CHAPTER TWO

tion error will decrease and then increase as model complex-
ity increases—with respect to reliability of prediction, there is
an optimal level of model complexity.

Linhart and Zucchini's approach is consistent with almost
all quantitative work in this area that suggested the optimal
model size is much smaller than intuition dictates. Ludwig
and Walters (1985) obtained better predictions about man-
agement actions from a non-age-structured model, even
when the data were derived, by simulation, from an age-
structured model. That is, the “wrong™ model can do better
than the “right” model in prediction if parameters must be
estimated. Similarly, Punt (1988) found very simple models
of fisheries management, which often ignored substantial
amounts of data, outperformed more complex models when
parameters had to be estimated and decisions made.

When the objective is something other than prediction
accuracy, the complexity of the optimal mode may be quite
different. In Chapter 10, we show a fisheries example where
a complex model fits the available data no better than a
simpler model. However, the uncertainty in the sustainable
harvest is quite low for the simple model, but high for the
complex model. In this case the simple model under-repre-
sents the uncertainty, and we believe that a more complex
model provides a better representation of the uncertainty.

The complexity of the optimal model will depend on the
use of the model and on the data. Part of the work of the
ecological detective is to iterate between alternative models,
to understand their strengths and weaknesses, and 1o recog-
nize that the most appropriate model will change from ap-
plication to application.

CHAPTER THREE

Probability and Probability
Models: Know Your Data

DESCRIPTIONS OF RANDOMNESS

The data we encounter in ecological settings involve differ-
ent kinds of randomness. Many ecological models describe
only the average, or modal, value of a parameter, but when
we compare models to data, we need methods for determin-
ing the probability of individual observations, given a spe-
cific model and a value for the mean or mode of the param-
eter. This requires that we describe the randomness in the
data. Similarly, when we build a model and want to generate
a distribution of some characteristic, we first need a way to
quantify the probability distribution associated with this
characteristic. This involves understanding both the nature
of your data and the appropriate probabilistic descriptions.

We assume that readers of this book are familiar with the
normal or Gaussian distribution (the familiar “bell-shaped
curve”). However, many of the distributions in nature are
not normal. The purpose of this chapter is to introduce
ideas about probability, describe a wide range of useful
probability distributions (and consider biological processes
that give rise to these distributions), and provide you with
the tools you need to use these distributions in your work.
We begin with advice on data and then review the concepts
of probability. After that, we describe a number of different
probability distributions and some of their ecological appli-
cations. We close with a description and illustration of the
“Monte Carlo” method for generating data and testing
models.
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