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Abstract of Thesis

Since 1970s, science has extended its perspective for nonequilibrium phenomena. In the study of
nonequilibrium systems, attractors, chaos or fractal are their keywords. One pays attentions to not only the final
states but also {or often much more) the process of dynamics. Instead of stability or instability, one is concerned
with structural stability or robustness of the states to be studied. However, real-world phenomena are always
subject to noise, so one has to study evolution equations including noise. This dissertation devotes to study some
phenomena including noise. More precisely, we study three problems as follows.

The first one is a predator-prey model. We consider a non-autonomous stochastic predator-prey system
in which: (a) The intrinsic growth rate of the prey, the death rate of the predator and the inhibiting effect of
environment on two species fluctuate due to white noise; (b) The predator consumes the prey with the
ratio-dependent functional response.

First, we prove existence and uniqueness of positive global solution. Second, we show boundedness of moments
and asymptotic estimate of population densities. Finally, we present numerical examples. It is seen that large
noise can cause decline of two species.

The second one concerns with animal swarming. It contains two models: Stochastic Cucker-Smale
System (SCMS) and Stochastic Fish Schooling Model (SFSM). SCMS is a stochastic version of a Cucker-Smale
gystem in which the mutual communication between individuals is perturbed by white noise. After showing
existence and uniqueness of global solution, we prove that animals do not flock under the effect of large noise,
meanwhile it flocks if noise is small. SCMS does not describe the rule of behavior of individual animals exactly.
Therefore, we construct SFSM-a completely new model of stochastic ODEs for fish schooling by using the law of
gravitation. Local existence and global existence (in some particular cases) are investigated. Furthermore, we
present numerical examples which show robustness of the behavioral rules for forming a swarm against the
uncertainty of individual’s information processing and executing its actions.

The last one is a stochastic forest model. It is a system of young age class and old age class in which the
mortality of old age trees is perturbed by white noise. First, we explore existence, uniqueness and boundedness
of global positive solutions. Then, we show that if the effect of noise is small, then the forest is sustainable.
Otherwise, if it is large, then the forest falls into decline.

The various biological models we handed in this dissertation have all been formulated on the basis of
certain local rules among individuals which compose the systems. And these local rules were observed
experimentally by field researchers in each discipline. By our studies we can comment that these local rules
seem to be robust or structurally stable against the white noise for maintaining the systems in a favorable way.
But the robustness is not retained unboundedly. Our results show also that the rules have on the other hand
their own limitation or maybe fragility. Mathematical approach can also give some qualitative information on
the limitation against random perturbations. And it may be possible to know and estimate such a limitation only

by means of stochastic approaches.
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