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are wrong (Weisskopf 1984). The recognition of these shortcomings is f
essential to the growth of science, because they show us where improve-
ment is necessary. Epistomologists have long recognized this by dividing
their studies of science into two phases dealing with creation or 'the |
context of discovery' and criticism or 'the context ofjustification' (Caws j
1969). Popper (1985) made the same distinction in describing science as a j
sequence of bold conjectures and critical refutations.

Kuhn (1970) reserved a special place for criticism in his influential j
book, The Structure of Scientific Revolutions. He believes that science I
cycles through periods of normality when scientists refme the details of j
the over-arching paradigms of the field, ignoring problematic obser-
vations and criticisms to continué the traditions of the field. In time, as
the appeal and fertility of the traditional subject áreas wane, the
importance of certain incongruities becomes more obvious, established j
techniques and tools seem inadequate for the questions of the day, and j
scientists try to reformulate the bases of the science to accommodate <
these changing views. Kuhn terms this period of questioning and re-
evaluation a 'crisis' in science, and holds that such a crisis precedes the
reformulation that constitutes a scientific revolution.

It is not too far-fetched to hope that ecology has entered a period of
crisis on the way to revolutionary change. Contemporary ecology
cannot answer many of the relevant environmental questions of the day.
The traditional topics, constructs and theories have come under harsh
scrutiny, and the traditional tools of the science, like simulation (Watt
1975), mathematical theory (Strong 1986a; Hall 1988), large research
teams (like those in the International Biological Program; Mclntosh
1985), and labóralory experiment (Diamond 1986) seem inadequate.
Many ecologists are actively seeking alternatives (Price, Slobodchikoff &
Gaud 1984).

It is exciting to be part of a science when the limits posed by traditional
thought are lifting and new ideas are encouraged. It is also a diíficult
period for individual scientists as long accepted premises are re-exa-
mined, criticized, and changed. Inevitably, this new critical attitude
erodes the sense of common purpose and camaraderie that once
characterized the science. Some researchers will be left behind with ideas
that no longer seem relevant, others will explore new tangents and
questions which eventually prove peripheral. Progress in science
demands that the future overwhelm the past, correcting its misconcep-
tions, improving its descriptions, and discarding its mistakes. Criticism
lays the ground work for scientific advance.

2 • Criteria

Scientific criticism compares a body of the literature to a set of standards
or criteria. This book judges the constructs of contemporary ecology
against the criterion that scientific theories must describe some aspect of
the universe. Proposed theories are therefore judged according to their
capacity to provide information about what we will and will not
encounter. This simply reformulates the widely accepted view that
scientific theories must make testable predictions about the phenomena
of nature. One purpose of this chapter is to advócate that view, but also

, to recognize that as an activity, science is more than a collection of
theories. Nevertheless, because this book is a critique of ecological
constructs as theories, discussion of the role of non-predictive devices is
limited, and largely limited to this chapter.

If scientific theories are characterized by predictive ability, the
branches of science are distinguished by the objects of prediction.
Ecology seeks to predict the abundances, distributions and other charac-
teristics of organisms in nature. Ecologists may deal with other
problems, like global warming or lake phosphorus concentrations, but
these biogeochemical topics are ecologically significant only because
they impinge upon organisms. This book contends that much of
contemporary ecology predicts neither the characteristics of organisms
ñor much of anything else. Therefore it represents neither ecological ñor
.more general scientific knowledge.

A number of criteria besides predictive power can be invoked to judge
scientific theories. Some of these, like accuracy, scope, testability and
simplicity (Kuhn 1977; Fagerstróm 1987), are elements of predictive
power. Others, like consistency with existing views, inspirational or
heuristic eífect (Kuhn 1977), beauty (Fagerstróm 1987) and understand-
mg (Lehman 1986) involve questions of individual reaction and personal
taste. Regardless of the importance given these subjective standards, one
criterion whereby a theory is judged must remain its capacity to inform
us about the external world; this is done by making 'predictions' or
'falsifiable' statements about what we are likely to encounter. If scientific
theories are to provide objective information about the external
universe, subjective criteria should complement, not confound, predic-
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tive power. A second purpose of this chapter is therefore to describe the
place of criteria that do not depend on predictive power, and therefore
that may either enhance or confound criticisms based on that defming
characteristic.

This chapter begins by establishing the importance of predictive
power for scientific theory, while acknowledging the importance of
non-predictive elements, like analogy and logic, in contemporary
scientific research and hypothetico-deductive science. It then examines
the implications of the proposition that predictive power is a defming
characteristic of scientific knowledge. Because these implications follow
from the definition of scientific knowledge, they are essential character-
istics of scientific theories and will be used to assess contemporary
ecological constructs in subsequent chapters.

By definition and example: logic, science and theory

The logically possible relations among selected aspects of the external
world could be determined by reason alone, without further input from
that world. However, that input is crucial to any knowledge of the
probabilities of the different possible relations. This limitation of reason
is the key to separating two fundamentally different aspects of human
knowledge. Identification of the possible is an intellectual, abstract
activity called 'logic'; identification of the probable is an empirical,
applied activity termed 'science'. As a body of knowledge, logic allows
us to list everything that might happen given certain premises, whereas
science allows us to determine which events are more likely.

In this book, all constructs that make potentially falsifiable predictions
are called 'theories'. Under this definition, theories isolate probable
phenomena from the larger set of logically possible phenomena, and
therefore provide information by telling us what probably will be
encountered and what probably will not. Theories are falsified when
unlikely events occur more often than expected, and the vast web of all
unfalsified scientific theories constitutes scientific knowledge.

Predictive constructs can be most easily illustrated by the use of an
average or a regression to make a prediction, because such humble
theories do not entail the problems of the grander theories of ecology
that fill most of the pages of this book, they are closer to the daily
working experience of most ecologists, and their consideration as
theories demystifies the term.

For example, the geometric mean for the abundance of raccoons

10

10

i io3

10toc
05
•o
c
.9 10
cO

Q.

8. 1

For North American, omnivorous

or carnivorous mammals

V = 3 6 X ~

0.01 0.1 10 100

Body mass (kg)

Fig. 2.1. A simple theory to predict the density of raccoons and other mammals
(Peters & Raelson 1984). If the preconditions are met (i.e. that the animal is a
mammalian omnivore or carnivore living in North America), then the density of
the animal may be estimated as Y ± error where Y is the median abundance
estimated by substituting the weight of the animal for X in the regression
equation.

(Procyon lotor) is 10 animáis km ~ 2 (95% confidence limits: 1 to 100; Lotze
& Anderson 1979). These statistics may be taken only as a summary of
past observations, but if it is supposed that these statistics also describe as
yet unobserved abundances of raccoons, then the statistics also serve as an
empirically derived theory. Such a simple theory specifies its goal (the
estimation of mean abundance), implies the domain of application
(raccoons, the user must derive any further specification from the
raccoon literature), states the expected valué (10 km~2), and the likely
error around this range (approximately ± 2 S.E.). In this case, the theory
specifies a probable range of raccoon abundance which is a much smaller
subset of the logically possible range of zero to infinity.

This theory is informative because it limits what we can expect. It is
falsifiable because other observations of raccoon abundance could lie
outside the predicted range more than 5% of the time. However, until
this falsification occurs, the theory may be the best available tool to
predict raccoon abundance.

A slightly more complex ecological theory (Fig. 2.1) predicts the
abundance of températe North American carnivorous and omnivorous


