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Preface

At the Ist International Congress of Ecology at the Hague in Sep-
tember 1974, a symposium was organized by de Wit and Goodall,
with the title: ‘Critical evaluation of systems analysis and modelling
in ecosystems research and management. Data collection and pro-
cessing for predictive purposes.’

The symposium aroused considerable interest and so the organisers
decided to bring together the proceedings, together with other papers,
some of which were presented at the Congress, into this book.

As pointed out in the introductory paper it is only in the last decade
that some biologists have adopted the systems analysis approach
to their problems, an approach long used by engineers and in oper-
ations research. It is appropriate to look at the value the approach has
proved so far, and to its future role in ecosystems research and manage-
ment.

The physicist has almost perfect knowledge about the behaviour of the
systems with which he works. But the biologist often works with sys-
tems about which little is known, and where the response of an
organism to a given change in its environment is not fixed. Also,
biological systems often have many more feedbacks which means that
a change in one part of the system can cause changes in other parts.
Thus the construction of simulation models of biological systems for
predictive purposes, whilst technically feasible, requires considerable
care. The objectives of the model must be explicit since these will
largely determine the structure of the model, the functions included and
the degree of resolution to which the system is simulated.

Some of the problems of modelling ecosystems are introduced by de
Wit and Arnold in the first paper. Goodall’s paper gives an illustration
of how to use the hierarchical approach to model building. Van Keulen
goes on to consider the principles which should govern decisions on
the structure of a model in more detail, i.e. the objectives, the bound-
aries of the model, the processes incorporated in the model, evaluating
the output of the model, and the model’s behaviour in response to
changes in inputs or in the rates of certain processes.



Two papers illustrate divergent uses of modelling ecosystems.
Jameson considers the problem of developing generalized models of
grassland ecosystems which will provide the input data for manage-
ment models; Miller and Mooney use a biological process model to
consider the most efficient vegetation forms and functions in two
Mediterranean environments and compare these with the vegetation
that occurs.

The most widespread effort in ecosystem modelling has been in pro-
ducing models of grassland systems used by man for livestock produc-
tion. Seligman critically reviews some of these models. Such criticism
should allow future models to be more soundly constructed for their
given objectives.

Finally, Jeffers discusses the future prospects of systems analysis in
ecology. He looks at the broad application of models and discusses not
only the problem of defining and bounding models but also the
management of the team needed for model construction and validation
and, most importantly, how to communicate the model and its results.
Systems analysis, it has been argued, allows a more logical appre-
ciation of ecosystems and the impact of management strategies on them
than is normally possible using mental models. With many ecosystems
experimental verification of predicted results is impossible because
irreversible changes may occur during the process or the time scale
and cost of such studies are too great. Yet man will continue to inter-
fere with ecosystems either for better or for worse. Decisions about the
type of interference, or management, have to be made. Systems analysis
can provide a framework for more soundly based decisions than can be
achieved in other ways but only if those analysing and modelling the
system do so within a sound conceptual framework, with clear goals
in mind and realising that no model is the final synthesis of a problem
but merely the beginning point for further study. That study must
include physical experimentation since the ecosystems cannot be
studied by simulation modelling alone. Modelling is only part of the
systems analysis approach to the study of ecosystems.

It is hoped that the papers in this book will help those who will be
involved in modelling ecosystems to be more critical and to avoid some
of the pitfalls, so that they may provide decision makers with better
bases for their decisions, and thus for more efficient management
of the earth’s resources.



Some speculation on simulation

C. T. de Wit and G. W. Arnold
Systems and models

For more than 30 years, considerable attention has been paid in the
engineering sciences to the analysis of complex, dynamic systems and
with considerable success. The approach, which is now being adopted
in the biological sciences, is characterized by the terms: systems, models
and simulation. A system is a part of reality that contains interrelated
elements, a model is a simplified representation of a system and simula-
tion may be defined as the art of building mathematical models and the
study of their properties in reference to those of the system.
Although any model should have definite goals, be lucid and achieve
its objective, it seems in practice that goals are too often described in
such broad terms that sufficient lucidity is reached only for the initiated
and that the models are achieving less than expected by the biologists.
For these reasons the word ‘art’ rather than ‘science’ is used in the
definition of simulation.

It follows from the definition that a model is a system, but the reverse
may be true as well. A work of art is a simplified representation or a
model of the vision of the artist. A machine is a model of the concep-
tion of the engineer and it performs certainly worse than anticipated.
And when an engineer applies simulation, he develops models that are
in between his conception and reality. The ultimate machine is in fact
a model of his simulation model, that is a simplified representation
of his mental conception.

Although some would like it otherwise, biological systems are not
simplified representations of the conception of the biologist and the
inversion of the terms, models and systems does not make any sense.
Therefore, it may be that the approach that has been so successful in
engineering is not as useful in biology. Fools rush in where wise men
fear to tread, and much of the rushing in this field of simulation in
biology is done by agronomists, perhaps because they are fools, but
may be because they are concerned with systems in which the technical
aspects overrule the biological aspects.






