i) ranch
boundaries clear, grassland property rights was protected by law; (ii) with devel-
opment of the industrial production of fence, grazing grassland gradually improved
which focus on rotational; (iii) establishing good drinking water system, it was to
support rotational grazing; (iv) after the gradual development of ultra-biological
production level, market disciplined; (v) the modern grassland management sci-
entific system initially formed, the textbook “grassland management” published,
and published professional monograph; (vi) making full use of system coupling,
combined with the different ecological and economic zones, in which rotational
grazing as the core, at last established grassland—beef cattle systems, grassland—
cow system, grassland—sheep systems. In summary, the human’s grazing tech-
niques went through three stages of development in transition which are original
grazing, extensive grazing and intensive grazing, lasting three centuries. Our
country is totally unaware of transformation of grazing, treating original grazing as
the only type and behind things, in this case, grazing has been repeatedly aban-
doned over the years. This article criticizes several misunderstanding on grazing
cognitive: “grazing is a backward, primitive mode of production”; “grazing should
be replaced by soiling”; “grazing damages grassland”; “ to replace all natural
grassland with cultivated grassland”; “ the way of saving grassland degradation is to
break up into small pieces, subcontracting home”; ‘“grazing is harmful to
afforestation, it should be forbidden.”
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3 Desert Ecosystem Management

3.1 Introduction

Desert is a kind of geographic landscape developed in arid climate conditions.
Desert ecosystems mainly distribute in subtropic and temperate extreme arid and
rainless regions. Zonal desert derived planetary wind system distribute around
Tropic of Cancer or Tropic of Capricorn. In Asia—Europe and Africa continents, an
obvious desert belt formed in the North Hemisphere, from Sahara Desert at the
western coast of North Africa, to Arab Peninsula, to temperate deserts in the Central
Asia and Sino-Mongolia eastward. Desert in China mainly distributes in the
northwest arid region to the west of Helan Mountains, and its east border is basi-
cally consistent with the total annual precipitation isocline of 200 mm. This is
closely related to the impact of geographical location in the hinterland of continent,
downward current of air caused by landforms, especially Tibetan lift blocking warm
wet air from Indian Ocean.

Desert ecosystem is very fragile. In case that desert ecosystem was disturbed or
destroyed by natural disasters or human activities, its rehabilitation is very difficult
and slow, and even often impossible. Water is the limit factor of desert ecosystem.
Those places with water supply will develop oases, otherwise will become deserts.

Oasis is a kind of unique geographical landscape, and is a sub-ecosystem with
super productivity supported by water in the desert regions (Shen et al. 2001). We
must be very careful and discreet to develop and utilize desert. The oasis size in arid
region must be restricted to the carrying capacity of water resources. To explore
desert ecosystem, especially management and control of oasis ecosystem, we
should make full use of the function of oasis ecosystem, natural environment and
resources. During seeking development of human society and economy,
eco-environmental construction and protection, and sustainable development of
oases, the harmonious relation between mankind and natural environment,
improvement of human livelihood should be emphasized.

3.2 Basics of Desert Ecosystem Management

Extreme continental climate is the basic characteristic in the desert region. Annual
precipitation is less than 200 mm in most places of temperate desert in China and its
variation is very huge. Potent evaporation is several dozens or even one hundred
times of the precipitation, which caused extremely lack of water in air and soil.
Temperature enormously changes and daily temperature difference is particularly
obvious. Strong reflection of desert surface often destroy radiation balance and
thermal balance, and result in horizontal and vertical air current and induce
wind-blown sand or dust storms.
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3.2.1 Structure and Function Features of Desert Ecosystem

In desert community, there are poor plant types, simple plant structure and lower
vegetation cover, even complete bare land. Nutrient materials in soil also are very
little. Due to barren food supply, animal types and quantities are very less.
However, there are longer sunshine and abundant quantity of heat in growing
season. In some places with better conditions, such as oases, where can become
local high-productivity areas by irrigation and fertilization.

According to differences in physical features and cause of formation, desert
ecosystem can be divided into the following five sub-ecosystems (Table 2).

3.2.2 Several Problems in Desert Ecosystem Management

With the development of society and economy, a kind of Social-economic-natural
compound ecosystem had been built surrounding those areas in arid region where
generate water resources and produce runoff and been exploited and used, in which
inland river basin was taken as a unit (Qin et al. 1998). This system is a
semi-artificial ecosystem. In which, human activities were taken as the dominant,
and oasis ecosystem was taken as the support, and water resource was taken as the
key, and society system was taken as the frame.

The obvious contradict of water resources shortage in the northwest arid region
of China, mainly show in: (1) shrinkage of surface water, serious decline of
underground water level, increasing mineralization degree. The important reason is
lack of effective and reasonable allocation and management of water resources;
(2) lack of effective protective measures for natural vegetation resulted in the whole
ecosystem facing collapse; (3) soil salinization extending in the farmlands of oases.

3.3 Desert Ecosystem Management

3.3.1 Oasis Ecosystem Management

Oasis is the most harmonious ecosystem unit in arid region, with the better match
among climate resource, water resource, land resource, biological resource and
eco-environment. Modern oasis is supported by irrigation. Thus, at certain degree,
oasis ecosystem management actually is water resources management, including:
(i) to integrate and plan water resources taking river basin as a unit; (ii) to develop
saving-water irrigation agriculture and to enhance utilization ratio of water
resources; (iii) to determine farmland area according to water resources quantity and
to improve water transferring ditch net; (iv) to implement market-oriented irrigation
management mechanism; (v) to strengthen union management and associated uti-
lizing of surface water and ground water, and to prevent water pollution; (vi) to



8 Ecosystem Management

Table 2 Classification of desert ecosystem in China

191

Sub-ecosystem | Subsystem | Type Structure Utilizing status
Oasis Artificial Irrigation Agriculture
ecosystem oasis farmland system tillage
Shelter forest Prevent wind
system for activities
farmland
Natural Woodland- Riparian sparse-tree shrub | Protection
oasis grassland— meadow forest or
wetland system season pasture
Tamarix chinensis shrub | Season pasture
meadow around oasis
Haioxyion ammodendron
and weeds in lake basin
Lakes or marshes with Fisher or
Phragmites australis weaving
Fixed, Shrubs or shorter arbors Fuel-wood
semi-fixed dune forest or
fields grazing
Gobi ecosystem | Desert Sandy desert Haloxylon Persicum Grazing
grassland | grassland Bunge ex Boiss. Et Buhse
and weeds
Calligonum mongolicunl
and weeds
Gobi desert Shorter semi-arbor or
grassland shrub
Semi-shrub or shorter
semi-shrub
Succulent and salt shorter
semi-shrub and herb
Bare gobi | Deflation gobi Not utilizing
Accumulation
gobi
Sandy desert Sandy Fixed or
ecosystem desert semi-fixed dune
field
Shifting dune
field
Salty desert Salty
ecosystem desert
Arid middle or Lower Loess Artimisia-type desert Grazing
lower hill hills grassland
ecosystem Middle or lower | Salt semi-shrub grassland

stony hills
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reasonably develop and utilize land resources according to ecological rules; (vii) to
protect natural vegetation, and to actively build artificial vegetation.

3.3.2 Oasis-Desert Transition Belt Ecosystem Protection

In natural conditions, there is a transition belt between oasis and desert. An
oasis-desert transition belt is the place that oasification and desertification begin and
frequently confront, where supports stability of inner oasis and agriculture sus-
tainable development, and where is also residents making cutting and grazing, and
where is a very significant part of oasis safe and stability.

Basic rule and approaches to restore oasis-desert transition belt ecosystem
include: (i) correctly recognizing ecological status of oasis-desert transition belt;
(ii) prohibiting to blindly expand artificial oasis under lack of enough irrigation;
(iii) making full use of high scientific and technical means to solve residents’ fuel
and to enhance their livelihood standards for avoiding woodcutting, gathering and
excessive human activities; (iv) increasing vegetation cover of oasis-desert transi-
tion belt and to extend its scopes, through air seeding or manual sowing.

3.3.3 Desert Ecosystem Protection and Reconstruction

Desert ecosystem is the most fragile one in land ecosystem, developing under the
conditions of rigorous climate and extreme imbalance of water and heat supply. The
fragility of desert ecosystem determines the place of desert ecosystem distribute as
the frequent area of natural disasters, and is also one of the most easily prone to
degradation (Liang et al. 2003).

Generally speaking, to restore degraded ecosystem should follow the three basic
principles: (i) natural restoring rule; (ii) scientific technology, feasible economy,
and acceptant measures rule; (iii) aesthetic rule (Peng and Lu 2003).

As far as desert ecosystem restoration is concerned, it is different from other
ecosystems to follow principles (Jiao 2003). They can be summarized: (i) coordi-
nation between ecology and economy rule; (ii) dominant preventing and combi-
nation with control; (iii) mutual complementarities among many measures rule;
(iv) coordination between long-term and short-term profit rule; (v) suitable mea-
sures for local conditions rule; (vi) combination between scientific—technological
support and administration rule; (vii) combination of biological, ecological, and
engineering technique rule (Zhao et al. 2009).

Protection methods of desert vegetation (including microbiotic crust) include:
(i) protecting sand for grass propagation and returning farmland to woodland or
grassland; (ii) controlling livestock quantities and conducting reasonable rotation
grazing. In addition, during comprehensively using desert industry, clear energy,
and developing travel industry, it should be insisted to protect environment.
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3.4 Outlook

Aiming at desert ecosystem in northwest arid region of China, it needs to adopt
comprehensive ecological management for optimizing economy, society and
environment profits, through improving available ecological service level from all
types of support, regulation, supply, and culture provided by natural ecosystem, and
preventing continuous deterioration of ecosystem.

4 Wetland Ecosystem Management

4.1 Introduction

Wetlands ecosystems are around all over the world and are an ecological landscape
that has the most biodiversity in nature, as well as being one of the most important
environments necessary for humans to prosper (Mitsch and Gosselink 2000).
Wetlands are located in the interface of the atmosphere, terrestrial, and aquatic
ecosystems, they play an important role in water, nutrient, organic, sediment, and
pollutant transportation. The wetland is also called the cradle of life, the kidney of
the earth, species genes reserve, and so on. Since 1971, since the Ramsar
Convention was established, there has been an increase in awareness by interna-
tional communities of the importance and urgency of fostering wetland protection,
ecological restoration, and promoting reasonable and continuous wetland
exploitation (Liu et al. 1999). From initially emphasizing the wetlands’ function as
waterbird habitats, on the focus on wetlands has expanded to various aspects of
protecting and reasonably utilizing wetland ecosystems, wetland ecosystem man-
agement being a hot topic today.

Today, crucial hydrological, biological, chemical, and physical processes
maintaining ecological stability have been drastically changed on the global scale,
and rates of change are increasing in general, which results in ecological degra-
dation, sustainability weakness, biological diversity loss, and ecological function
reduction (Lu 2001).

