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Abstract Calculating aggregation index by the sam-
ple-plot data used to lead to computing error due to the ex-
istence of a boundary effect. Here, we suggest a method for
adjusting boundary effect in the analysis of spatial patterns
at different stages of development of the broad-leaved Ko-
rean pine forest. This method is good for the reasonable
management and biological control of the forests. The total
station was used to sample the relative coordinates data at
four corners of the temporary sample plot and of each tree
in the field. Based on the sampling data, a correct approach
to the boundary effect on aggregation index was put for-
ward to the spatial pattern analysis of the broad-leaved Ko-
rean pine forest in its different stages of development. The
results showed that the forest trees grew in a clumped pat-
tern in the stage dominated by the pioneer trees, and that the
trees were distributed in a random pattern in the stage
dominated by the companion trees or in the mature stage.
The spatial pattern of the broad-leaved Korean pine forest
changing from clumped to random distribution is influenced
by biological characteristic, the adaptive strategy of tree
species and the natural disturbance in its entire develop-
ment.

Keywords forest ecology, aggregation index, boundary
effect, broad-leaved Korean pine forest, spatial pattern

distribution models irrelative to distance have been mostly
used to determine the spatial pattern for over a decade
(Guan and Zhang, 1992; Chen et al., 1996; Jin, 1997; Zheng,
1997; Xie et al., 1999; Zhang and Wang, 2000). The advan-
tage of using these models is not only for their simple cal-
culation but also for explaining a lot of characteristics of the
spatial pattern. However, this will sometimes lead to differ-
ent results when using different approaches, and will even
lead to a contradictory conclusion. Different kinds of in-
dexes need to be used to prove each other. It is quite diffi-
cult to obtain an index value, when it approaches the mar-
ginal value if statistical analysis is not carried out (Zheng,
1997); It was found that index is irrelative to distance af-
fected by the size of the plot (Guan and Zhang, 1992). Col-
lecting data using the index relative to distance based on the
traditional method is seldom used in practice because the
cost is relatively high and the boundary effect of the sample
plot is significant.

The data used in this paper including the localization co-
ordinate of each tree is collected by the advanced localiza-
tion instrument, TOPCON computer type total station. The
boundary effect was adjusted during data processing, which
is a practical way for aggregation index analyses. The study
result can be used as guideline in the restoration and man-
agement of the broad-leaved Korean pine forest.

1 Introduction

Many research approaches on spatial pattern have been re-
ported. The index of distribution type and some theoretical
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2 Research stand and approach

2.1 Research stand

The research site is located in the typical multiple-generation
broad-leaved Korean pine forest in the Dongdapo Nature
Reserves in the region of Jiaohe River Forestry Experimen-
tal Administrative, Jilin (Hu et al., 2003). Compartments 53,
52 and 54 were investigated in the reserves (Table 1).
Compartment 53 was heavily disturbed by human activity
and the forest stand was in the development stage domi-
nated by the pioneer tree species. Compartment 52 was
moderately disturbed by human activity, and the stand was



Table 1 Basic conditions at different compartments
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Density Number of . - Rate of coni- . Average diameter
Compartment /(individuals-hm ) specics Species composition fer-broadleaf Average height /m Jem
53 891 18 2P 2A 2] 1Pin 1Ab 1B 1 others 1:8 16.5 18.9
52 860 16 4J 2A 1Pin 1Ab IT 1C 1 others 1:9 15.4 19.2
54 815 16 3J 1Pin 1Ab 1Pic 1A 1C 2 others 1:5 154 21.0

A-Acer mono, J-Jujlans mandshurica, P-Populus sp., B-Betula costata, Pin-Pinus koraiensis, Pic-Picea jezoensis, Ab-Abies holophylla, C-Carpinus

cordata, T-Tilia amurense

in the stage dominated by companion tree species. The third
sample plot, compartment 54, appeared mainly to have a
community structure of a primitive forest with at most 2%
of trees cut in 1966.

2.2 Research approach

Thirty sample plots were set up in compartments 53, 52 and
54, with each compartment having ten sample plots with
plot size 20 mx30 m (Xu and Lin, 1983). The long side of
each plot was set up along the contour. The setting of plots
was carried out by using a compass and measuring rope.
The temporary stakes were placed at the four corners of
each plot. Their relative coordinates of each plot, the four
corners, height and diameter at breast height of each tree
(DBH greater than 3 cm) were obtained by the total station.
The data were processed with EXCEL, including calcula-
tion of the distances among all trees and the distance from
each tree to each side of the sample plot. The nearest adja-
cent tree of each tree was chosen to identify the possible
boundary effect.

3 Revision of boundary effect on aggregation index
and analysis of spatial pattern

Aggregation index (R) was given by Clark and Evans and
adopted as the spatial pattern analysis related to distance. It
is easy to calculate and is often used to make the suitability
test of space pattern of the whole stand as a single quantita-
tive index.
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where r; is the distance from the tree i to its nearest adja-
cent tree, N is the number of trees per hectare and » is the
number of trees in a sample plot.

