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Heterogeneity of light environment and its ecological consequences
TANG Yanhong
National Institute for Environmental Studies
Onogawa 16-2, Tsukuba, 305-8506, Ibaraki, Japan
TEL 81-298-50-2481/FAX 81-298-50-2483
e-mail:tangyh@nies.go.jp

Light is both an energy source and a medium of information for green plants. Sun light provides
energy for photosynthesis, through which solar energy enters the biosphere. In natural environments, light
is highly variable both in time and space. The spatial and temporal heterogeneity of light environment is
thought to be the major determinant for plant photosynthesis, growth, and productivity at scales from leaf
to ecosystem. This review focuses on the heterogeneity of photosynthetic light, with wavelengths ranging
from 400 to 700 nm and referred to as the photosynthetic photon flux within plant canopies. The primary
questions in the review are (1) what is the physical nature of light heterogeneity? and (2) how do plants
respond to this heterogeneity ?

To address the first question, we compared the patterns of spatial distribution and temporal variation
of light among various plant canopies. The vertical gradient of light varies considerably in different plant
canopies. In grasslands, most light is absorbed at the middle or lower canopy layers, but a large proportion
is often absorbed in the upper layers of broadleaf forests. Horizontal distribution within plant canopies
depends not only on canopy structure, but also largely upon sky conditions. Small-scale spatial
heterogeneity seems to be a more predominant feature in grass than in forest canopies. Spatial correlation
coefficients are always lower under sunny skies than under clouds. Sunflecks, which refer to the light
exceeding certain threshold values above the background diffuse light, play the most important role in the
spatial and temporal heterogeneity of light environment within plant canopies. In most plant canopies
surveyed so far, sunflecks often prevail less than 10% of the daytime, but they contribute more than 50%
of total daily light energy. Factors including leaf arrangements, plant architecture, canopy structure, wind
velocity (speed) and wind direction, sky conditions and solar elevations can all result in the light variations.
However, measurements are still not sufficient for a comprehensive assessment of light heterogeneity in
plant canopies, particularly those in forests, which can be critical for modeling photosynthesis and
production for different ecosystems.

Plants show a large variety of mechanisms in their responses, acclimation and adaptation to the
temporal and spatial variation of light environment. The acclimation and adaptation are often considered as
the “response” of plants to the large-scale heterogeneity of light environments. This review will focus
mainly how plants respond photosynthetically to sunflecks at the single leaf level. Evidences so far reveal
that a significant proportion of carbon gain in canopy leaves, particularly those of tropical forest canopies

is contributed by sunflecks. Physiologically, photosynthetic utilization of sunflecks is determined by two
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major processes, the limitation of photosynthetic induction response to an increase of light and the carbon
gain during post-illumination CO2 fixation. However, compared with our understandings of the
biochemical and physiological mechanisms of these two processes, much remains unanswered about their
ecological consequences. This review will discuss the species differences in induction responses and
post-illumination CO2 fixation, and environmental controls on the two photosynthetic processes, which
will provide some important insights into our understanding on the ecological roles of light heterogeneity

within plant canopies.
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Plant root systems: structure, function, and role in nutrient
cycling
Dali Guo
Department of Ecology, Peking University

Among all plant organs, root is the one we understand the least. This situation is in part due to the
“hidden nature” of plant roots. Being buried in the soil thus difficult to sample and observe, the growth
of knowledge on roots has been slow. Today, we are still trying to tackle such basic questions as the
structure and function of roots. Yet it is these unknowns about roots that make the study of roots a
fascinating area of research in which both the ingenuity and stamina of researchers are taxed. Root
ecologists are required to formulate the novel theories based on the insufficient data, and to design
ingenious techniques to improve the observation of roots.

As with all other biological structures, the study of roots can be conducted from three perspectives,
that of linking structure and function, that of rules governing the growth and form, and that of evolutionary
history. Here we will focus on the linkage between structure and function, with brief discussions on the
rules of root growth and form, and the evolution of roots.

A systematic framework of root structure was absent in the most history of root study. Plant root
systems were roughly divided into two parts: fine roots, whose diameter are less than 2mm, and coarse
roots, whose diameters are greater than 2mm. This classification has its merits: it recognizes fine roots as
the primary structure for resource uptake, and coarse roots the main structure for transport and anchorage.
Yet such a classification ignores the differences within the fine (coarse) root guild.

