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Abstract

Pair correlation function g(r) was used to study the spatial patterns of five dominant species (Pinus koraiensis, Quercus
mongolica, Tilia amurensis, Fraxinus mandshurica, Acer mono) in Korean pine and broadleaved multi-species forests in the
Changbai Mountain areas. The spatial distribution at different growth stages (from saplings to small diameter trees and big
trees) were studied, as well as the spatial associations of different species at different growth stages. Structural characteristics
and distribution of canopy gaps, spatial relationships between canopy gaps and tree species with a height of less than 11.2 m
were also explored by studying the canopy horizontal projection. Pinus koraiensis and Quercus mongolica were distributed
randomly and Acer mono was in a clumped pattern at some studied scales (r=1-11 m, 13-16 m, 20 m, 33 m and 43 m scales).
Fraxinus mandshurica (at smaller scales r=5 m) and Tilia amurensis (r=1-2 m, 9-11 m and 16-18 m) occurred in a clumped
distribution. Among 10 species pairs which consisted of five dominant tree species, there were three species pairs (Pinus
koraiensis and Tilia amurensis, Pinus koraiensis and Acer mono, Acer mono and Fraxinus mandshurica) which showed mutual
attraction at several scales. Three species pairs (Pinus koraiensis and Fraxinus mandshurica, Tilia amurensis and Fraxinus
mandshurica, Qercus mongolica and Acer mono) showed spatial exclusion. Quercus mongolica and Fraxinus mandshurica
appeared exclusions at r=21 m scale and attractions at r=46 m scale. The canopy gaps mainly occurred as a random distribution

within the plot, with the exception of a regular distribution at the distances of r=6 to 11 m.
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Introduction

The micro-habitat surrounding individual trees
depends on the spatial structure of a forest communi-
ty, as well as on tree growth, mortality, seed produc-
tion and the natural process of forest regeneration
(Barot et al. 1999). Environmental heterogeneity, nat-
ural or human disturbance, intraspecific and interspe-
cific competition, life history strategy, tree mortality,
growth of seedlings and depressed trees, all these
factors may contribute to the change of the spatial
pattern in a forest community (Heegaard 2000,
Heegaard and Hangelbroek 1999, Rozas 2003, Takahashi
et al. 2001).

The spatial structure of a forest community can
be defined as the spatial configuration pattern of in-
dividual plants which compose the community, includ-
ing horizontal and vertical structural attributes. The

horizontal structure of a community reflects the stand
history, population dynamics and the relationships of
intraspecific and interspecific competition (Haase 1995).
The vertical distribution of tree crown dimensions is
an important stand attribute, and an important struc-
tural characteristic, which affects the horizontal dis-
tribution of sunlight in a forest community, which
greatly influences tree growth and understory commu-
nity structure (Latham et al. 1998). Forest gaps after
canopy disturbance are closely related with species
regeneration, growth and tree survival in a stand (Zhao
et al. 2005). Gaps are causing a change of ecological
condition and gap areas obviously generate a differ-
ent ecological environment (Zhang et al. 2006). Dif-
ferent tree species have different strategies of occu-
pying and utilizing the gaps, thus causing different
regeneration patterns inside and outside the gap are-
as (Yu et al. 2001).
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Various papers have been published which focus
on the spatial distribution of tree species in Korean
pine mixed woods in the Changbai Mountain area (Sun
and Zhao 1997, Hou and Han 1997), on canopy patch
characteristics (Guo 2002), and on the relationship
between the disturbance status of forest gaps and the
tree regeneration (Yu et al. 2001, Zang et al. 1998). What
remains to be unknown are important ecological as-
pects, such as the spatial distribution of dominant tree
species, and the pattern dynamics at different growth
stages, as well as the spatial relationships between
saplings and canopy gaps.

Thus, the main objectives of this paper are: (1)
to analyse the spatial distribution of dominant tree
species; (2) to investigate the spatial relationships
between different dominant tree species; (3) to evalu-
ate the spatial relationships between different growth
stages; and (4) to assess the spatial relationships
between forest gaps and tree species under canopy.