When using the collected data to calculate the aggrega-
tion index, you may find that an individual tree located out-
side of the sample plot may be the nearest adjacent tree of
an individual tree in a sample plot. Therefore, the calcula-
tion will be affected by boundary effect so that the value R

R =

is often greater than the actual value. That will lead to the
trend of movement of distribution identification, either ag-
gregation distribution towards random distribution or the
random distribution towards even distribution. The degree
of deviation of the R-value is related to the position of the
adjacent individual tree. Therefore, it is necessary to deter-
mine whether R needs to be revised, and the method of re-
vision if it is applied.

Suppose r; is the distance from the investigated target
tree i to the nearest adjacent tree j, d; i, is the shortest dis-
tance among the ones between target tree to one of four
sides of a sample plot. By comparing d; ;, to r; it will de-
fine which tree in a sample plot will be affected by the
boundary effect.
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Fig. 1 Border affection schedule

If d; min>r; (see Fig. 1b), R will not be affected by the
boundary effect and there is no need for it to be revised.
However, if d; nin<r; (see Fig. 1a):

The boundary effect may occur; the value, r—d; yin, Will
be the maximum error from the boundary effect if j is not i’s
nearest adjacent tree. Accumulating all of those errors
gives us:

rm = z (’; - dimin) (2)
i=1

where 7, is the greatest error forming the boundary effect in
a sample plot. The heterogeneity of the natural forest stand
(it is impossible that all of those nearest adjacent trees are
located closest to the border of a sample plot) will make the
R-value smaller if it is directly revised with this error value.
Therefore, the average distance among the actual forest
trees will satisfy the following:

Iy <a<ts, 3
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where d means the average distance among the observed
nearest individual trees.
Calculating the middle value to the average distance, then:

1< r, 4
do__[zr,._zj @

i=1

where dy means the average distance among nearest indi-
vidual trees.
Therefore, the revised aggregation index is:

1 - r,
R "[Z ZJ (5)
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4 Analysis of spatial pattern of the broad-leaved Ko-
rean pine forest

The Aggregation index in each sample plot and compartment
was calculated based on the revised formula (5) (Table 2).

It was found that there are certain changes in the R-value
among the different sample plots in the same stand (Table
2). This is mainly determined by the disturbance regime at
several different sizes of patches, the biological characteris-
tic of forest trees and adaptive strategy of forest tree species
in the broad-leaved Korean pine forest. The forest trees in
compartment 53, where the pioneer tree species were
dominant, appear to have an aggregation distribution.
However, it has a random distribution in compartments 52
and 54 at the stages of forest development and climax, re-
spectively, where the companion tree species were domi-
nant, since the R-value approaches 1.

The selection cutting in compartment 53 was about
20% in intensity; the compartment also had the most
cases of large patches of clear areas. This caused the
large openings in the forest stand, which allowed the
pioneer tree species to easily occupy and grow fast. Then,
some companion species, such as Juglans mandshurica,
Ulmus japonica and Fraxinus Manchurian, appeared by
natural regeneration in these areas. The regeneration in the
undisturbed area of compartment 53 is still similar to the
process as in the primitive forest.

Based on the tree positioning diagram, whatever pioneer

Table 2 The values of assembling index R at different compartments

or companion tree species, for the same tree species, 2 indi-
vidual trees growing in a group occurred in 26 places, a
group of 3 trees in 7 places, 4 in 9 places, and 5 and 7 in
only one place. Therefore, the forest trees presented the ag-
gregation distribution in compartment 53 with certain
changes of the R value in the different sample plots. Almost
all of those pioneer and companion trees are able to regen-
erate by means of vegetative reproduction.

The intensity of selection cutting in compartment 52 was
no more than 15%. This type of disturbance was individu-
ally selecting only the biggest trees in a forest stand, which
will slightly affect the forest environment. The companion
broad-leaf trees naturally regenerated. A development stage
dominated with companion trees appeared through about 5
to 6 decades. These companion tree species requiring a
similar ecological niche suffered from strong competition
and the number of clumped trees of each tree species
gradually dropped, which changed the spatial pattern of
forest tree to a random distribution.

Compartment 54 was slightly disturbed and remained as
the climax forest community of that forest type. The trees
were randomly distributed to fully obtain the necessary re-
sources in the stand and to maintain the stability of the for-
est community.

From the distribution of the nearest adjacent trees (Fig. 2),
50% of the nearest adjacent individuals were distanced
within a range of 1 m in compartment 53, presenting a
highly clumped distribution, and 34% and 35% in com-
partment 52 and 54, respectively. Some 28% of individual
trees fell into the range of the average distance in
compartment 53, and 35% in both compartments 52 and 54.
Some 21% and 24% of individual trees were in the range of
2-3 m, 10% and 6% in the range of over 3 m in compart-
ments 52 and 54, respectively. The distances among the
nearest adjacent individuals vary on a small scale, which
presented the trend of random distribution.

