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Addendum to the Excel Models 

 

These models refer to a rate of change in population size, dN/dt, where a positive value 

represents population growth, and a negative value represents population decline.  

 

The ‘d’ operator means “a change in”, therefore dN describes “a change in N.” Consider, for 

example, the model of single species population growth (Worksheet 2), in which the rate of 

growth is given by 

 

dN  =  rN(K-N) 

dt              K 

 

Where N is the population size, t is the time and r and K are constants.  

The right-hand side of this equation allows us to calculate dN/dt - the change in the 

population size over an interval of time
1
.  

 

More formally, dN/dt divides the change in population size between infinitely narrow time 

intervals. However, for these models we are only interested in the change between 

generations and can make the approximation
2
: 

 

dN  =  N  =  Nt+1 – Nt 

dt       t  t 

 

Where Nt is the population size at the start of generation t, and Nt+1 the population size of the 

subsequent generation. t is therefore equal to one generation and N the change in 

population size over that generation. Substituting this approximation into the original 

equation we get 

 

Nt+1 – Nt  =  rN(K-N) 

     t   K 


(Note that on the right-hand side, N is equivalent to Nt.) 


We can rearrange this to calculate Nt+1.  

 

Nt+1  =  rNt(K-Nt) * t + Nt 

         K 

 

Since we are only considering the growth over one generation, t = 1, this becomes a very 

simple calculation: 

 

Nt+1 = rNt(K-Nt) + Nt 

       K 

 

                                                           
1
  As t represents time, dN/dt is often referred to as the time derivative of N, or sometimes simply the derivative 

of N. 
2
  This is known as the finite difference approximation to the derivative. 
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So if we know the population size for one generation, we can calculate it for all subsequent 

generations since r and K are constants. 

 

This is the standard finite difference approach used to implement the models in the 

worksheets presented here and in the book.  

 

It is, however, important to note that models simultaneously describing more than one species 

can be more difficult to solve. Some of these may be solved by separating the variables and 

integrating to give solutions of the form: 

 

    N = N0e
(At) 

 

where N0 is the initial population size, and A is a constant.  

 

The Lotka-Volterra  model for interspecific competition has been implemented using the 

standard finite difference approach, and produces stable solutions. 

 

The Lotka-Volterra Predator-Prey model exhibits more complicated behaviour. Attempting to 

solve it by either of these methods produces unstable solutions for both species, and the 

model readily shows chaotic behaviour.  

 

Our worksheet is not a full implementation of the Lotka-Volterra predator-prey equations – in 

their original formulation the two populations cannot be separated for solution by integration. 

We have included a simplified solution, which combines elements of both the finite 

difference and integration methods. The compromise presented here  

(i) uses the principles behind the model, and follows the description in the text 

(ii) allows the reader to see how the growth rate of each population is affected by the 

abundance of the other in Excel 

(iii) captures the oscillations of the two populations 

(iv) captures the small range of conditions under which a stable coexistence can 

develop between predator and prey 

 

For these reasons, this method is preferred, but the student should be aware that it is not 

strictly a complete implementation of the original model. Indeed, the original models 

themselves are problematic and highly unrealistic - a detailed analysis of their mathematical 

shortcomings is provided in Murray (1989) and Brown & Rothery (1993). 
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