3307 Biomathematics
Notes

Based on the 2010 autumn lectures by Dr S A
Baigent and Dr A Zaikin

The Author has made every effort to copy down all the content on the board during lectures. The
Author accepts no responsibility what so ever for mistakes on the notes or changes to the syllabus

for the current year. The Author highly recommends that reader attends all lectures, making his/her
own notes and to use this document as a reference only.
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MATH3307 Biomathematics Weeks 1-5: Some references

Scaling Laws

Al Andrew A Biewener. Animal Locomotion. Oxford Animal Biology Series. CUP, 2003.
[Good general reading, but particularly pages 10-14. Chapter 7 has an interesting section
on jump performance.]

A2 Knut Schmidt-Nielsen. Sealing: Why is animal size so important? CUP, 1984. [Does
not build models, but is good background information on scaling in biology]

A3 D’arcy Wentworth Thompson. On growth and form. CUP. First published 1961. [Again,
no model building, but excellent background and a real classic]

A4 Ludwig von Bertalanffy. General Systems Theory. 1969. George Braziller Inc. New
York. [He discusses his growth model in pages 171-184].

A5 http://online.itp.ucsb.edu/online/pattern_i03/west/

For general interest, and also von Bertalanffy’s model]

Diffusion/Insect Respiration

Bl Ove Sten-Knudson. Biological Membranes: Theory of Transport, Potentials and Elec-
tric Impulses, Cambridge University Press, 2002. [Can be previewed, e.g. page 62+,
at (http://books.google.co.uk/books?id=xfJyHiIKBiMC)]. [You might find pages 138+
useful for the particle model of diffusion.]

B2 G. R. Grimmett & D. R. Stirzaker. Probability and Random Processes. Clarendon
Press, Oxford. 1992. [For expectation and variance, and also Chapter 13 Diffusion
Processes.]

B3 http://www.livescience.com/animals/061011_giant_insects.html
[Readable article on oxygen and insect size limitations.]

B4 http://users.rcn.com/jkimball.ma.ultranet/BiologyPages
/T/Tracheal_Breathing.html

Bird flight

C1 Rayner, J. M. V. (2001): Mathematical modelling of the avian flight power curve, Math.
Meth. App. Sci., 24: 1485-1514.

C2 Lighthill, M. J. (1974): Aerodynamic aspects of animal flight. Bulletin of the Institute
of Mathematics and its Applications, 10:369 393. [Also published 5th Fluid Science
Lecture, BHRA; reprinted in Swimming and Flying in Nature, vol. 2, WuTY-T, Brokaw
CJ, Brennen C (eds). Plenum Press: New York, 1975, 423 491].

Al (see above). Chapter 5. Sections 4.1-4.3 may also be useful background reading on
fluids.

Electrophysiology

B1 (as above)

D1 J. Keener & J. Sneyd. Mathematical Physiology. Interdisciplinary Applied Mathematics
8. Springer-Verlag, New York 1998. [Parts of Chapters 2,3 might be useful]
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Problem: Insects have no lungs, so how do they breathe?

They have a complex network of air-filled tubes that
carry oxygen around the body. Oxygen diffuses round
network, sometimes assisted by advection. All cells are
close to a tracheal branch and they utilise the oxygen
for metabolism. So we have passive diffusion with
advection in thin pipes, and with absorption.

10/18/10 MATH3307 Biomathematics 2010. 18
Oxygen Transport

Inside the tracheal system

Tracheoles Alr sacs Tracheae

Spiracles
Lveery

Images of spiracles, muscles and trachea:

http://www biology-resources.com/imaqges/spiracle-big.jpg

Gated
General information on insect biology: spiracle
http://aesop.rutgers.edu/~hamilton/lecture2.htm
General figures: http://images.google.co.uk/
{and search for insect trachea)
10/18/10 MATH3307 Biomathematics 2010. 19

Oxygen Transport
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Some fish actively
pump water through
their gills (so-called
“gill irrigation”)
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