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Landscape Ecology and Sustainability Science
Jianguo (Jingle) WU
(School of Life Sciences & Global Institute of Sustainability
Arizona State University, P.O. Box 874501, Tempe, AZ 85287-4501, USA)

Abstract: As humans continue to transform themselves from a predominantly agrarian to an
progressively more urban species, the world has become an increasingly planned and designed place.
However, instead of improving the global environment, the increasingly designed and planned planet
is met with an increasing number of problems. The world is highly fragmented ecologically,
economically, and sociopolitically. This multifaceted fragmentation has resulted in accelerated
biodiversity loss, ecosystem degradation, economic inequity, and social instability. These problems
pose unprecedented challenges that humanity must deal with in order to sustain the biosphere and
Homo sapiens itself. I see two important implications from the current trend with global urbanization.
First, as more urban areas are developed to accommodate increasing urban populations, the world
will become inevitably more “designed”. Second, while cities have played an instrumental role in
human civilization as centers of cultural, economic, and scientific endeavours, they also are a major
source for myriad environmental problems. To achieve long-term sustainability, human activities
must be constrained by sound planning and design principles at the local, regional, and even global
scale. From this perspective, considering the world as a global “landscape” to emphasize the
relationship between its spatial configuration and functionality is more fruitful.

Landscape ecology is the science and art of studying and influencing the relationship between
spatial pattern and ecological processes on different scales. It is intuitive and logical that landscape
ecology should play a critically important role in developing better design and planning principles
for achieving sustainability on all scales. There are several reasons for this. First, the human
landscape (or region) may be considered as a basic spatial unit for studying sustainability. Second,
landscape ecology provides a hierarchical and integrative ecological basis for dealing with issues of
biodiversity and ecosystem functioning. Third, landscape ecology has developed holistic and
humanistic approaches to studying nature-society interactions. Fourth, landscape ecology offers
theory and methods for studying the effects of spatial heterogeneity on sustainability. Fifth, to
develop a rigorous science of sustainability, methods and metrics in landscape ecology can be used
to quantify sustainability. Sixth, landscape ecology provides both methodological tools for dealing
with scaling and uncertainty issues fundamental to most nature-society interactions. To help develop
better design principles for sustainability on various scales, landscape ecology need to be integrated
with landscape architecture and the emerging sustainability science which is a new transdisciplinary
science that focuses on the dynamic relations between nature and society on local, regional, and
global scales. The essence of sustainable development is to meet the fundamental human needs
while conserving the life-support systems of the earth for future generations, and landscape ecology

has much to offer to achieve this ultimate goal.
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How do geographic location and altitude affect the animal species
distribution and abundance: Spatial correlations between territorial
vertebrate diversity and meteorological parameters in China

JIANG Zhigang, LI Yankuo, LI Chunwang, FANG Hongxia
(Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology
Chinese Academy of Sciences, Beijing China 100101 )

