
ESPM/IB 205. Fall 2005:
Work Set 3: Stochastic Simulation

Due by Halloween

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]. Now use this model to confirm your theoretical calculations of the average
growth rate of the population (i.e. use your data to estimate the growth rate λ̄ in the equation
x(t) = (λ̄)tx0 and compare it with theoretical estimates) for the two sets of parameters in
question by repeating the past exercise for 100 trajectories over the time interval [0, 50].

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, 0.05). 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 x0 =
100 and t ∈ [0, 100], and then replicate this 10 times (i.e. for a total of 100 trajectories) to
get an estimate of the probability with standard errors of a population going extinct within
100 generations.

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.)


