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PREFACE

ystems ecology, also called ecosystem theory, offers today a complete theory about how ecosystems are working as

systems. The theory will inevitably be improved in the coming years, when it hopefully will be used increasingly to
explain ecological observations and to facilitate environmental management including the use of ecotechnology. The
theory is, however, sufficiently developed today to be presented as a complete theory that offers a wide spectrum of
applications. Only through a wider application of the theory — or let us call what we have today propositions of a theory —
it will be possible to see the shortcomings of the present theory and propose improvement of the theory.

The book consists of three parts. The part Ecosystems as Systems emphasizes the system properties of ecosystems
including the presentation of basic scientific propositions to a theory in the chapter Fundamental Laws in Ecology, while
the part Ecosystem Properties gives a more comprehensive overview of the holistic properties of ecosystems, which of
course — not surprisingly — are rooted in the system properties and covered by the propositions. The part Ecosystems
gives an overview of different types of ecosystems, how they function due to their characteristic ecosystem properties,
and how the scientific propositions can be applied to understand and illustrate their characteristic properties.

It is my hope that this book will be utilized intensively by ecologists and system ecologists to gain a deeper
understanding of ecosystems and their function and to initiate the development of ecology toward a more theoretical
science that can explain and predict reactions of ecosystems. By such a development, it will be possible to replace many
measurements that are often expensive to perform with sound theoretical considerations.

The book is based on the presentation of

I systems ecology as an ecological subdiscipline and
Il a very comprehensive overview of all types of ecosystems with many illustrations of their characteristic properties

in the recently published Ewcyclopedia of Ecology.

Due to an excellent work by the editor of the Ecosystem Section, Donald de Angelis, and the editor of the Systems
Ecology Section, Brian Fath, in the Encyclopedia of Ecology, it has been possible to present a comprehensive and very
informative overview of all types of ecosystems and an updated ecosystem theory. I would therefore like to thank Donald
and all the authors of ecosystem entries and Brian Fath and all the authors of systems ecology entries for their
contributions to the Encyclopedia of Ecology, which made it possible to produce this broad and up-to-date coverage of a
very important subdiscipline in ecology.

Sven Erik Jorgensen
Copenhagen, May 2009
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According to the definition by Tansley (1935), an ecosys-
tem is an integrated system composed of interacting biotic
and abiotic components. [t is important in this definition
that an ecosystem is a system, which implies that it has
boundaries and that we can distinguish between the sys-
tem and its environment — environment in principle
means the rest of the world beyond the boundaries of
the system. The components — biotic as well as abiotic —
are interacting, which means that they are connected
directly or indirectly. All systems that encompass inter-
acting biotic and abiotic components may be considered
as an ecosystem. A drop of polluted water may for
instance be considered an ecosystem, because it contains
microorganisms, organic matter, and inorganic salts and
these components are interacting. Usually, our ecosystem
research and management is interested in a larger area of
nature characterized by its funcuon and properties, for
instance a lake, a forest, or a wetland. All these three
examples of ecosystems have very characteristic functions
and have several unique properties that are different from
other types of ecosystems. The scale that is applied for the
definition of an ecosystem is dependent on the function of
the ecosystem and is determined by the addressed
problem.

Because an ecosystem has interacting and con-
nected biotic and abiotic components, it has system
properties in the sense that the components work
together to give the system emerging properties and
make the system more than just the sum of the com-
ponents. A living organism is much more than the
cells and the organs that make up the organism.
Similarly, a forest is more than just the trees — it is
a cooperative working unit with emerging unique
properties characteristic of a forest.

Tt is important to understand fully the function and the
reactions of ecosystems in both ecological research and
environmental management. The two basic questions in
this context are

1. Which fundamental
ecosystems?

2. Is it possible to formulate basic scientific propositions
that are able to explain the functions of ecosystems?

properties  characterize

It is attempted to answer these two core questions in the
parts Ecosystems as Systems and Ecosystem Properties of
this book, while the part Ecosystems gives an overview of
different types of ecosystems, how they function due to

their characteristic ecosystem properties, and how the
scientific propositions can be applied to understand and
illustrate their characterisic properties. The part
Ecosystems as Systems emphasizes the system properties
of ecosystems and also presents basic scientific proposi-
tions, while the part Ecosystem Properties gives a more
comprehensive overview of the holistic properties of
ecosystems, which of course — not surprisingly — are
rooted in the system properties.

The chapters Ecosystem Ecology, Ecological System
Thinking, and Ecosystems in the part Ecosystems as
Systems focus on the most fundamental system properties
that are derived from the above-presented definition of
ecosystems. The definition is repeated in all three chap-
ters with slight modifications. The system properties
presented in these three chapters may be summarized as
follows:

. Ecosystems cycle energy.

. Ecosystems cycle matter.

Life and environment are connected, which implies
that the environment of an ecosystem influences the
ecosystem. This influence determines the prevailing
conditions of the ecosystems, or expressed differently
the external variables (also called forcing functions)
determine the conditions for the internal variables
(also called state variables) of an ecosystem. The
wide spectrum of different ecosystems (the part
Ecosystems gives an overview) is the result of an over-
whelmingly large number of different conditions
(combinations of external variables).

4. Ecosystems are whole systems and studies of ecosys-
tem dynamics therefore require holistic views.

P

The human society is very dependent on the proper
functioning of ecosystems, because humans are using a
wide spectrum of services offered by the ecosystems. It is
therefore important to understand the ecosystem proper-
tes on which these services are based. The chapter
Ecosystem Services and partly the chapter Ecosystems
present the ecosystem services, which may be classified
into three groups:

— production services as we know them from agriculture,
fishery, forestry, and so on;

— regulation services due to cycling, filtration, transloca-
tion, and stabilization processes;

— cultural services such as recreation, spiritual inspiration,
and esthetic beauty.




