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PREFACE

As its name indicates, the field of mathematical biology is inherently interdis-
ciplinary. Students and researchers seeking to enter this field, or to broaden
their knowledge, face special challenges. How does one strike an appropriate
balance between learning the details of the underlying biology and the intrica-
cies of the mathematics? Are explorers in this area beset, like Odysseus, by
the twin dangers of Scylla and Charybdis? Or are they at risk of being seduced
by the sirens of biological complexity and mathematical elegance?

Books that seek to introduce this field must guide readers along a safe
path between the same dangers. This volume finds the path not by following
some pedagogical theory or by believing rumors about past shipwrecks, but
by tracing the wake of successful researchers who have survived to tell the
tale. Each scientist who has addressed biological questions with mathemati-
cal methods has found a different way, and this book presents this diversity.
The case studies presented herein invite readers to join a researcher as he or
she attacks a significant biological problem from start to finish. Each chapter
combines the focus on cutting-edge research characteristic of the professional
literature with the emphasis on teaching characteristic of a textbook. The au-
thors provide a synthetic view of the biological problem, illustrating the multi-
ple approaches attempted, and the strengths and weaknesses of each. The goal
is to motivate and explain biological problems and their mathematical solution,
while simultaneously exemplifying the process of developing a successful re-
search program.

These case studies guide advanced undergraduates, beginning grad-
uate students, and researchers along several such paths. Students who have
worked to build mathematical skills will able to set sail in quest of important
problems. The goal is to initiate them into both the diversity of approaches
to mathematical biology and the breadth of the field. This book thus has two
unique features, summarized as case studies in mathematical biology.

As a guide to both student and teacher, we suggest that the chapters
can be read with the following general framework for modeling in mind.

1. The first step is to identify a biologically interesting problem which has
a significant aspect that requires mathematical modeling, to identify crit-
ical observations on which to base a model, and to distinguish between
dependable and undependable experimental results.

2. The second step is to formulate the model conceptually, making reasoned
judgments regarding which processes to include and which to exclude.

3. The next step is to convert the conceptual model into a mathematical
model and estimate parameters in the model, keeping in mind differing
levels of certainty regarding their values.
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4. The final step is to analyze the model, both qualitatively and perhaps nu-
merically, if analytical solution is impossible, and use the results to inter-
pret the original critical observations, make new predictions and propose
new experiments.

This complex process cannot be distilled into an algorithm, because it is as
much art as science. As in the experimental sciences, the techniques of mod-
eling are learned by example and by hands-on experience. This book aims to
provide both.

Coverage

Powerful new techniques in molecular biology, physiology, genetics
and ecology are making biology more quantitative and more unified. Mathe-
matical methods are needed both to analyze increasing volumes of data, and
to forge connections between data shedding light on common problems from
different angles.

Due to the expanding role of mathematics as a unifying force in biol-
ogy, broad coverage of the field of biology is essential. The topics chosen in
this volume fall into three overlapping categories: ecology, cell biology, and
physiology. Although the areas have their characteristic concerns, each area
uses mathematics to link levels of biological organization, depends on related
mathematical techniques from dynamical systems, and, more broadly, empha-
sizes that mechanisms which act at the cellular or molecular level manifest
themselves in the functioning of the whole organism in its environment. Each
of the three sections of the book begins with an introduction by the editors that
elucidates specific themes and concerns characteristic of that section.

How to use this book

We envision three primary uses for this book: as a supplementary text
to accompany a mathematical biology course, as a primary text for an intensive
mathematical modeling course, and as a reference volume for researchers and
students.

The mathematical level of the book is graded, becoming more ad-
vanced in the later chapters. Every chapter requires that students be famil-
iar and comfortable with differential equations and linear algebra (short ap-
pendices outlines relevant aspects of these techniques). Partial differential
equations and functional differential equations are used more and more in the
later chapters, and previous background or concurrent study is necessary for
full comprehension. Numerous other techniques, ranging from stochastic pro-
cesses to statistics, are used by the authors as needed. Like researchers, stu-
dents must realize that research is not an idealized romance, with pre-defined
problems and techniques that are “made for each other.” Rather, techniques
must be developed and modified constantly, and we hope that students learn
best when forced to learn the way researchers do.

These case studies are written with more concision and demands than
an ordinary textbook. The chapters are thus ideally suited to serve as starting
points for group or individual projects, providing sufficient background and ex-
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planation to stand on their own, but constantly motivating students to read al-
ternative literature and experiment with novel mathematical methods. In con-
junction with an ordinary textbook, students will see how standard topics are
the foundation for working mathematical biologists, but that building on that
foundation requires constant imagination and ingenuity to choose and modify
the appropriate method.

As a stand-alone text, the book will be most appropriate for a more ad-
vanced course, where students have a strong background in ordinary and par-
tial differential equations that they are yearning to put to use. Such students
should find the book to be an amiable but insistent companion, a source of new
ideas, and, at times, a source of creative irritation.
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