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Stability analysis of mutualistic-parasitic coupled system
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Abstract; The co-evolution between parasite and its host is one of the most important research field in both population
ecology and biological forecasting, such as crop cultivation, livestock breeding, excessive copies of pathogenic cells, and so
on. The main models for studying host-parasite interactions include: (1) The classical Lotka-Volterra model and Leslie
model, which showed that the host-parasite system could have diversified dynamical behaviors, including local asymptotic
stability, global asymptotic stability, limit cycle, bifurcation phenomenon, chaotic phenomena, and so on; (2) Epidemic
models, which are developed to explain whether the spread of virus will depend on the threshold value. If the amount of
virus is higher than the threshold value, infectious will be maintained, whist the infectious will tend to disappear, if the
amount of virus is lower than the threshold value; (3) The Nicholson-Bailey model with discrete time variable. The model
demonstrates that host and parasite population system might form a coupling vibration. The oscillation in this model is not
stable, and any disturbance might lead to non-equilibrium of the system. The improved models will display more diversified
dynamical behaviors such as Hopf bifurcation, period-doubling bifurcation, chaotic phenomenon, etc.

All above-mentioned models for co-evolution between hosts and parasites are based on an assumption that the increase
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of parasite population will decrease the host population. However, in many host-parasite systems, parasites might favorite
the host population increase in some situations. For example, in the system between Escherichia coli or Lactobacillus and
their hosts, the parasite with low-density will enhance immunity of hosts therefore improving host’s survival rate, while the
parasites with high-density will produce more carcinogens and toxins, causing detrimental effects on hosts. Based on the
assumption that parasites might facilitate the host population increase, here we introduce the inherent promotion level K
( maximum promotion effect of parasite on host) into an integration model of Lotka-Volterra and Leslie type, then establish a
mutualistic-parasitic coupled system. Using differential equation stability theory, we find that the behavior dynamics of the
system closely associate with the inherent promotion level parameter K. Analysis shows that hosts and parasites will coexist
with stable equilibrium, if the inherent promotion level K is a relative low value, or coexist with quasi-periodic oscillation
if the inherent promotion level K is a relatively high value. Numerical simulation shows that the system will display Hopf
bifurcation at K = o, (1 +r) /(Bw) + w(1 —r) , and will exhibit a stable limit cycle at K > «, (1 +r) /(Bw) +
(1 = r) . Namely, with the increasing of the inherent promotion level K, stable coexistence between hosts and parasites
might transform into the coexistence of variable-amplitude oscillations and variable-period oscillations. If the inherent

promotion level K was zero, the model developed here will be transformed to be the classical Leslie prey-predator model.

Key Words: Lotka-Volterra model ; mutualism ; parasitism ; stability analysis ;limit cycle ; Hopf bifurcation
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