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Abstract A forest’s productivity can be optimized by the
application of rules derived from monopolized circles. A
monopolized circle is defined as a circle whose center is a
tree and whose radius is half of the distance between the
tree itself and its nearest neighbor. Three characteristics of
monopolized circle are proved. (1) Monopolized circles do
not overlay each other, the nearest relationship being
tangent. (2) “Full uniform pattern” means that the grid of
trees (axb=N) covers the whole plot, so that the distance
between each tree in a row is the same as the row spacing.
The total monopolized circle area with a full uniform
pattern is independent on the number of trees and 7 times
the plot area. (3) If a tree is removed, the area of some trees’
monopolized circle will increase without decreasing the
monopolized circles of the other trees. According to the
above three characteristics, “uniform index” is defined as
the total area of monopolized circles in a plot divided by
the total area of the monopolized circles, arranged in a
uniform pattern in the same shaped plot. According to the
definition of monopolized circle, the distribution of uniform
index (L) = % for a random pattern and E(L) = 1; the
variance of L is D(L) = -L;. It is evident that E(L) is
independent on N and the plot area; hence, L is a relative
index. L can be used to compare the uniformity among
plots with different areas and the numbers of trees. In a
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random pattern, where L is equivalent to the tree density of
the plot in which the number of trees is 1 and the area is m,
the influence of tree number and plot area to L is
eliminated. When n—o0, D(L)—0 and L — 1 = 0.318; it
indicates that the greater the number of tree is in the plots,
the smaller the difference between the uniform indices will
be. There are three types of patterns for describing tree
distribution (aggregated, random, and uniform patterns).
Since the distribution of L in the random pattern is
accurately derived, L can be used to test the pattern types.
The research on Moarshan showed that the whole plot has
an aggregated pattern; the first, third, and sixth parts have
an aggregated pattern; and the second, fourth, and fifth
parts have a random pattern. None of the uniform indices is
more than 0.318 (1/IT), which indicates that uniform
patterns are rare in natural forests. The rules of uniform
index can be applied to forest thinning. If you want to
increase the value of uniform index, you must increase the
total area of monopolized circles, which can be done by
removing select trees. “Increasing area trees” are the re-
moved trees and can increase the value of the uniform
index. A tree is an increasing area tree if the distance be-

tween the tree and its second nearest neighbor is v/2 times
longer than that between the tree itself and its first nearest

neighbor, which is called the v/2 rule. It was very inter-
esting to find that when six plots were randomly separated
from the original plot, the proportion of increasing area
trees in each plot was always about 0.5 without exception.
In random pattern, the expected proportion of increasing
area trees is about 0.35-0.44, which is different from the
sampling value of 0.5. The reason is very difficult to
explain, and further study is needed. Two criteria can be
used to identify which trees should be removed to increase
the uniform index during forest thinning. Those trees
should be (1) trees whose monopolized circle areas are on
the small side and (2) increasing area trees, which are found

via the v/2 rule.
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1 Introduction

Li [1] was the first scholar to study the distribution
randomicity of a plant population in a community. Li [1]
tested distribution randomicity by comparing actual fre-
quency with Poisson distribution theoretical frequency and
used the variance and mean method. On the basis of this,
Moore [2] and Moristita [3] developed other randomicity
indexes. Lloyd [4] brought forward the mean crowding
index and the conglomeration index. Moristita [3] provided
the dispersion index. Hopkins and Skellam [5] put forward
a pattern test method in comparison with a random pattern,
while Clark and Evans [6] used the distance between
random plant and its nearest body, which was modified by
Donnelly [7] later. Smaltschinski [8], Pielou [9], Gleichmar
and Gerold [10], Fuldner [11], and Kint et al. [12] all ap-
plied and developed this method.

The Moristita index and the variance mean are uni-
versally applied in pattern research [13—15]. Population
pattern is related to the state of mobile sand and plant habit
in Maowusu tibba [16]. Under bad ecological conditions,
the plant has a discontinuously aggregated distribution
[17]. Zhang [18] used the same method to analyze point
pattern.

