Mathematical Modeling in Biology

Shandelle M. Henson
Department of Mathematics
Andrews University

James L. Hayward

Department of Biology
Andrews University

© 2005 by S. M. Henson and J. L. Hayward



Table of Contents

Introduction to Modeling

1. Modeling
1.1 modeling cycle
1.2 biology
1.3 mathematics
1.4 statistics
1.5 epistemology
2. Avian Bone Growth: A Case Study
2.1 scientific problem
2.2 data
2.3 simplifying assumptions
2.4 deterministic and stochastic models
2.5 model parameterization
2.6 model selection
2.7 model validation
2.8 model predictions / test of model predictions

Discrete Time Models

3. Scalar Maps
3.1 linear maps
3.1.1 Malthusian growth
3.2 nonlinear maps
3.2.1 Ricker model
3.3 linearization
3.4 bifurcations and chaos
4. Matrix Models
4.1 linear models
4.1.1 structured models (Leslie models)
4.1.2 community models
4.2 nonlinear matrix models
4.3 linearization
4.4 bifurcations and chaos
5. Periodic Forcing
6. Flour Beetle Dynamics: A Case Study

Continuous Time Models

7. Introduction to Differential Equations
8. Scalar Differential Equations

8.1 linear equations

8.2 nonlinear equations



8.2.1 density dependence and Allee effects
8.2.2 human population growth
8.3 linearization
8.4 bifurcations
9. Systems of Differential Equations
9.1 linear systems
9.1.1 compartmental models
9.2 nonlinear systems
9.2.1 Lotka-Volterra predator/prey
9.2.2 Lotka-Volterra competition
9.2.3 Lotka-Volterra mutualism
9.3 linearization
9.4 bifurcations and chaos
10. Periodic Forcing
11. Seabird Habitat Dynamics: A Case Study