Recent studies of root structure from an architectural point of view have highlighted the flaw of this
two-way classification based solely on root diameter. These studies showed that tree fine roots are
distinctly different root individuals distributed on highly complex fine root branching networks. These
networks of roots, when classified into different branch orders, displayed systematic variations in their
morphology and function. When compared to higher orders, more distal lower order (i.e., first order)
have thinner diameter with higher specific root length (SRL), higher tissue nitrogen (N) concentrations and
higher maintenance respiration rates, lower carbon (C) storage, and shorter lifespan. The marked
differences among individual fine roots have overturned the traditional assumption of fine roots being a

collection of identical units.
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The complexity and multi-functionality of tree fine roots demand a revision of the definition and
calculation method of fine root turnover. Various definitions of fine root turnover exist in the literature,
with each associated with a particular method. Among all methods of estimating fine root turnover rate,
minirhizotron and C tracer methods have been considered the most promising. Yet the two methods have
yielded vastly different turnover rates, with an average turnover rate of 1 yr-1 reported in minirhizotron
studies, and a rate of 0.1-0.3 yr-1 reported by tracer methods. Because the number of individual roots
decreases exponentially with increasing root order, and because the average longevity of each root order
differed markedly, longevity distribution of fine roots are inevitably right-skewed, with a large number of
short-lived roots on the left of the distribution, and a small number of long-lived roots on the right. In
consequence, using the inverse of the median longevity will overestimate root turnover rate in
minirhizotron studies, while using the average longevity of a fine root biomass sample (whose biomass is
composed of mostly the long-lived root tissue) in tracer methods will underestimate root turnover rate. A
more accurate quantification of root turnover requires a clear understanding of both the biomass and
longevity of individual fine roots.

With respect to the rules of growth and form of root systems, fractal geometry has been deemed as a
powerful model. An empirical test of whether growth and architecture of root systems follows the rules
of a self-similar fractal, sampling of complete root systems is needed. This is difficult task, its success
hinges upon the improvement of root sampling techniques.

Compared to our understanding of root structure and function, evolutionary history of roots is like a
mystery. This is in part due to the lack of preservation of roots in the fossil record. However, based on
the evidence of molecular biology, it has been proposed that roots evolved while adapting the land, that
roots and shoots are not homologous, and that roots may have emerged due to the infection by root
inducing bacteria. The uncovering of the mystery of root evolutionary origin awaits better evidence from

both palacobotanists and the application of molecular techniques in root studies.
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Population dynamics, niche theory, and neutral macroecology
Fangliang He

(Department of Renewable Resources, University of Alberta, Canada)

Population dynamics studies the spatial and temporal changes of populations and the factors that cause
and influence those changes. Niche theory, stemming from the theory of population dynamics, assumes that
each species plays a unique role in structuring a community and the uniqueness is the condition of species
coexistence. Despite the apparent significance of niche theory in linking community structures to
population dynamics, the goal to derive the assembly rules of communities from fundamental population
processes has been elusive. The newly developed neutral theory of biodiversity (Hubbell 2001) has
re-invigorated the interest in developing theoretical understandings of macroecological patterns from the
perspective of population dynamics. My objectives are: (1) introduce the conceptual framework of
Hubbell’s neutral theory, (2) overview its recent development, and (3) provide my biased perspective about

the future development of neutral macroecology.

Although the mathematical formulations are increasingly sophisticated, the neutral theory that
concerns groups of sympatric and trophically similar species competing for the same or similar resources
was originally built on two fundamental, yet simple tenets. The first one postulates that species in a
community are functionally equivalent in terms of competitiveness and vital demographic rates such as
birth, death dispersal and speciation. The second tenet is the so-called zero-sum game that assumes a
community is constantly saturated with occupants so that the space freed up from a death must be filled in
by a birth. The central themes of community ecology could then be reinterpreted from the theory, resulting
in new explanations for the origin and maintenance of a variety of macroecological patterns, including the

relative species abundance, the species-area relationship, B diversity, and phylogeny.

Since the publication of Hubbell’s book, the neutral theory has become a most intensively studied
subject. Several major conceptual and technical developments have now been made and the theory has
been advanced much beyond the original version of Hubbell’s. These include spatially structured neutral
model (Chave and Leigh 2002; Chave 2004), continuous time Markov chain model (Volkov et al. 2003;
McKane et al. 2004; He 2005), the genealogical model extended from multivariate Ewens allele
distribution (Etienne and OIff 2004; Etienne 2005), sampling theory (Vallade and Houchmandzadeh 2003;
Alonso and McKane 2004), and the reinterpretation of the fundamental biodiversity in terms of the
Simpson index (He and Hu 2005; Nee 2005). Instead of counting all these developments in detail, I will
focus on the continuous time Markov chain model and show how fundamental population dynamic

processes such as birth, death, migration and speciation could be incorporated to interpret macroecological
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diversity patterns.