Material and methods

Study area

This research was carried out in a virgin Korean
pine and broadleaved deciduous forest in the Chang-
bai Mountains. The study area is located near the
border of China and the Democratic People’s Repub-
lic of Korea (DPRK). The elevation is 784m above sea
level, and the geographic coordinates are N 42°20.211°,
E 128°05.705°. The nearest meteorological station,
which belongs to the forest ecosystem research sta-
tion of the Chinese Academy of Science in the Chang-
bai Mountain areas, is less than 500 m away. The cli-
mate in the study area has been classified as a conti-
nental mountain climate which is affected by the mon-
soon, the annual average temperature is 3.3°C, the
highest monthly average temperature is 20.5°C, meas-
ured in August, the lowest monthly average tempera-
ture is -16.5°C, measured in January. The extreme high-
est and lowest temperatures are 32.3°C and -37.6°C,
respectively. The annual mean precipitation is 671.9 mm,
the relative humidity is 66%. The precipitation is rel-
atively uneven during the year. A relatively wet sea-
son occurs from June to August, and a relatively dry
season begins in September and ends in May of the
following year. The soil is a brown forest soil with a
rootable depth of 20~100 cm. The topography is flat
and slightly undulating.

The Korean pine — broadleaved forest is the cli-
max vegetation type in the western regions of Chang-
bai Mountains. The tree species include Pinus korai-
ensis, Quercus mongolica, Tilia amurensis, Fraxinus
mandshurica, Acer mono, Ulmus japonica, Tilia
mandshurica, Acer barbinerve, Acer pseudo-siebold-

ianum, Acer trgmentosum, Acer mandshurica, Acer
ukurunduense, Acer triflorum, Maackia amurensis,
Phellodendron amurense, Betula costata, Populus us-
suriensis etc. Pinus koraiensis, Quercus mongolica,
Tilia mandshurica, Fraxinus mandshurica and Acer
mono are the dominant species in the community.

Field measurement

A permanent research plot with an area of
100mx100m was established in the typical Korean pine
and broadleaved forests in July 2005. The main plot
was subdivided into 400 subplots, each covering an
area of Smx5m. The spatial coordinates, tree species,
breast height diameter (dbh), tree height (h), crown
width and height to the base of the live crown of all
trees with dbh greater than 1cm were recorded. In or-
der to study the spatial distribution and spatial rela-
tionships of the population at different growth stag-
es, it is assumed that the dbh of a tree is related to its
development stage. The trees were thus classified for
convenience as saplings (h>2m, 1cm=dbh<4cm), small
diameter trees (4cm=dbh<l10cm) and big trees
(dbh=10cm) according to their dbh and height.

Statistical analysis

The vertical strata of the community were divided
based on a specific assumption related to a competi-
tion cut-off point among tree crowns. The height of the
competition cut-off point (HCCP,) of the kth vertical stra-
tum is calculated using the following equation:

HCCP | =Ce * CL , + HBLC (1)
where Cc is the competition coefficient (here, we de-
fined Cc=0.4, this value is based on field observations,
assuming that the potential to stay in an advantageous
position for the acquisition of light is greatest in the
top 60% of the tree crown); CL, is the crown length
and HBLC, is the height to the base of the live crown
of the tallest tree in the kth stratum.

All trees were sorted in a descending order by
height and crown length. The heights of the competi-
tion cut-off points (HCCP,) were calculated starting
from the tallest tree with the longest crown length; all
trees with a height larger than or equal to the HCCP,
of the tallest tree were grouped into the tallest stratum.
The second stratum was formed in the same way, start-
ing with the tallest tree which did not reach stratum 1.
When a tree height is less than the HCCP, the HCCP
was recalculated based on the tallest remaining tree with
the longest crown length, until all trees were grouped
or reach some pre-defined minimum limitation for stra-
ta definition (Latham et al. 1998). In this study, the trees
were grouped into four vertical strata using HCCP, ...
HCCP,, as follows: the first stratum with tree heights
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ranging from 26.1m to 37.1m, mainly consists of Pinus
koraiensis, Quercus mongolica, Tilia amurensis and
Fraxinus mandshurica. The second stratum with tree
heights between 17.3 m and 26 m, includes Pinus ko-
raiensis, Tilia amurensis, Acer mono and Quercus
mongolica. The third stratum with tree height from 11.2
m to 17.2 m, includes Acer mono, Tilia amurensis, Acer
mandshurica, Acer pseudo-sieboldianum and Acer trg-
mentosum as main tree species. Stratum four with tree
height less than 11.2m, includes Acer trigmentosum,
Acer mono, Acer pseudo-sieboldianum, Acer barbin-
erve and Acer mandshurica as main tree species. Ac-
cording to the classification results of the vertical stra-
ta, trees with a height of more than 11.2m were defined
to belong to the overstory in this research.

