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Abstract : The data of crown width with 4 directions, DBH, tree height, and coordinate for sample trees
were collected from 30 permanent sample plots in secondary forest of the Maoershan Experimental Forestry
Farm, Northeast China. In this paper, the competition of individual trees in stand were discussed for
secondary forest by using iterative Hegyi competition index and crown overlap index that represented the
competitive and cooperative interactions among neighboring trees. Active competitors of subject tree in the
competition zone were selected to calculate the iterative competition index. Using the results of crown
classification based on the equal crown projection area, a new distance dependent competition index called
crown overlap index (COI) was developed for secondary forest. The COI performed well in describing the
crown competition rather than crown competition factor (CCF). The individual-based competition index
discussed in this paper will provide more precise for developing individual tree growth models for
secondary forest and it can also use to adjust the stand structure for spatial optimal management.
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Introduction

Growth of individual trees on particular sites is influ-
enced by a number of factors such as age, size, genetic
characteristics, micro-site conditions and competition for
light, water, and nutrients (Tome and Burkhart, 1989). How-
ever, competition occurs when resources requirements of
plants are overlapped. It is generally agreed that com-
petition is a factor which means the interaction between
two or more plants competing for a certain resources and
energy in same region (Zhang and Xu, 2001). Compe-
tition from neighboring plants is one of the most impor-
tant biotic factors limiting plant growth. Often, larger
plants have a disproportionately larger effect in compe-
tition, suppressing the growth of their smaller neighbors
(Begon, 1984; Weiner, 1990).

Inter-tree competition implies that resource supplies
are insufficient for supporting optimal growth of two or
more trees. The effect of inter-tree competition on indi-
vidual tree growth is very difficult to quantify. Individual
tree growth model performance can be improved by
knowing how growth varies at different levels of com-
petition (Holmes and Reed, 1991). Since 1960s, many
competition models were developed for individual tree
to reflect the relationship between trees and living space
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(Biging et al., 1992). Many studies have compared indi-
ces to determine which index best expresses competition
for a given species and stand type (Lorimer, 1983;
Daniels er al., 1986). Some indices representing compe-
tition have been developed and incorporated into indi-
vidual tree growth models (Ek and Monserud, 1974;
Wensel et al., 1987; Davis and Johnson, 1987).

Competition indices can be divided into three general
categories: (1) influence zone overlap, (2) growing
space, and (3) size ratio. The influence zone of compe-
tition is the basis for many inter-tree competition indices
(Gerrard, 1969; Opie, 1968; Bella, 1971; Amey, 1973;
Ek and Monserud, 1974). Staebler's index measured the
overlap area by using maximum radial width of subject
tree’s crown (Daniels, 1976). Area overlap introduced by
Gerrard (1969) summed the area of competitor overlap
regions. While the majority of these comparison studies
were conducted in even-aged stands for intolerant spe-
cies, only a few studies have been conducted in mixed
species stands (Gerrard, 1969; Lorimer, 1983: Ek and
Monserud, 1974).

In Northeast China, the most of the primary forests
have disappeared and secondary forests have become the
major forest due to extensive cutting and other human-
disturbances. The area of secondary forest accounts for
more than fifty percentage of total forest in this region
(Li, 1992; Zhu and Liu, 2007). In order to develop indi-
vidual tree growth models and adjust silvicultural thin-
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ning or harvest treatments, it is necessary to examine
individual tree’s competition indices for typical second-
ary forest in Northeast China. The objective of this study
is to develop a new crown overlap index to describe the
competition between individual trees for secondary for-
ests.

Materials and Method

1. Study area

Data for this study were collected from natural hard-
wood-mixed stands of secondary forests in Maoershan
experimental forest farm of Northeast Forestry Univer-
sity. The research sites are located in Shangzhi City,
Heilongjiang province (127°30' E~127°34' E, 45°20' N~
45°25' N). The elevation of the region varies from 300 to
800 m above mean sea level. Most of this region is
located in a temperate seasonal wind climate zone. The
average annual temperature is about 2.8°C. In winter, the
average January temperature is -19.7°C, while for July,
in summer, it is 20.9°C. The average annual precipitation
is about 723.8 mm. Soil in this area is dark brown forest
soil, and it is loam in texture.

