
ESPM/IB 205: Assignment Due around Oct 28, 2004

1. If the growth rate λ of a univoltine semelparous population is a random variable and modeled
by the equation

x(t + 1) = λx(t),

then estimate the long run average behavior of the trajectory when λ is uniformly distributed
(i) on [0.5,1.5], and (ii) on [1/2,2]. In addition, if the population currently is at a density of
100 individuals per unit area, then plot ten realizations of the trajectory for each case on the
interval [0, 10]. By taking the average growth over the last time period of your ten simulations
for each case, confirm that numerical solutions support your theoretical estimates?

2. Suppose the trajectory of a univoltine semelparous population is a random variable and
modeled by the above equation with λ a density-dependent function of the form

λ(x) =
eβ

x1/2
.

If β is a uniformly distributed random variable on [-0.5,1.5] and the population is at an initial
density of x0 = 100 then plot several trajectories on the interval t ∈ [0, 100], as well as the
mean and standard deviation of these trajectories. Also estimate the probability that the
population drops below the quasi-extinction level of 1 individual per unit area. (In the latter
case you should use a large number of runs to get a reasonable bound on the standard error
associated with this estimate.)

3. In a semelparous, clonally reproducing population, assume each individual gives birth to
anywhere from 0 to 5 individuals with probabilities respectively specified by the elements of
the vector p′

b = (0.1, 0.2, 0.3, 0.2, 0.15, 0.5). If each newborn has a 0.45 probability of surviving
to reproductive maturity (i.e. ps = (0.55, 0.45), then plot 10 trajectories for t ∈ [0, 100] and
estimate the probability of a population going extinct within 100 generations.

4. Consider the following Markov process for generating a sequence of wet and dry days. We
have the following states:

XI : today and yesterday are wet
XII : today is wet and yesterday is dry
XIII : today is dry and yesterday is wet
XIV : today and yesterday are dry

Define the following transitions:
p1 : I → I
p2 : II → I
p3 : III → II
p4 : IV → IV

Consider the following two cases:
Case A. p1 = 1/4, p2 = 1/4, p3 = 1/4, p4 = 3/4
Case B. p1 = 1/2, p2 = 1/3, p3 = 1/4, p4 = 5/6.

For both cases find the stationary distribution and also estimate from simulations the long
term probability of getting a wet or dry day, as well as three or more wet days in a row. How
could you theoretically check your results for Case A? (Warning: make sure your results are
not affected by your initial condition).



Here is a Matlab rountine you will need for generating multinomials:

GENERATING MULTNOMIALS

function count = multinom(NN,p) ;
ind = ones(1,NN) ;
pp = cumsum(p/sum(p)) ;
rnd = rand(1,NN) ;

for ii = 1:length(pp) ;
%increase each entry of ind by 1 if corresponding entry rnd > pp(ii)

ind = ind + (rnd > pp(ii)) ; end;
%ind is now vector of the form [1,5,2,..,2,3,6] etc.
for ii = 1:length(p) ;

count(ii) = sum(ind==ii) ; end;
% count(ii) counts the number of ii’s in ind
%(e.g. the number of 1’s 2’s etc.)
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