
Exercise : Decision-making based on cockroach aggregation

In a petri dish, a population N of cockroaches of the same strain has the possibility to choose
between two identical (same size) shadowed areas i (i = 1, 2). The model describes the evolution in
time of the mean numbers of individuals on each area, Xi(i = 1, 2).

dXi

dt
= Flux from j to i− Flux from i to j i, j = 1, 2 (1)

Previous experiments show that individuals explore randomly the petri dish and have the same
probability to visit the two sites. Moreover, individuals travel immediately from one area to the
other, so at the end of the process no individual is out of the shadowed areas.

The probability to move from shadow area i to shadow area j depends on the probability of
leaving the concerned area (ξi). At each time step, each individual on area i has a probability to
leave its actual area which depends on the number of individuals already on i

ξi =
α

β +X2

i

(2)

accounting for the fact that as Xi is increasing, the probability to leave i is decreasing. The flux of
individuals between the two areas can thus be modeled as 1

φi→j = ξiXi =
α

β +X2

i

Xi (3)

1. Combine eqs.(1)-(3) and fully express the model equations of the evolution on time of the mean
values of individuals on site 1 and 2.

2. Express analytically the steady states of the system. Compute analytically and /or numerically
their stability. Draw the bifurcation diagram of the proportion of individuals on a shadowed
area against the total population.

3. Integrate numerically and try to reach all your steady states for different parameter values and
initial conditions.

4. Draw a phase space portrait with many initial condition for parameter values corresponding to
the region after the bifurcation. Is the system dissipative or conservative?

5. How would your model change if the two shadowed areas were not the same size?

1In the future take the following parameter values : α = 0.06, β = 6.