The theoretical framework of the neutral theory provides many opportunities for major theoretical
contributions to understanding community assembly rules. One such opportunity lies in the answers to the
question of how to reconcile neutral theory and niche theory. The current neutral theory, in sharp contrast
with the niche paradigm, does not require niche differentiation for species coexistence and thus leaves no
room for niche to play a role. A real ecological breakthrough will be made if key elements of both neutral
and niche theories can be combined to account for community diversity patterns (Chase 2005). Challenging
problems awaiting theoretical assaults also include: (1) developing and testing other important
macroecological patterns besides the species-abundance and species-area relationships, (2) estimating time
and rates of species extinction, (3) integrating ecological diversity and genetic diversity by a truly unified
neutral theory, and (4) understanding the implications of the zero-sum game to diversity conservation in the

context of invasive biology.
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Belowground Controls Over Plant and Ecosystem Responses to
Global Change

Shuijin Hu', Xin Chen’, Weijian Zhang3 and Jianjun Tang2
'Department of Plant Pathology, North Carolina State University, Raleigh, NC 27695
*Department of Biology, Zhejiang University, Hangzhou 310029, Zhejiang, China
3Departrnent of Agronomy, Nanjing Agricultural University, Nanjing 210095, China

The Earth is undergoing rapid environmental changes due to human activities, especially in the
composition of its atmosphere composition, surface temperature and the composition and structure of the
plant community. Terrestrial ecosystems rapidly respond to various global change components such as
elevated atmospheric CO2 and N inputs, surface warming and invasion of alien species. Attention has so
far been largely focused on aboveground plants, and responses of belowground roots and soil biota remain
under-appreciated. Plant roots are the primary driver of belowground ecosystems and impact the structure
and functioning of plant community through altering the survival and growth of co-existing plants via
resource competition and allelopathy. Soil contains an enormous diversity in microorganisms and
microfauna that exert their influence on ecosystem functioning through regulating nutrient availability for
plants, impacting soil structure and suppressing pathogen activities. Here, we first review the experimental
evidence that documents belowground responses to elevated atmospheric CO2 and N inputs, climatic
warming, and invasion of alien species. Then, we synthesize the mechanisms through which soil biota
mediate plant and ecosystem feedbacks to human-induced alterations in atmospheric composition and plant
species composition. Finally, efforts will be directed to identify gaps in knowledge of effects of global
change components on plant-microbial interactions and to suggest the experimental approaches that may
improve our understanding of long-term consequences of resulting changes on the structure and
functioning  of terrestrial ecosystems.

Keywords: Global change, roots, soil biota, nutrient competition
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Landscape Ecology: People, Concepts, Problems, and Challenges
Harbin Li
(USDA Forest Service, Southeastern Research Station, Charleston, SC, USA.)

Modern landscape ecology has established its position in ecology in the past 20years, serving as
important principles in natural resource management and biological conservation. Landscape ecology has
also shown rapid development in China; a large number of research papers have been published in recent
years.

In this lecture, I will focus on four subjects: people, concepts, problems, and challenges. First, I will
discuss a few important concepts in landscape ecology, including relationships between spatial pattern and
process, scale and scaling, spatial heterogeneity, and habitat fragmentation. In association with these
concepts, I will highlight some researchers in North America who have made significant contributions to
the development of landscape ecology. Any student of landscape ecology should know these names:
Richard Forman, Jerry Franklin, Robert O’Neill, Stewart Pickett, Monica Turner, John Wiens, and more.

Then, I will point out some of the problems in landscape ecological research (especially in China),
such as lacking theoretical context and good research questions,and mistreating quantitative analysis as the
sole objective. These problems must be avoided or corrected because they impede the advancement of
landscape ecology. Finally, I will talk about four major challenges that we face today in landscape
ecological research and applications: (1) establishing effectively relationships between landscape pattern
and process, (2) conducting experimentation to test hypotheses at the landscape scale, (3) utilizing known
spatial heterogeneity to improve prediction of landscape change, and (4) determining significance level in
comparing two landscapes.

Landscape ecology is a young branch of ecology. Thus, there is no reason that researchers in China
should simply follow the footsteps of western scientists. Chinese landscape ecologists should, and will soon
(I hope), stand in the forefront of landscape ecological research, making significant contributions to it
development.

Keywords: relationship between spatial pattern and process, scale, spatial heterogeneity, map comparison
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Global Change and Responses of Forest Ecosystems to Multiple
Stresses
Yude Pan
USDA Forest Service,Northern Global Change Program,Newtown Square, Pennsylvania 19073, USA

Changes in atmospheric chemistry and physics due to human activities are causing widespread
impacts on terrestrial ecosystems. Besides the effects of climate change induced by greenhouse gasses,
elevated CO2, O3 and N deposition also have direct or indirect impacts on ecosystem dynamics and
functioning. Relatively, we know well the direct and secondary physiological effects of single-factor
changes on plants and soils, but less about effects of multiple interacting stresses on ecosystems across
temporal and spatial scales. A few large-scale, ecosystem level field experiments, like FACE studies,
generally only manipulate one or two changing factors that can be carried out in experiments and cannot
provide sufficient information to predict the responses of ecosystems to global change.

