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Exploring the Stability of Predator—Prey Ecosystem in
Response to Initial Population Density

Jung-Hee Cho - Sang-Hee Lee

ABSTRACT

The ecosystem is the complex system consisting of various biotic and abiotic factors and the factors interact with
each other in the hierarchical predator-prey relationship. Since the competitive relation spatiotemporally occurs, the
initial state of population density and species distribution are likely to play an important role in the stability of the
ecosystem. In the present study, we constructed a lattice model to simulate the three-trophic ecosystem (predator-
prey-plant) and using the model, explored how the ecosystem stability is affected by the initial density. The size
of lattice space was LxL, (L=100) with periodic boundary condition. The initial density of the plant was arbitrarily
set as the value of 0.2. The simulation result showed that predator and prey coexist when the density of predator
is less than or equal to 0.4 and the density of prey is less than or equal to 0.5. On the other hand, when the predator
density is more than or equal to 0.5 and the density of prey is more than or equal to 0.6, both of predator and
prey were extinct. In addition, we found that the strong nonlinearity in the interaction between species was observed

in the border area between the coexistence and extinction in the species density space.

Key words : Predator-prey system, Population dynamics, Lattice model, Ecosystem stability
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Table 1. The simulation results of 100 independent runs

density of]
predator| 0.1] 0.2| 0.3/ 0.4 0.5/ 0.6/ 0.7| 0.8| 0.9
prey

0.9 92092(77/62|11{ 0| 0| O| O
0.8 97| 97(92| 77| 32{31| 1| 0| O
0.7 100,100 100 88| 79| 8 | 9 0| O
0.6 100,100 100 98| 78| 35{ 0 O | O
0.5 100,100 100100 97| 74| 38| 10| 0
0.4 100100 100,100 100 94| 76| 19| 0
0.3 100100 100,100 100 98| 83| 61| O
0.2 1001001001100 100 10 98| 49| 4
0.1 100100 100100 100 100 99| 86| 0
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