Abstract: Within its boundary, China stretches some 49.52 (4.00-53.52 N) latitudinal degrees
from the south to north and 61.42 (73.66- 135.08 E) longitude degrees from the east to the west.
China borders with the arid heartland of Eurasia continent on its west and the Pacific Ocean on the
east, the highest and youngest plateau in the world -- Qinghai-Tibetan Plateau is located on its
southwest part. Altitude of China varies from -154m below the sea level (water table level of the
Aiding Lake in Tulupan Basin, Xinjiang) to 8844.43 m above the sea level (Mt. Himalaya), with a
range of 8998.43m; China is a country with arrays of different types of climates, landscapes and
biomes: from the south to the north, tropical rain forests, temperate broadleaved forests, conifer
forests, steppes are main vegetation zones; meadows is mainly distributed on the plateau whereas
arid shrub lands in arid areas in northwest. Swaps and water-bodies scattered in all above vegetations.
Zoogeographically, China is a country that transects the Oriental Realm and the Paleoarctic Realm;
the fauna and flora of the country presents a diverse pattern. General species richness patterns of
territorial vertebrates in the country decrease from the coast zone toward the inland and from the
south toward the north; however, the Qinghai-Tibetan Plateau has lowest species richness in its
heartland where amphibians and reptiles are absent. Geographic locations and altitudes influence
local meteorological parameters such as air pressure, temperature, rainfall and solar radiation. How
do geographic location and topography impact on the terrestrial animal species distribution and
abundance? We analyzed the spatial correlations of territorial vertebrate species distribution and
abundance in China in relation to meteorological parameters which are influenced by geographic
positions and altitudes. We collected the metrological records of 686 weather stations overall China,
which have weather records form 1951 to 2005, through some of those meteorological stations in
remote areas may have shorter recorded periods. We also collected the territorial vertebrate
checklists, including those of amphibians, reptiles, birds and mammals, of 203 nature reserves in
China. Nature reserve is located in a biome and normally has a regional characterized ecosystem,
representative sectors of the national flora and fauna; furthermore a nature reserve is a functional
unit of conservation. By using the Spatial Analyses function of ArcView, we found that species
abundance of amphibian and reptiles in the country are significantly closely correlated with the
Mean Minimum Temperature in January (MMT]J °C), Mean Highest Temperature in July (MHTJ °C),
Mean Total Annual Sunshine Hour (TASH), Mean Annual Relative Moisture (MARM %), Mean
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Annual Total Precipitation (MATP), Mean Annual Total Rainy Days (ATRD), Mean Annual Average
Air Pressure (AAAP Pa). Species abundance of mammals in the country is significantly correlated
with the MMTJ, TASH, MATP, ATRD, and ATRD, but is not significantly correlated with AAAP and
MHT]J. Species abundance of birds in the country is only significantly correlated with MARM, but it
is not significantly correlated with MMTJ, TASH, ATP, ATRD, AAAP and MHT]J. China is divided
into three physical geographic zones: the Manson Zone, the Plateau Zone and the Arid Zone. We
used the average air pressures as dividing criteria and divided China into three zones: Eastern High
Air Pressure Zone (most of the areas with average air pressures between 863-1027 hPa), Inland
Median Air Pressure Zone (most of the areas with average air pressures between 783-907 hPa) and
Plateau Low Air Pressure Zone (areas with average air pressures between 772-876 hPa), the outlines
of those three air pressure zones generally matched with those of the Manson Zone, the Plateau Zone
and the Arid Zone. We check whether above spatial correlations between terrestrial vertebrates and
meteorological parameters still hold in each zone. We found, MMT] is closely correlated with the
species abundance of amphibians and reptiles across the three zones, except the amphibians in the
Plateau Low Air Pressure Zone. MMT]J is also significantly correlated with mammal abundance but
not the abundance of birds across the three zones. MHT]J only significantly affected amphibians and
reptiles in Eastern High Air Pressure Zone and mammal on the Plateau Low Air Pressure Zone.
TASH significantly affects amphibians, reptiles, birds and mammals in all three zones. MARM
significantly correlated with amphibians, reptiles, birds and mammals in all three zones except birds
in the Eastern High Air Pressure Zone. MATP significantly correlated with amphibians, reptiles,
birds and mammals in all three zones except birds and mammals in the Eastern High Air Pressure
Zone. ATRD significantly correlated with amphibians, reptiles, birds and mammals in all three zones
except reptiles in the Inland Median Air Pressure Zone. Only mammal species richness significantly
correlated with AAAP in the Eastern High Air Pressure Zone and the Plateau Low Air Pressure Zone.
Topography of China has a deep impact on the terrestrial vertebrates; the elevation of
Qinghai-Tibetan plateau shaped the modern zoographical pattern in China. MMTJ, MASH, AMRM,
MATP and AAAP are important environmental parameters which determine the territorial vertebrate
species abundance in China. he species richness of Amphibians and reptiles appear more rely on the
meteorological conditions, followed by the species richness of mammals, the species richness of
birds turns out to be the least rely on meteorological conditions. In western China, many birds are
seasonal migrants and even in deserts or on the plateau, there are scattered wetlands which provide

seasonal habitats for migrant birds.

Keywords: Amphibians, Reptiles, Birds, Mammals, Species diversity, Species Richness, GIS.
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Ecological Design Principles and Practices
for sustainable ecosystem management in the semiarid Loess Plateau

LI Fengmin

Abstract: The natural regional vegetation and soil quality in the semiarid Loess Plateau of
China have been degraded extremely due to over-grazing and frequent reclamation of natural
grassland. Functions of the ecosystems and regional sustainable development were seriously
threatened. The analysis of the current ecological environmental situation suggests that
transformation of natural vegetation to farm lands in the process of frequent reclamation of natural
grassland results in water loss, soil erosion and land degradation. Repeated reclamation of wasteland
due to the great pressure of food demand resulted from population grow this the key driving force to
the degradation of these eco systems. To restore natural vegetation and soil quality, we have to find a
way to meet the requirement of food for the local farmers in a small portion of the land to reduce the
pressure of food product ion for the rest of the land of a region. In semiarid areas, many studies have
shown that the key step for increasing grain yield per unit area is to imp rove field environmental
conditions, including soil moisture supply, top soil temperature and soil nutrient level. This can be
accomplished through the combination of water harvesting technology with plastic film mulching
and fertilizer application, which can generally increase the unit grain yield twice o r mo re. Based on
these technologies, we propose an app roach of water harvesting ecological agriculture (WHEA) and
associated landscape configuration. Unit yield of cash and grain crops can be increased greatly
through limited irrigation, and the irrigated crop land can be interspersed with improved pastures and
restored natural vegetation in a continuous landscape (a typical hill) in WHEA. Further research and
dissemination of WHEA can help supply local farmers with sufficient food and higher income.
Various types of grasslands will replace cropland and cover a large proportion of the landscape;
animal feeding will be mainly dependent upon pen feeding in order to decrease grazing pressure.
These strategies closely follow the ecological patterns of natural vegetation and landscape, as well as
the planning pat tern of regional industrial arrangement. The coexistence of multiple ecological and
economic systems in a landscape helps to improve both biodiversity and industrial diversity, and
enhance the flexibility and stability of these systems. Therefore, WHEA , an innovative approach for
regional development, can lead to significantly improvement in both the restoration of degraded eco

system s and regional sustainable development simultaneously in the semiarid Loess Plateau.
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An Introduction to Landscape Genetics
Hongfang Wang', Jianping Ge' and Jianguo Wu®

(1 School of Life Sciences, Beijing Normal University, Beijing 100875, China;
2 School of Life Sciences & Global Institute of Sustainability, Arizona State University)