In this study, we used an ecosystem modeling approach to investigate how multiple environmental
changes interactively affect carbon dynamics in Mid-Atlantic temperate forests that cover approximately
460,000 of lands. Our results indicate that elevated CO2 increases forest productivity, but the enhanced
growth was largely reduced by troposphere O3. Currently, higher N deposition interacts with higher CO2
to increase forest C sequestration. However, continued deposition of N at high levels will cause many
areas to become saturated as other resources become restricted. As forests are saturated with N, carbon
accumulation in forest woody product will be reduced, and water quality will be degraded because of an
abrupt increase in N export. Changes in inter-annual variability of climate during past decades add
complexity to forest responses to changes in atmospheric chemistry. More fundamentally, these multiple
stresses together have seemingly altered forest physiology and ecosystem processes. We validated the
modeling results with observations from forest inventory and the MODIS satellite. The modeling outputs
are well validated/compared by the ground-based measurements. This research demonstrates the needs of
using mechanistic modeling approaches to examine the complexity of climate-forest interactions and

forecast ecosystem responses to environmental change.
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Biodiversity and Ecosystem Functioning: History, Progress, and
Prospects

Jianguo Wu',Xingguo Han” andYongfei Bai’
'School of Life Sciences,Arizona State University

The Botany Institute, Chinese Academy of Sciences, Xiangshang, Beijing, China

The relationship between biodiversity and ecosystem functioning (BEF) is one of the most
fundamental issues in ecology, which has critically important implications for conservation, natural
resource management, and global sustainability. Unfortunately, our current understanding of BEF is
neither precise nor complete. Traditionally, BEF studies have been done primarily through "poking"
(small experiments) and "peeking" (short-term observations). While long-term observational studies and
simulation modeling are critically important, field manipulative experiments are still the only way to
genuinely test hypotheses directed to the mechanisms of biodiversity effects. The past decade has
evidenced a flurry of experimental studies focusing on the effects of biodiversity on ecosystem properties
and processes, which has indeed greatly enriched our knowledge of BEF. While ecologists seem to have
come to a broad consensus on certain general issues just recently, a great deal of what we know about BEF
is still clouded with uncertainties. In this presentation, I will review the history and major achievements

in BEF, and identify key research questions for future research.

Dr. Jianguo (Jingle) Wu

Professor of Ecology, Evolution, & Environmental Science
School of Life Sciences

Arizona State University

P.O. Box 874501, Tempe, AZ 85287-4501

Ph: (480) 965-1063 Fax: (480) 965-6899

Email: Jingle. Wu@asu.edu  Web: http://LEML.asu.edu/
Editor-in-Chief of Landscape Ecology
http://www.springeronline.com/journal/10980/edboard/
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Biological Invasions and Invasion Biology in the 21th
Century

ShiLi Miao', Ming Dong2 and Keping Ma’

'South Florida Water Management District, 3301 Gun Club Road, West Palm Beach, FL 33406, USA

The Botany Institute, Chinese Academy of Sciences, Xiangshang, Beijing, China

Since the1970s, environmental sciences worldwide, particularly the field of ecology, have changed
dramatically. Increased emphasis has been placed on two important features: problem-solving and
multidisciplinary integration. Diverse new ecological disciplines emerged rapidly responding to human
mediated environmental crises. These new disciplines have contributed to developing modern ecological
theory and, in combination with the large scale nature of human disturbance, provide unprecedented
challenges and opportunities for ecologists to conduct research at scales rarely attempted before.
Invasion Biology is just such a new discipline. Biological invasion, by definition, includes both
introduced alien and previously limited native species displacing native species thereby disrupting
ecosystem structure, function, and natural services. However, recent bioinvasion literature almost
exclusively focuses on the first category, alien species. Invasion biology is an integrative science, closely
related to conservation biology, global change ecology, restoration ecology, et al. Frequently, the spatial
extent of biological invasions is enormous and intercontinental exchange is common place. Both, the
species exchange distance and the spatial extent of invasion motivated the use of a comparative approach
to study species exchanges between its native range and invaded habitats. This approach fosters
international collaborations and bilateral efforts to stem the increase in exotic invasions. To understand
invasive mechanisms and effectively battle against invaders, it is important to compare life history, habitat
biology and ecology, genetic structure between native and invaded ranges, as well as, trace the source
population and invasion pathways. Moreover, it is also valuable to compare differences between
cogeneric species to identify invasion mechanisms and screen potential biocontrol species. The major
achievements of recent bioinvasion research include: 1) developing policies to control the importation of
alien species, 2) establishing predictive models, including spatial models using GIS, 3) exploring
management practices for early invasive eradication or low level maintenance, 4) understanding
mechanisms of invasiveness, and 5) identifying the impacts on invaded habitats. In the present paper, we
emphasize contributions made toward the last three.

