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The flow of energy and materials through organisms and the physical environment
provides a framework for understanding the diversity*! of form and functioning of
Earth’s physical and biological processes. Why do tropical forests have large trees but
accumulate*? only a thin layer of dead leaves on the soil surface, whereas tundra*’
supports small plants but an abundance of soil organic matter? @ Why does the
concentration of carbon dioxide in the atmosphere decrease in summer and increase in
winter? What happens to that portion of the nitrogen that is added to farmers’ fields but
is not harvested with the crop? Why has the introduction of exotic** species so strongly
affected the productivity and fire frequency of grasslands and forests? Why does the
number of people on Earth correlate*® so strongly with the concentration of methane in
the Antarctic*® ice cap or with the quantity of nitrogen entering Earth’s oceans? These
are representative questions addressed by ecosystem*’ ecology*®, @Answers to these
questions require an understanding of the interactions between organisms and their
physical environments —both the response of organisms to environment and the effects
of organisms on their environment. Addressing these questions also requires that we think
of integrated*® ecological systems rather than individual organisms or physical

components.

Ecosystem analysis seeks to understand the factors that regulate the pools (quantities)
and fluxes (flows) of materials and energy through ecological systems. These materials
include @carbon, water, nitrogen, rock-derived minerals such as phosphorus*'’, and
novel chemicals such as pesticides*!" or radionuclides*'? that people have added to the
environment. These materials are found in abiotic (nonbiological) pools such as soils,
rocks, water, and the atmosphere and in biotic pools such as plants, animals, and soil
microorganisms* >,
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Human activities transform the land surface, add or remove species, and alter
biogeochemical*!* cycles. Some human activities directly affect ecosystems through
activities such as resource harvest, land use change, and management; other effects are
indirect, as a result of changes in atmospheric*'® chemistry, hydrology*'¢, and climate.
At least some of these anthropogenic*!’ (i.e., human-caused) effects influence all
ecosystems on Earth.
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Human activities have influenced biogeochemical cycles in many ways. Use of
fossil*'® fuels and the expansion and intensification*! of agriculture have altered the
cycles of carbon, nitrogen, phosphorus, sulfur, and water on a global scale. @These
changes in biogeochemical cycles not only alter the ecosystems in which they occur but
also influence unmanaged ecosystems through changes in lateral**° fluxes of nutrients




and other materials through the atmosphere and surface waters. Land use changes,
including deforestation*?' and intensive use of fertilizers*?* and irrigation*?*, have
increased the concentrations of atmospheric gases that influence climate. Land
transformations*>* also cause runoff*?* and erosion*?® of sediments*?’ and nutrients that
lead to substantial changes in lakes, rivers, and coastal oceans.

Human activities introduce novel chemicals into the environment. Some apparently
harmless anthropogenic gases have had drastic effects on the atmosphere and ecosystems.

FEVE ¢ *1 diversity: ZAHEME, *2 accumulate: HEFET A, *3 tundra: Y K7, #4 exotic: D,
*5 correlate: BIfR 5. *6 Antarctic: FIHED, *7 ecosystem: EREFR, *8ecology: £RESFE, *9
integrate: $LE 3 5. *10 phosphorus: U >, *11 pesticides: #% M A, *12 radionuclides: HURHEEZ
&, *13 microorganisms: #*E4). *14 biogeochemical: A4 HIER({LFAY72, *15 atmospheric: K&
@, *16 hydrology: /KL%, *17 anthropogenic: AZH972, *18 fossil: {7, *19 intensification:
ALY, *20 lateral: 7KED, *21 deforestation: ZRAR{REE, *22 fertilizers: JEEF, *23 irrigation:
PR %24 transformations: ZEFZ. *25 runoff: . *26 erosion: {7, *27 sediments: T}

Hif : Chapin, F.S. I1I, Matson, P.A., and Mooney, H.A. (2002) The Ecosystem Concept in “Principles of
Terrestrial Ecosystem Ecology” pp 3-17, Springer-Verlag, New York, USA. X © &k - Pk
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