Abstract: Landscape genetics is an emerging research field, resulting from the integration
between landscape ecology and population genetics. Its key research question is how landscape
heterogeneity affects the spatial genetic structures of populations. Landscape genetics starts with
the identification of the spatial pattern of population genetic structure, and then relates it to relevant
landscape structural attributes to understand the relationship between the patterns between landscape
heterogeneity and population genetics. Genetic isolation by distance, due to limited dispersal, is a
basic and important pattern landscape genetics, from which other more complicated spatial-temporal
population genetic patterns can be analyzed. Numerous studies have shown that landscape
structural attributes can significantly affect the spatial pattern of population genetics and thus the fate
of populations in various landscapes. Landscape changes induced by human activities and natural
disturbance, including habitat destruction and fragmentation, will undoubtedly lead to changes in the
spatial genetic structure of native populations. To address such problems is critically important for
better conserving biodiversity and managing ecosystems. This paper introduces the basic concepts,
discusses major methods, and review some key research findings in landscape genetics. The
primary purpose is, therefore, to stimulate the interests in landscape genetics among our colleagues,
so as to promote its rapid development in China.
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Alterations of nitrogen biogeochemical cycling in terrestrial ecosystems
under the global dominance of human activities

Weixing ZHU
(Department of Biological Sciences, State University of New York — Binghamton
Binghamton, NY 13902, USA)

Abstract: Nitrogen (N) is an essential element for all biological organisms and is often a
limiting factor in biological systems. Human activities have more than doubled the amount of
reactive N annually entering the biosphere, and led to altered N biogeochemistry from local to global
scales. In any earth ecosystem, elevated N input can increase N storage, alter N transformations and
transfers within the system, and increase aqueous and gaseous N losses from the system. Altered N
cycling can also interact with other biogeochemical changes such as altering C cycling by affecting
both primary production and decomposition. Studies in urban ecosystems demonstrated that large
quantity of inorganic N could be accumulated in soil, a phenomena rarely seen in any natural
ecosystem. More often, increased N input through atmospheric deposition alters the process of N
cycling, leads to increased nitrification, higher soil nitrate concentration, and higher leaching loss
and denitrification. Urban watersheds which are receiving higher flux of N input but have reduced N
retention capacity, often have higher N export in streams and groundwater recharges, polluting local
and regional aquatic ecosystems. Higher N availability in terrestrial ecosystems can also lead to
higher primary production, if excess N can be retained and is available to plants. Current researches
suggested that organic C accumulation in soils could greatly affect N retention, yet the detailed
mechanisms of C-N coupling remain unclear. Restoration process accompanies the accumulation of
both C and N, consequently, would lead simultaneously to C sequestration, N retention, increase in
soil fertility, improve in water quality, in addition to conserving biodiversity and bringing economic

benefits to local community.
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Ecosystem photosynthesis and respiration:
Key processes in global carbon cycling
Jianwu TANG

(Institute of Plant Biology and Conservation, Chicago Botanic Garden and Northwestern
University, 1000 Lake Cook Road, Glencoe, IL 60022, USA
Email: jtang2003@cal.berkeley.edu)

Abstract: Climate change is an emerging global environmental problem deteriorating both
natural ecosystems and human society in the 21* century. Climate change is mainly induced by
anthropogenic emissions of greenhouse gases, particularly CO, through combustion of fossil fuels,
which destroys the delicate balance of carbon cycling between ecosystems and the atmosphere.
Compared with human emissions of carbon (5-7 Pg C/year), the carbon exchange between terrestrial
ecosystems and the atmosphere is much greater (approximately 120 Pg C/year). Ecosystem
photosynthesis and respiration are key processes driving ecosystem production and global carbon
cycling. The net difference of photosynthesis and respiration has a potential to either accelerate
climate change or mitigate climate change.

Plant photosynthesis fixes sunlight and converts CO, and water into carbohydrate, and thus
provides all the energy available to plants, animals, and microbes. Leaf-level photosynthesis is
primarily limited by light and CO, availability, and regulated by stomatal conductance. Leaf-level
photosynthesis can be measured by chamber-based infra-red gas analyzers. The Farquhar model
successfully simulates leaf-level photosynthesis for both C3 and C4 plants. Gross primary
production (GPP) integrates the sum of photosynthesis by all leaves in an ecosystem. Direct
measurement of GPP is currently difficult.

Plant and microbial respiration decomposes carbohydrate and provides energy essential for
growth and maintenance. Plant respiration (leaf, wood, and root respiration) is mainly controlled by
temperature, but recent studies have shown photosynthesis regulates respiration in addition to
environmental controls. Soil respiration (root and microbial respiration) is mainly controlled by soil
temperature, but in many ecosystems soil respiration is controlled more by soil moisture than
temperature. Plant respiration and soil respiration can be measured by chamber-based methods.
Ecosystem respiration (Ree,) is the sum of autotrophic respiration and heterotrophic respiration.
Qo-type respiration models are empirical models to simulate respiration. Currently, there are no
process-based respiration models.

Net ecosystem production (NEP), the difference between GPP and R, can be directly
measured by recently developed eddy covariance techniques. NEP is an indicator of carbon sink or
source in an ecosystem. We can derive GPP and R, by interpreting eddy covariance flux
measurement. The global deployment of eddy covariance flux measurement sites (Fluxnet) is to
examine global variations of NEP, GPP, and R.., among ecosystems and across time, and to support
and validate global and regional ecosystem carbon models.