Wetland ecological management styles emphasize driving and stressing factors
of ecological structure and function, as well as focusing on the interactions between
management activities and systemic structure and function, this includes wetland
ecosystem processes and natural and human factors which cause ecological process
change (Yuan and Lu 2004). Administrating human activities are the main parts of
wetland ecological management because it is more practical than adjusting natural
factors. The manager must learn the objective laws of wetland ecosystems, to clear
wetland processes and their mechanisms, making certain the purpose, problems,
methods, and routes of management activities to achieve the optimum configuration
of systemic structure and function. To realize these goals, natural laws of wetlands
must be followed (Zhao and Gao 2007).
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4.2 Wetland Amphibious Mutual Process
and Ecological Response

Wetlands are located in the transitional zones between terrestrial (e.g., forest,
grassland, and so on) and aquatic ecosystems (e.g., marine), and contain multiple
ecological functions due to the interaction of terrestrial and aquatic ecosystems.
Wetlands possess a unique structure, process and function, and are sensitive to
environmental change.

Wetland processes are the occurrence and development of dynamic character-
istics of events and phenomenon in wetlands. Wetlands are interracially affected by
multiple earth spheres and are among the most complex ecosystem on the Earth’s
surface. Wetlands often contain many physical, chemical and biological processes,
and wetland functions are the outside presentation of various processes.

4.3 Wetland Ecological Succession Processes
and Ecological Effects

Natural disturbances play important roles in maintaining wetland structures and
functions. Disturbances to wetlands due to human activities include both positive
and the negative effects, affecting wetland succession processes in various aspects.
Wetland ecosystem succession characteristics include changes of species compo-
sitions, diversity indices, and life-forms of plants at different succession stages (Yao
et al. 2009). Wetland succession process changes would bring great ecological
fluctuations. First, wetland environment changes result in wetland fragmentation
and degradation, wetland types change and biodiversity vary. On the other hand,
wetland ecosystem succession would also cause plant biomass and soil biogeo-
chemical nutrient levels variation (He and Zhao 2001; Zhang et al. 2013), and lead
to wetland function changes at last in the aspect of materials circulation, biodi-
versity protection, water purification, climate adjustment, and so on.

4.4 Wetland Ecological Function Assessment

Wetland function assessment methods include two types, which are energy analytic
approach and the price evaluation approach. Due to the variety of wetland eco-
logical service functions, its evaluation is also complex. Different wetlands require
different methods according to functions supplied by wetlands (Xu et al. 2006).
By the middle of the twentieth century, although some wetlands were protected
for hunting, fishing and water birds, wetland management policies both in China
and abroad mainly focus on agricultural and other uses, which limited the under-
standing of wetland value. Due to unreasonable utilization, key biological,
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chemical, and physical processes maintaining wetland ecosystems were as dis-
turbed, which resulted in wetland degradation, biodiversity loss, and service
functions reduction.

Until the middle of the twentieth century, some managers of fishing and enter-
tainment industries realized the value of wetlands as wildlife habitats, and they
promote the maintenance of hydrological conditions of wetlands to protect fish and
waterbird communities. Other functions of wetlands were understood in the late
twentieth century, such as flood regulation and water quality promotion, and the
management of wetlands saw an increase in quality and purpose.

The wetland ecosystem is hierarchical and with different characteristics and
functions at different gradations (Chen and Lu 2003). Wetland management often
starts from wetland structure to reveal their ecosystem processes and functions
based on the understanding of material and energy circulation within the wetland.
Based on the results of the monitoring, changes of wetland functions, information
integration, adjustment and prediction were performed so as to provide scientific
policies to the government.

4.5 Wetland Management Practice in China

Since 1992, when China officially joined in the Ramsar Convention, The Chinese
government has been strengthening the intensity of wetland protection. In
December 2000, China’s wetland protection plan was established by the State
Forestry Bureau and other 17. In August 2008, the State Forestry Bureau and the
Nation Development and Reform Commission (NDRC) of China finished the
national wetland protection engineering plan (2002-2030), having it approved by
the State Council in September. Wetland protection and management in China is in
the rapid development period. There are three main models of wetland protection in
China, which are natural reserve, wetland parks, and wetland protection cells. Up to
now, a lot of work has been done for wetland restoration and reestablishment.

5 Marine Ecosystem Management

5.1 Introduction

The ocean can provide many resources, ecosystem services and functions, such as
seafood, energy, oil and natural gas. Marine ecosystems are very complex due to
multiple scales caused by flow of water and species movements, so marine
ecosystem are vulnerable to rapid social and environmental changes. It is necessary
for government and related stakeholders to apply more efficient solutions to manage
marine ecosystem.
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5.2 Concept, Features, and Principle of Marine Ecosystem
Management

Marine ecosystem has many characteristics that are unique and are different with
terrestrial ecosystem. The first factor is its openness and large scale; the second one
is the difficulties to collect ecosystem information; and the final one is the complex
impacts from human activities.

The marine ecosystem management concept is based on comprehensive coor-
dination among different ecosystem services in specific space and time range, and
following the inner structure and rule of the ecosystem, the administrations create
scientific and reasonable adjusting policy by motivating different stakeholders to
reach a healthy marine ecosystem.

The management of marine ecosystem also has three factors. First, there are
several variable (spatial and time) management targets. Second, there are many
management agents with different administrative implementations. Finally, the
decision-making process and the evaluation are complex.

The marine ecosystem management should follow some principles: sustainable
development, maintenance of ecosystem health, prevention, and early warning and
public participation.

5.3 Methods for Marine Ecosystem Management

5.3.1 Marine Spatial Planning and Marine Functional Zoning

Marine spatial planning (MSP) is a process about analyzing and allocating the
spatial and temporal distribution of human activities in the marine areas to achieve
ecological, economic, and social objectives.

Marine functional zoning (MFZ) is a management tool about utilizing sea space
areas in China based on its geographical and ecological features, natural resources,
current usage, and socioeconomic development needs. MFZ has been characterized
as a practice of MSP in China.

5.3.2 Marine Protected Areas Establishment

The marine protected areas (MPAs) in China started to be built from the 1960s.
A total of 201 MPAs which scattered in 11 coastal provinces have been declared in
China and total area amount is up to 3,300,000 hm?. The MPAs contain the main
habitats of mangrove, coral, coastal wetland, island, estuary, bay, and other areas
with fragile but important marine ecosystem.
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5.3.3 Fishing Restriction and Fish-Ban System Reform

Fish-ban system has been implemented since 1995. The fish-ban period and the
category of restricted fishing instruments have been enlarged. Chinese adminis-
tration has controlled the license of marine fishing and encouraged the fishermen to
work in other industry of Mariculture such as aquatic product processing, recre-
ational fishery, and other relative industries.

5.3.4 Ecological Restoration and Marine Living Resources
Maintenance

Marine ranching is the best way to restore the impaired ecosystem and depleted
marine living resources. However, such method in China is premature and it mainly
focuses on the implementation of artificial reef as the primary step to carry out the
marine ranching method. Fisheries resources proliferation has been implemented in
China. Many species such as crab Portunus trituberculatus, jellyfish Rhopilema
esculentum, fish Paralichthys olivaceus, Pagrosomus major, and other demersal
fishes have been proliferated and released to the suitable ocean habitat. Ministry of
agriculture detailed the specification and standard about proliferation.

5.3.5 Establishment of Information System for Marine Ecosystem
Management

Establishment of information system is crucial to the marine management. The
European and American countries have established complete and effective man-
agement system but few effective marine manage systems exist. The National
Marine Data and Information System (NMIS) was built in 1997. Marine Scientific
Data Sharing Project System was activated in 2003.

5.3.6 Comprehensive Method for Marine Ecosystem-Based
Management

In fact, marine ecosystems are presently problematic despite of many attempts to
manage individual threats in the absence of a system-wide approach. Therefore,
ecosystem-based management (EBM) is a promising approach for managing the sea
areas proved by government, scientists, and others.

There are four steps to implement the EBM, the first is to determine the regulatory
boundaries of EBM, and the second is to fix the critical management objectives,
optimize management methods, and create the public feedback mechanism.
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5.4 Prospects on Marine Ecosystem Management

In the future, the marine ecosystem management would develop in the following
aspects: encouraging management consciousness about the whole ecosystem;
straightening out the model and system of marine ecosystem management; improving
the system about marine monitoring and evaluation; implementing comprehensive
management system.

6 Agroecosystem Management

6.1 Introduction

There are three interacting levels of agroecosystem regulation and control. The first
level regulation and control is provided by natural processes. The second level is
direct regulation and control exerted by human activities. The third level is indirect
regulation and control provided by social and economical background which deeply
affects the human behavior (Fig. 1).

6.2 Direct Intervention by Strengthening Natural Processes

The first-level regulation and control of agroecosystem is the natural processes.
Direct intervention exerted by people can make good use of the natural processes
and hence achieve ecologically sound results with much less negative impacts on
resources and environment. The direct intervention includes (i) regional and
landscape level land use planning, (ii) restoration of ecosystem recycling structure
and function, and (iii) the use of biodiversity to increase natural resource efficiency
and to deal with biology and physical stresses (Fig. 2).

The regional land use planning relates to the development strategy in the region.
It should carefully balance the relation of agricultural land use and nonagricultural
land use, the relation among residential, production, and ecological needs. The
optimum land use arrangement within agriculture production along different posi-
tions of a watershed according to physical and social economic situation should be
carefully considered. Natural vegetation within cropland including buffering zone
along the drainage channel, wind belt system, and cover on marginal space of
cropland are important landscape structures.

Agriculture and forestland can play an important role in the restoration of
ecosystem recycling structure and function. Six scales of recycling structure base on
agriculture land can be identified and should be strengthened (Fig. 3). They are
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Fig. 1 The three levels of agroecosystem control and regulation demonstrated by pest control
(Luo 2010a, b)

(1) recycle of crop residue within field level, (ii) recycle of animal waste between
animal production and crop production, (iii) recycle of village waste, (iv) recycle of
processing waste from agro-industry, (v) recycle of organic waste from cities and
towns, and (vi) recycle of CO, in a global scale.

The use of biodiversity in agriculture includes community, population, and
genetic diversity organization. Ground cover in orchard or woodland, and inter-
cropping or relay cropping system in the field are examples of biodiversity
atcommunity level. Niche differentiation among community species is an important
rule in the design of community structure. Good community diversity not only is
able to make good use of natural resources, but also can resist and withstand both
physical and biological stresses. Research by Zhu (2007) showed that the inter-
cropping of maize with potato, corn with sugarcane, corn with yam could gain
higher yield and less pest outbreak. Li et al. (2007) showed that the intercropping of
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corn and broad bean could increase the nitrogen fixation of bean and increase the
availability of soil P, Fe, Zn, etc. In population diversity organization, research by
Quan et al. (2008) showed that rice duck mixed system could reduce field pests,
increase lodging resistance and rice quality. Xie et al. (2009) showed the effect of
rice fish system could reduce weed, rice plant hopper, rice sheath blight, and rice
blast disease. Releasing natural enemies of pests is another important method to
increase population diversity in the field. Genetic diversity use including the use of
high-yielding gene, resistant gene, and high-quality gene is very important. Zhu
Youyong’s research (2000) showed that intercropping of traditional rice variety
which was sensitive to rice blast disease with hybrid rice which was resistant to rice
blast disease in the field with ratio of 1—4 lines could control blast disease very well
without chemical use.