There are two sampling methods in population pattern
research. One is applied to a small-shaped, large-sized
population and the other to a large-shaped, small-sized
population. Distance sampling is suitable to the latter. Based
on this, the author brings forward the notion of mono-
polized circle and the method in measuring and testing
pattern homogeneity with uniform index.

The study area (127°28'—-127°43'E, 45°14'—45°29' N) is
located in Moarshan, on the west side of the Zhangguangcai
range, Changbai mountain system, China. Mean elevation
of the area is 300 m, and secondary forest is dominant [19].
There are many types of dense canal systems that influence
forest macropattern [20]. The study on birch population
spatial pattern indicates that a youngling forest has an
aggregated distribution, whereas an adult one has a random
distribution [21].

2 Correlative lemma of monopolized circle
and definition of uniform index

Nth near body The nearest tree A, apart from tree A is
called the first nearest body of A; the second nearest tree
A, is called the second nearest body, the Nth nearest tree
apart from A is called the Nth nearest body of A.

Nearest body The nearest body A; apart from body A is
called the nearest body; that is, the first nearest body and
nearest body are equivalent.

Monopolized circle The distance between a plant body at
random and its nearest neighbor is defined as S; then, the
circle whose radius is S/2 and whose center is this plant is
called a monopolized circle.

Nth monopolized circle The distance between a plant body
at random and its Nth nearest neighbor is defined as S; the
circle whose radius is $/2 and whose center is this plant is
called the Nth monopolized circle. Obviously, the first
monopolized circle is a monopolized circle.

Lemma 1 In a plot without plant invasion, monopolized
circles of all individuals do not overlap.

Proof Reduction to absurdity is used. Suppose that there
are two overlapping monopolized circles and they are not
tangent. Let A and B be the centers of the two circles, Rp
and Rp be the radii, respectively, and Rs>Rp. Then,
RA+Rp>AB. Following the definition of monopolized
circle, the distance between A and its nearest body is 2R,
whereas 2R >RatRp>AB. It means that the distance
between A and B is less than the nearest body distance of
A. Tt is in contradiction to the above hypothesis.

Lemma 2 Let uniformly distributed plants in a rectangle
plot be axb=n, and the distance between every plant and
its nearest neighbor be s, this is called complete uniform
pattern. When the stem number of a sample area is n,
dn,..4"n, the total area of a monopolized circle is
invariable.

Proof From the above hypothesis, a monopolized circle is
a circle whose center is a random plant and whose radius is
S/2. There is a tangent square outside the monopolized
circle whose side is 5. Obviously, all tangent squares cover
the whole plot. Thus, the total sample area is ns®, and the
total area of the monopolized circle is n7- . If we divide
every tangent square into four and put a plant in the center

of every small square, the total sample area is 4n (%)2 = ns’.

Then, the total area of the monopolized circle is 4nm (i)z =

n ”TSZ, where the stem number is 4n. Therefore, for complete

uniform pattern, when the stem number is #, 4n, ... 4%n, the
total area of the monopolized circle is invariable, and it is 7
times the total sample area.

2.1 Definition of uniform index

On the basis of Lemma 1, monopolized circles do not
overlap. The summation of its area is decided by pattern.

On the basis of Lemma 2, for uniform distribution, the
total area of a monopolized circle is independent on the
stem number, and it is 7 times the sample area.

From the two lemmas, we can deduce the definition of
uniform index.

In a plot, the ratio of the total area of every plant’s
monopolized circle to 7 times the sample area is called the
uniform index.

Suppose « is the total monopolized circle area of a plant,

A is the sample area, and L = #¢ s the uniform index.

A
Then, a = %.