On the global scale, both GPP and R, vary among ecosystem type, age, and environmental
conditions. But our knowledge in GPP and R, is still limited. To understand the capacity and future
changes of terrestrial ecosystems to absorb carbon, and the impacts of climate change on ecosystems,
we should combine the eddy covariance, chamber-based, biometric, and remote sensing methods,
advance understanding of photosynthesis and respiration, and develop process-based ecosystem
dynamic models.
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Landscape Ecology: Challenges

Jiquan CHEN

(Department of Environmental Sciences, University of Toledo, Toledo, OH 43606; Email:

Jiquan.Chen@utoledo.edu; Phone: 419-530-2664 )

Abstract: With a brief overview of landscape ecology in context of broader ecological science,
I will highlight the process and major component of modern landscape ecology. More importantly,
I provide my view of four major challenges facing ecologists aiming at advancing this young
scientific discipline. They are: 1) developing innovative field and lab experiments for testing
sound hypotheses; 2) engaging diverse scientific community and decision makers; 3) incorporating
high technology into landscape ecology; and 4) advancing landscape ecology by developing sound

theories, principles, and applications.
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Landscape structure and ecological processes

Bojie FU
(State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Landscape structure refers to the composition and spatial configuration of the
ecosystem or land use/cover types nested in a landscape. Ecological processes represent the flows
and transformations of material, energy, information within and among the ecosystems or land
use/cover types in a landscape. Thus, the physical, chemical and biological processes and the human
impacts on and response to these processes are all relevant to the analysis of ecological processes in
a broad perspective. The relationships between landscape structure and ecological process are at
least as complex as the landscape itself as an integrative earth surface entity. Consequently, the
researches on these relationships become one of the core fields and the main direction of landscape
ecology. Generally, landscape structure influences and regulates ecological processes; on the other
hand the landscape structure will change under the persistent functioning of ecological processes. To
characterize these relationships, however, the ecological process and the pertinent spatiotemporal
scale need to be defined at first because of the scale dependency of these relationships. Scale effects
and scaling of these relationships are still big challenges in landscape ecological studies.

More specifically, the relationships between landscape structure and ecological processes were
discussed from the perspectives of soil moisture, soil nutrient, soil erosion, sustainable land use and
ecological rehabilitation. The spatiotemporal variation of soil moisture is influenced by landscape
structure at a series of spatial scales including individual patch/ecosystem, hill slope, watershed, and
region. The landscape mosaic influence the distribution and movement of soil nutrient, hence, soil
nutrient changes with the change of landscape structure. Furthermore, the change of landscape
structure can intensify or mitigate soil erosion. The landscape structure change and ecological
succession during ecological rehabilitation can improve landscape hydro-ecological functions. The
interaction mechanisms between landscape structure and soil erosion may vary with spatiotemporal
scales. The multi-scale soil loss evaluation indices integrated landscape structure and other important
factors and their scaling under the same theoretic framework. These indices are potentially useful for
soil erosion diagnosis, risk assessment, and decision making on erosion control from hill slope to
regional scales. Besides in-depth studies on the relationship between landscape structure and certain
ecological process and its scaling effects, the integrative researches at large scale and across multiple

scales need also be attached much importance.
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Global Dust Storm Climate and Dust Strom Modelling

Yaping SHAO
(Institute for Geophysics and Meteorology, University of Cologne, F. R. Germany
yshao@meteo.uni-koeln.de)

Abstract: North Africa, Northeast Asia, Southeast Asia, the Middle East and Australia are the
most important dust sources to the global atmosphere. Severe dust storms often develop in these
regions, which lift large quantities of dust particles into the atmosphere and transport them over
thousands of kilometres. Dust storms are in the first instance a geological and climatologic
phenomenon, but are influenced to some degree by human activities. To better understand the nature
of dust storms in China, it is important to examine them in the context of global dust climatology
and to compare the atmospheric and ecological conditions for dust storms in the various regions. In
this talk, an overview of global dust climatology will be presented. Dust storm models have been
under development since the 1980s. The most challenging problems for dust modelling lie in the
parameterizations for dust emission and the deposition. These processes are complex and are
influenced by a number of environmental factors, e.g., soil type and vegetation cover. To overcome
these difficulties, it is necessary to integrate the knowledge from a wide range of disciplines,
including atmospheric science and ecology. In this talk, a review on dust storm modelling and an

outline of the challenges will be given. Examples of dust storm modelling will be shown.
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Wetland Destruction, Loss, and Restoration

Mei-Yin WU
(Center for Earth and Environmental Science, State University of New York,
College at Plattsburgh, Plattsburgh, NY 12901, USA.)

Abstract: Wetlands include both natural and human-made lands transitional between terrestrial
and aquatic systems. Shallow and sometimes temporary or intermittent water is the primary factor
controlling the environment and the associated plant and animal life. Wetlands are commonly
referred to as swamps, marshes, bogs, fens, mangrove, meadow, etc. and can be found on every
continent except Antarctica. The extent of the world’s wetlands is generally thought to be from 5.3 to
12.8 million km®, or about 3.6 to 8.6% of the land surface of the Earth. Although wetlands are
considered a valued resource because they supply useful products and perform important functions,
about 50% of the global wetland area has been lost mainly due to human activities. Despite the
many laws and international agreements that have been initiated to protect wetlands, they are still
being lost at an alarming rate and much of the remaining area suffers from degradation.