6.3 Social Economic Regulation and Control
for Agroecosystem

In order to encourage the implementation of ecologically sound practices mentioned
above, social and economic measures should be worked out to regulate the behavior
of farmers and farming enterprises. Motivation of people mainly drives by their
judgment on whether the action is righteous or beneficial. Education through school
and public media will deeply influence the view of people about what behavior is
right or wrong. The technical standard and assessment standard for ecologically
sound practices will guide the right direction of framer and farming enterprises. Law
can let the ecologically wrong actions become illegal and hence can guide the
general direction of social behavior. In order to internalize the external economic
effect of ecological sound practices, on the one hand ecological compensation
measures such as high tax for the use of resources, high penalty for discharge of
pollutant, can be taken by government. On another hand, the method to clearly
define the ownership of natural resources and encourage the growth of market for
the exchange of natural resources can be adopted. The progress of the management
system for agroecosystem in China is significant in the past 30 years. New regu-
lation including the protection of agro-resources, rural planning and agricultural
regionalization, agro-environment protection, quality requirement for agricultural
input products, quality requirement for agricultural output products, and ecological
agricultural have been made. However, there are still a lot of serious challenges
faced by Chinese agriculture. An important consultation project “Strategy research
on the optimum resource allocation, integrated environment management and
regional agriculture development” was launched by the Chinese Academic of
Engineering and deal with this challenge in a comprehensive way (Shi 2008; Dai
and Hu 2008).
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7 Nutrient Management in the Food Chain

7.1 Introduction

Chinese food security and ecological sustainability remain among the greatest
challenges for the twenty-first century and both are significantly affected by the way
we manage nutrients for agricultural systems, particularly nitrogen (N) and phos-
phorus (P). Critical to the growth of plants and animals and ultimately to human
nutrition and health, N and P are also known to be major contributing factors for
ecological deterioration that can negatively impact atmosphere, ground, and surface
waters (Galloway et al. 2008). Nutrient management at farm and field levels has
been defined as achieving agronomic and environmental objectives through an
iterative series of six consecutive steps: analysis, decision-making, planning, exe-
cution, monitoring, and evaluation (Oenema and Pietrzak 2002). Such a concept has
not been defined and described at regional levels yet. Managing nutrients in the
food chain at regional level provide a safe and secure food supply while protecting
the ecological system.

Here we summarize developments of nutrient management in the food chain in
China in our group during the last 10 years. We begin with a brief introduction of
food chain model. We then summarize the main findings of nutrient management in
the food chain. We close by the prospects of the future research.

7.2 Development of Food Chain Model

Nutrient flows in Food chains, Environment and Resources use (NUFER) is a
deterministic model with large databases that calculate the flows, use efficiencies,
and emissions of N and P in the food chain of 31 regions and China on an annual
basis. It uses a mass balance approach with detailed accounts of the partitioning of
N and P inputs and outputs. It makes a distinction between “new” N and P (from
bio-fixation and imported fertilizers, natural grassland and fish), and “recycled” N
and P (from recycled material such as manure, crop residues, wastes, etc.).

NUFER consists of an input module with activity data and transformation and
partitioning coefficients, a calculation module with equations, an optimization
module and an output module. NUFER allows assessment of the N and P flows in
the pyramid in two directions, viz., from the food production side and from the
consumption side (Ma et al. 2010).

The progresses and compositions of NUFER model are shown in Fig. 4 and the
detailed information are presented in the references (Liu et al. 2007, 2008a, b; Ma
et al. 2008, 2009, 2010, 2011; Wang et al. 2007a, b, 2010, 2011; Wei et al. 2008).



8 Ecosystem Management 203

| NUFERmodel |
Nutrient flow in the l
food chain among ‘—( CNFC model ‘
regions
Nutrient Nutrient balance Nutrient
balance model of animal balance model
model of crop product in China of household
production in J. consumption in
China China

Model of animal
manure NH; emission

Model of nutrient flow in Chinese grain crop production and
utilization

Fig. 4 Models of nutrient flows in the food chain in China

7.3 Main Findings

The main achievements of this thesis are:

The major developments in nutrient management in China during the last
50 years were reviewed, and the future challenges for the next decades, con-
sidering nutrient management in the whole food chain of “crop production—
animal production—food processing—food consumption” were addressed (Ma
et al. 2013b).

NUFER model was developed, as the first model that allows quantitative
assessment of the N and P cost of food chain and losses to air and waters at
regional and national level in China (Ma et al. 2010).

Between 1980 and 2005, the mean N cost of 1 kg N in food in China increased
dramatically from 6 to 11 kg kg™'. Mean P cost increased even more, from 5 to
13 kg kg™' (Ma et al. 2012).

The N (P) use efficiency in the food chain (NUEf and PUEf) decreased from
~20 % to less than 10 % in most of the regions between 1980 and 2005, and the
regional variations were large (Ma et al. 2012).

Quantitative analysis of driving forces indicated that a larger impact of changing
nutrient management practice than population growth on elevated nutrient flows
in China’s food chain (Hou et al. 2013).

Losses of NH; and N,O to air and N and P to groundwater and surface waters
increased greatly in China between, especially in the Beijing and Tianjin
metropolitans, Pearl River Delta, and Yangzi River Delta (Ma et al. 2012).

In 2030 (the business as usual scenario), N and P fertilizer consumption will
both increase by 25 %, and N and P losses will increase by 44 and 73 %,
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respectively, relative to 2005, driven by population growth and diet changes in
China (Ma et al. 2013a).

e Implementation of a package of integrated nutrient management measures,
including balanced fertilization, precision feeding, and improved manure man-
agement, may roughly nullify the increase in the efficiency of N and P
throughout the whole food chain in China at national level (Ma et al. 2013a).

7.4 Concluding Remark and Prospects

A food chain approach for managing nutrient flows at regional and national level is
a new and evolving concept. The NUFER model is the first model that allows a
quantitative assessment of the N and P cost of food, and N and P losses to air and
waters at the food chain at national and regional level in China. Our researches are
the first integrated assessment of changes of NUE and PUE in the food chain in
China, and of N losses via NH3, and N,O emissions to air and N and P leaching to
groundwater and surface waters during 1980-2005 and future scenario in 2030.

For China, further research needs to close the knowledge gaps among
researchers, farmers, and policy-makers. Food production technologies improve-
ment should focus on, not only technologies themselves, but sound extension for
farmers practices. Further research is needed to develop the food chain approach not
only for nutrient management, but for water management, land management, and
energy management and integration of these aspects. Upscaling of insight in
nutrient management in the food chain to global scale is needed to understand the
effects of globalization on nutrient cycling, soil fertility and NUE and PUE in food
production—consumption chains (Sutton et al. 2013).

8 Fertilizer and Greenhouse Gas Management
in Agroecosystem

8.1 Introduction

While chemical fertilizer is important for China’s crop production, there have been
increasing concern on its intensive use and environmental consequences. Chemical
fertilizer application per hectare has grown rapidly after 1960s in China. The pre-
vious studies have showed that rising application of chemical fertilizer has sig-
nificantly lowered the efficiency of fertilizer use (Wang 2007; Zhang et al. 2008;
Zhu 1998) and also resulted in serious environmental stresses by increasing
greenhouse gas (GHG) emissions and polluting ground and surface water through
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nitrogen leaching (Izaurralde et al. 2000). It is estimated that the manufacture and
use of N fertilizer contributed to approximately 30 % of agricultural GHG emis-
sions and about 5 % of China’s total GHG emission in 2007 (SAIN 2010).

Recent studies have also shown that excessively high uses of chemical fertilizer
have mainly occurred in N fertilizer. Several studies observed that N fertilizer used
in wheat and maize production was often overused by farmers in North China Plain
(Chen 2003; Cui 2005). Large number of studies also observed massive N fertilizer
use in the rice production and approximately 30 % of N fertilizer can be reduced
without lowering (and even increasing) rice yield in major rice production regions
(Hu et al. 2007; Peng et al. 2006; Want et al. 2007). Some scientists believe that
there is a lack of technology to improve the efficient use of N fertilizer for farmers,
therefore substantial efforts have been made to identify efficient N fertilizer use
methods in the field (Chen et al. 2006; Cui et al. 2008a, b; Zhao et al. 2006).

However, despite great efforts made by scientists to improve the efficiency of
fertilizer use, N fertilizer use continues to rise while its efficiency remains low,
which has brought economists’ attention to the rationality of overusing N fertilizer.
Huang et al. (2008) argued that farmers’ lack of knowledge and information on crop
responses to N fertilizer are the primary reason for its overuse. Chinese farmers
have been used their experience from the previous Green Revolution in 1960s—
1970s that significantly increased agricultural productivity by adopting high-yield
varieties and using highly responsive chemical fertilizer.

If the above arguments are valid for N fertilizer use in rice production, several
questions are raised. Can N fertilizer use also be reduced significantly in other
major crops such as maize in China? Will reducing N fertilizer in crop production
lead to declines in crop yields? How to deliver appropriate knowledge and infor-
mation on the efficiency of fertilizer use to millions of small farmers in China?
These questions are crucial, not only for the fertilizer industry, given the size of
China’s fertilizer market, but also for China’s public agricultural extension system,
which has a mandate to deliver technologies but has faced great challenges in
offering appropriate technology and knowledge to millions of farmers (Hu et al.
2007; Huang et al. 2009).

The overall goals of this study are to provide empirical evidence for the
above-raised questions by investigating the impacts of delivering information and
knowledge on the efficiency of nitrogen fertilizer use in maize production through
training. The following section will introduce the research design, the data col-
lection, and investigate the impacts of N fertilizer application training on farmers’
overall use of N fertilizer in the study sites. Then policy recommendations about
reducing nonpoint pollution through crop production and China’s public agricul-
tural extension system are drawn in the last.
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8.2 Method and Results

8.2.1 Research Design and Data Collection

The experimental research was conducted in Shouguang (SG) County of Shandong
Province in the North China Plain (NCP) in 2009. In the county, 3 townships and 5
villages from each township, were randomly selected. In each township, we divided
the 5 villages into 2 groups: 3 treated villages and 2 non-treated villages. In total,
there were 9 treated villages and 6 non-treated villages. Villages were randomly
selected to ensure these two groups of villages were comparable before the N
fertilizer use training course was conducted in the treated villages.

For each of the treated villages, a training course on nitrogen fertilizer use in
maize production was offered to farmers by the trained extension staff in April
2009, prior to maize being planted. The extension staffs were selected from local
townships and were trained by China Agricultural University. Extension staffs came
to each of the treated villages and randomly selected farmers in group for training.

Information provided during the training was based on the local soil situation
and the results of N fertilizer management experiments in maize production con-
ducted by soil scientists from China Agricultural University. Farmers were advised
to use N fertilizer in the following ways: (1) controlling the total amount of N
fertilizer use between 150 and 180 kg/ha; and (2) applying N fertilizer during maize
growing season twice—once before the 10-leaf stage and once after the 10-leaf
stage.

In November 2009 after the maize was harvested, we randomly selected farmers
from both treated and non-treated villages for a face-to-face questionnaire-based
household survey. In total, 226 farmers (66 trained and 160 non-trained) were
selected from treated villages. In each of the non-treated villages, we randomly
selected 20 farmers for a face-to-face questionnaire-based household survey, just as
we did for those farmers from treated villages. At the end, we surveyed a total of
116 farmers from non-treated villages.

8.2.2 Fertilizer Use and N Fertilizer Application

Table 3 reports average fertilizer use by trained and non-trained farmers in 2009,
which provides several interesting observations.