Assuming that @ = . d?/n is the average square of

1
distance between this plant and its nearest neighbor, we
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When the pattern is random, accordmg to the proof

of Pielou [9], @ has a density function; that is, f(@) =

(nl) —n—1 —mw
L(n)
2niw follows the x? distribution. A(A = %) is the av-

erage number of individuals in a unit circle. Then, 2nio =

2n ™ AnL = 27nL follows the x? d1str1but10n whose degree

of freedom is 2n. Hence, L ~ &5* : , and E(L) =+; the
2

variance of L is D(L) = w = =1

That is, E(L) is independent on stem number and sample
area, and it is only a relative index. We can compare its
uniform index among plots that have different stem
numbers and areas. That is to say, there is “thickness” in
the stand index when there is a tree in the unit circle under a
random pattern. It is a standard density index without the
influence of stem number and sample area.

When n—o0 and D(L)—0, it means that the difference of
the uniform index will diminish when there are enough
individuals. Hence, we should avoid comparing plots with
a wide gap in stem numbers. Since the distribution of L is
accurately derived, L can be used to test pattern type.

Lemma 3 Taking out a random plant A, the nearest body
distance of B whose nearest body is A will increase, and
the nearest body distance of C, whichis the nearest body of
A, will not decrease.

Proof A is the nearest body of B. Taking out A, the second
nearest body D will become the nearest body of B. Then,
BD>AB. C is the nearest body of A, and let E be the
nearest body of C. If E=C, the second nearest body will
become the nearest body of C after taking out A; namely,
the nearest body distance of C will increase. If E+#C,
AC>CE, it means that the nearest body of C is invariable
after taking out A (Lemma 1).

Lemma 3 concludes that taking out a random plant of the
plot will not reduce the area of other monopolized circles
but increase the area of some.

3 Application of the uniform index—+/2 rule

In accordance with the study of Sun et al. [21], the
development of forest space pattern is from an aggregated
to a random distribution. Therefore, selective cutting will
increase the uniform index. Since increasing the uniform
index entails increasing the total area of the monopolized
circle, we should fell the tree that has a small monopolized
circle (little living space). It is the increasing area tree that
can increase the total area of a monopolized circle after the
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tree was cut down. Later research shows that the tree that
obeys the v/2 rule is the increasing area tree.

V/2 Rule Let A, be the first nearest neighbor of A and A,
be the second nearest neighbor. If AA>>V2AA,, remov-
ing A; will increase the total area of the monopolized
circle and the uniform index. Therefore, A; is an
increasing area tree.

Proof Let B be the nearest neighbor of A, then AA;>A B
(Lemma 1). When removing A;, the monopolized circle
area of the tree whose nearest body is A; will not decrease
(Lemma 3). Removing A; is the same as removing a
monopolized circle whose radius is A;B/2; that is to say, it
decreases a monopolized circle in the whole plot.

However, the second monopolized circle of A sub-
stitutes the first one. If the second monopolized circle of A
is two times more than the first one, the total area of the
monopolized circle will increase.

Therefore, when

() 5 (1) 0
Viz.,
AA; > V2 AA, )

Removing A; will increase the total area of the mono-
polized circle.

Thus, we obtain the proof.

Apparently, so many forests meet this rule that it does
not ascertain felled tree alone. Moreover, in view of the first
monopolized circle area being bigger, even if the second
monopolized circle meets this rule, we cannot fell the tree
yet.

Then, to control forest pattern, felling should obey the

V2 rule, namely, selectively cutting those trees that have
litter as their first monopolized circle and whose second
monopolized circle area is two times more than the first
one.

The rule can be reused after removing some trees.

4 An interesting circumstance on the proportion
of an increasing area tree

A 1.3-hm? plot is located between the 13th compartments
with 20 subcompartments and the 14th compartments with
5 subcompartments in the Moarshan institutional forest.
The plot was measured by precision instruments. The
whole plot was separated into six parts, the uniform index
of which was calculated.

An infrared EDM instrument and a theodolite, which has
a millimeter-level precision, were used in the survey.



74

Fig. 1 Surveying result of plots

To measure the distance between the station and the tree,
at least two persons have to use the infrared EDM in-
strument RED2L at the same time. One operates the
instrument while the other puts a holdfast leaning against a
1.3-m tree on which a prism was placed. DBH and tree
height measurements were likewise obtained. Simultaneity,
azimuth angle, pitch angle, and elevation were measured
with the theodolite. As a result, the Gauss Kruger geodetic
coordinate (x, y, &) could be computed by these parameters.

