
Elizaveta Pachepsky 2001. PhD Thesis.  
Why it takes all kinds: diversity mechanisms and patterns in ecological communities 

 

 141 

 

 

Appendix B. An extension of the discrete model with two 

populations 

 

 

 

An extension of the analysis for two populations of the discrete system from Ch. 2, section 

2.6.2 is presented in this appendix. Consider a system of n populations with values λ1, λ2, 

…, λn with λ1 < λ2< …< λn and evenly spaced with λ-step ∆λ. Suppose these populations are 

affecting each other through competition and no other population are affecting them. The 

system is 
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where gi is a function of F1, …, Fn, S1, …, Sn. 
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This is only possible if 
1 2

...
ki i iP P P= = = . Say 

1 20 ...
ki i iP P P P= = = = . In that case the 

populations can coexist, and their values are determined by the initial conditions and by 

the relationship 

1 2

01 ( )( ... )
ki i i

P
s s s

C
λ+ ∆ + + + =     (B.1) 

and therefore 

1 2

01
... 1

( )ki i i

P
s s s

Cλ

 
+ + + = − 

∆  
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For the linear stability analysis, first consider the case when 0 1 2 ... nP P P P= = = = , i.e. all 

peaks have the same value of P0, and they all survive. A short description of the linear 

stability analysis is presented in Appendix A, section A.0. 
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On the other hand i

i

g

s

∂

∂
 and  (when )i

j

g
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s
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∂
are more complicated, so leave them as they 

are for now. 
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This can be achieved by multiplying the first row of M by P0, and subtract from row (n+1), 

then multiply the second row by P0 and subtract from row (n+2), etc. 

 

Now, *
det det (det )(det )M M B C= =    (B.2) 

where 
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Consider the expressions in the matrix C 
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From each term Cλi can be factored out. 
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For clarity of notation omit the subscripts *, and call the new matrix E. 
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Subtract column 2 from column 1 
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Diagonalise this matrix by adding row 1 to row 2, 



Elizaveta Pachepsky 2001. PhD Thesis.  
Why it takes all kinds: diversity mechanisms and patterns in ecological communities 

 

 147 

1

1

2 1

1

1

1

1

1 1

1 1 0 0

0 1 1

0 1 1 0

1 1

0 0 0 1 1 1 1

n

m

m

n

m

m

n

m

m

n

m n

m

n n

m m n

m m

C s Cs

C s Cs Cs

C s

C s Cs

C s C s s

=

=

=

−

=

= =

  
− + + −  

  
  

− + + − −  
  

   − + 
  
 

  − + + −   
 

     
− + − + + −     

      

∑

∑

∑

∑

∑ ∑

L

M

O

M O O

 

then add row 2 to row 3, row 3 to row 4, etc. 
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Note that since (B.6),  C in (B.7) actually stands for 
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Therefore, coming back to (B.2) 

det 0M = . 

This means that the stability cannot be determined for steady state where populations for 

all λi are non-zero. 

 

 