All individual crowns of the overstory trees (with
a height >11.2m) were regarded as oval shape and
projected on the horizontal plane. Gaps with areas
between 4 and 1000m* were defined as a canopy open-
ing. Canopy openings were identified on the horizon-
tal projection using MapInfo 7.5 and their perimeters,
areas and coordinates of the centre of gravity were
calculated. The canopy gaps, which extend over the
plot boundary, were integrated by measuring the lo-
cation and crown width of edge trees outside the plot.
Two overlapping canopy gaps were regarded as two
individual canopy gaps when the length of the over-
lap was less than 0.5m. Taking the coordinate of the
center of gravity of a canopy gap as its location co-
ordinates (Patton 1975).

Ripley’s K-function is one of the most popular
functions of explorative spatial point pattern analysis
(Ripley 1976, Dale 1999), it can be expressed as:

K(;)—AZZW I G, j)/n’ (2)

o £
where i, j =1,2,..., i=f; n is the total number of indi-
viduals in the plot; r is the distance category, usually
referred to as the “scale”; d,-,- is the distance between
individual i and individual j, 4 is the area of the plot,
w, is the edge correction, i.e. the ratio of the circle
prOJectlon length in the plot to the circle perimeter,
where i refers to the circle centre and d to its radius.
When d, =T the value of [ (i,j) is 1; 0therw1se the val-
ueof[(zj) is 0.

Ripley’s K, function was used to determine the
spatial relationships between two groups. The defini-
tion is:

Ki2(r) = Gum )72 Ai iwl'jillr(u;j) i (3)

=l j=l
where n, n, are the number of two-type groups. Ir is
a counter-variable that is set at 1 if the distance u,
between groups i and j is =r, otherwise /= 0.

In analogy to a probability density function,
which is the derivative of a cumulative distribution
function, there is a counterpart to the K function,
namely pair correlation function g(»), which takes into
consideration pairs of neighbours separated by dis-
tance r (Stoyan and Stoyan 1994). The pair correla-
tion function g(r) can be obtained after differentiation
and normalization of K(7r)

dK(r)

g(r)=—="/Qm) 4)

Values of g(r) below 1 indicate repulsion, values
above 1 indicate clustering for point pairs of such
distance r. Bivariate g (r) statistic is the analogue of
Ripley’s k, (r) when replacing the circles by rings with
radius 7, and g, (r) gives the expected number of
points of pattern 2 at distance » from an arbitrary point
of pattern 1. It can be obtained as follows:

dK,»(r)

gn(r)=—">—/Q2m) %)

Values of g, (r) above 1 indicate attraction be-
tween the two patterns within the rings area. Similar-
ly, values of g, (r) below 1 indicate repulsion between
the two patterns within the rings. The calculation of
the g-function involves a selection of the rings width.
No enough points will fall into the different distance
classes if the rings width is too small. On the other
hand, the g ,(r) statistic will lose the advantage that
it can isolate specific distance classes if the rings are
too wide. In this paper, ring width (dr) was defined as
one meter.

As recommended by Patton (1975) and Wiegand
and Moloney (2004), the L-function based on Ripley-
K statistics was used to analyze spatial distribution
patterns of canopy gaps and spatial interactions be-
tween canopy gaps and understorey trees (tree height
less than 11.2m). The formula of L(r) and L (r) are
as follows:

L(r)=JK(r)/m —r

and L,(r=\K,r) /It —r (Diggle 1983; Haase 1995;
Ripley 1976) (7)
Values of L(r) below 0 indicate repulsion, values
above 0 indicate clustering for point pairs. Values of
L, (r) > 0 indicate that there are on average more
points of pattern 2 within distance r of points of pat-
tern 1 as one would expect under independence, thus
indicating attraction between the two patterns up to
distance r. Similarly, values of L () < 0 indicate re-
pulsion between the two patterns up to distance r.
Ninety nine percent confidence intervals gener-
ated from 10,000 realisations of the Poisson process
were calculated for g-function and L-function (Thiou-
louse et al. 1997). For univariate analysis, when the

(Besag 1977) (6)
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value is greater than, equal to or less than the 99%
confidence intervals, the distribution was assumed to
be clumped, random or regular, respectively. For bivar-
iate analysis, when the value is greater than, equal to
or less than the 99% confidence intervals, the relation-
ships between the two analyzed types are significantly
positive (attraction), spatially independent or signifi-
cantly negative (repellence), respectively. The g-func-
tion and L-function were computed using ade-4 soft-
ware in the ade-4 homepage (http://pbil.univ-lyonl.fr/
ADE-4-0ld/ADE-4.html).

