We are star‘mo 10 see a bewﬂdennc variety of models. An ;Acellent survey
of possible forms for laws of predaton and popu ation growth is given in “Sta- |
oility and Complexity in Model E £cosystems™ by R. M.-May [37].* May neatly
describes the possibilities as components of 2 “build-a-model” toy. (This text,

which 1s extremely rewarding to read, also has illusirations showing the intro- -
duction of rahdom processes into the modvls and systems with time delay.) One-
_particular model has been chosen here from- those constructed by May. It can

be expressed as
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Figure 4.7 Two orbdits for the system (4.12.3) using ths nu-
merical paramerers of (4.13.4). Each abpreaches

A special case cons1dered oy May and ﬂlustrated in Figure 4.7 has the nu- ' e imid o/cle whic s represented by th solc
merical values . curve. '

(bdla) =.0.1, (clf) =1, (cla) ='16. (4.13.4)

This case has an equilibrium at § = m = 3(—1 + V/41) which is unstable. But
the orbits do not depart from it mdeumtely, and thev all approach what is called L
a limit cycle. In fact, orbits starting from outside the limit cycle also approach
it, so, for obvious reasons, it is called a stable limit cycle. An orbit on the limit
cycle remains there forever.

This is the first time in these projects that we have met a limit cycle but it
will not be the. last: limit cycles are an important feature of many nonlinear
systems. There Is a mathematical background for limit cycles based ‘on the
_““Poincaré-Bendixson theorem’ which you can look up in many references. Its
~aoohcamon to predator-prey problems is due to Kolmogorov, and this is de-
scnbed by May. The theorem gives sufficient conditiofis for a system to have a
stable equilibrium or a stable limit cycle. -

For the project, start with the numerical values given in (4.13.4) and confirm
the details of the figure and the properties of the limit cycle. According to May,
the limit cycle is more likely if (1) a/e is large, i.e., the prey reproduce more
_vigorously than the predators, or (2) a/b is large, i.e., the influence of the
enwronmem on the maximum prey population is weak. So try reducing these’
quantities, and see if you can follow the syszem to one with a stable equilibrium.
Akemcuv ly, see what | happens if the quant -=s are ircreased.