Classical biocontrol approach, via screening, introducing and releasing host-specific natural enemies

from native regions to manage invaders, has a long history over 100 years. Significant progress has been
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reported recently in some countries (e.g. South Africa) and for some species (alligator weed; Alternanthera
philoxeroides). However, there are increasing considerable concerns and debates about biological control.
Impacts on non-target organisms and the potential for the biocontrol organism to itself become invasive are
two of major concerns. Therefore, it has been suggested that organisms used for biological control of
alien invasive plants must be regarded as guilty until proven innocent and classical biocontrol should only
be used as a last resort. Moreover, various experts have suggested: “exotic plant species as problems and
solutions in ecological restoration”, and “a place for alien species in ecosystem restoration”. Diverse
hypotheses have been proposed to understand mechanisms of species invasiveness and to predict what
species may become invasive, including global competition, like invader, biotic resistance, introduction
pressure, et al.. Here, we would like to pay special attention to classic enemy release, yet focusing on soil
biota and a recent rising hypothesis: novel weapons about allelopathic biochemical compounds, Finally,

we propose future research needs to battle biological invasions in China.
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Invasiveness and clonality of plants
Ming Dong, Jian Liu and Shili Miao
Institute of Botany, the Chinese Academy of Sciences, Beijing 100093, P.R. China

Alien species is the one that occurs outside of its historically known natural range, as a result of
intentional or accidental dispersal by human activities. Some of alien species, whose introduction does or
is likely to cause economic or environmental harm or harm to human health, are invasive . Biological
invasions have attracted extensive attention by ecologists because of their significant ecological impacts
and economic costs worldwide. Biological invasions are one of the global problems of the natural
ecosystems. What habitats will be easily invaded and what species will become invasive, that is,
invisibility and invasiveness, are the two key questions of invasion ecology. Invasiveness is the capacity of
a plant to spread beyond the site of introduction and become established in new sites. In order to decrease

or avoid introduction of invasive plant species, it is paramount to analyze alien plants before introduction
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so that the invasive plant species can be identified beforehand. Unfortunately, to date there is no consensus
on invasion mechanisms and predictive models. Controversies range from whether we can reliably predict
which species may become invasive to which species characteristics (e.g., life history, taxonomic groups,
or geographic origin) contribute to the invasion processes.

Clonal plants are regarded as being especially adaptive in heterogeneous environments and contribute
greatly in most ecosystems. Their adaptive advantages are mainly due to their clonality and the derived
clonal plasticity and clonal integration. Compared to non-clonals, clonal invaders appear to suffer a
disadvantage in the dispersal phase of invasion because ramets are usually not able to be dispersed at long
distance. However, most clonal plants possess both asexual (clonal) propagation and sexual reproduction
and allocation to both may be plastic in response to environments. A considerable number of invasive
plant species have the capability of vigorous clonal propagation and their invasiveness may be related to
clonality. For instance, between-ramet clonal Integration may improve the ability of clonal plants to
tolerate stress and thereby improve the invasion success of individual ramets. It was reported that novel
hybrid invasive genotypes may be produced by rare sexual reproduction, fixed by clonal growth, and
presents a previously unknown threat to native vegetation.

126 invasive plant species in China was analyzed to understand contribution of clonality to invasion
success. These species were categorized into three groups based on their invasiveness. Among the 126
invasive species, 44% are clonal and clonal plants even accounted for 66% of the 32 most invasive alien
plant species. The positive correlation between invasiveness and clonality was statistically significant.
These findings suggest that clonality had contribution to invasiveness. Alligator weed (Alternanthera
philoxeroides (Mart.) Griseb), one of the most invasive clonals, was investigated using experimental
ecology. The results suggest that the clonal integration help the species endure nutrient-poor microhabitats
and effectively exploit patchily distributed nutrients and that in this species clonality greatly contribute to

invasiveness.
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Progress in Restoration Ecology — A North American Perspective
X. Ben Wu, Feng Liu and Steve Whisenant

Department of Rangeland Ecology and Management, Texas A&M University, 2126 TAMU, College
Station, Texas 77843-2126, USA

Many ecosystems have been degraded or severely damaged by human disturbances, reducing
biodiversity and impairing the ecological services provided by these systems. These issues of
environmental degradation and increasing societal demand for ecological services in the recent decades
have fueled the development and rapid growth of the discipline of restoration ecology. This paper
attempts to provide a review of the progress in restoration ecology with a limited scope on mostly North

America and on terrestrial and wetland restoration ecology.

There is a continuum of ecological restoration from rebuilding ecosystems that are severely damaged to
the limited management of relatively unmodified ecosystems and there are many terms associated with
different types of ecological restoration that are often confusing and unnecessary. The efforts are better
spent by focusing on the development of conceptual framework and approaches that will help to identify
processes leading to degradation or decline and obstacles to natural recovery, determine realistic goals and
success criteria of ecological restoration, and develop methods and practical processes to reverse or

ameliorate the degradation or decline.

