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Chapter I

Introduction and Objectives

Introduction

Growth and yield models have become increasingly sophisticated through advances

in our understanding of stand development.  Knowledge of stand-level dynamics has led to

the development of models that incorporate “biological” behavior, albeit usually at a

coarse level.  In some cases, this biological behavior is incorporated explicitly into the

model’s structure (Smith and Hann 1986, Lloyd and Harms 1986).  Often, various

“biological laws” are used to corroborate model behavior (Goulding 1979, Oderwald and

Hans 1993).

To date, attempts to explicitly incorporate expected patterns of stand dynamics as

well efforts to corroborate model behavior have focused on stand-level dynamics of

density measures, height development, mean size, and number of trees.  Examples include

size-density relationships (Reineke 1933, Yoda et al. 1963), Eichorn’s rule (Assmann

1970), the Sukatschew effect (Harper 1977), and Khil’mi’s theory (Czarnowski 1961). 

Other less well known patterns expected from competitive interactions have been reported

for size distribution attributes and for the relationship between relative growth rate and

initial plant size.

Two theories of intra-specific competition in even-aged plant communities have

been proposed (Weiner 1985, Weiner and Thomas 1986).  The resource depletion theory
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assumes competition acts on all individuals equally or in direct proportion to their size. 

The resource pre-emption (or Dominance/Suppression) theory assumes competition is

disproportionate to plant size and large plants usurp resources at the expense of smaller

plants.  

These two competition theories lead to different expectations in the dynamics of

diameter distribution parameters and in the distribution of relative growth rates (Fisher

1921) within a stand.  Tests of the two theories initially focused on comparing expected

and observed changes in size distribution attributes over time and across density gradients

(Weiner 1985, Weiner and Thomas 1986,  Knox et al. 1989).  Analysis of the relationship

between relative growth rate and individual plant size has been used as a direct test of the

competitive interaction mode (Cannell et al. 1984, Schmitt et al. 1987).  

Studies of the two theories have mostly relied on analysis of annual plants

established along a density gradient.   Analysis with tree species has generally been based

on very young plantings (Cannell et al. 1984, Petersen et al. 1990) or unreplicated studies

with long remeasurement intervals (Ford 1975, Perry 1985).  Larocque and Marshall

(1993) concluded an analysis of relative growth rates supported the

dominance/suppression theory with data from a red pine spacing trial.  Much of the

literature supports the dominance/suppression relationship (Weiner and Thomas 1986,

Knox et al. 1989, Schmitt et al. 1987).  However, evidence in support of the resource

depletion model has been reported with both annual plants (Turner and Rabinowitz 1983)

and various tree species (Petersen et al. 1990, Nilsson 1994). 

Objectives

If dominance/suppression relationships are prevalent in even-aged loblolly pine

plantations, growth and yield models should result in growth projections consistent with

expected patterns in diameter distribution attributes and in the expected relationship

between relative growth rate and size.  The objective of this study was to test for the



3

existence of a dominance/suppression competitive relationship in even-aged loblolly pine

plantations and to develop an approach to incorporate this relationship into growth

models.  Specific objective were to:

& Review the development of the dominance/suppression theory of intra-specific

competition in even-aged plant communities.

& Test for the existence of a dominance/suppression competitive relationship in

even-aged loblolly pine plantations.

& Quantify the relationship between relative growth rate and size as a function of

stand-level attributes.

& Develop methods of incorporating dominance/suppression relationships into

estimates of individual-tree growth.

Chapter II discusses the development of the dominance/suppression theory of

intra-specific competition as recorded in forestry, ecology, and agronomy literature.  The

history of the theory is traced from early work on the temporal trend in size distribution

parameters to analysis of the relationship between relative growth rate and size of

individual plants.  Chapter III presents the data and general statistical methods used

throughout this study.  A test for the existence of a  dominance/suppression relationship in

even-aged loblolly pine plantations is discussed in Chapter IV.  In Chapter V, a basal area

disaggregation model consistent with dominance/suppression is developed and tested

against two published disaggregation models.  Concluding comments and suggestions for

additional research are presented in Chapter VI.

Variable Definition and Notation

All units are based on the English system (in=inches, ft=feet, ac=acre, yr=year,

yrs=years).  The following terminology and notations are used extensively in this study:

A Stand age (yrs).
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b Individual-tree basal area (ft /ac).2

B Stand basal area (ft /ac).2

CPI Crown area projection index.

CR Crown ratio.  Ratio of live crown length to total tree height.

d Diameter at breast height (4.5 ft above ground) (in).

D Median dbh (in)m

D Quadratic mean dbh (in).q

DF Degrees of freedom.

G Gini coefficient.

H Average height of trees with dbh greater than D  (ft).D q

r Individual-tree relative growth rate.  Instantaneous rate of change of size

per unit of total size.

r Individual-tree mean relative growth rate over an interval–

RS Relative spacing.  Ratio of average distance between trees to H .D

S Site index.  Height (H ) at a reference age of 25 years.D

SS Sums of squares.

t Time.

Other less often used variables are defined in context.