Common threats to wetlands include hydrological alteration, filling, peat mining, mineral and
water extraction, plant and animal harvesting, water pollution, salinization, exotic species invasion,
and climate change. As wetland area is lost or is degraded, functions provided by wetlands are also
lost. Wetland ecosystems function to: 1.) support biodiversity, 2.) maintain air and water quality, 3.)
recharge aquifers, and 4.) reduce flood/storm damage. These functions have been estimated to
contribute up to 40% of global annual renewable ecosystem services with a value of $13 trillion per
year. To reduce wetland degradation, and to recover lost wetland area and ecosystem services,
wetland restoration-activities assisting wetland recovery from degradation, damage or
destruction-has been implemented worldwide.

Wetland restoration projects are similar to phased experiments. First, it is crucial to identify
restoration goal(s). Second, it is important to obtain a thorough understanding of the study site by
conducting a detailed site survey. A wetland site survey typically includes sampling wetland
hydrology, water chemistry, plant and animal communities, site topography, and soil profiles.
Following a site survey, restoration strategies will be identified and planned in detail. In most cases,
special permits are required to conduct a wetland restoration project.  Pre-restoration
communication with regulatory agencies is strongly recommended. Upon completion of restoration
activities, post-restoration monitoring might be required by regulatory agencies for up to 5 years to
assess results of restoration efforts. Although restoration might be able to reverse some wetland
degradation, many damages, particularly to ecosystem functions, might not be reversible.
Preventing wetlands from further destruction and degradation is essential to protecting wetland
ecosystems and the critical functions and services that they provide.
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Ecological Complexity of the Everglades Wetlands:
Processes and Patterns

Quan DONG

(National Park Service South Florida Ecosystem Office, 950 N.
Krome Avenue, Homestead, FI 33030, USA)

Abstract: Simple minds of humans necessitate simplification in ecological studies.
Nevertheless, simplification is challenging, particularly in the studies of the mechanistic links of
processes and patterns. This presentation uses the studies in the Everglades to show how simple or
complex processes determine the simplicity and complexity in patterns, the challenges, and new
approaches. First, simple processes can generate simple patterns. For example, abiotic environmental
factors can set constraints on the abundance and distribution of populations. In the studies of these
constraints, biological complexity is often hidden and unmeasured, nevertheless, can cause biases in
quantification of these constraints. We used quantile regression to quantify hydrological constraints
on the Cape Sable Seaside Sparrow, Ammodramus maritimus mirabilis, in order to avoid the biases
that traditional statistical methods would bring about. Second, simple processes can generate
complex patterns. For example, simple nonlinear processes can generate multiple steady states,
threshold effects, and hysteresis. This occurs in the periphyton dominated freshwater slough
ecosystem, because of a simple Grinnellian niche response to phosphorus and the phosphorus
removal effect of periphyton. We used multiple model selection methods to evaluate the multiple
steady states hypothesis. Often, relatively simple ecosystems show instable, unpredictable, and thus
complex behaviors. Third, simple patterns may require complex mechanisms to generate and
maintain, such as trophic cascades. We found an escalated trophic cascades exist in the grazer chain
in a detritus-based food web, due to the hidden detrital energy shunt. Fourth, complex processes
also can generate complex patterns. I proposed the nonlinear pulse transmission hypothesis: a
trajectory trophic cascade may operate to influence the pulse transmission across trophic links in the
marsh aquatic food web. The hydrological pulses and particularly dry-outs produce and maintain
oscillations in producers and consumers, a significant detrital support to predators allows an
escalated top-down control on herbivores, and the weak herbivory link disengaged primary
producers from trickle-down of consumer oscillations. As a result, the hydrological pulses
transmitted through the trajectories of primary producers, then offset, resonated, or intruded by
trophic oscillations, to produce complicated patterns in primary consumers and predators. These case
studies suggested that we need a meta-frame modeling approach with hierarchical and modular
design and model-based statistics to simplify our conceptual framework, to characterize complexity,
and to generate alternative models and hypotheses, to characterize uncertainty, and to develop

predictive ecology.
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Application of Stable Isotope Analysis in Food Web Ecology

Binhe GU

(Everglades Division, South Florida Water Management District, 3301 Gun Club Road, West Palm
Beach Florida 33406 USA and College of Arts and Sciences, University of South Florida, 140 7"
Avenue South, St Petersburg, Florida 33701 USA)

Abstract: Food web ecology depicts the complex trophic connections among producers and
consumers in ecosystems and is the basis for the study of ecosystem function. Traditionally, our
knowledge of food webs comes from dietary analysis, field and laboratory observations of animal
feeding. These approaches may provide a poor understanding of the sources of energy and the
trophic links among consumers because many trophic relationships are not visible. Furthermore,
these methods only provide information on the food ingested by animals, the various sources of
which are not necessarily assimilated or assimilated equally. Stable isotope analysis (SIA) of carbon
(d"C) and nitrogen (d"°N) has become a powerful tool for the studies of food web ecology in recent
years. Food web research using SIA is based on three assumptions: (1) the organic carbon having
different origins possesses a distinct stable carbon isotope signal; (2) there is little or no isotope
fractionation of carbon (~0.5%o) during animal feeding, digestion and assimilation and (3) the stable
nitrogen isotope ratio of the tissue of a consumer is enriched by 3.4%o., on average, relative to its diet.
Therefore, the d"°C is used to indicate carbon flow while the d"°N is used to indicate the trophic
position of consumers. There are several advantages of SIA over conventional analyses. First, stable
isotopes provide a record of the food assimilated by consumers, rather than the food ingested.
Second, stable isotopes integrate animal feeding over time and space, thereby providing insights into
the trophic history of a consumer. Stable isotope analysis in food web ecology includes tracing the
energy sources supporting the food webs, food web structure, food chain length, trophic position and
isotopic niche width. I will use examples from my work and the literature to illustrate the

applications of SIA to food web research.
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The application of the nitrogen stable isotope technique
in studying ecosystem processes

