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Theoretical studies on the time-trajectory of mean plant weight
and density in self-thinning populations

Akio HAGIHARA

The competition-density effect in self-thinning populations can be described by the
general reciprocal equation of the C-D effect (Eq. (7)), which is derived from the logistic
theory of the density effect in self-thinning populations. On the other hand, any popula-
tions starting with different initial densities tend to follow the 3/2 power law of self-
thinning (Eq. (11)) with time. Based on the assumption of the two phenomena, unknown
functions in the logistic theory, such as the coefficient ¢ (Eq. (21)) of the relationship
between realized density p and initial density o (Eq. (5)), the coefficient 4, (Eq. (25),
Fig. 2) of the general reciprocal equation and the final yvield ¥ (Eq. (34)) could be
defined as explicit functions of biological time = (Eq. 9). A theoretical conclusion with
respect to density-dependent mortality (Eq. (23)) was that any population is supposed to
exponentially decrease its constituents after a sufficient lapse of = (Fig. 1), and it was
just the populations decreasing exponentially in number that follow the 3/2 power law of
self-thinning. A theoretical equation (Eq. (31)), which was derived by unifying the
density effect and the 3/2 power law of self-thinning (Fig. 7), well mimicked the
trajectory of mean plant weight w and density o during the course of self-thinning (Fig.
4). The theoretical equation states that higher values of mortality x play an important
role in relieving intraspecific competition. The relative error of estimates from a
proposed approximation equation (q. §367) to those from the theoretical equation was
examined (Fig. 9). As a result, it was concluded from a practical viewpoint that the
approximation equation is satisfactorily applicable to actual w-p trajectories (Fig. 10).

Keywords : density-dependent mortality, density effect, general reciprocal equation of

the C-D effect, logistic theory, mean plant weight-density trajectory, the 3/2 power
law of self-thinning





