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Instructions

1. Carefully read through ALL the questions before attempting.

2. ANSWER FOUR (4)Questions (All questions carry equal marks).
3. No names should be written anywhere on the examination booklet.

4. Ensure that your Reg. number and Course are indicated on all pages of your

work.

5. Ensure that your work is clear and readable. Untidy work will be penalized.

6. Any type of ezamination Malpractice wil! lead to automatic disqualification.
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Question 1
In a pure death process, let 4 be the death rate and define ot as the probability that
an individual alive at time t dies within an interval (¢,t + dt). Assume that we have the
population N(t) at time ¢ and let Po(t) = Pr(N(t) = n); for £,(0) = 0 when n # No
and P,(0) = 1 when n = Ny
(a) Show that the probability function satisfies the equation
Pr’:(t) == (n = 1)/1Pn+l(t) - niuPn(l)-
[10 Marks|
(b) Using G(z,t) = 2ome0T" P, (t) show that G(z,1) satisfies the PDE
aG oG
5 = (1 - i
[5 Marks|
(c) Subject to G(z,0) = z™ obtain the expression for G(z,t) and hence find the
expression for E[N(t)). (10 Marks|
Question 2
The interaction of two birds fiercely competing for the same ecological resources on an .
Island is described as
dN,
T_'h_ = Nl(2 = 3N1 e 4N2)
dN,
o = Na(SN - 3)
where V) and N, densities of species measured at appropriate time
(a) What kind of interaction is represented by the system? [4 Marks|
(b) Classify all the critical points of the system. 11 Marks|

(c) Draw a phase diagram to illustrate the behaviour of the System and indicate all the

critical points. (10 Marks)



Question 3

(a) Fishing in Lake Victoria is now under intensive scrutiny because it is believed that
over fishing has brought stocks of several species of fish to dangerously low levels.
Give three strategies that should be used to remedy the situation giving possible

reactions by the fishermen.

(b) A simple model or logistically changing population of fish in a pond undergoing a

constant- rate harvesting or restocking is given by
[)
P'=T(1—R‘)+Q‘ P(O):PU

where P(t) is the fish stock at any time f, r > 0, K > 0, Py > 0 and @ > 0 are

constants. [6 Marks|

(a) Describe all parameters and variables in the model. [5 Marks|

(b) Taking r = 1 and K = 1, find the equilibrium levels of the system and examine

how this equilibrium changes with Q. [7 Marks|

(¢) Plot the function f(P,Q) for Q = 0 and explain the solution behaviour over

time as the population approaches the carrying

capacity of the system. (7 Marks]

Question 4
Consider an ecosystem that has dynamics
M 20-M - N
o u=)
dt 20
dN [10 +M-N
dt 10+ M
(a) Find and analyse the stability the steady states of the system (using the Jacobian

method). (17 Marks|

(b) Draw a phase diagram and deduce from it the nature of the non-zero positive steady

state. [8 Marks]



Question 5

(a) (i) Outline clearly (using compartments / boxes) all the steps involved in math-

ematical modelling. [5> Marks|

(ii) What is the use of modelling as applied in ecological and

biological systems? [2 Marks]

(b)

Give a brie explanation of the following terms as applied in ecology and environ-

ment.

(1) Competition
(ii) Predation
(iii) Mutualism

(iv) Parasitism

(8 Marks]
(c) A simple disease is spreading according to the equations
%? = A-BSI—uS
% = BSI—ul —al
% = —uR+ fal
where f is the probability of effective recovery from the disease.
(i) What assumption does the dynamics represent? (2 Marks|
(ii) What does each parameter stand for in the model? (8 Marks]
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