Results

Tree species density, dbh class distribution and
canopy structure

Some density characteristics of 5 dominant tree
species with a dbh =4cm are shown in Table 1. The
dbh areas of Pinus koraiensis and Quercus mongoli-
ca showed the highest percentage among all the indi-

viduals, accounting for 25.4% and 21.7%, respective-
ly. Tilia amurensis and Fraxinus mandshurica account
for 19.8% and 15.8%, respectively. The dbh areas of
Acer mono are only 6% of the total dbh areas, but the
species occurs with 11.6% of stem numbers.

The individuals of Tilia amurensis and Acer mono
mainly appeared in the smaller dbh classes, and gen-
erally showed a reverse J shaped diameter distribu-
tion. Pinus koraiensis occurred in all dbh classes, but
mainly with dbh’s between 10 and 50cm. The densi-
ties for the individuals =1cm at dbh of Quercus mon-
golica and Fraxinus mandshurica were lower than
other tree species, which were 45 stems/ha and 31
stems/ha, respectively.

The individuals of Quercus mongolica are mainly
represented in the bigger dbh classes, while Fraxinus
mandshurica occurred with a relatively regular distri-
bution in all dbh classes, the difference of individual
numbers were only 0-4 stems/ha in the different dbh
classes (Figure 1).

Teams e SR homa T bwee MmO e trees >dem doh of
(m*/ha area (%) per ha (%) - ]
Finus koraiensis Pk 9.31 25.42 87 13.85 63.8 dominant tree species
Quercus mongolica Qm 7.96 21.74 40 6.37 79.0
Tilia amurensis Ta 7.24 19.77 92 14.65 76.0
Fraxinus mandshurica ~ Fm 5.81 15.85 28 4.46 88.0
Acer mono Am 2.21 6.02 73 11.62 55.4
Others 4.10 1121 308 49.05 119.8
Totals 36.64 100 628 100
o . The crown cover areas of individual trees were
s 150 (2)Am R .
s 120 100 calculated using the known crown widths and the area
3 3 oL formula of an assumed oval shape. The relationships
0 I T T T 1 0 T T T 1 P’y .
o 2 4 60 8 o 2 4 e 8 between crown areas and dbh’s for 5 dominant tree
species are shown in Figure 2. The results indicate that
4 1 M . . .
= (3)F (#)am the area ranges of Pinus koraiensis, Quercus mongol-
£ q q ica, Acer mono, Fraxinus mandshurica and Tilia amu-
@« .
0 T T T T e T T T rensis were 5.85-103.34m?, 1.21-215.93m?, 0.52-108.69m?,
0 20 40 60 80 0 20 40 60 80
© 40 51 g 6 veas Figure 1 The dbh class distributions of dominant tree spe-
f a ea . . . .
2 ggj cies and dead trees within the research plot. Pk: Pinus ko-
5
» 10 ! o oo raiensis; Qm: Quercus mongolica; Ta: Tilia amurensis;, Fm:
T T T 1 T T T T 1
0 2 %0 60 80 0 2 40 60 80 Fraxinus mandshurica; Am: Acer mono. Dead: Dead trees
dbh (cm) dbh (cm) >4cm at dbh
5200 (1) P 200 4 (3 Fm ° 200
2150 150 e 150
81004 o Qoo 100 & 100
5 L
£ 50 8" 50 Po "’ 50
3 4
5 0T e S 0
0 20 60 020 60
dbh (cm) dbh (cm) dbh (cm)
(DPk: Crownareas(m?)= 1.1650+1.1180*dbh(cm) (R? =0491P <0000}
(2Ta: Crownareasm?)= 0.7067+1.856*dbh(em) (R>=0663,P<0.000)  Figure 2. Relationships between crown areas and dbh
(3)Fm: Crownareas(m?) =- 8.4820+ 1.7360* dbh(cm) (R* =0.692,P<0.000)  of 5 dormant tree species. Pk: Pinus koraiensis; Qm:

dbh (cm)
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nus mandshurica, Am: Acer mono
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3.29-213.58m? and 0.38-198.45m?, respectively. The
crown areas of 5 dominant tree species increased with
increasing dbhs. The relationships between crown
areas and dbhs may be expressed by the linear model
Crown area (m?) a+p*dbh (cm).