First, it seems that farmers were not interested in applying fertilizers twice
during one maize growing reason, one of two key findings provided in the training
course. Farmers might be used to their conventional fertilizer application practices,
and as such it was difficult to change their fertilizer use behaviors in the short run.
Some farmers might also be concerned about increased labor input by changing
their one-time fertilizer application to a two-time application.

Second and most importantly, while the application time does not change with
the introduction of training, trained farmers used much less N fertilizer than
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Table 3 Average fertilizer use by trained and non-trained farmers in maize production and the
yield of maize in 2009

Trained farmers Non-trained farmers
Treated villages Non-treated villages

Fertilizer use
Total number of application 1.23 1.36 1.32
Number of N application 1.20 1.36%* 1.32
Amount used (kg/ha)*
N 179 221%* 217*
P 101 106 94
K 56 50 58
Average yield (kg/ha) 8512 7991%* 7890%*

Source CCAP’s survey

* and ** Denotes statistical significance of the mean different from the trained farmers in treated
villages at 1 %. There is no case with statistical significance at 5 %

“The figures indicate pure content of N, P, and K

non-trained farmers (row 3, Table 3). Non-trained farmers applied an average of
221 kg/ha of inorganic N fertilizer in treated villages and 217 kg/ha in non-treated
villages, while the trained farmers applied an average of 179 kg/ha of N fertilizer
which was in the amount recommended by scientists (150-180 kg/ha).

Third, training in the improved N management practice for maize production had
no impacts on farmers’ potassium and phosphorus application.

Lastly, notwithstanding that trained farmers reduced overall N fertilizer use in
maize production, the yield was not affected. As shown in Table 1, the average
yield of maize for trained farmers in treated villages did not decrease when com-
paring the figures for farmers in non-treated villages.

8.2.3 Multivariate Analysis on the Impacts of Knowledge Training
on Farmers’ N Fertilizer Use

Model Specification

Based on the survey data, we created a cross-section dataset consisting of 342
farmers from 15 villages studied. To estimate the impacts of training on maize
farmers’ N fertilizer use, the following empirical model is specified:

N,:a—l—bTF,—i-cNTF,—i—q)X—l—s, (1)
Freq; =a+b-TF;+c-NTF;+ ¢ - X +¢ (2)

where N; is the ith household’s N fertilizer use per hectares, and Freq; is the number
of N fertilizer applications. The key independent variable of interest is TF, trained
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farmers in treated village; it is a binary variable that equals 1 if a household
attended the N fertilizer application training in the treated village, otherwise it
equals 0. NTF indicates non-trained farmers in treated village; it is designed to
catch the likely spillover effect within a treated village. The bases for comparison
are those households from non-treated villages.

As a set of control variables, X includes a household’s demographics (for
example, land area, age of household head, education of household head, female
headed household, share of off-farm labor before the maize season, and con-
sumption asset per capita in 2009), and regional characteristics (for example, access
to the nearest fertilizer shop and county dummy variable). We specify an ordinary
least squares estimator (henceforth, OLS) and OLS with logarithmic transformation
to estimate Eq. (1), and use Poisson model to estimate Eq. (2). While the linear
model presents marginal effects directly, the logarithmic functional specification
directly provides coefficients with percentage effect interpretations. When the
dependent variable is discrete and satisfy Poisson distribution, the method of
Poisson model estimation is regarded more efficient than the OLS.

Estimation Results

The modeling performs well and the results are presented in Table 4. The estimated
coefficients of variables of interest and for control have intuitive signs. The sta-
tistical significance for all estimated coefficients is also robust and consistent in both
OLS and logarithmic transformation specifications. Results are summarized as
follows:

First, the training led to a significant reduction—23 % (34.82 kg/ha)—of
chemical N fertilizer use by trained farmers in treated villages. The reduction rate
related to knowledge training is 23 % (column 2, Table 4); the training was thus
effective in reducing maize farmers’ N use.

Second, there are no spillover effects in the treated village. As shown in Table 4
(row 2), the coefficients of non-trained farmers in treated villages in Eqs. (1) and (2)
are both insignificant, implying that, when holding all else constant, there is no
significant difference between farmers in non-treated villages and farmers who did
not receive the direct training in the treated villages.

Third, the rising household land area or farm size could result in a significant
reduction on N fertilizer use per hectare (row 3, Table 4). Double farm size could
reduce N fertilizer use by 15 % (column 2). As expected, the more aged farmers
tended to apply more N fertilizer.

8.3 Conclusion and Discussion

Chemical fertilizer plays an important role in increasing food production in China.
However, farmers in China use much more fertilizer per hectare than do farmers in
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Table 4 Estimated results of farmers’ N fertilizer use in maize production in 2009

Total N fertilizer use * | Number of N
(kg/ha) fertilizer
N (1) Ln application (3)
N) @)
Trained farmers in treated villages —34.82" -0.23"" -0.14
(Yes = 1; No = 0) 2.12)° (3.03) 0.77)
Non-trained farmers in treated villages 13.21 —0.00 0.02
(Yes = 1; No = 0) (0.95) (0.02) (0.13)
Household land area -31.24™"  |-0.15"" | -0.02
(ha) (2.63) (4.05) 0.16)
Age of household head 1.37" 0.00 0.00
(years) (2.23) (1.40) 0.22)
Education of household head —0.84 —0.01 0.02
(years) (0.39) (0.94) (0.66)
Female headed household 18.53 0.02 —-0.02
(Yes = 1; No = 0) (0.82) (0.22) (0.09)
Share of off-farm labor before maize season —0.07 0.01 —0.00
(%) (0.38) (0.70) (0.04)
Consumption asset per capita in 2009 0.09 0.05 —-0.00
(1000 yuan) (0.31) (1.57) (0.10)
Distance to nearest fertilizer shop —8.93 -0.00 0.02
(km) (1.61) (0.02) 0.31)
Intercept 170.62""" 4827
(3.81) (22.12)
Total samples 342 342 342
R 0.08 0.10

Source CCAP’s survey

“The figures indicate pure N content

®The figures in the parentheses are absolute t ratios of estimates

*, *% and *** Represent the statistical significance at the 10, 5 and 1 %, respectively

many other countries. The overuse of nitrogen fertilizer has resulted in serious
environmental stress and increased greenhouse gas emissions. This study seeks to
find appropriate measures to reduce excess fertilizer use through a training program.
The results show that delivering information and knowledge on the efficiency of
nitrogen fertilizer through the public agricultural extension system can significantly
lower inorganic N fertilizer use by 22 % in maize production in the NCP;
knowledge training indeed matters. Farm size is negatively associated with per
hectare N fertilizer use.

Training for farmers on nitrogen management has great potential on reducing
agricultural GHG emissions. In China 30 % of agricultural GHG emissions come
from N fertilizer production and utilization, the total emissions generated by N
fertilizer have exceeded 500 million ton every year (SAIN 2010). Moreover, the
environmental damage resulted from the overuse of nitrogen fertilizer has also been
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significant. SAIN (2010) showed that through appropriate use of N fertilizer,
China’s GHG emissions could reduce by 320 million ton without lowering the grain
yield. However, such estimation has not fully considered the real world or farmers’
behaviors. The results of this study suggest that, under the current farming system,
farmers’ N fertilizer use could reduce by about 20 %, which would result in the
reduction of 100 million ton GHG emissions. Although this figure is much less than
the optimal emission-cutting scheme designed by the agricultural scientists, N
fertilizer management in crop production can significantly contribute to a reduction
of China’s GHG emissions in the coming years.

The findings of this study also have other important policy implications. First,
policies on land rental markets or land consolidation programs that aim to expand
farm size can also help Chinese farmers to reduce N fertilizer use in crop pro-
duction. Second, despite significant reductions of N fertilizer use by farmers
through training program, training more than 200 million small farmers is not
without cost. How to deliver appropriate information and knowledge on the effi-
ciency of N fertilizer to millions of farmers is an issue that requires further study
because the current agricultural extension system also faces great challenges related
to providing technology services to farmers (Huang et al. 2009). Finally, the rec-
ommended technologies to farmers should meet farmer’s demand for labor-saving
technologies. With rising wages and off-farm employment opportunities, and given
the predominance of small-scale farms in China, advising farmers to use higher
frequency but less-intensive fertilizer technologies seems not to appeal by farmers.
New technologies (e.g., slow release fertilizer and nitrification inhibitors) that are
less labor-demanding may fit with farmers’ habits and strategies of optimizing
household welfare.
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Chapter 9
Water Management

Wei Meng, Yuan Zhang, Weijing Kong, Qingwen Min, Wenjun Jiao,
Yaning Chen, Honghua Zhou, Shaozhong Kang, Ling Tong,
Xinmei Hao and Shirong Liu

Abstract Fresh water area in global surface is less than 1 % in the area of global
land. Human are connected to freshwater ecosystems closely, but also affects the
freshwater ecosystems. Water ecological degradation of river basin becomes the
main problems of the current global water ecosystem. River basin water ecological
management and quality management of water environment are the basis of water
environment management. Ecological water requirement is brought up under the
background of ecosystem degradation caused by extrusion ecological water from
water resources development and utilization of activity. Configuration of ecological
water requirement study will be integrated with the mechanism research and model
research in future, forming a complete organic research system. The response
between ecological process and hydrological processes is an important part of
ecological hydrology study in arid areas. We carry out dual research of the man-
agement of water resources in arid areas from the macro-scale and micro-scale
level. Saline-alkali land management and development has always been the hot spot
of the domestic and foreign research theory and method innovation, and it is the
important content of saline-alkali land management development. Minjiang river
basin is an important large-scale, complex ecological transition zone, and the
complexity of the natural environment, the borderline of economic development
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and social cultural transition are typical in china. Hydrologic cycle of forest
ecosystem dynamics model and coupling of multiple scale water circulation regu-
lation theory has not yet been established, deforestation, and the effects of climate
change on river basin ecological hydrology is yet to be evaluated.

Keywords Eco-function zones - Freshwater eco-function management zone -
Eco-hydrological processes - Ecological safety and water demand - Water-heat
balance - Limiting crop water consumption

1 Water Eco-function Zones

1.1 Introduction

Although freshwater habitats occupy less than 1 % of the Earth’s surface, they host
nearly 10 % of all animal species found globally; hence, freshwaters are considered
biodiversity hotspots (Strayer and Dudgeon 2010). Freshwater ecosystems also
provide extensive resources and ecosystem services for humans. Human activities,
however, have resulted in point and non-point source pollution, overfishing, land
reclamation, invasive species, flow regulation, and excessive water withdrawals that
negatively affect the physical, chemical, and biological integrity of freshwater
ecosystems (Strayer and Dudgeon 2010). As a result, freshwater species are
increasingly threatened and endangered. Humans are also widely affected by eco-
logical degradation, with nearly 80 % of the global population now faced with
issues of water security (Vordsmarty et al. 2010). The current state of freshwater
resources demonstrates the need for comprehensive management of aquatic
ecosystems.

Within the current mode of economic development, environmental management
of freshwaters in China has undergone two stages: control of pollutant concentra-
tions, and control of the total amount of pollutant discharge. Since these pollutant
control measures were not linked to overall water quality targets, protection of the
aquatic ecosystem has not been ensured (Meng et al. 2011). Taking into account the
challenges for environmental management in China, Meng (2007) developed a new
strategy for pollution control done by categories, zones, and stages, with water
quality targets based on different levels.

