
>  >  
>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

This is a Maple worksheet for doing the calculations
for the Leslie population distribution model for MATH 240.
Michael Monagan, March, 2016.

For a population with 3 age groups with fertility rates F1, F2, F3 and
survival rates P1, P2, P3 the 3 by 3 Leslie matrix L looks like this.

L  : =  M a t r i x ( [ [ F 1 , F 2 , F 3 ] , [ P 1 , 0 , 0 ] , [ 0 , P 2 , P 3 ] ] ) ;

The data in the 3 by 3 Leslie matrix below correspondes to a seal population
on Sable island which is an island off the coast of Nova Scotia.  The three age groups
are seal pups (0-4yrs), young adult seals (4-8yrs) and mature adult seals (8+ yrs).

( F 1 , F 2 , F 3 , P 1 , P 2 , P 3 )  : =  ( 0 . 0 , 1 . 2 2 1 , 2 . 0 , 0 . 5 9 7 , 0 . 8 0 8 , 0 . 8 0 8 ) :
L  : =  M a t r i x ( [ [ F 1 , F 2 , F 3 ] , [ P 1 , 0 , 0 ] , [ 0 , P 2 , P 3 ] ] ) ;

Let's run the model for 20 time periods starting with initial population vector [ 1, 0, 0 ].
N [ 0 ]  : =  V e c t o r ( [ 1 . 0 , 0 . 0 , 0 . 0 ] ) :
f o r  i  f r o m  1  t o  2 0  d o  N [ i ]  : =  L . N [ i - 1 ] ;  o d :

Let's see what happens between N[5], N[10], and N[20]
N [ 5 ] ,  N [ 1 0 ] ,  N [ 2 0 ] ;

The population is increasing rapidly!
Lets scale the vectors to get the population distribution vectors

f o r  i  f r o m  1  t o  2 0  d o  D i s t [ i ]  : =  N [ i ] / a d d ( N [ i ] [ j ] , j = 1 . . 3 ) ;  o d :
D i s t [ 5 ] ,  D i s t [ 1 9 ] ,  D i s t [ 2 0 ] ;

Oberserve that the population distribution has stabililized, but the population is still 
increasing by a factor of N[20] / N[19]
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Let us see how much the population of each age group is increasing after the distribution 
has stabilized.

N [ 2 0 ] ,  N [ 1 9 ] ,  < s e q ( N [ 2 0 ] [ i ] / N [ 1 9 ] [ i ] , i = 1 . . 3 ) >

This means  is an eigenvalue of L with eigenvector D[20] = [ 0.528, 0.213, 0.259 ].
Let us confirm this by calculating the eigenvalues of L directly

LinearAlgebra[Eigenvalues](L);

Two complex eigenvalues and one real positive eigenvalue.  Note, Maple uses I for the 
complex unit instead of i .
To investigate what would happen if the survival probabilities P1, P2, and P3 were halved.

P 1 , P 2 , P 3  : =  0 . 5 9 7 / 2 ,  0 . 8 0 8 / 2 ,  0 . 8 0 8 / 2 ;

L  : =  M a t r i x ( [ [ F 1 , F 2 , F 3 ] , [ P 1 , 0 , 0 ] , [ 0 , P 2 , P 3 ] ] ) ;

LinearAlgebra[Eigenvalues](L);

The eigenvalue  is less than 0 which means the population will die out.
To investigate this let's start with a large population of [ 100, 100, 100 ] and see what 
happens.

N [ 0 ]  : =  V e c t o r ( [ 1 0 0 . 0 , 1 0 0 . 0 , 1 0 0 . 0 ] ) :
f o r  i  t o  2 0  d o  N [ i ]  : =  L . N [ i - 1 ] ;  o d :
N [ 5 ] ,  N [ 1 0 ] ,  N [ 2 0 ] ;