Spatial distributions of dominant tree species

Pair correlation function g(r) analysis for all indi-
vidual trees indicated that Pinus koraiensis and Quer-
cus mongolica appeared to be randomly distributed at
all studied scales. Fraxinus mandshurica was clumped
and significantly regular at scale r=5m and r=48m respec-
tively. Tilia amurensis were above the confidence inter-
val at smaller scales (i.e., r =1-2m, 9-11m and 16-18m)
which appeared significantly clumped patterns. Acer
mono was clumped at 1-5m, 10-11m and 16m scales. Dead
trees >4cm at dbh were distributed randomly at all scales
except for r=1m within the plot (Figure 3).

Figure 3. Plot of g(7) against scale r showing the 3
spatial distribution of dominant tree species. All
live trees >1cm at dbh for each species and all

The univariate analysis of g(r) at different growth
stages indicated that the saplings of Tilia amurensis
appeared significant clumped at the scales of Im, 4m,
9m, 17m and 25m; the small diameter trees appeared
clumped at r=1m,7m,12m,15m,18m and 39m scales and
big trees clumped at scale r=10m. The saplings of Acer
mono were significantly clumped at the scales of 1-
11m, 13-16m, 20m, 33m and 43m, while the small diam-
eter trees were clumped at scales r=1m, 5Sm and 7m, and
big trees were randomly distributed at all studied
scales. Due to the few saplings of Pinus koraiensis,
Fraxinus mandshurica and Quercus mongolica, the
spatial distributions of these species are only present-
ed for big trees. The results show that big trees of
Fraxinus mandshurica appeared significantly clumped
at scale r=5m; big trees of Pinus koraiensis and Quer-
cus mongolica are randomly distributed at all studied
scales (Figure 4).

4 12 4
3| (@ Am (n=247)

10
s
67\

0_l T T T T T 0- T T l ‘7 l

dead trees >4cm were included in the analysis.
Red line with circles indicates g(r) against scale
r; Thin lines correspond to 99% confidence in- 8
tervals generated from 10,000 Monte Carlo sim-
ulations under the null hypothesis of complete
spatial randomness. n values in brackets are the
number of trees. Pk: Pinus koraiensis; Qm: Quer-
cus mongolica; Ta: Tilia amurensis;, Fm: Fraxi-
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dominant tree species. Red lines with circles
indicate g(r) against scale »; Thin lines corre-
spond to 99% confidence intervals generated
from 10,000 Monte Carlo simulations under the
null hypothesis of complete spatial randomness.
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Spatial relationships

There are no significant relationships between
different growth stages (saplings, small diameter trees
and big trees) for Fraxinus mandshurica, Pinus ko-
raiensis and Quercus mongolica. Mutual attraction be-
tween saplings and small diameter trees of Tilia amu-
rensis occurs at scale r=16m, as well as saplings and
big trees; small diameter trees and big trees appeared
to be mutually attracted at scale r=1m. The saplings
and small diameter trees of Acer mono showed an in-
dependent association, while mutual repulsion was
observed between the saplings and big trees at the
scale of 5m. No significant interactions were found
between small diameter trees and big trees (Table 2).

A bivariate analysis of g ,(r) indicated that of the
10 species pairs which consisted of 5 dominant spe-
cies, Pinus koraiensis and Tilia amurensis, Pinus ko-
raiensis and Acer mono, Acer mono and Fraxinus
mandshurica appeared to have significant mutual at-
tractions. Pinus koraiensis and Fraxinus mandshuri-
ca, Tilia amurensis and Fraxinus mandshurica, Qer-
cus mongolica and Acer mono showed spatially mu-
tual exclusions. Quercus mongolica and Fraxinus
mandshurica showed exclusions at a scale with r=21m
and attractions at a scale with r=46m (Table 2). Live
Pinus koraiensis showed repulsion with dead trees
>4cm at dbh at a scale with r=38m, and Qercus mon-

golica was associated with dead trees >4cm at dbh at
a scale with r=13m.

