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Segregation patterns of tree—grass competition system
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Tree—grass coexistence and segregation can be observed all around the world. Taking forest—savanna
ecotone as example, which is occupying 20% of the Earth surface land, tree or grass gather as forest or
grassland patches to alleviate the pressure from interspecific competitions. In such tree—grass
segregation ecosystems, forest patches usually show different spatial forest connectivity levels. By
taking photographs of the Black Forest in Germany, we can observe spatial patterns formed by forest and
grassland patches exhibiting roughly three forest connectivity levels, namely, high-connectivity
forests, intermediate—connectivity forests and low—connectivity forests. We are interested in exploring
the properties of such tree—grass segregation patterns. Tree—grass coexistence is a precondition for
tree—grass segregation. While the mechanisms behind tree—grass coexistence being not yet clear, tree—
grass coexistence is thought stable or unstable but can be stabilized by external disturbances. There
are many models which can predict tree—grass coexistence with introducing disturbances like grazing
forest fires, etc., however, few models explain the coexistence as the outcome of interactions between
trees and grass. We are interested in explaining the coexistence as stable states caused by tree—grass
competitions rather than disturbances. In this study, we establish a tree—grass competition model with
the age-structured continuous space forest model set as an underlying model. We modify the underlying
model by inserting a grass element and tree—grass competition. By incorporating such interspecific
competition into this age—structured continuous space model which only considers trees, we also aim to
interpret the quadratic mortality function of young age trees in the model, which helps translating the
model from one with implicit interspecific competitions to one with explicit interspecific
competitions. We introduce an adult tree—grass—young tree hierarchical structure by which adult trees
suppress grasses and young trees, while grasses suppress young trees. Therefore, our new model becomes
one depicting tree—grass dynamics with explicitly considering interspecific and intraspecific
competitions. In addition, because the underlying model considers the space explicitly, so our new model
which inherits this feature enables us to study about tree—grass coexistence and segregation spatially
We mathematically analyze the model, ensure that the equations possess stationary solutions which imply
tree—grass coexistence, especially inhomogeneous stationary solutions which imply tree—grass
segregation. Simple numerical examples are also presented to demonstrate the existence of inhomogeneous
stationary solutions to our equations. In further numerically studying the patterns, our model shows too
drastically changing behaviors depending on the various parameters. In order to reduce the parameters
and have a relatively more handleable model for the numerical simulations, we do a simplification on our
model. As an ideal result, we can find the simplified model coincides with the classical age—structured
continuous model. This translate our explicit—competition model back to the classical underlying model
which includes the competition implicitly. In the numerical simulation on the simplified model, we first
construct initial functions which exhibit different tree—grass segregation patterns with different
levels of forest connectivity, high connectivity, intermediate connectivity and low connectivity. With
each initial state, we regulate only one parameter, the mortality of adult age trees, to see which
values can lead the initial state to final stabilized tree—grass coexistence solutions with keeping the
spatial patterns appeared in the initial state. The results show a clear correlation between different
segregation patterns and different values of the mortality of adult age trees. Relatively high mortality
values can only lead the system to high—connectivity forests patterns, while relatively low mortality
values can only lead the system to low—connectivity forests patterns. Of course, besides forest
connectivity level, the patterns also differ in tree—area ratio. With contrasting experiments, we
demonstrate that both tree—area ratio and connectivity level are individual factors influencing the
tree—grass coexistence. We also explore the mechanism behind connectivity influencing tree—grass
coexistence. As can be observed in the numerical results, seed dispersal is being radically affected by
the connectivity level of forest patches. This is also observed in nature by forest ecologists.
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