
Jacques Istas

Mathematical Modeling
for the Life Sciences

With 31 Figures

fyj Sprifiger



Contents

1 General introduction 1
1.1 Preface 1
1.2 Structure of the book 2
1.3 Acknowledgments 5

2 Continuous-time dynamical systems 7
2.1 Introduction 7
2.2 Historical demographical models 9
2.3 Pest control: the spruce budworm 15
2.4 Interactions in biological systems 18
2.5 Reaction-diffusion equations 26
2.6 Bibliography 35
2.7 Exercises 36

3 Discrete-time dynamical systems 45
3.1 Introduction 45
3.2 Delay models 46
3.3 Discrete logistic model 49
3.4 Tribolium dynamics 53
3.5 Bibliography 56
3.6 Exercises 56

4 Game theory and evolution 59
4.1 Introduction 59
4.2 Games, strategies and equilibria 60
4.3 Hawks and doves 62
4.4 Bibliography 65
4.5 Exercises 65



VI Contents

5 Markov chains and diffusions 67
5.1 Introduction 67
5.2 Definitions and first properties 68
5.3 Subset classification 72
5.4 Genetical drift 73
5.5 Invariant measure 75
5.6 Continuous-time 78
5.7 The domestication of pearl millet 83
5.8 Bibliography 88
5.9 Exercises 88

6 Random arborescent models 93
6.1 Introduction 93
6.2 Temporal branching processes -. 94
6.3 Polymerase Chain Reaction 104
6.4 Percolation 105
6.5 Spatial branching processes 107
6.6 The colonization of Europe by oaks 110
6.7 Bibliography 112
6.8 Exercises 113

7 Statistics '-. 119
7.1 Introduction 119
7.2 Maximum Likelihood Estimate 120
7.3 Localization of QTL 122
7.4 Asymptotical study of the likelihood 124
7.5 The weevil life 128
7.6 Bibliography 133
7.7 Exercises 134

A Appendices 141
A.I Ordinary differential equations 141
A.2 Evolution equations 148
A.3 Probability 151
A.4 Statistics 153

References 157

Index 163