Scott X. Chang', Woo-Jung Choi’

(1 Department of Renewable Resources, University of Alberta, Edmonton, Alberta Canada T6G
2E3; 2 Department of Biosystems & Agricultural Engineering, Chonnam National University,
Gwangju 500-757, Korea)

Abstract: With the advancement of techniques for measuring stable N isotope compositions
with small sample size and low N concentrations, the natural abundance N stable isotope technique
has now been extensively used to understand the mechanisms for N cycling. Such applications range
from using N stable isotope ratios [815N, calculated as (15N atom% of sample — PN atom% of
standard)/"°N atom% of standard x 1000, the standard for N is atmospheric N,, which has an atom%
of 0.3663% and by definition its 8'°N is 0%o] as a diet pattern biomarker of living organisms to
archaeological studies of human diet, and from potentially detecting the use of inorganic fertilizers
in an organic farming system to inferring N cycling processes under various management or
disturbance regimes (such as fertilization, cultivation, air pollution) in different ecosystems. Those
applications are based on widely observed enrichment of '°N up the food chain, the preservation of
the stable isotope signature in the N cycling process, and the widely reported discrimination (or
fractionation) of the isotope during some of the N cycling processes. Discrimination occurs because
the rate of reaction of molecules bearing the lighter isotope is faster than those bearing the heavier
isotope and as a result, the product of a reaction is depleted in the heavier N isotope (°N). The
degree of isotopic discrimination is measured by the isotope discrimination factor a (0=k,4/k s=the
rate constant of molecules bearing '*N/the rate constant of molecules bearing '°N, o>1). In terrestrial
ecosystems, nitrification (o between 1.015 and 1.035, same below), denitrification (1.020~1.033)
and ammonia volatilization (1.020~1.029) are known to cause large N isotope discriminations, while
biological N fixation, ammonification, and plant N uptake cause little or no N discrimination. In our
labs, we have successfully used the natural abundance "N technique to test hypotheses about N
cycling in ecosystems, including investigations of air pollution, soil compaction, irrigation and
inorganic N fertilization, manure application, and peatland drainage effects on 8"°N in plant and soil
samples. We, however, cannot as yet to conveniently use this technique to quantitatively study the
processes of N cycling, due exactly to the discriminations of the N isotopes that can have

counteractive effects on the 8'"°N signature in plant and soil samples.



\\’/ BoplX2E2%iRAE AEL LY Gt B

AL L X - '
P gt The Fourth International Symposium on Modern Ecology
NELTHBEFEESRAZME KT EBIERRNERE

M
(MEFTFRASFELERE; NRFRFAPHFFR FREF 010021)

O FETRKIK 20 SRR A S MR RE IS 0 A A AR G R A R ) N P s
LR TR A /N I A A AE s 1 R P 3 T B T —— O LB R T AT 45
DR RS R G R AR S PO/ (KT TLRE D) 8 kg A TR 5 1 P g e ) 1 iz —
UL, ATRURT S 1 7 AR TBCHCE PRS2 966 7 5 8 T R 1) B A1 PR BRI A 1A/ A
MR . B S EU B R SR, XA R Cal i E O A A B
e . IR SR A AE S 3 BURTE A8 S TR RO R A AE . Dk, il K BRI 20 i
LAl M IR 5 R B — 2R s P90 T SR K A R S AR IR B Jsrh g4 IR W s K B
FARN, EGS R 78 g b TR T AR TS S K e R B AR I R R AT
IR BRI di B AR, ARV S R HURAR YR AT NG, Uk B 5 SO v 1) B oSG R ORAT
FEHLR KRNI T, X2/ NGTRE CRAIEAE F 85 5l BE K R 55 1F N A it 42
Wi MR AU 5 s R K R I i LR AR, N VR 2R IE i SRR
7R 2 BN K 3 S 2R RN K/, 0™ B SZ 5 (R AR B 2 e M A 2R K 20 B TRV
PR BRI I ARAC R A RO 5 R T4 A, X 4 AR SRS R 1 5 (1
A REABLHISK, B LR BA T AYIEATIE ST, BT SE A 51K T
MR R EIEAI NS TRa 0 BT AL 5 2840 L (1 K/ 5 22 Dok e FL ) AR RN R A2
A DR T/ AR A, SWERAE i 22 /D ARk . W0 I 4 R AR ] SR A RN AL IR fift
P22 S ROE W R A AR/, (BT I 2 LA B B N LR . ARIE LA B AR, A
PSP I HE R AN PR o ASIUIETTUE T L) P A 10 240 M sl 35 A
T SRS RO AT S E T . BeAh, SEWF T AR R A I T i A A S
TIRRSLIOCR, WE LR SR TR S EUE IR R AR

A AR AR G IR R R S R R R AR R S (R T AR i 1 DASIE B 8 B R ()
LR, FOPLERE I T 2 D S SO S S AR Y SR G i SRHE A AR
A8 ] SR R I PE TR R I 3% T i 2 VB AL DR S AR R AR A, IR 22
fERIXIAVE R AR B RS s A AR RN A B U Xk e P TSR PR e A 2 A S A5t
B JUE S AR GUN MRS R AN R et LR A AT LA LS, SE X HEBI VR