In 2006, the National Long-Term Science and Technology Development Plan
and Outline included a provision for delineation of freshwater ecological function
management zones. In 2008, the National Major Science and Technology Program
for Water Pollution Control established several projects to delineate the freshwater
eco-function management zones in the main river and lake basins of China. These
programs will ensure the transition of freshwater management from water quality to
ecosystem management.
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1.2 Freshwater Eco-function Management Zones

1.2.1 Current Methods Used for Eco-Function Delineation

Eco-function zones are widely used to guide ecological management throughout the
world, including in the United States, European Union, Australia, and New Zealand
(Maxwell et al. 1995; European Union Commission 2000; Higgens et al. 2005).
Eco-function zones, or eco-regions, are typically arranged as hierarchically nested
systems, based on the extent of influence each factor exerts on the system (Sorrano
et al. 2010). Different classification systems exist for different regions, ecosystems,
and contexts. The system developed by The Nature Conservancy has four levels,
from broadest to narrowest, of aquatic zoogeography, ecological drainage, eco-
logical system, and macrohabitat units (Higgens et al. 2005). Aquatic ecological
units for North America include 11 levels extending from the very large continental
scale, to the coarse basin scale, down to the channel unit scale (Maxwell et al.
1995). The number and type of levels is determined by the scale and context of
management objectives.

1.2.2 Freshwater Environment Management Zones in China

Since the 1980s, several ecological regionalization schemes have been conducted in
China, including eco-function zoning and eco-geographical zoning. These zonings,
however, were based on terrestrial ecosystems, and were therefore not appropriate
for use in management of freshwater ecosystems. Delineation of freshwater
eco-regions in China started in the 1980s, with the first fish-based zoning scheme
completed in 1981. Zoning schemes were also completed to control the discharge of
pollutants into freshwaters. While such zonings work for management of pollutant
discharge based on human use of water resources, they are not sufficient for
ensuring ecological condition. Eco-function zoning that incorporates measures of
ecological integrity is now needed for effective and comprehensive management of
freshwater resources in China.

1.2.3 Definition of Freshwater Eco-function Management Zone

Freshwater eco-function zones are delineated based on hierarchical elements that
govern different levels of the system, resulting in the partitioning of a watershed
into spatial units based on environmental factors, ecosystem features, and ecolog-
ical functions. The zones represent the distribution of freshwater ecosystems and
habitats, which include key and endangered species and their habitats. The zones
also include aspects of ecosystem function, with targets for ecological security
according to management guidelines. The overall aim of the freshwater
eco-function zones is to protect the integrity of the freshwater ecosystem and
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provide the basis for ecological management, conservation, and rehabilitation of
freshwater resources (Meng et al. 2013).

1.2.4 Framework of Management Zone Systems

The current system of freshwater eco-function zones in China has four hierarchical
levels. Each level represents different ecosystem features and meets different
management demands. Levels I and II reflect the general ecosystem features of the
watershed, while Levels III and IV classify river types and ecological function.
Levels I and IT were delineated based on overarching climatic and terrestrial factors,
which set the physical and chemical background of the rivers. Level III was clas-
sified based on integrated aspects of the river system. Level IV was based on
ecological function in smaller units of river segments. Each level is designed to
meet different management demands, such as river health assessment in Level II,
and standards for water quality in Level IV.

1.2.5 Management Use of Freshwater Zones

The freshwater eco-function zone provides the basic unit for ecosystem manage-
ment. Meng et al. (2011) discussed a framework for the use of eco-function zones
to determine water quality targets. Eco-function zones are mainly used in ecosystem
management to: (i) assess freshwater ecosystem health, (ii) determine sites for
monitoring, and (iii) set water quality standards and benchmarks (Meng et al.
2008a, b). These three uses for eco-function zones have been extensively studied
and widely applied in China (Fig. 1).

1.3  Discussion and Conclusions

Levels I and II of the freshwater eco-function zoning were completed in 2010 for
watersheds of the Songhua, Liao, Hei, Hai, Huai, Dong, and Gan Rivers, as well as
the Dian, Er, and Chao Lakes. Reference sites have been selected based on the
zones used in river health assessment. Level III and IV classification will be
completed in 2015 for the 10 main river and lake watersheds. These eco-function
zones will play an important role in management of water quality targets for
freshwater ecosystems.
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Fig. 1 Framework for determining freshwater eco-function management zones for use in setting
water quality targets (Meng et al. 2011)

2  Water Quality Target Management

China has been faced with water problems in many aspects for quite a long time,
such as water pollution, water shortage, ecological degradation, and flood. Water
pollution has in effect aggravated to the other three water problems to a certain
degree. Work related to water pollution prevention and control has been extensively
carried out across major river and/or lake basins of the country and has achieved
some success for these years. However, water pollution will remain for quite a long
period as the key factor constraining economic and social sustainable development
of China.

Reasons are manifold. A very important aspect lies in the mismatches between
application details and setting targets in the “total quantity control of pollutant
emission” which is the major system implemented for water pollution prevention
and control in China. For instance, pollution control techniques mismatched the
conservation of aquatic ecosystems; emission control standards mismatched the
improvement of water quality; the district-based water environment function zoning
mismatched the watershed-based water pollution regulation.

The traditional ideas have been unable to meet China’s current requirements in
water environment management which is now in urgent need of reform and
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innovation. The whole country needs, as soon as possible, to change the target from
pollution control to ecological protection, to transform the mode from adminis-
trative management to basin management, and to improve the technique from target
control to capacity control

Water environment management is a complex system engineering. Even in
developed countries, water environment management is in a process of continuous
improvement as the level of awareness continues to rise and the demand is con-
stantly changing. The TMDL (Total Maximum Daily Loads) Plan of the United
States, the EU Water Framework Directive, and the Total Amount Control Plan of
Japan, are all very representative. After several years of development and
improvement, the TMDL program has gradually formed a complete system of
strategies, technologies, and methodologies for the total amount control of pollutant
emission. It has played a very important role in the improvement of water quality of
the United States and has represented the development direction of the world water
environment management.

A framework of water quality target management has been put forward after
learning from experiences of the TMDL technique and fully considering practical
problems such as policy continuity, measure operability, and data availability. This
framework regards the health of aquatic ecosystems as the objective of water
environment management, takes small watershed units that are called control units
as the foundation of water environment management, and considers the water
environment capacity as the key of water environment management.

When it comes to practical application, a complete system of the water quality
target management consists of six major parts. They are, respectively, defining the
protective function; determining the water quality target; calculating the water
environment capacity (that is, the total maximum loads the ecosystem can assim-
ilate); estimating existing pollution sources; allocating maximum loads among
sources; and formulating pollution reduction plans.

The water quality target management has been attemptedly applied to the Taihu
Lake Basin, which is facing serious water pollution and ecological degradation. The
upstream area of Taihu Lake Basin was selected as the case study area, which
includes Changzhou and Huzhou, two prefecture-level cities, and Yixing, one
county-level city, with the total area of about 12,242 km?. The study area was
divided into 31 control units, and for each unit the total maximum monthly loads
(TMML) were calculated, the existing pollution sources and their monthly loads
were estimated. Finally, the TMML were allocated among the pollution sources in
each control unit and pollution reduction plans for each control unit were
formulated.

The application in the Taihu Lake Basin indicates that, although it is difficult to
consider the daily loads for the current water environment management in China,
the amount of pollutants and the water environment capacity can be fully taken into
account on a month-by-month basis. That is why the water quality target man-
agement in the Taihu Lake Basin can also be named as the TMML. It is demon-
strated that the water quality target management helps to realize the reform and
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innovation of the water environment management in the Taihu Lake Basin and it
also provides theoretical support and methodological guidance for similar basins.

3 Eco-hydrological Processes in Arid Region

3.1 Introduction

Arid area in northwestern China, account for 1/4 of land area of China, is a very
fragile region due to the dry climate and little precipitation, and is very sensitive for
the global climate change. Changes in water cycle process are the direct driving
force for ecological environment evolution of arid area. So, the interaction between
ecological and hydrological processes is an important part of the eco-hydrological
issues in the arid area. As the main producers of the arid inland river basin, desert
riparian forest vegetation is the most important part of arid ecosystems. Water,
which directly affects the desert riparian forest vegetation’s growth and develop-
ment, and controls plant communities’ composition and succession, is the key
ecological factor to control the composition, development, and stability of the
ecosystem in arid inland basin. Therefore, hydrological processes is the main line of
the eco-hydrological researches, and physiological and ecological responses and
adaptation of desert riparian forest vegetation is the main content of the
eco-hydrological researches (Chen et al. 2010).

In recent decades, ecological processes and hydrological mechanism in arid
inland basin always has been the priorities and hot issues of ecology and hydrology
researches. In China, researches conducted comprehensive, multi-angle and
in-depth eco-hydrological researches, and they have made many important results
about the eco-hydrological processes of desert riparian forest vegetation in the arid
inland basin. These results provide the theoretical and technological supports for
restoring the damaged ecosystem of arid inland river basin in northwestern China.
This section provides an overview of the researches of eco-hydrological processes
and mechanism in arid inland river basin, northwestern China.

3.2 Eco-hydrological Processes and Mechanism in Arid
Inland River Basin

3.2.1 Physiological Response of Desert Riparian Forest Vegetation
in Arid Inland River Basin

Under the drought stress, desert riparian forest vegetation could reduce the harm
caused by the drought though their physiological activities. Physiological responses
of the desert riparian forest vegetation to different groundwater depths were
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sensitive (Chen et al. 2003, 2010). With the increasing of groundwater depth,
drought stress became serious, and the leaves of Populus euphratica, Tamarix
ramosissima, and reeds could actively accumulate soluble sugar, proline, abscisic
acid, MDA, and SOD; in the other hand, their POD reduced with the increasing
groundwater depth (Chen et al. 2003, 2004).

Likewise, Photosynthesis, chlorophyll fluorescence parameters, and water
potential of P. euphratica changed with the increasing groundwater depth (Chen
et al. 2003, 2004, 2006, 2011; Zhou et al. 2010; Fu et al. 2006; Zhuet al. 2010).
According to the analysis between water potential of plant leaves in the arid area
and groundwater depths, —6.5 and —7.12 MPa, respectively, were critical water
potential to determine whether P. euphratica and Tamarix encounter drought stress
(Fu et al. 2006, 2007).

3.2.2 Water Use Strategy of Desert Riparian Forest Vegetation in Arid
Inland River Basin

In the lower reaches of Heihe River, the water resources of trees and shrubs in the
desert riparian forest mainly came from groundwater, but the water resources of
herbs mainly was from the surface water in soil. For example, Isotope analysis
showed that groundwater accounted for 71.5-97 % water resources used by
P. euphratica, and deep soil moisture (200—300 cm layer) accounted for 1.5-18.6 %
water resources by P. euphratica, but surface soil water did not significantly affect
the water use of P. euphratica (Hao et al. 2013). Similarly, 90 % water used by
Tamarix came from groundwater. But 97 % water used by Sophora alopecuroides
L. came from the soil water in 0-80 cm layers, and water used by sonchus oler-
aceus L. and Herba Taraxaci mainly came from the soil moisture in 0-20 cm and
precipitation (Zhao et al. 2008).

