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Mathematical Application 2.  Model (1) with Additional interactions of replicators R and parasites P

If to assume that parasites decrease replicator growth rate, then the model (1) takes the form 

                                        (A2.1)                                                  

where  is a (small) positive parameter.
Our analysis shows that equilibria (A1.8) ,  with   still exist in system (A2.1) under the same conditions as for system (1). Additionally, new equilibria  can appeare/disappeare in model (A2.1) (see Fig.4a), where   
                                                   (A2.2)
  .   
According to formula (A2.2), only if  . For  the points  coincide with the points , correspondingly.
A structure of equilibrium can be defined by the determinant and trace of their Jacobian.
Proposition 3. If   then equilibrium  is an unstable node and   is a saddle (see Fig 4a). If   then the model (A2.1) has no positive nontrivial equilibria (see Fig 4b).
Proof.
Determinant and trace of the Jacobian of system (A2.1) at the points    are equal to
DJ=,     TrJ= .
One can write the values in formula (A2.2) in the form  
                               (A2.3)
where   Then a simple algebra shows that 
 . So, the point  is a saddle and  is an unstable node (because TrJ(.
Q.i.d.

Figure 4b allows to compare the phase portraits of the model when  and .
It follows from Proposition 3 and Figures 4a, b that although model (A2.1) with additional interactions between replicators and parasites has more rich and complex phase portraits, in particular, may have non-trivial equilibria with non-zero values of both coordinates, these additional equilibria are unstable.  


