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Figure 1 Schematic diagram of the spatially-explicit individual model.
Model resolution is set to 25 cm, which is much less than plant canopy
radius (up to 5-8 m). Each grid cell can be occupied by at most one
individual stem, but may be covered by multiple canopies from different
trees (e.g., grid cell A). The canopy layer is called the top canopy layer if
is not covered by other layers in the vertical direction (e.g., the canopy of
individual 1 and the non-covered part of individual 2 in A), otherwise the
lower canopy layer (e.g., the part of canopy of individual 2 which is
covered by individual 1, as well as the canopy of individual 3)
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Figure 2 Changes of population characteristics with simulation time. (a) Population density N (individuals/m®); (b) degree of population competition
C; (c) top canopy area index CAl,,; (d) averaged top canopy height H,, ; (¢) standard deviation of individual height H,. The simulation results are from
Group DIR (solid line) and Group DIF (dashed line) as establishment rate e=1.0
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Figure 3 Statistical analysis of population characteristics. Changes in top canopy area index (i.e., vegetation fractional coverage) (a) and population
density (b) with establishment rate (in logarithmic coordinate); changes in degree of population competition (c) and its standard deviation (d) with
fractional coverage; changes in averaged top canopy height (e) and its standard deviation (f) with fractional coverage. The black solid and dashed lines
are Group DIR and DIF respectively, while the gray dashed line is the control experiments (without competition). In addition, all the variables are

averaged over multiple years
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A general model for plant resource competition and population
structures
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Resource competition is one of the major driving forces shaping ecological patterns at various scales. Competition exists as
the total supply of essential resources is less than the total demand of different individuals in an ecosystem; thus, the growth
of some or all individuals is reduced due to the limitation of these resources, and hence, various ecological patterns form.
The self-organization processes of ecosystem resource competition show three distinct characteristics; i.e., a population has
a moderate number of individuals, with each being different, and there are only local interactions among individuals within
the system. A dynamic ecological model with an explicit description of competitive interactions among neighboring
individual trees is constructed in this work to investigate the general features of resource competition and population
structures. Despite the complex characteristics of the process through which plant size impacts competition for various
resources, two simple mathematical schemes are developed to represent the two extreme cases, i.e., a completely
asymmetric competition case in which the most competitive individuals obtain all the resources and a completely
symmetric competition case in which resources are equally allocated among all individuals. Numerical simulations
applying these two schemes are performed and compared with the control experiments in which competition is ignored and
all individuals can acquire the maximum available resources. The properties of individual and population variables, such as
the degree of competition and mortality rates among individuals and the distribution of the top canopy at different heights,
are analyzed. The similarities and differences are compared among different competition modes and different degrees of
population competition. The set of completely asymmetric competition simulations shows larger variances among
individuals, such as the rapid increase in the degrees of competition for individuals with moderate heights and mortality
rates for small individuals, and the standard deviations of the top canopy height are larger than those of the control group. In
addition, the fractional coverage of the top canopy of tall individuals tends to be stable, indicating an invariant structure
under asymmetric competition. In contrast, much smaller variances among individuals are shown in the set of completely
symmetric competition simulations; the average values of both the degrees of competition and mortality rates increase at all
heights, with the curves of fractional coverage of the top canopy shifting toward the lower end, and the fractional coverage
of tall individuals gradually decreases. In both sets of simulations, the population structures differ from the control
experiments as the degree of competition increases in that the proportion of high canopies decreases and that of low
canopies increases, and the average height of the top canopies decreases. This result demonstrates the uniqueness of
intraspecies competition; i.e., the influences of competition on small individuals always lead to a decrease in the possibility
of small individuals growing into larger ones. This mechanism is generally ignored in classical competition theory, in
which competition further intensifies differences among various species or individuals and even leads to single-species
dominance (competition exclusion principle). This research provides a fundamental framework of resource competition
and population structure, which can be the mathematical guideline for further studies of comprehensive problems, e.g.,
with multiple resources and multiple species.

resource competition, population structure, individual difference, self-organization, dynamic ecosystem modelling
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