Further analysis indicated that diurnal variation of sap flow of P. euphratica
showed a ‘s’ shape, that is, in the morning (08:00—10:00), its transpiration was weak,
and its water consumption and velocity of sap flow were small; during 10:00-20:00,
the velocity of sap flow and the water consumption increased; after 20:00, the
velocity of sap flow and the water consumption decreased. The seasonal changes of
transpiration of P. euphratica also showed a regular change, that is, its transpiration
mainly occurred in June—September, which accounted for 87.5 % total transpiration
in a year, and the transpiration peak presented in July (Ma et al. 2010).

3.2.3 Ecological Water Depth for the Desert Riparian Forest in Arid
Inland River Basin

For the P. euphratica, its physiological characteristics did not showed a significant
change within groundwater depth 4 m, but soluble sugar and proline content in
leaves significantly increased when the groundwater depth increased, especially
proline in leaves rapidly increased from 11.28 pg-g-1.DW to 16.28 pg-g-1.DW
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when groundwater depth was more than 9 m, which suggested P. euphratica
encountered the serious water stress. So, the rational and critical groundwater for
P. euphratica were 4 and 9 m, respectively. Similarly, the analysis of changes in
physiological characteristics with the change groundwater depths showed the
rational and critical groundwater for Tamarix were 6 and 9 m, respectively; the
rational groundwater depth for reed was 3.5 m (Chen et al. 2007).

For the plant community of desert riparian forest, species diversity was highest
when the groundwater depth was 2—4 m, followed by it in the groundwater depth
was 4-6 m, then it was in the groundwater depth was 0-2 m. Species diversity
sharply reduced and Hill diversity index tended to be straight when the groundwater
depth was more than 6 m. Combined with the changes in plant communities niche
and species diversity with the changes in groundwater depth, rational groundwater
for restoring plant community in desert riparian forest in the lower Tarim River
should be 2-6 m (Hao et al. 2008). Likewise, according to the analysis the rela-
tionship between groundwater depth and species diversity, including richness,
Shannon-Wiener, Simpson and Pielou, the rational groundwater depth to keep
species diversity in plant communities at oasis-desert ecotone in the lower reaches
of Tarim River should be less than 4 m, and the critical groundwater depth for
vegetation survive in the lower reaches of Tarim River should be not more than 9 m
(Zhou et al. 2008a).

3.2.4 Ecological Safety and Water Demand in the Arid Inland River
Basin

Minimum ecological flow for river course in the Lower reaches of the Tarim River
was showed in the Table 1, and ecological water demand for the river course in the
Lower reaches of Tarim River was 0.79 x 10® m® without considering evaporation
and seepage (Ye et al. 2008). Ecological water demand for the ecological system
safety in the main stream of Tarim River was 31.74 x 10®* m?, in which ecological
water demand in the upper, middle and lower reaches were 9.95 x 108 m3,

18.47 x 10® m? and 3.32 x 108 m3, respectively (Chen et al. 2008). Moreover, the

Table 1 The minimum river flow calculation in the lower reaches of Tarim River

Items Qiala-Yingsu | Yingsu-Aalagan Alagan-Yiganbujima
Length of river/km 210 128 96

Water consumption per unit 0.0111 0.0061 0.0041

river length/(10°m® km™)

Multi-average river flow/ 29.31 26.82 25.63

(m*s™h

Minimum ecological flow/ 2.85 3.76 1.76

(G

Percentage of minimum flow 9.1 14.0 6.9

and multi-average flow/%
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critical groundwater depth for the phreatic evaporation was 5 m in the lower Tarim
River (Ye et al. 2007). So, according to the distribution of plants and phreatic
evaporation, annually minimum ecological water demand for the desert riparian
forest vegetation was 3.2 x 10® m?, and main period needed ecological water was
from April to September, which accounted for 81 % of annual water ecological
demand of plants, especially for the water demand in May to July, which accounted
for 47 % of annual water demand (Ye et al. 2007).

The annually average ecological water demand in the middle reaches of Heihe
River was (11.16 + 2.67) x 10® m?, in which it was (9.13 + 2.29) x 10® m? for the
oasis ecosystem; the annually average ecological water demand in the lower reaches
of Heihe River was (16.16 +4.04) x 10% m?, in which it was (11.06 +2.77) x 108 m*
for the present status of oasis ecosystem (Wanget al. 2005).

3.3 Conclusion and Discussion

Vegetation obviously affected ecosystem structure and function of arid inland river
basin, while water significantly influences physiological characteristics of indi-
vidual plants, which further influences the composition and structure of plant
communities. Therefore, ecosystem safety researches focused on ecosystem and
plants stability under water process. Although there were many researches on plant
and ecosystem in arid inland area, changes in composition, structure, distribution
and succession of plant communities as well as their ecological water demand with
different groundwater depths was main researches direction in future. Moreover,
adaptation and survival strategies of desert riparian forest vegetation to drought
stress still need further study.

4 High-Efficient Water Use Mechanisms in Arid Region

4.1 Introduction

Water shortage and deteriorated ecological environment have become the two
biggest obstacles that hinder social-economic sustainable development in inland
river basins of northwest China. How to rationally appropriate and effectively
protect the limited water resources, as well as to adopt high-efficient water use
schemes, therefore, has become the most urgent task and is expected to have great
impacts in promoting high-efficient use of the limited water resources in the region.

At present, related research work has been carried out primarily in Hei River
Basin, Shiyang River Basin, Shule River Basin of Gansu Province, and Tarim River
Basin of Xinjiang Uygur Autonomous Region. Shiyang River Basin is the most
populated region with the greatest extent of development and utilization of water
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resources, the fiercest competition for water resources by different sectors, the most
severe eco-environmental problems, and the great hindrance to economic and social
development by water shortage in inland river basins of Hexi region, Gansu
Province. This paper focuses on research work conducted in Shiyang River basin in
recent years, specifically, regional water resource transformation theories and water
resource system modeling, estimation methods, and spatiotemporal variations of
different crops’ water consumption, water-heat balance, water transfer processes
and modeling for typical farmlands in northwest arid region, ecosystem-based
regional water resource rational allocation theories and optimization and regulation
schemes, water-saving, and quality-regulating irrigation technologies based on
limiting crop water consumption.

4.2 Regional Water Transformation Theories and Water
Resource System Modeling

Water resource and hydrological processes are the most important factors deter-
mining the regional economic structure, land use, and eco-environment of inland
river basins. Multiple transformations between surface and subsurface waters within
the region enable water reuse multiple times, which alters water transformation
process and utilization structure, and meantime affects water-dependent ecosystems.
To tackle the key research questions associated with regional water transformation
and system modeling, studies on regional water transformation, parameters calcu-
lation associated with soil properties, soil water flow modeling, effects of changing
environment on runoff and simulations, groundwater modeling have been carried
out (Lai and Ren 2007; Zhou et al. 2008a; Huo et al. 2011; Sun et al. 2009; Wang
et al. 2008; Ma et al. 2008). Zhou et al. (2008a) developed a two-dimensional
dynamic root water uptake model for grapevine, and a dynamic soil water flow
model under alternate partial root-zone drip irrigation for the vineyard was built
based on the root water uptake model; Huo et al. (2011) proposed the
ANN-FEFLOW model, which extended the applications of regional groundwater
level models to dynamic boundary conditions; Wang et al. (2008) modified the
evapotranspiration estimation module in a regional water transformation model
(SWAT model) through relating seasonal potential evapotranspiration (PET) to
regional digital elevation model (DEM), and established a SWAT-based distributed
hydrological model for Zamu River Basin; Ma et al. (2008) proposed an evaluation
method which can quantify the effects of climate change and human activity on
regional runoff, and the results showed that the contribution percentage from human
activity on runoff at regional mountain outlet was from 12.1 to 35.5 %.
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4.3 Estimation Methods and Spatiotemporal Variations
of Different Crops’ Water Consumption

At present, there are no uniform standard or module on estimation and measurement
of crops’ water consumption. To explore appropriate estimation and measurement
methods of crops’ water consumption grown in different types of farmlands in
northwest arid region, various methods including water balance, Bowen
ratio-energy Balance, eddy covariance, sap flow + micro-lysimeter, crop coefficient,
and theoretical modeling have been evaluated based on major crops of Shiyang
River Basin, such as corn, cotton, potato, grape, apple-pear, water melon, hot
pepper, and tomato in green house. The applicability and application conditions of
different measurement methods have been elucidated through systematic experi-
mental studies and comprehensive comparisons of those methods (Du et al. 2006;
Li 2009; Zhang et al. 2007; Hou et al. 2010; Liu et al. 2011; Wang et al. 2011; Ding
et al. 2010). Ding et al. (2010) monitored the temporal changes of ET during the
whole corn growing season using the large-scale lysimeter and eddy covariance
system, and their results showed that half-hour average ET values measured by
eddy covariance system (ETgc) during daytime were 21.8 % lower than those
measured by lysimeter (ETy ). Average ETgc would be very similar to average ETy
over different growth stages after adjustment using forced Bowen ratio-energy
balance and filtering-interpolation methods. Zhang et al. (2009) developed a water
consumption estimation model for uneven wetting and sparse canopies. Zhang et al.
(2011), Tong et al. (2007), and Zhang et al. (2010) conducted studies on spatial
up-scaling of crop water consumption estimation. Using the scale-transfer function
which is set up from elevation (H), aspect (A), and latitude (V) which derived from
DEM, the spatial distribution model of ETc and net irrigation water requirement
(D) of different crops in the basin were obtained through GIS software, based on the
DEM and land use map (Tong et al. 2007).

4.4 Water-Heat Balance, Water Transfer Processes
and Modeling for Typical Farmlands in Northwest
Arid Region

Zhang et al. (2007) studied daily, seasonal, and yearly variations and changing
patterns of water and heat fluxes in a vineyard, and found that daily variations of
components of water and heat fluxes, and Bowen ratios displayed a typical
single-peak pattern during the entire growing season. Guo (2010) monitored water
and carbon fluxes of the vineyard and reported that daily change of CO, flux
showed a typical two-peak curve with two peaks taking place, respectively, at about
10 and 14 o’clock, and the lowest flux around noon. Li (2009) investigated the
changing patterns of different components of corn energy, and quantify the per-
centage of each component over the whole energy. Their studies showed that daily



9 Water Management 227

average net radiation tended to increase at the earlier stage, then decrease over time
during the whole growing season, soil heat flux fluctuated greatly at the earlier
growth stage, and then became relatively stable during the middle and late growth
stages, and latent heat changed as a convex-shape parabolic curve during the
growing season.