The main forest type in this region is Poplar-Betula
forest, precious hardwood forest, and other hardwood-
mixed forest. The major broadleaved species are Betula
platyphylla, Tilia amurensis, Betula costata, Juglans
manshurica, Phelodondrom amurense, Acer mono, Frax-
inus mandshurica, Poplar spp., Ulmus spp., and Quercus
mongolica. Other conifer forests are plantation. The area
of secondary forests is 89.3% of total forest area (22500
ha).

2. Field measurements

In the summer of 2007, 30 sample plots, representing
the most of forest types in this region and different stand
conditions such as site, density, and elevation, were
established with different size ranged from 0.1 ha (20
mx50 m) to 0.21 ha (30 mx70 m) (Figure 1). The ele-
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Figure 1. Location of 30 sample plots.

Figure 2. Stem map and crown area projection of the plot
M702.

vation varies from 300 m to 600 m, and stand density
ranges from 400 ha™' to 1800 ha™'. All trees in the plots
were measured for DBH, tree height, height to crown
base, and crown radius (four directions: East, South,
West and North) and then stem-mapped by relative coor-
dinates (takes plot M702 as example, Figure 2). The
aggregation index (Clark and Evans, 1954) for the uni-
formity of the spatial distribution is 0.6059, indicating a
clustered spatial pattern.

As Mitsuda et al. (2002) used buffer zone in the study
on effects of competitive and cooperative interaction
among neighbor trees on tree growth for a naturally
regenerated even-aged Larix sibirica stand, the buffer
zone was also defined as 5 meters in this study. The
individual trees in the edge of stem-mapped stand was
produced some errors in calculating the indices associ-
ated with spatial patterns (Moeur, 1993). Therefore, the
edge correction of the plot is inevitable. Taking plot
M702 as an example, it was showed in Figure 3.

The total sample trees in all 30 plots is 4237 with
3628 trees remained after deduction of the mortality and
sub-arbor trees (Table 1).

3. Iterative hegyi competition index

Hegyi competition index includes individual tree com-
petition index CI, and stand competition index CI, using
the following formula:

-4 (1
Cli=% ——
j?ld'..LU



Individual-based Competition Analysis for Secondary Forest in Northeast China

40 m

503

Buffer =5m

Betula platyphylla

®  Tilia amurensis

+ Juglans manshurica

* Phelodondrom amurense

Acer mono

Buffef®

Buffer

35m

=5>m|

=5 m Fracimis mandshurica

Ulmus spp

P = & @

Other broadleaved sp ecies

/"\/ Grid of meters

LIS

/\/ Boundary of plot

Buffer =5 m

Figure 3. Edge correction of the plot M702 and sample trees distribution.

Table 1. Summary of sample trees.

. DBH H
Specics N Mean Minimum Maximum Mean Minimum Maximum

Betula platyphylla 124 14.06 5.5 425 14.23 7.0 26.3
Tilia amurensis 1001 14.99 5.0 52.1 12.64 2.5 257
Betula costata 96 23.70 5.9 529 19.65 7.9 28.8
Juglans manshurica 243 22.93 53 534 16.16 6.8 28.7
Phelodondrom amurense 135 20.02 58 409 14.20 6.2 284
Acer mono 802 10.26 5.0 419 10.40 4.1 24.8
Fraxinus mandshurica 214 19.37 5.0 474 153 52 31.1
Poplar spp. 128 24.24 5.1 59.5 17.19 5.1 28.5
Ulmus spp. 672 11.64 50 84.1 9.96 39 27.1
Quercus mongolica 213 19.33 5.0 56.9 13.24 59 28.3
Ohter broadleaved 455 9.20 5.0 54.1 9.12 35 242
Dead tree 154 9.68 5.0 38.9 - - -

Total 4237 - . - E - &

Where, CI, is the individual competition index of sub-
Ject tree i; L is the distance between subject tree i and
competing tree j; d,, d, is DBH of subject tree i and com-
peting tree j respectively: n is the number of competing
trees.