Thus, the forest that obeys the V2 rule was that with the
increasing area trees. Interestingly, the proportion of
increasing area trees in the whole plots was about 0.5
(Fig. 1). Taking a random subset, the proportion of in-
creasing area trees is about 0.5 all the same (Table 1). Now,
we calculate the expectation proportion of increasing area
trees in case of random pattern.

For random pattern, the probability of the first nearest
neighbor distance is 7,

F(r{)=P(s; <r)=1—e™

The probability density is
f(r) =F'(r) = 2Are

The probability of the second nearest neighbor distance
is 7 2,

F(ry) =P(sy <rp)=1- e M — )»r%e_”%
The probability density is
f(r) =F'(r) = 2Are ™™ — Qhrme M + ek 2Arye 3
= 2)2r3e
Therefore, P(r, > V2r Ir) = 2A2 f;%rl r%e*”%drz
= JJ5, (r3)e2d(r3) = 0(2. v/2r)
where Q(ar,x) = [~ e 't* 'dt = T'(e)(1 — I'(et, x))

A=
A

where 7 is the stem number of the sample area, which is A.
I'(a) is a Gamma function. I'(a,x) is an incomplete
Gamma function.

D(a) = [, e 't* dt

I(er. ) = Ffe3

Here, I'(«r, 0) = 0, (e, 00) = 1

Pla,x) = [y e 't* dt

(e, x) =1-4%2

Table 1 Comparison between the expectation proportion and sample proportion of stem number in increasing area

Plot  Plot Total stem Stem number of Proportion of A P Total monopolized Uniform Lower Upper Pattern
no. area number  increasing area the increasing circle area (m*)  index limit limit type

(m?) area trees
Whole 13,597 1,198 620 0.51 0.276 0.391 2,945 0.2757 0.3005 0.3365 Aggregated
1 2,351 213 116 0.54 0.284 0.397 576 0.3121 0.2769 0.3624 Random
2 1,989 219 116 0.52 0.345 0.437 393 0.2520  0.2762 0.3601 Aggregated
3 1,736 167 85 0.50 0.302 0.409 388 0.2847 0.2718 0.3683 Random
4 2,262 190 97 0.51 0.263 0.381 420 0.2365 0.2746 0.3651 Aggregated
5 2,512 209 110 0.52 0.261 0.379 465 0.2358  0.2762 0.3628 Aggregated
6 2,743 199 96 0.48 0.227 0.352 697 0.2975 0.2756 0.3640 Random




Then, the expectation proportion of increasing area trees

p= /P(rz > \/§r1|r1)2krle_’\'%dr1
0

ZA/ Q(2, \/Eﬁ)lqe*”%drl
0

It is obvious that A does not affect actual sampling pro-
portion but forest expectation proportion.

5 Conclusion and discussions

1. Uniform index unifies qualitative and quantitative
analyses on pattern and is easy to compute and operate.

2. Uniform index L~[0,1] can be used to compare
uniformity variation during felling under the selection
system. Along with the variation of uniform index L,
distance distribution presents diversity. For an artificial
forest, a high uniform index means low distance
diversity, low biodiversity, and anticonverse and even
brings numerous diseases and pests. Therefore, a prop-
er uniform index maintains forest distance diversity.

3. The uniform index of the whole plot is 0.2757
(Table 1), which comes from the weighted average
area of the six parts’ uniform index. However, it does
not reach 0.318 with the increase in stem number. All
these show great heterogeneity in the plot. The
variational tendency of the uniform index can be
used on heterogeneity evaluation.

4. To control forest pattern, felling should obey the V2
rule, namely, selectively cutting those trees with litter
comprising the first nearest-body distance and whose
second near-body distance being /2 times more than
the first one.

5. The actual sampling proportion that obeys the v/2 rule
does not agree with expectancy.
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