The changes of spatial pattern and of the distance among
the nearest adjacent individuals resulted from the
competition among different individuals of the same
population and among different populations of forest tree
species. The trees requiring similar ecological niche
presents the stronger competition with the shorter distance
among individual trees. This leads to a natural thinning of a
forest stand to maintain a relatively stable stand for a certain
period of time.

Sample plot 1 2 3 4 5 6 7 8 9 10 Average
Compartment 53 0.83 0.85 0.69 0.63 0.73 0.76 0.79 0.66 0.74 0.84 0.75
Compartment 52 0.93 0.84 0.95 0.89 0.79 0.97 0.89 0.97 0.90 0.88 0.90
Compartment 54 0.94 0.88 0.92 0.89 0.96 0.87 0.88 0.82 0.95 0.94 091
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Fig. 2 The distribution frequency of average distance of the nearest neighbor trees

5 Conclusions

1. When calculating aggregation index R based on the
data from sample plot, it is necessary to choose, according
to data characteristics, a suitable method to adjust the
boundary effect.

2. Due to the differentiation of ecological niche in the
broad-leaved Korean pine forest, each tree was only a short
distance away from the nearest adjacent individual tree.
Getting the spatial pattern using aggregation index R ob-
tained by the regular approach will be of limited use.

3. The analysis of the spatial pattern can only be used to
explain the positioning of forest trees in the horizontal scale
of a stand. It can be used to guide to planting, but can't re-
flect the mixture of tree species in a broad-leaved Korean
pine forest. The forest management measure is suggested be
made based on the succession stage of a forest stand and its
spatial pattern in that stage.

Acknowledgements The local organizations of Natural Science
Fund of Inner Mongolia (200408020521) and the Doctoral Fund of
Inner Mongolia Agriculture University (BJ03-01) offered the fund and
the kind help both in the field and the office during the fieldwork
stage.

References

Chen X. Y., Zhang Q. F., Wu H. Q., Song Y. C., A study on the structure
and spatial patterns of Cyclobalanopsis glauca populations in west-
ern Huangshan, Acta Ecol. Sin., 1996, 16(3): 325-327 [[%/MN55,

TP, RAGHET, RAKE, BT XA RS 0 A R
WY, AR, 1996, 16(3): 325-327]

Guan Y. X., Zhang S. G,, Plot method and its application in stand spa-
tial distribution patterns, J. Beijing For. Univ., 1992, 14(2): 1-6
(RIS, RSB, WORETT ik S AR ARGy 25 A0 A% SR 58 o (T S,
ikl K 222440, 1992, 14(2): 1-6]

HuY.B.,HuiG Y., QilJ. Z., An H. J., Hao G. M., Analysis of spatial
structure of natural Korean pine broad-leaved forest, For. Res.,
2003, 16(5): 523-530 [y, BN, HkE, 228, #) W,
RIS R AR R W 2R PR IK 23 (8] 5 44 3 v, MOk BB, 2003,
16(5): 523-530]

Jin Z. X., A study of population structure and distribution pattern of
Heptacodium miconioides in the Tiantai Mountain, Zhejiang, Chin.
J. Ecol,, 1997, 16(4): 15-19 [&NIH, LR & L-bTIeRh RS
W53 Ak JRmegt, & IE, 1997, 16(4): 15-19]

Xie Z. Q., Chen W. L., Liu Z. Y., Jiang M. X., Huang H. D., Spatial
distribution pattern of Cathaya argyrophylla population, Acta Bot.
Sin., 1999, 41(1): 95-101 [#555, BRfbFL, XES:, VLI, #
BUAR, BRAZ B 2 0 20 A M R, 4k, 1999, 41(1):
95-101]

Xu W. D., Lin C. Q., Studies on Sampling Methods of the Mixed For-
est of Korean Pines and Broadleaf Trees in Changbai Mountain,
Beijing: China Forestry Publishing House, 1983: 296-302 [14: 30,
AT, 20 e VR A ARIBURE 5 v I AF S, At vh B R
b R AL, 1983: 296-302]

Zhang Z. G., Wang R. Q., Study on Camellia japonica population size
structure and spatial pattern, Acta Phytoecol. Sin., 2000, 24(1):
118-122 [FRIAIE, AT, op [ 5347 b 5 28 RPN G
7S (A Sy AT, R AE AR 24 4R, 2000, 24(1): 118-122]

Zheng Y. R., The applicability of various methods in analysis of
Picea mongolica population spatial distribution pattern, Acta
Phytoecol. Sin., 1997, 21(5): 480-484 [J{ytild, ANFETiLED
BAZFORE IS ATA SR 3 B T IR T, M AR 2R, 1997,
21(5): 480-484]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