Formula (1) indicates that the meaning of competition
index reflects the competition pressure coming from
competition trees to subject tree. In other words, the
more competition pressure burdened by subject tree, the
worse condition it lives.

The competition index of stand can be expressed as
following formula:

"
Cl=33 I, ?)
j=1

Where, CI is a stand competition index, and N is the

total number of stems in the stand.

The radii of competition zone defined by Hegyi was
3.05 m (10 feet) (Daniels, 1976) and the number of all
competition trees within the zone was considered. But,
how to judge the active competitors of subject tree in the
competition zone is very important.

Lee and Gadow (1997) redefined the concept of com-
petition zone and found following formula to calculate
the dynamic radius of competition zone:

10000
CZR=k- |27 (3)

Where, CZR is the dynamic radius of competition
zone, N is number of stems in the stand, ha is the area
of the stand, and k is the parameter, generally, k=2, and
the value of k is determined by situation of study area.

They also modified Hegyi competition index to be
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Figure 4. Iterative Hegyi competition index.

more accurate, called iterative Hegyi index, in which a
new method to select active competitors of subject tree
in competition zone was introduced (see Figure 4).

Three rulers were used to determine the iterative selec-
tion of competitors: (1) in competition zone; (2) big
enough (DJ.ZD,.); (3) active competitors. In Figure 4,
stem No. 10 is not a active competitor because it is out-
side of competition zone; stems No. 1 and 2 are not
active competitors, either, because of their DBH are not
bigger than subject tree i., also, stems No. 7, 8, and 9 are
not included due to shaded by the trees in front of them.
Eventually, stems No. 3, 4, 5, and 6 are remained as
active competitors of subject tree i.

4. Crown overlap index

There is a significant linear correlation between crown
width and DBH of open growth trees. Thus, Krajecek er
al. (1961) put forward crown competition factor (CCF)
based on the correlation. CCF can merely reflect the
competition intensity on stand scale and it was distance
independent index. Actually, in secondary forest, the
crown competition of individual trees is depended on the
distance within the competition zone and CCF will be
helpless. Therefore, a new competition index relative to
individual tree’s crown was introduced in this study,
called crown overlap index (COI):

1 S
COIE=A—I.-ZAOU- 4)

S;
Si‘

Where, COI, is crown overlap index of subject tree i,
AOQ; is the crown overlap area of subject tree i and com-
peting tree j, and S is the product of tree height (/) and
crown radius (R), and A, is crown area of subject tree i.

Figure 5 showed a schematic of this relationship.
From Figure 5, it denotes that when the position of sub-
ject tree i and competing tree j are tangency or separa-
tion, COI, is 0, besides, COI, is the ratio of area when
subject tree i is contained within competing tree j com-
pletely. The principle of selecting compete tree j is the
same as active competitors in iterative Hegyi competi-

Figure 5. Schematic of crown overlap index.

tion index.

Based on distance between individual trees, crown pro-
jection area of subject tree, and active competitor judge-
ment, crown overlap index (COI) shows more precision in
calculation the competition of crown for secondary forests.

5. Crown class

The crown width of most broadleaved species is very
big and the projection of crown area will generate many
gaps on the ground. There is a progressive increasing
relationship between the tree height and crown width.
Crown of small trees with low height does not engender
crown overlap on trees in upper canopy, which can only
overlap the trees crown of same height class. In this
study, the crown overlap index was calculated after clas-
sifying the crown projection area into several classes.

A variable named crown class (CC) was constructed
to describe the affect of tree height on classified crown
projection area. It was expressed as following:

CC=CW-HT2 (5)

Where, CC is crown class, CW is crown width, and
HT is tree height.

This concept takes tree height and crown width into
account, simultaneously, and it is close to the area of
crown vertical section. Especially, it can represent the
biology meaning of crown.

Then, a sum of equal projection area was calculated to
classify crown class into 5 classes, as following formula:

N, N
¥.CC,;i=¥.CC/5 (6)
i i

Where, m is number of ranks, m=1, 2, 3, 4, 5, N is
number of living trees, and j is number of trees in each
crown class.