4.5 Ecosystem-Based Regional Water Resource Rational
Allocation Theories and Optimizing and Regulating
Scheme

Water consumption changing patterns and calculation model for wild wind pre-
vention and sand fixation species, such as Haloxylon ammodendron, Caragana
korshinskii, and Hedysarum scoparium, and artificially planting species such as
Tamarix elongata ledeb, Caragana korshinskii kom, and Populus alba L. var.
Pyramidalis were achieved based on experimental studies on water consumption of
typical vegetation at Shiyanghe Experimental Station for Water-saving in
Agriculture and Ecology of China Agricultural University (CAU) in Wuwei, Gansu
(Xia et al. 2008; Xu 2010). Their results showed that Haloxylon ammodendron
consumed the least amount of water among wild species, with May—October total
sap flow of 515.58 and 445.65L in 2004 and 2005, respectively. Among the three
artificial species, Tamarix elongata ledeb was the one saving most water, the next
saving-water species was Caragana korshinskii kom while Populus alba L. var.
Pyramidalis consumed the largest amount of water with May—October total sap
flow of 532.3-910.7 L, 587.3-922.6 L, and 1371.5-2375.2 L for 2005-2008
respectively. Xu (2010) developed an evapotranspiration estimation model for
Populus alba L. var. Pyramidalis, which extended the single-layer canopy resis-
tance model to dual-source model and improved canopy resistance and soil resis-
tance calculation methods in the dual-source model.

Methods for better estimating ecological water demand at watershed scale in
northwest arid region, and for dynamic evaluation of ecological value for inland
river basins based on coefficient of social development stages and degree of
resource shortage have been proposed. A water resource rational allocation model
accounting for ecological water demand for Shiyang River Basin was developed,
and allocation scheme for up, middle, and low reaches of Shiyang River Basin,
allocation scheme for ecological and economic water demands, and optimized
cropping structure for the region were achieved. The optimized irrigated farmland
would be within 213800-240300 ha, and the optimized crop acreage ratio for grain
—economic—forage crops would be around 54:31:15 in Shiyang River Basin.
Zeng et al. (2010) built a multi-objective irrigation decision model with uncertain
parameters and obtained optimized crop structure under different water-saving
irrigation methods in Shiyang River Basin.
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4.6 Water-Saving and Quality-Regulating Irrigation
Technologies Based on Limiting Crop Water
Consumption

Kang et al. (2009) first proposed the concept of water-saving and quality-regulating
high-efficient irrigation, and put forward theories and implementation method of
water-saving and quality-regulating high-efficient irrigation based on water-quality
interrelationships for typical economic crops. The effects of water control at dif-
ferent growth stages and at different parts of roots on crop growth were investigated
for cotton, apple, grapevine, tomato, and green pepper in greenhouse. The sensi-
tivity of different quality components to water stress at different growth stages were
studied, the relationships between quality and water control were quantified, and the
threshold values of different quality indices to soil water regulating were deter-
mined (Du et al. 2006, 2008; Wang et al. 2011; Kang et al. 2009). Du et al. (2008)
discovered that alternate partial root-zone irrigation could increase Vitamin C
content, reduce tartaric acid content, and substantially increase total soluble solid
content. They also proposed water-saving, quality-regulating, and high-efficient
integrative technological irrigation systems for wine grape based on
water-comprehensive quality-yield-economic benefit interrelationships under fur-
row and drip irrigations. The systems could save 40-60 m? irrigation water during a
growing season. Wang et al. (2011) found that water shortage during blossom and
fruit-development stages could increase yield of favorable fruits and improving the
fruit uniformity for greenhouse tomatoes. Regulated Irrigations with 1/3 potential
ET during blossom and fruit-development stages, and with 1/3 or 2/3 potential ET
at ripe and harvest stages could enhance substantially fruit total soluble solid
content, soluble sugar, organic acids, Vitamin C and lycopene, improve fruit
hardness, and reduce fruit water moisture content.

4.7 Prospects

Coordinating multiprocesses and comprehensively studying mass exchange mech-
anisms between interfaces will help to understand water-heat-carbon circulation
mechanisms in soil-plant-atmosphere-continuum. Regional spatiotemporal crop
water use optimization technologies under water shortage will be a new research
topic. Decision systems on optimizing water-saving and quality-regulating irrigation
module based on crop water demand information and water-quality-yield-revenue
model need to be explored. Water-saving and quality-regulating irrigation module
for major cereal and economic crops and associated operation guidelines are needed.



9 Water Management 229

References

Chen, Y. N,, Chen, Y. P., Li, W. H., et al. (2003). Response of the accumulation of proline in the
bodies of Populus euphratica to the change of ground water level at the lower reaches of Tarim
River. Chinese Science Bulletin, 48(18), 1995-1999.

Chen, M., Chen, Y. N., Li, W. H., et al. (2007). Drought resistance mechanism of three plant
species in the middle reaches of Tarim River China. Acta Botanica Boreali-Occidentalia
Sinica, 27(4), 747-754.

Chen, Y. P., Chen, Y. N., & Xu, C. C. (2011). Effects of groundwater depth on the gas exchange
and chlorophyll fluorescence of Populus euphratica in the lower reaches of Tarim River. Acta
Ecologica Sinica, 31(2), 344-353.

Chen, Y. N., Chen, Y. P, Xu, C. H,, et al. (2010). Effects of ecological water conveyance on
groundwater dynamics and riparian vegetation in the lower reaches of Tarim Rive, Chinar.
Hydrological Processes, 24(2), 170-177.

Chen, Y. N., Hao, X. M., Li, W. H., et al. (2008). An analysis of the ecological security and
ecological water requirements in the inland river of Arid Region. Advanced in Earth Science,
23(7), 732-738.

Chen, Y. N., Li, W. H,, Chen, Y. P., et al. (2004). Physiological response of natural plants to the
change of groundwater level in the lower reaches of Tarim River, Xinjiang. Progress in
Natural Science, 14(11), 975-983.

Chen, Y. N., Wang, Q., & Li, W. H. (2006). Rational groundwater table indicated by the
eco-physiological parameters of the vegetation: A case study of ecological restoration in the
lower reaches of the Tarim River. Chinese Science Bulletin, 51(Supp. 1), 8-15.

Ding, R., Kang, S., Li, F., Zhang, Y., Tong, L., & Sun, Q. (2010). Evaluating eddy covariance
method by large-scale weighing lysimeter in a maize field of northwest China. Agricultural
Water Management, 98, 87-95.

Du, T., Kang, S., Zhang, J., Li, F., & Hu, X. (2006). Yield and physiological response of cotton to
partial root zone furrow irrigations in the oasis region of northwest China. Agricultural Water
Management, 84, 41-52.

Du, T., Kang, S., Zhang, J., Li, F., & Yan, B. (2008). Water use efficiency and fruit quality of table
grape under alternate partial root-zone drip irrigation. Agricultural Water Management, 95(6),
659-668.

European Union Commission. (2000). The EU water framework directive integrated river basin
management for Europe. 2008-12-14. http://ec.europa.eu/environment/water/water-framework/
index_en.html

Fu, A. H,, Chen, Y. N., & Li, W. H. (2006). Analysis on water potential of Populus euphratica oliv
and its meaning in the lower reaches of Tarim River Xinjiang. Chinese Science Bulletin, 51
(Supp. 1), 221-228.

Fu, A. H., Chen, Y. N., & Li, W. H. (2007). Stems water potential of Tamarix ramsissima Lbd.
and influencing factors in the lower reaches of Tarim River, Xinjiang. Arid Land Geography,
30(1), 108-114.

Guo, W. (2010). Research on variation of vineyard’s carbon, water fluxes and modeling the
exchange of carbon flux in arid northwestern china. Thesis for Master’s Degree Northwest
A&F University.

Hao, X. M., Chen, Y. N., Guo, B., et al. (2013). Hydraulic redistribution of soil water in Populus
euphratica Oliv. in a central Asian desert riparian forest. Ecohydrology, 6(6), 974-983.

Hao, X. M., Li, W. H., & Chen, Y. N. (2008). Water table and the desert riparian forest community
in the lower reaches of Tarim River China. Journal of Plant Ecology, 32(4), 838-847.

Higgins, J. V., Bryer, M. T., Khoury, M. L., & Fitzhugh, T. W. (2005). A freshwater classification
approach for biodiversity conservation planning. Conservation Biology, 19(2), 432-445.

Hou, X., Wang, F., Han, J., Kang, S., & Feng, S. (2010). Duration of plastic mulch for potato
growth under drip irrigation in an arid region of Northwest China. Agricultural and Forest
Meteorology, 150, 115-121.


http://ec.europa.eu/environment/water/water-framework/index_en.html
http://ec.europa.eu/environment/water/water-framework/index_en.html

230 W. Meng et al.

Huo, Z., Feng, S., Kang, S., Mao, X., & Wang, F. (2011). Numerically modelling groundwater in
an arid area with ANN-generated dynamic boundary conditions. Hydrological Processess, 25
(5), 705-713.

Kang, S., Su, X., Du, T., Feng, S., Tong, L., Shen, Q., et al. (2009). Water resource transformation
and efficient water-saving pattern in arid northwest China—A case study in Shiyang River
Basin. Beijing: China Water Resources and Hydro Power Press.

Lai, J., & Ren, L. (2007). Assessing the size dependency of measured hydraulic conductivity using
double-ring infiltrometers and numerical simulation. Soil Science Society of America Journal,
71(6), 1667-1675.

Li, S. (2009). Variation and simulation of water, heat and carbon fluxes above typical fields in
oasis region of northwest China. Dissertation for Doctor Degree China Agricultural University.

Liu, C., Kang, S., Li, F., Li, S., Du, T., & Tong, L. (2011). Seasonal variation of maximum daily
stem shrinkage in apple tree and its relationship with environmental factor in arid region of
northwest China. Scientia Horticulturae, 130, 118—125.

Ma, J. X., Chen, Y. N,, Li, W. H., et al. (2010). Response of sap flow in Populus euphratica to
changes in groundwater depth in the middle and lower reaches of the Tarim River of
northwestern China. Chinese Journal of Plant Ecology, 34(8), 915-923.

Ma, Z., Kang, S., Zhang, L., Tong, L., & Su, X. (2008). Analysis of impacts of climate variability
and human activity on streamflow for a river basin in arid region of northwest China. Journal
of Hydrology, 352, 239-249.

Maxwell, J. R., Edwards, C. J., Jensen, M. E., Paustian, S. J., Parrott, H., Hill, D. M. (1995). A
hierarchical framework of aquatic ecological units in North America (Nearctic Zone). U.S.
Department of Agriculture, Forest Service, North Central Forest Experiment Station, General
Technical Report NC-176.

Meng, W. (2007). The strategy of comprehensive pollution prevention and cure of water
environment in Chinese watershed. China Environmental Science, 27(5), 712-716. (in Chinese
with English abstract).

Meng, W., Liu, Z. T., Zhang, N., & Hu, L. L. (2008a). The study on technique of basin water
quality target management II: Water environmental criteria, standard and total amount control.
Research of Environmental Sciences, 21(1), 1-8. (in Chinese with English abstract).

Meng, W., Qin, Y. W., Zheng, B. H., Zhang, L., & Zhang, N. (2008b). The study on technique of
basin water quality target management III: Basin monitor technique for water environment.
Research of Environmental Sciences, 21(1), 9-16. (in Chinese with English abstract).

Meng, W., Zhang, Y., Zhang, N., Cai, M. T., & Huang, Y. (2013). Concept, characteristics, and
implementary policy of freshwater ecosystem function management regionalization. Research
of Environmental Sciences, 26(5), 465-471. (in Chinese with English abstract).

Meng, W., Zhang, Y., Zhang, N., Tian, Z. Q., Liu, Z. T., & Lei, K. (2011). Study on aquatic
ecological function regionalization and water quality target management in the river basin.
Acta Scientiae Circumstantiae, 31(7), 1345-1351. (in Chinese with English abstract).