Distribution of canopy gaps

Canopy gaps in the Korean pine - broadleaved
forests are mainly caused by natural mortality and wind-
throw (Guo et al. 1998, Wu 1997, Yu et al. 2001). Forest
gaps caused by tree mortality are usually medium to
small sized, with gap areas ranging from 4 to 60m* 88.9%
forest gap areas in the study plot are less than 100m?,
the largest area of a canopy gap was 302.8 m?, and this
area was about four times the size of the average can-
opy gap (Figure 5a). A univariate analysis of Ripley’s
L(r) indicated that canopy gaps appeared to be regu-
larly distributed at scales r=6-11m and randomly distrib-
uted at other scales (Figure 5b). The structure analy-
ses of canopy gaps are based on the canopy projec-
tion in this research, and the conclusion obtained in
this way was the same as that based on the oval shape
investigation method (Zhang et al. 2006).

A bivariate analysis of Ripley’s L (r) between
canopy gaps and 10 tree species under canopy indi-
cated that the relationships appeared to be one of
mutual exclusion between canopy gaps and Acer
mandshurica, Tilia amurensis and Ulmus japonica at
scales r=13-17m, 11m and 17m respectively. There were
no significant spatial relationships between canopy

Table 2. Spatial association

Scale r (m)

; Associati
calculated by g,,(r)-function ssociations =T

56-1213 14 1516 17-20 21 22-32 33 34-37 38 39 40-42 43 44 45 46 47-48 49 50

between different tree species,

and between different growth Picta tpe
stages ¢ Ph-Am °4°
Pk-Qm o o
Pk-Fm o o
Ta-Am o o
Ta-Qm o o
Ta-Fm o o
Am-Qm o o
Am+m o o
Qm+m o o
Pk-Dead o o
Qm-Dead o o
Am-Dead o 0
Fm-Dead o o
Ta-Dead o o

Ta(Sa)Ta(St) o o
Ta(Sa)Ta(B) + o
Ta(StyTa@Bt)  + o
Am(SayAm(St) o o
Am(SayAm(Bt) o o
AmSt-AMBt) o o

o+ o o o0 o0

+: Positive association; —: Negative association; o: Independent association. Pk:
Pinus koraiensis; Qm: Quercus mongolica; Ta: Tilia amurensis; Fm: Fraxinus
mandshurica; Am: Acer mono; Dead: Dead trees >4cm at dbh. Sa: sapling (h>2m,
lecm=dbh<4cm), St: small diameter tree (4cm=dbh<10cm); Bt: big tree (dbh=10cm)
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gaps and Pinus koraiensis, Quercus mongolica, Tilia
mandshurica, Acer trigmentosum, Acer mono, Acer
pseudo-sieboldianum and Acer barbinerve.

Figure 5 (a). Size distribu-
tion of forest canopy gaps;
and (b) spatial distribution
pattern of forest canopy
gaps in the research areas.
Red line with circles indi-
cates L(r) against scale r;
Thin lines correspond to
99% confidence intervals
generated from 10,000 Mon-
te Carlo simulations under
the null hypothesis of com- 420
plete spatial randomness

Relative number

Discussion

Spatial distribution

The spatial distribution of tree species mainly
depends on the propagation characteristics and the
mode of seed dispersal (Hedenas et al. 2003, Laaka-
Lindberg 2000). For example, the Korean pine mainly
reproduces by seeds. The seed burial behaviour of
animals (Chen and Guo 1992) and the shade-tolerance
during the seedling/sapling stage (Kong et al. 2005,
Yao et al. 1985) both appear to cause a random distri-
bution of seedlings under the canopy (Figure 3(1)). The
seed dispersal of Fraxinus mandshurica is mainly af-
fected by gravity and most seeds are dispersed with-
in the crown width range of mother trees (Han and
Wang 2002). The limited dispersal ability of the seeds
may be the main cause for the clumped pattern at small
scale (r=5m; Figure 3(3)). Quercus mongolica is a pi-
oneer tree species (Swaine and Whitmore 1988) and
shade-intolerance (Masaki et al. 1992). The individual
trees at canopy level mainly grew from the seedlings
and saplings which regenerated in the forest gaps after
the canopy disturbance, the Quercus mongolica trees
had low density and most individuals belong to big
trees (Figure 1(4)). Quercus mongolica is a light de-
manding species with a random spatial pattern (Fig-
ure 3(4)). This leads to the conclusion that Quercus
mongolica will be ousted from the canopy layer and
displaced by other species in the future.