Results

1. Iterative Hegyi competition index
Iterative Hegyi competition index and crown overlap
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Table 2. Individual tree competition index and crown overlap index for each plot.

505

Sample plots Species composition El"‘(‘g‘;o“ ?1::? D(ﬁgff;y c cce Mol
M701 4IMIBPIPAIOBIAMIUSITA 375 015 1344 46920 2020824  190.1649
M702 2IM2FM1AMITAIUSIPAIOB 395 014 1100 45181 2141075  170.9092
M703 ATA2IMIEMIUSIBCIPA 459 0135 1022 40369 169.1115 1763258
M704 ATM2TA2USIPAIAM 370 012 1183 42673 1927171 1802467
M705 4TA2IM2PAIAMIPS %6 01 IS0 53021 2144468  203.1634
M706 2US2IM2FMITA1PA1AMIPS 359 01 1430 50238 2306565 2012545
M707 4TA2AM2FMIPS1US 371 0.1 1260 49320 1331839 1954615
M708 4TA2QMIAMIPALIMIFM 469 012 1158 43325 1936645 2182543
M709 3TA2AM3QM1IMIPS 475 012 1283 45854 1400167 2083215
M710 STAIAMIPAIQMIUSIIM 503 0.1 1420 50328 384.8417  223.0213
M711 4TA2QMIAMIPA1USIPS 49 012 1142 42031 1353233  212.0569
M712 3PS2AMIQMITA1IM1USIPA 522 ol 1410 50893 159502 2064210
M713 4BC2IMITAIPSIAMIQM 542 0105 1238 47254 1716145  190.1832
M714 2PA2FM2PS2QMITA1AM 491 0.1 1310 42898 1846267 1700158
M715 6QM2TAIFMIUS 501 0075 1453 45910 1600131  216.8590
M716 STA2USIQM1AMIOB 44 0105 1648 49336 157.0823  189.7561
M717 ATA3PSIFMIUSIQM 469 0105 1790 48025 242093 2026547
M718 6TAIAMIUSIQMIPS 465 01 1360 40598 1647801  195.9301
M719 AFM2TA2BCIAMIUS 415 0105 1095 39951 1502607 2003563
M720 6PSITAIAMIIMIFM 396 015 820 33519 1347354  203.1203
M721 3IM2AMIPAI1OBITAIFM 363 01 1440 41422 1487153  205.1688
M722 ATA2IM2EMIAMIUS 402 014 1093 35618 1694554  186.3445
M723 2BC2TAIPSIOBIUSIPAIEM1IM 413 0.14 764 28550 1248031  135.1589
M724 3BP2AMIUSIFMIQMIPSITA 398 018 1094 40036 6522022 1558826
M725 4BC3TAIAMIUSIEM 408 015 1060 40255 1564474  168.0021
M726 SBP2QMITAIFMIAM 366 018 1050 38957 6454217  145.0362
M727 2TA2AM2BP1PAIBCIIMIOB 417 012 1117 44325 177806 1862480
M728 3US3IM2PAITAIPS 345 01225 1322 46613 1609199  180.5875
M729 SIM2USIPSIFMIBP 320 015 667 29587 1585113  205.9567
M730 6US2FM1IMI10OB 303 021 395 20147 172805  150.1624

Where: Betula platyphylla-BP; Tilia amurensis-TA; Betula costata-BC; Juglans manshurica-IM
Phelodondrom amurense-PA; Acer mono-AM; Fraxinus mandshurica-FM; Poplar spp.-PS
Ulmus spp.-US; Quercus mongolica-QM:; Other broadleaved species-OB

index by crown class were calculated for each sample
plot. As shown in Table 2, iterative competition index
was affected by species composition of each sample
plot. Location distribution of trees in the plot and trees
size was significantly correlated with competition index.
The elevation was no specific effect on competition
index.