The definition for ecological restoration adopted by the Society for Ecological Restoration
International has changed several times in the last two decades, which reflects the evolution of the
conceptual framework of the discipline. Some of the key developments of conceptual framework for
determine the goals and evaluation criteria of ecological restoration involve the change from static,
single-state, structure-based approaches focused on individual ecosystems to dynamic, multiple-state, and
process-oriented approaches that focus on landscape context and milti-dimensional evaluation criteria

based on the range of natural variations.

Some of the contemporary theoretical development in ecology, such as state-and-transition theory, the
view that continuous change in vegetation is the norm, assembly rules, metapopulation dynamics, and the
critical concept of scale have become central elements of the conceptual framework of restoration ecology.
The research and practice of restoration ecology have also spawned new conceptual development or
guiding principles, such as the critical role of positive feedback processes, the approach of initiating and
directing autogenic processes, and self-design vs. designer design theories. These ecological principles
are used in understanding the challenges of and developing strategies for repairing key ecological

processes, such as hydrologic process, nutrient cycling and distribution, disturbance regime, and species
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diversity, interactions and dynamics.

Given the long-term and often irreversible changes in the environment such as urbanization and
climate change, anticipatory research is critical to development of restoration ecology and the success of
ecological restoration practice. It is especially important to further our understanding of ecosystem
response to changing environment at multiple scales through long-term research of reference systems
along the gradient of human disturbances. Incorporation of large-scale experiments into restoration
projects and their monitoring can be an important approach and allow testing restoration theories and
developing new ones, which is essential to the development of the science and practice of restoration
ecology. Spatial simulation modeling is an essential tool for exploring future landscape and ecosystem
responses to changing environment and restoration interventions. Research on restoration planning and
adaptive management, such as development of designing guidelines and planning processes for restoring
functional ecosystems and landscapes using process-oriented approaches, is also urgently needed to

enhance the practice of ecological restoration.
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Soil erosion and ecological rehabilitation on the Loess
Plateau of China
Guobin Liu

Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water
Resources, 26 Xinong Road, Yangling, Shaanxi Province, P. R. of China 712100. e-mail

gbliu@ms.iswc.ac.cn

The Loess Plateau is well known for its deep loess deposits and serious soil erosion. The Plateau has
the special character in rehabilitation patterns and approaches in the worlds. This paper analysis the
characteristic of soil erosion on the Plateau and introduced the integrated watershed management and
long-term research on the ecosystem rehabilitation as well as its prospective. The Loess Plateau has the
area of 0.62 million km2 with the erosion area of 45% and average erosion rate of 3720 t.km-2.a-1. In the
last 30 years. Based on the theory and practice, the scientist presented management strategy on ecological
security, grain food security and economical sustainable development. The 11 of integrated management
and long term monitor watersheds were established since 1985. A long term environment change on
population, land use pattern, productivity, vegetation and soil erosion from 1938 to 2004 in Zhifanggou
watershed of Ansai research station of CERN indicated that the watershed experienced three periods of
damage, continue damage and gradually restoration in last 60 years. The driving force of ecosystem
succession is land use pattern by human induced impact, however, the monitoring on vegetation succession
showed that the such damage has not destroyed the possibility and ability vegetation natural restoration
though those original vegetations experienced serious disturbers. It’s possible to restore the vegetation
through the natural succession incorporated some artificial trees and grasses. The research showed that a
degraded watershed could be restored in 20 years by re-vegetation, conservation tillage and engineering
practices. The resent research and practice showed that the middle scale model of ecological and economy
rehabilitation was an effective approach to promote the land use converting and eco-environment
sustainable. The integrated health assessment indicators and its criteria in the watershed ecosystem was
presented. Under the erosion situation, the ecosystem health is that the land manager could imply the
rational practice and the system has the capability to keep the ecological security, productivity sustainable
under the erosion and drought impact. The comparison of different rehabilitation model showed that the
agro-fruit model had the higher health index while agro-animal husbandry model had the low health index.
The soil quality indicators was also presented in rehabilitation processes. As the serious degradation
situation the impact of restoration practice on watershed environment of hydrological process, vegetation

succession, productivity, biodiversity were discussed and the further research was suggested in the paper.