Soranno, P. A., Spence Cheruvelil, K., Webster, K. E., Bremigan, M. T., Wagner, T., & Stow, C.
A. (2010). Using landscape limnology to classify freshwater ecosystems for multi-ecosystem
management and conservation. BioScience, 60(6), 440-454.

Strayer, D. L., & Dudgeon, D. (2010). Freshwater biodiversity conservation: Recent progress and
future challenges. Journal of the North American Benthological Society, 29(1), 344-358.
Sun, Y., Kang, S., Li, F., & Zhang, L. (2009). Comparison of interpolation methods for depth to
groundwater and its temporal and spatial variations in the Minqin oasis of northwest China.

Environmental Modelling & Software, 24, 1163-1170.

Tong, L., Kang, S., & Zhang, L. (2007). Temporal and spatial variations of evapotranspiration for
spring wheat in the Shiyang river basin in northwest China. Agricultural Water Management,
87, 241-250.

Vorosmarty, C. J., Mclntyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A., Green, P., et al.
(2010). Global threats to human water security and river biodiversity. Nature, 467, 555-561.



9 Water Management 231

Wang, F., Kang, S., Du, T., Li, F., & Qiu, R. (2011). Determination of comprehensive quality
index for tomato and its response to different irrigation treatments. Agricultural Water
Management, 98(8), 1228-1238.

Wang, S., Kang, S., Zhang, L., & Li, F. (2008). Modelling hydrological response to different
land-use and climate change scenarios in the Zamu River basin of northwest China.
Hydrological Processes, 22, 2502-2510.

Wang, G. X., Zhang, Y., Liu, G. M., et al. (2005). Water demand evaluation of riverside
ecosystem in arid inland river basin: the case of Heihe River Basin. Acta Ecologica Sinica, 25
(10), 2467-2476.

Xia, G., Kang, S., Li, F., Zhang, J., & Zhou, Q. (2008). Diurnal and seasonal variations of sap flow
of Caragana korshinskii in the arid desert region of north-west China. Hydrological Processes,
22, 1197-1205.

Xu, X. (2010). Models in evapotranspiration and root water uptake of irrigated plants for wind
sheltering and sand fixation in arid region. Dissertation for Doctor Degree China Agricultural
University.

Ye, Z. X., Chen, Y. N., & Li, W. H. (2007). Ecological water demand of vegetation based on
eco-hydrological processes in the Lower Reaches of Tarim River. Acta Geographica Sinica, 62
(5), 451-461.

Ye, Z. X., Chen, Y. N., Li, W. H.,, et al. (2008). Minimum ecological flow of river course in the
lower reaches of Tarim River. Progress in Natural Science, 18(5), 531-537.

Zeng, X., Kang, S., Li, F., Lu, Z., & Guo, P. (2010). Fuzzy multi-objective linear programming
applying to crop area planning. Agricultural Water Management, 98, 134—142.

Zhang, Y., Kang, S., Ward, E. J., Ding, R., Zhang, X., & Zheng, R. (2011). Evapotranspiration
components determined by sap flow and microlysimetry techniques of a vineyard in northwest
China: Dynamics and influential factors. Agricultural Water Management, 98(8), 1207-1214.

Zhang, B., Kang, S., Zhang, L., Du, T., Li, S., & Yang, X. (2007). Estimation of seasonal crop
water consumption in a vineyard using Bowen ratio-energy balance method. Hydrological
Processes, 21(26), 3635-3641.

Zhang, X., Kang, S., Zhang, L., & Liu, J. (2010). Spatial variation of climatology monthly crop
reference evapotranspiration and sensitivity coefficients in Shiyang river basin of northwest
China. Agricultural Water Management, 97, 1506-1516.

Zhang, B., Kang, S., Zhang, L., Tong, L., Du, T, Li, F, & Zhang, J. (2009). An
evapotranspiration model for sparsely vegetated canopies under partial root-zone irrigation.
Agricultural and Forest Meteorology, 149, 2007-2011.

Zhao, L. J., Xiao, H. L., Chen, G. D, et al. (2008). A preliminary study of water sources of
riparian plants in the lower reaches of the Heihe Basin. Acta Geoscientica Sinica, 29(6), 709—
718.

Zhou, H. H., Chen, Y. N., & Li, W. H. (2008a). Response of species diversity to water resources in
Oasis-desert Ecotone. Progress in Natural Science, 18(7), 789-794.

Zhou, H. H., Chen, Y. N., Li, W. H., et al. (2010). Photosynthesis of Populus euphratica in
relation to groundwater depths and high temperature in arid environment, northwest China.
Photosynthetica, 48(2), 257-268.

Zhou, Q., Kang, S., Li, F., & Zhang, L. (2008b). Comparison of dynamic and static APRI-models
to Simulate soil water dynamics in a vineyard over the growing season under alternate partial
root-zone drip irrigation. Agricultural Water Management, 95(7), 767-175.

Zhu, C. G., Li, W. H,, Ma, J. X., et al. (2010). Effects of groundwater level on chlorophyll
fluorescencecharacteristics of Tamarix hispida inlower reaches of Tarim River. Chinese
Journal of Applied Ecology, 21(7), 1689-1696.



Part II1
Restoration of Degraded Ecosystem



Chapter 10
Restoration of Degraded Ecosystem

Shaolin Peng, Ting Zhou, Deli Wang, Yingzhi Gao, Zhiwei Zhong,
Dong Xie, Hengjie Zhou, Haiting Ji, Shuqing An, Ming Dong,
Xuehua Ye, Guofang Liu and Shuqin Gao

Abstract Ecosystem is the most complete basic structure and functional unit for
the research of ecology and other branches, so ecosystem restoration is the basis of
different levels of ecological restoration research, and the research and practice of
ecological restoration should take ecosystem as the basic object. The theme for the
International Conference of Restoration Ecology in 2003 was “understand and
restore ecosystem”, which indicated the basic significance of ecosystem restoration.
There are many types of ecosystems, including forest, grassland, desert, ocean, lake
and river. They are not only different in appearance, but also composed with
separately unique biotic components. For different ecosystem types, the theory and
methods of recovery and reconstruction are different. In the first three sections of
this chapter, we discussed the ecological restoration for degraded forest ecosystem,
grassland ecosystem, and wetland ecosystem. The fourth section described pro-
tection and restoration of sandland ecosystem. In the restoration research of each
ecosystem type, the chapter emphasized the degradation actuality of different
ecosystems, its reasons, corresponding restoration ways, and benefits and evalua-
tion. There have been great achievements have been made in the ecosystem
restoration research field in China, and some have reached the advanced interna-
tional level. The authors of all sections are experts, who have spent years
researching the ecosystem restoration, thus whether their discourses were based on
themselves research, or their articles integrated peer research nationwide, they
summarized the front research which reflected the overall level of this field in
current in China.
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1 Ecological Restoration of Degraded Forest

1.1 Introduction

Forest ecosystem contributes to the maintenance of biodiversity and regional
eco-balance, thus the restoration of degraded forest ecosystem is crucial for regional
sustainable development. On the other hand, we are all in the benefits of ecological
restoration against the background of resource exhausted and increasing global
change(Alcoze et al. 2000). Ecological restoration influences the environment
through regulating the global carbon dynamic and biogeochemical cycling (Stone
2009). In view of this, ecological restoration becomes a global issue. Bowers, the
chairman of the International Society for Ecological Restoration, proposed that
ecological restoration in the changing world is to restore the world’s future (Peng
and Hou 2007). Prof. Dixon, the chairman of the 19th International Conference of
Restoration Ecology, also pointed out that restoration ecology might be the only
choice in a changing world (Peng and Zhou 2009).

Many processes in restoration ecology have made in China, such as in the eroded
soils in tropical region (Li et al. 1996), desertification management (Li et al. 2005),
mangrove restoration (Peng et al. 2008), control of water loss and soil erosion in
loess plateau (He and Lang 2009). In this study, we reviewed the theory and
practice of the restoration of degraded forest ecosystem based on our long-term
researches.

1.2 Theoretical and Technological Background
of Ecological Restoration of Degraded Forest

1.2.1 The Basic Theory of Forest Ecosystem Restoration-Successional
Theory

Full-scale understanding of the dynamic principles increases the efficiency of forest
vegetation restoration and reconstruction. All successful artificial forest ecosystems
are the simulation of natural ecosystems and based on the principles of dynamics
and ecology, which conform to the successional law. Therefore, when restoring and
reconstructing degraded forest ecosystem we rely on restoration reference, which is
the representative community and species combination in a successional
chronology.
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Successional
stage ‘ Stage 1 ‘ ‘ Stage 2 ‘ ‘ Stage 3 ‘ ‘ Stage 4 ‘ ‘ Stage 5 ‘
Pinus needle-broa broad-needl evergreen evergreen mesophytic
Community massoniana d-leaved e-leaved broad-leaved broad-leaved evergreen
characteristics community forest forest forest forest broad-leaved
dominated dominated dominated by dominated by forest
by by heliophytic mesophytic (climax
Pinus trees broad-leave plants plants community)
trees

Fig. 1 Successional process of subtropical forest

Subtropical forest succession region generally follow the process in Fig. 1 and
Table 1 with the exclusion of anthropogenic interference and this restoration ref-
erence was proved as an effective practical guidance on afforestation and forest
vegetation transformation (Peng et al. 2010).

1.2.2 Technological System of Forest Ecological Restoration

The technological system mainly includes three aspects: the recovery technology
involving water, soil, air and other environmental factors; the recovery technology
involving species, populations and community; the overall planning and assembly
technology involving ecosystems and landscapes. And these technical method-
ologies of restoration and reconstruction of degraded ecosystems continue to
develop and improve.

1.3 Restoration and Reconstruction of Forest Vegetation
of Degraded Ecosystem

1.3.1 Degraded Ecosystems

Spontaneous restoration of forest vegetation in extremely degraded land under
natural conditions is infeasible and need the manual startup process.

Taking southern extremely degraded bare land as example, we should first take
engineering measures and biological measures to control the ecological factors
causing extreme degradation. Second, we should choose fast-growing, drought
resistance, barren pioneer species to reconstruct pioneer community. Third, we
should carry out stand improvement and accelerate the recovery process of suc-
cession according to local restoration reference. Finally, utilization of ecosystems
can be considered to improve the economic benefits of restoration of degraded
ecosystems.
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In practice, ecological restoration can be obtained very significant ecological,
economic and social benefits (Palmer and Filoso 2009). It is proved by numerous
researches conducted in Chinese Academy of Sciences Heshan positioning station.

1.3.2 Restoration of Secondary Forest Ecosystem

The habitats of secondary forest ecosystems are generally well, so the restoration of
the ecosystem is primarily in line with restoration reference, and artificially promote
development along the line of succession. The main stages of secondary forest
ecological restoration include closing forest, stand improvement, increasing the
light transmission and post-secondary forest conservation.

1.4 Eco-benefit of Restoration of Degraded Forest

1.4.1 Biological Benefit of Restoration of Degraded Forest

The biological benefit is first reflected in the woodland biomass accumulation.
Because there are sufficient good light, heat, water and other conditions in tropical
and subtropical area, vegetation 