AR FAT R R o AR rh AR A A (1022 1) 0 A1 6 S5 T DURS 52 5B i BB i)
SEARIRON o

&



\\,/ o NXE2EFTHAE ARLKRT GF i H

ecooe
4::;“:‘; The Fourth International Symposium on Modern Ecology
i1 b L

Advance Research On Mechanism Of Succession In The Damaged
Ecosystem Restoration In Typical Steppe, Inner Mongolia

Wei WANG

Abstract: The mechanism of succession in the damaged ecosystem restoration indicates that
the change of plant individual size plays a important role and is the key points in the process of
succession based on the monitoring the succession of the damaged ecosystem restoration more than
20 years in typical steppe. The research tries to answer the mechanism of change of plant individual
size in the process of ecosystem succession in steppe. The trample by grazing livestock has
remarkable effect on “miniaturization” of plant individual size through decompounding the graze
experiment. Trampling on the soil leads to form the tight layer. This layer has been confirmed with
analyzing the micro-configuration of the soil profile. The tight soil layer must cause the
diversification of environment in community and partitioning pattern of resources. So, following the
trail of this clue on the different factors effect on water resource portioning and bioavailability, we
studied the quantity of the dew and its role in typical steppe firstly. Though the quantity of dew is
very small, it has important function that can be supply the loses of soil water caused by the latent
heat releases at night. Secondly, the rainfall is the main way that the steppe obtains the water
resource. The surface runoff increase correspondingly after community damaged. We proved that
the rainfall in community would be conserved firstly in the small holes of micro-topography on the
soil surface. Those small holes can guarantee that will not form the surface runoff under the
condition of the medium-sized intensity of precipitation. Finally, the community evapotranspiration
is the most important way for losing water in steppe. Through analyzing the community
evapotranspiration, we confirmed that the community lost most of water through transpiration in the
restored community, while through evaporation from soil in the seriously damaged community.

The diversification in environment and resources provide the good conditions for the change of
plant individual size. Those conditions could be embodied through the response of plant oneself.
Then, analyzing the size and number of all kinds of cells in the plant tissues through anatomizing the
nutrition organs of the plants, it confirmed the change of plant individual size caused by the change
of cells size or number. The conclusion showed the anatomy results leading to “miniaturization” of
plant individual size are cells smaller, but cells increasing sometimes. According to the existing
biological knowledge, the endogenous hormone is usually the controlling the change of plant
individual size. We have proved that the cell kinetin and abscisic acid in plants have the remarkable
role on controlling the change of plant individual size. Furthermore, we have also studied the
distribution of roots in soil and its relationship with the tightness of soil. The role of the tight layer of
soil lead to the distribution of plant roots more shallow.

The succession in steppe ecosystem essentially is the response of plant community under
special effects in order to carry out the maintenance by itself. Its mechanism is adjusting the negative
feedbacks maintained by a good many effects of negative feedback. In typical steppe, it can be
supply the loses of nitrogen caused by over graze through increasing the plants of nitrogen fixation,
such as leguminous plants and Nostoc commue, and save the procreated herb plants and delay the
soil erosion by wind through intense thicketization, and also the “miniaturization” of plant individual
size and rigidification are the most effective negative feedback to over graze.

It can’ t be avoided that appear the interaction among kinds of the plants in the process of
restoration succession in steppe ecosystem. Competition promotes the community success further.
The space distribution pattern each plant population in community can be used to confirm the effect
of the interspecific competition among every phase of succession.
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Biodiversity Information Management and Web-based Sharing
Keping MA
(Institute of Botany, Chinese Academy of Sciences, Beijing 100093)

Abstract: China is one of the mega-diversity countries worldwide. According to Flora
Reipublicae Popularis Sinicae, there are 31142 plant species, 52% of which are endemic to China. In
order to provide sound basis for plant conservation and sustainable use in China, we set up the
Chinese Virtual Herbarium (CVH, http://www.cvh.org.cn). In the CVH, there are 4 major
components, namely digitized specimens, plant database, e-floras and photos. From the digitized
specimen module, you can find information for more than 2 million regular specimens and 3000 type
specimens; For plant database module, a number of databases are ready for query, such as national
plant checklist, botanical literature database, Chinese herbaria database and interactive keys; E-floras
include Flora Reipublicae Popularis Sinicae, Flora of China, Flora of Tibet, Flora of Qinghai,
Flora of Qinling Mt., Flora of Sichuan and Flora of Hainan; Over 27700 plant color photos were
uploaded to CVH, which Dbelong to 245 families 1486genera and 3870
species(http://www.cvh.ac.cn/gallery/). In addition, we also developed a searching engine for major
international herbaria and related databases. From late 2006, we started to prepare a CD ROM for
Catalogue of Life China. Now, we have the trial version and will complete the first version in late
2007, which will include a national checklist for higher plants, vertebrate and some fungi and

bacteria.
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Interactive effects of diversity, density and biomass
on productivity: insights from succession

Qinfeng GUO

(U.S. Geological Survey, Jamestown, ND 58401, USA
USDA-Southern Research Station, Asheville, NC 28804, USA)