There is an approximate positive relationship between
the stand density and iterative competition index. The
value of iterative competition index in sample plots
M705, M710 and M712 are greater than 5, where den-
sities are all more than 1400 stems per hectare. On the
other hand, the value of iterative competition index in
M720, M723 and M730 are around 3 and their densities
are all less than 1000 stems per hectare. When plants are
competing, larger individuals often obtain a dispropor-

tionate share of the limited resources and suppress the
growth of their smaller neighbors. This phenomenon will
be intensified when the stand density increasing.

2. Analysis of crown overlap index

Horn (1971) suggested intolerant species' crowns were
narrower than those of tolerant species. The open grown
crown radii of Betula platyphylla, Tilia amurensis, Bet-
ula costata, Acer mono, Ulmus spp. and other broadleaved
species are smaller than those of Juglans manshurica, Phel-
odondrom amurense, Fraxinus mandshurica, Poplar spp.
and Quercus mongolica for the same tree diameter. The
value of crown competition factor (CCF) was also pre-
sented in Table 2. Obviously, it was not related to stand
density or other variables. After calculating the compe-
tition zone radius (CZR) for each sample plot, crown
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Figure 6. Illustration of Crown classification and overlp
for sample plot M702.

overlap index of subject tree, which was the center of
CZR, was computed by its active competitors (e.g., in
M702, CZR=6.03 m). Additionally, the crown class for
each tree plays an important role in the calculation of
COI because some competitors were eliminated by their
crown classes. For example, in plot M702 as shown in
Figure 6, there are many trees with crown class 5 in the
stand and these trees are distributed in the under canopy.
These small trees with little crown radius and low height
are suppressed by other trees with bigger one. However,
the number of trees with crown class 4, 3 and 2 are
gradually decreasing. The number of trees with crown
class 1, representing the biggest and highest trees, is the
least distributing in upper canopy.

From Table 2, it was known that crown overlap index
(COD was also slightly increased with stand density.
But, it was not significant because of complex structure
for secondary forest. The broadleaved trees with large crown
radius, such as Juglans manshurica, Fraxinus mandshurica,
and Poplar spp., overlap more other neighbor trees and
the crown overlap index of neighbor trees have a big
value. As a result, there are small values of COI for the
trees with crown class 1 and the lager values for the
trees with crown class 4 and 5.

Discussion

An ideal competition index should be expected to per-
form equally well in stands with similar age, structure,
and composition. But, these characters become more dif-
ficulty to confirm because of the complexity of structure
in secondary forest. Therefore, the value of competition
index significantly varied in different stands (see Table
2) and this result was dependent on differences in num-
ber of stems per hectare for secondary forest.

Barring major disturbances in stand dynamics, com-
petition is expected to remain relatively constant over short
time intervals (Daniels, 1976; Lorimer, 1983). Hence, the

iterative Hegyi competition index can be used to develop
some distance dependent individual tree growth models
for secondary forests. By searching a certain competition
zone radius (CZR) for each tree in the plot, the iterative
competition index can provide more accurate prediction
of tree growth.

Evaluating competition indices for shade tolerance spe-
cies in a mixed stand will provides an opportunity to
compare index performance in relationship to tolerance.
Fraxinus mandshurica is considered as the most shade-
intolerant species in the study. Ulmus spp. and Juglans
manshurica are slightly more tolerant than aspen. Tilia
amurensis, Acer mono, and Phelodondrom amurense are
considered as mid-tolerant species and Betula platy-
phylla, Betula costata, Quercus mongolica and Poplar
spp. are the most tolerant of the all species.

Classifying trees into the strata based on tree height
revealed differences in the mechanisms of tree interac-
tion between strata. Bella (1971) also showed that the
importance of interaction among neighboring trees on
tree growth was different among size classes within a
stand. Crown class (CC) is a new variable which can be
used to classify different tree size into a proper stratum.
Crown overlap index (COI) using species specific crown
radii can be used to differentiate competition levels between
tolerance classes. Results from this study indicate that
species with smaller crown radii are more sensitive to
changes in area overlap. This implies, as would be expected,
that the less tolerant species are more sensitive to
changes in light. Thus crown overlap index with species
specific open grown crown radii could be used to iden-
tify different competition levels between species in sec-
ondary forests.
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