Key words: soil erosion, ecosystem rehabilitation, Loess Plateau

33



FZRARESFIHE FH - LK

3rdISOME The Third International Symposium on Modern Ecology. Beijing, China

EERGERZEARMRARERES

B
[ 27 B s BE R 27 55 BT ST )

NBAEFF AR BRAES RGO T, v i g i e A e, 2887 3R
ARG BA WA RSB AESME. ARES RGN NS B T, Tk,
ARG RS De S A B VAL IR 70328 M 1k AR A F T — N R

H 7 B AN RS R GRS Dhe MBS R R O &) 2 P g . M 20 D 70 FEAFR 2
20 T2 90 EARH ], TELRXER RIS RIS . WIRAIAE S IR 5287 LL K oy RAAT T .
[, WAERRAR AT AT MRS RG S DI Re IMEFN BB R, IS TR AES RGN
TEVEAG I AT DI, ERA S RGN S5 PEAR A SE (0 G S 3R (1 T S22 i) R Sl

1997 4 RAERRGNRS Ve LA T EIFI 70K RE— %4t ko Daily. Costanza F
Pimentel ZEAHAR KK T XS RS S DIRe & BB I PEI I 7T 85 1, i TS R GRS i
WU S . Daily 85 FZEMNAESFIRAR I ER RG MM D e LHMERRE, AR RS RS L)
e S ZFEVEZ M IR R . Costanza S5 ET 22 L2527 (1) 1 FEA 0 AR 8 RGE RS D Re I £ 55 A0
i, IR EBRRG RS EEVEN I SR . Pimentel 25 tHAE 5 T A4S RG RS IRERINH,
It Costanza S5 HRFFTEE RAEAT T X b [AI 5350 L7224, 4l Turner A1 Naeem S50 72 A4S
RGURSVIREAEGT . Turner {1 AN RS DI Re 2 UFOME AL IIBOR 5 IR KIWT5T, 177 Naeem
MR ST A S R GRS DhRe AL AL, el AR 2 R 5 AR R G IR S5 D Re AR A 1A] R AH HAE
Mo [N JUP AT IR E KON A S R GRS DR U E VPO (R e 28 H 1) bt Sk S R B ) &
AR, (RS RGIRS DR R k45 . TR RG VA (MA) FFRE, WS4 i
T TS RGeS . AR Z KR, WIS 1 PR IR R PRI+
ARETrks VRO R P ) 2 70 LA RPN 45 R S B A B E , et e N2 R T
SIS, MA SR LATHI A PR S5  R H AR BRAE S R RS Dh REVEAN BIF T

FEAMER RGNS D RET I L EAR P AE LT LA T (D ERRGIRS DR ik &L
IIREANWITT: (2) ERRGIRS DR LE XIS A Z R AR R R RIS (3) B
RGNS DRe M E PP BRI, R TIE VP 7k BeE S AN VPG Tk e i it
JESE s (D AFTTEMAREE T, Bk, #ix ., Xk, PAER RA R I4 DR & AN E VP
WH9Ts (6) LSRRGS ThRe L DA B PR 45 R T SE 0k PR 7 ik R BRI . PR I R v RS ) i
LW

AT A A2 R GRS DR IWT 9T B8 . ARAHLE . PPANBOR 057k GBI 9T 45 U7 i
TEANAMRHRR, RIS T ESRG RS DIRE A IOMETHAN ISR R e . [N, EARGK
S5 DiReit i — 2 K R IE A

L. ARG DGR S LIRS Ty, U5 AR 2 R 2 R IR AR AR e 75 A

34



7.

3rdISOME

EomARAESTHE FEH - LR

The Third International Symposium on Modern Ecology. Beijing, China

— DT

AR EIR W TR AESRGURS DREMT BV BOR S 7k, (HR K J7 ik s 1k
N SIIEHE

LR RGNS DR R e HE, DU Rl R i ROBE ) R, 4 AR /N MTA N B
I S R R HERS . 2 RUZ AR GRS DI REVF O (RN HT 5

LA RGNS D REVEAL I RE P8 s e 48 0 O N 5

EARRGIRS IR TEM E VPG &5 R AT WA RS . D AMMEPEI 8 RS — ey
e

PR TR AT RESRAT S se e UEM AT AT SE R A S RGOS D Re e BE I, A E 2 50>
A IS 1] 2 4 R 8 2 A2 A 23 AT

PR S R AT e Bk e T RS R A R R

[ A ZE RS R G S5 ThREWT I A 20 THEZE 90 AR IR AT A RS R 1K) o SR AIWT I 2 I 4R H AE
X EAMES RGNS TREME S« IR PRSI IR TSR A 4 AL R 2R R GEIR 55 Th REBE 18 O 4%
o 1997 4F Costanza ST KRR RGNS IIRELTHMERBI IS T [H A AR 2 A H I
F AL LHRMAEF TR AR K Wi DU SRS (REEPAERMESRS) B
NPT A R GRS D RE S E PP RS 5 A AT BRI, AT RAES RS S5 Th RE
WHITRE AT TR R -

FEA SRR AR, R eI 2T

L.