Abstract: Do commonly observed spatial relationships also exist over time? As an example of
attempting to answer this question, this article examines whether the frequently observed
density-biomass-productivity-diversity relationships over space can also be seen over time.
Syntheses of long-term data and literature show that when the full successional cycles are examined,
diversity, density, and productivity are usually positively related to each other but unimodally related
to biomass. These relations are consistent with frequently observed patterns over space. The
explanations proposed for the spatial relationships regarding how these variables affect each other
may also apply to the temporal patterns. However, as these community variables are temporally
correlated and change simultaneously with physical factors and with time, identifying any causal

relationships among them need experimental confirmation.
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Dynamics and response to different treatments of AM fungi
in Inner Mongolia steppe

Su Yuan-Ying', Zhang Ying', Liang Yu® & Guo Liang-Dong'
(1 Systematic Mycology & Lichenology Laboratory, Institute of Microbiology, Chinese Academy of
Sciences, Beijing 100101, China.
2 Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093, China)

Abstract: Arbuscular mycorrhizal (AM) fungi are widely distributed and form mutualistic
symbioses with most vascular plants in grassland ecosystems. Therefore, AM fungi play an
important ecological role in determining plant diversity and species composition in terrestrial
ecosystems. The basic aims of this study were to understand how AM fungal colonization and
species composition vary in response to different managements of natural grassland ecosystem and
seasonal dynamics in Inner Mongolia steppe.

To study the seasonal dynamics of AM fungi, five common grass species, Stipa grandis,
Leymus chinensis, Agropyron cristatum, Cleistogenes squarrosa and Anemarrhena asphodeloides,
were selected in Stipa grandis plot. The results indicated that AM fungal root length colonization rate
was the highest in June, and spore density was the highest in September. There was not host
specificity of AM fungi. AM fungus composition was different between the roots and soil.

AM fungal structure and diversity were investigated in ungrazed, restored degraded and
overgrazed plots. A higher number (21 taxa) of AM fungi were isolated, and lower spore density
(8-21 spores/100g soil) was found. AM fungal colonization and composition were conspicuously
affected by long-term overgrazing. The spore density and species richness of AM fungi significantly
decreased by long-term overgrazing. It suggests that the AM fungal diversity and colonization are
greatly affected by long-term overgrazing, and fencing is better way for restoration of AM fungi in
severely degraded grassland in natural ecosystem.

The influence of heating and watering on AM fungal community was performed in natural
grassland. Results indicated that heating and watering had little effect on the AM colonization, but
they had significant effect on the relative abundance of two dominant AM fungi Glomus etunicatum
and G. ambisporum. AM fungal colonization and spore composition were conspicuously affected by
seasonal and inter-year changes. Heating showed significantly negative effect on inter-year changes

of proportion of non-dominant species and diversity of the AM fungal community.
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Biodiversity and Ecosystem functioning: Beyond Complementarity
and Positive Selection (Sampling) Effects

Lin JIANG

(School of Biology, Georgia Institute of Technology, Atlanta, Georgia 30338, U.S.A.
Email: lin.jiang@biology.gatech.edu)

Abstract: Human activities have impacted most natural ecosystems on Earth, leading to
unprecedented rates of species extinction around the globe. Driven by concerns that biodiversity loss
may impair services provided by ecosystems to the human society, ecologists have recently devoted
considerable efforts into understanding the relationship between biodiversity and ecosystem
functioning (BEF). Much of this research has focused on the effects of changing species diversity on
aggregate community biomass. Many experimental studies on this subject have shown that aggregate
community biomass tends to increase as the number of species increases in the community, a
phenomenon that can be explained by two mechanisms: niche complementarity (larger production
associated with increased complementary niche use in diverse communities) and positive selection
(or sampling) effects (larger production associated with higher probabilities that diverse
communities contain dominant productive species).

Here I argue that it is still premature to conclude that there exists a general positive BEF
relationship. In particular, strong density compensation (the decline of population density with
species diversity) and negative selection effects (the increased likelihood of diverse communities
containing dominant species that contribute little to ecosystem functions) may result in the
magnitude of ecosystem functioning being decoupled from the level of species diversity. Density
compensation and negative selection effects, as well as complementarity and positive selection
effects, represent different outcomes of the same competitive sorting process. Competition with little
niche overlap leads to niche complementarity, whereas competition with considerable niche overlap
leads to density compensation (where all species were more or less equally affected by competition),
positive selection effects (where species with large contributions to ecosystem functioning dominate),
and negative selection effects (where species with small contributions to ecosystem functioning
dominate). I suggest that current BEF studies have underappreciated the potentially important roles
of density compensation and negative selection effects. While the emergence of density
compensation often requires multiple generations’ competitive interactions, existing BEF
experiments, conducted mostly in plant communities, rarely lasted for one full generation. Also,
given the common presence of keystone species which, despite their low abundance or biomass, can
impose large influences on ecosystem functions, negative selection effects are likely to be common
when examining ecosystem functions other than aggregate community biomass.

I use two of my own experiments to support my arguments. Both experiments were conducted
in laboratory microcosms using fast reproducing microbial species. One experiment investigated the
response of aggregate community biomass to changes in the number of species of bacterivorous
protists and rotifers. Community-wide density compensation resulted in aggregate community
biomass being independent of species diversity, with little evidence for complementarity or selection
effects. Another experiment explored the effects of changing bacterial diversity on bacteria-mediated
organic matter decomposition and biomass production of a bacterivorous protist. Both
decomposition and bacterial consumer abundance were unaffected by bacterial diversity, a resulted
accounted for by negative selection effects.



