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0.1 Preface

Niche modeling is a relatively new field of research aimed at helping us to
understand the response of species to their environment and predicting their
distribution. The practice of niche modeling uses tools from mathematics
and statistics, data management and geographic spatial analysis. The first
six chapters are concerned with fundamentals, programming, theory and ex-
amples of niche modeling. When used in conjunction with more detailed and
specific texts and manuals, students and researchers may successfully do niche
modeling for the first time.

Successful niche modeling also requires an understanding of the limitations
and potential pitfalls of prediction. Due to the importance of avoiding errors,
the last six chapters are devoted to sources of errors. All are relatively novel
topics in the field: autocorrelation, bias, long term persistence, non-linearity,
circularity and fraud, and should be of interest to researchers.

While a statistical language like R or S-plus is not essential, it provides
a way of describing these main concepts, showing someone how to use them,
and hands on experience at solving problems through examples. It is assumed
that readers have a basic knowledge of mathematics and programming.

Above all, successful niche modeling requires deep understanding of the
process of creating and using probability distributions in multidimensional
spatial and temporal application. Here simplified examples complement the
rigor and completeness that can be found in the literature. The generality of
the approach is illustrated by examples as diverse as invasive species dynamics,
predicting house price increases, and detecting management of data or fraud.

I think there are many advantages in developing depth of intuition, such
as capacity to develop novel approaches, and avoiding gross errors. Off-the-
shelf statistical packages are tailored exactly to applications but can hide
problematic complexity. Recipe book implementations fail to educate users
in the details, assumptions and pitfalls of the analysis. As each situation is a
little different, packages may not be able to adapt to the specific need of their
study. Understanding of the basics, and the pitfalls, also creates confidence
for communicating the results.

0.1.1 Summary of chapters

1. Functions This chapter summarizes major mathematical types, opera-
tions and relationships encountered both in the book and in niche mod-
eling. This and the following two chapters could be treated as a tutorial
in the R language. For example, the main functions for representing the
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inverted U shape characteristic of a niche – step, Gaussian, quadratic
and ramp functions – are illustrated both graphically and in R code. The
chapter concludes with the ACF and lag plots, in one or two dimensions.

2. Data This chapter shows a simple biodiversity database using R. By using
data frames as tables, it is possible to replicate the basic spreadsheet
and relational database operations with R’s powerful indexing functions,
eliminating conversion problems as data is moved between systems while
learning more about R.

3. Spatial R and image processing operations can perform many of the ele-
mentary spatial operations necessary for niche modeling. While these do
not replace a GIS, it demonstrates generalization of arithmetic concepts
to images and efficient implementation of simple spatial operations.

4. Topology Set theory helps to identify the basic assumptions underlying
niche modeling, and the relationships and constraints between these
assumptions. The chapter shows the standard definition of the niche
as environmental envelopes around all ecologically relevant variables is
equivalent to a box topology. A proof is offered that the Hutchinsonian
environmental envelope definition of a niche when extended to large or
infinite dimensions of environmental variables loses desirable topological
properties. This argues for the necessity of careful selection of a small
set of environmental variables.

5. Environmental data collections Management of data for niche mod-
eling is poorly served by user-developed files stored in a local directory.
A wide variety of data sets are currently available, and better quality
niche modeling will result from using data in true archives – shared by
many studies and trusted with the highest level of quality. A number of
sources of data are described and access issues discussed.

6. Examples The three examples of niche models here were selected to con-
tradict three main misconceptions of niche modeling. The house price
increase example shows a niche that is bimodal and not an inverted U.
The second example of the Brown Treesnake shows an asymptotic re-
sponse with respect to precipitation. The third example of the zebra
mussel shows how dynamic models of the spread of invasive species can
be developed from the niche model, contrary to the view that niche
models are restricted to equilibrium approaches.

7. Bias Here a simple theoretical model of range-shift is used to estimate the
magnitude of potential bias in estimates of changes in range area due to
climate change.

8. Autocorrelation This chapter shows the problem of validating models
on autocorrelated data using internal or external validation. Holding



back data at random is shown to be inadequate to determine the skill
of a model when the data are autocorrelated, particularly when using
smoothed data.

9. Nonlinearity Procedures with linear assumptions are not reliable when
the responses are non-linear. Here using simulations and a linear model
for reconstructing past temperatures, niche model-like tree responses
create artifacts including signal degradation, loss of variance, temporal
shifts in peaks, and period doubling.

10. Long Term Persistence The natural world is more uncertain and more
indeterministic than modeled using classical statistics. Here we show
evidence that temporal and spatial natural series display LTP, or scale
invariant distributions. These results provide no justification for models
with preferred spatial or temporal scale, which greatly underestimate
confidence limits.

11. Circularity A major source of error is due to conclusions encoded into
the assumptions of the methodology, so allowing no other conclusion
than the one obtained. Here we show a potential approach to the prob-
lem of quantifying circular reasoning. By feeding random data with
the same noise and autocorrelation properties into a methodology, one
obtains a null model with benchmarks for rejection regions, and expec-
tations incorporating hidden model assumptions.

12. Fraud The accidental or fraudulent management of results can be de-
tected using the distributional modeling methods of niche modeling.
The second digit distribution postulated by Benford’s Law allows de-
tection of fabricated data in natural time series drawn from a single
distribution. The approach is applied to a range of natural data.
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Santa Barbara, for providing financial support and office space, funded under
a sabbatical research program by the United States National Science Founda-
tion. The development and refinement of some of the sections of the book were
assisted by exchanges via a weblog. Steve McIntyre, Demetris Koutsoyiannis,
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I would also like to express my deep appreciation for my wife Siriluck and two
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