TP REMES RGNS e CARIEE TN TICRE ) SLRBEIE, AW
ARG IRETE B LB AN AZ L4 (it K K

TEAES R G0 45 RN FEAL X RS R G M ThRE ™ A A A 3 BSCR LB EA T
Eﬁ%:

PR AES ARG R AR, Fth, {RAUKED B IR R GRS DiRe (A
TN A2 FEVEUERF ) IR TP AT 0T 5T

MHERRGRSS TIREM E VPG IO 238 at . Ak A RS2 R AT, &
SRS REHATHESE (RbR. B, B, RH. KEEEES R, WAESRGEH
S axtii Rl B HCH 5

FEWT IO R ISR . MBS EAR SRR, XY 2 AR R G S5 D g S L
B P TSR P E A AR RS .

35



FZRARESFIHE FH - LK

3rdISOME The Third International Symposium on Modern Ecology. Beijing, China

Current Situation and Development Trend in Ecosystem
Services
XIE GAODI

Institute of Geographic Sciences and Natural Resources Research, CAS

Over the decades, great emphasis has been put into market value and direct utilization value of natural
ecosystem in its development and utilization over the decades, while ignoring other eco-functions and
values of the system. Therefore, functions of natural ecosystems to human society have been
underestimated. Realization of this problem and related negative effects has made the research on
ecosystem services and values an increasingly hot topic in the field of ecology.

Study on ecosystem service and assessment of the value has been conducted in many countries.
From the 1970s to the middle 1990s, the focus was mainly on the concept, contents, classification, as well
as exploration of theory and method of eco-asset and ecosystem service, and the progress in those fields
have provided very important theoretical basis for further research of ecosystem services and assessment,
and establishment of framework for the assessment of regional and global ecosystem service.

The year of 1997 is an important turning point for the development of ecosystem service and
assessment following the publications from Daily, Costanza and Pimentel. Daily’s contribution is focused
on the salient features of ecosystem service and values, and relations between ecosystem service and
biodiversity based on ecological theory. Costanza and others, however, emphases on economic theory for
identification of economic values of ecosystem service and value, and exploration of method and technique
for the assessment. Pimentel and others estimate values of ecosystem service in comparison with the
findings of Costanza. In addition, some other researchers such as Turner and Naeem are also involved in
the field of ecosystem services. Turner put efforts on methods and techniques in assessment of economic
values, while Naeem on change mechanisms of ecosystem service, particularly on interaction between
biodiversity and ecosystem functions. Despite variation on research focuses, it is agreed that the ultimate
destination of assessment of ecosystem service is provision of scientific basis for decision making. Great
progress on ecosystem service and value research has been made since the development of Mininum
Assessment (MA). MA is a research on global ecosystem service with an aim of provision of decision
support. It focuses on concept of ecosystem services, relations between ecosystem service and human
welfare, driving forces of the ecosystem changes, scales and methods and techniques for the assessment,
and application of assessment results for decision making.

Research on ecosystem service in foreign countries covers the following aspects: (1) concept, contents
and classification of ecosystem service, (2) relations between change mechanism of ecosystem function
and biodiversity, (3) methods and techniques in assessment of ecosystem values including economic

assessment, energy based assessment, efficiency transformation method, etc, (4) economic values of an
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individual ecosystem or a ecosystem function at global, regional and district levels based on different
methods and scenarios, and (5) reliability of economic assessment, limitation of the assessment methods
and scales for the assessment. Those researches have made significant contributions to the theory, change
mechanism, methods and techniques, and case studies of ecosystem service and assessment.

Development trend in ecosystem services could be summarized as follows: (1) Change mechanism
and driving forces of ecosystem services, and its relations with biodiversity; (2)Applicability of methods
and techniques having been used for assessment of ecosystem service; (3)Scales for ecosystem service and
assessment. For instance, assessment from large to small scales or reverse, and application of multi-scale
assessment; (4)Application of efficiency transformation method in the assessment; (5)Integration of
assessment results covering single services and individual services into a compositive one;
(6)Consideration of scenario analysis and time series analysis into assessment; (7)Transformation of
assessment into decision making process.

Concept of ecosystem service has been introduced in China in the middle 1990s. And the first
researches focus on concept, contents, assessment methods, and theoretical background of the ecosystem
services following essential progress made by Costanza and others in 1997. Specifically, efforts are put
into global, regional and city ecosystems and singly ecosystem (e.g., forest ecosystem), ecosystem
functions and values of an individual species, and theory and method in ecosystem assessment. Further
research fields could be: (1)A complete and systematic experimental research on ecosystem function under
natural and human disturbance to provide scientific data basis for ecosystem formulation and changes;
(2)Mechanisms in ecosystem formulation, change dynamics and driving forces; (3)Ecosystem services and
economic values of specific eco-types such as farmland, grassland, wetland and water body, or individual
ecosystem services such as nutrition cycling, maintenance of biodiversity;(4)Philosophy basis, assessment
method and ecological foundations for ecosystem service assessment, and establishment of assessment
framework for forest, grassland, wetland, farmland, and water body ecosystems; (5)Introduction of
mathematic modes, GIS techniques for provision of technical support for ecosystem service and value

assessment.
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