The spatial distribution dynamics of a tree spe-
cies is a process which seems to form mainly high ag-
gregation to random patterns. An example is the pop-
ulation development of Tilia amurensis and Acer mono.
The range of distances with significant clumping is
gradually decreasing from saplings to small diameter
trees to big trees (Figure 4(1)-(6)). It appears that big

20~40 40~60 60~80 80~100 100~250 >250

Size of gaps (mz)

trees show a tendency to occur in a random distribu-
tion. Some results indicated that with increasing tree
size, the spatial distribution of Korean pine tends to

(b)

change from slightly clumped to random (Hou and Han
1997). Due to the individual tree mortality, the clumped
and random distributions of the population will not
become more regular (Kent Dress 1980). Thus, the
decreasing spatial aggregation during the population
growth is probably mainly caused by density-induced
self-thinning within the clumped patches. Also, the
absence of small individuals of Pinus koraiensis and
Fraxinus mandshurica (Figure 1(1)(3)) and the random
spatial distribution (Figure 3(1)(3)), both indicated that
the secure habitats which are good for seed germina-
tion and seedling recruitment become increasingly lim-
ited in time and space (Harper et al. 1961).

Spatial relationships

The population structure reflects the population
regeneration process (Takahashi et al. 2001) and the
intraspecific and interspecific competition type (Béland
et al. 2003). The size distribution of Tilia amurensis
and Acer mono is of the reverse J shape type (Figure
1(2)(5)), and this implies that the environment under
the canopy was suitable for seedling recruitment and
survival of these two species. The saplings, small di-
ameter trees and big trees of Tilia amurensis appeared
as a clumped distribution pattern, and with the mutu-
al attraction, this indicated that seedlings of Tilia
amurensis are highly dependent on big trees in their
vicinity. There is mutual attraction between saplings
and big trees of Tilia amurensis at scale r=1m, but this
relationship was not found in other tree species (Ta-
ble 2). Saplings and big trees of Acer mono even
showed mutual repulsion at scale r=5m, and this indi-
cated that some existing mechanism restrict the sur-
vival and growth of seedlings and saplings of Acer
mono around big trees of Acer mono. So what could
be such a mechanism? Janzen (1970) and Connell et
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al. (1984) hypothesize that the closer the seeds or
seedlings are to their big parent trees, the higher will
be the mortality caused by species-specific animal
predation and pathogens. The same phenomenon of
equal species repulsion has been observed in tropi-
cal forests. Although there are no related reports on
the validation on the Janzen-Connell hypothesis in the
Korean Pine - broadleaved forests, the Janzen-Connell
hypothesis can provide a reasonable explanation on
the phenomenon of “mosaic” or “reverse position” of
saplings and big trees in this research.

In addition, the dependence of tree regeneration
on sufficient radiation and a canopy gap environment
also suggests a negative relationship between juve-
nile individuals and big trees of the same species
(Hamill and Wright 1986). Tanaka (1995) reports a pos-
itive relationship between the mortality rate after seed
dispersal and the seed density for Acer mono
var.marmoratum f.dissectum. The closer the seed is to
the parent tree, the higher is the mortality of the seeds
and seedlings which is caused by predation and oth-
er unknown factors. Guo (2002) has shown that the
juvenile individuals of Acer mono are mainly distrib-
uted under the canopy of Pinus koraiensis and Tilia
amurensis in the Korean Pine - broadleaved forests,
and are seldom distributed under mature Acer mono
trees. These results support the conclusion of mutual
repulsion between juvenile individuals and big trees
of Acer mono to some degree.

Most population structure and forest community
models assume that canopy gaps are randomly distrib-
uted in space or that they are only related to tree age
or tree growth (Busing and Clebsh 1987, Kienast and
Kuhn 1989, Lorimer et al. 1988, van Daalen and Shu-
gart 1989, Vanclay 1989). However, there is also some
evidence that the canopy gaps in tropical forests ap-
peared as a clumped distribution (Lawton and Putz
1988), and that the canopy gaps of boreal temperate
Korean Pine broadleaved forests appeared as a regu-
lar distribution (Guo et al. 1998, Wu 1997, Zang 1998).

The results of this study showed that the spatial
distribution of canopy gaps was random at all scales
except at close range (r=6-11m) where it was regular.
Usually, the trees under canopy experience many dis-
turbances. They may be able to reach the canopy layer,
but the random distribution of the canopy gaps in-
creased the effect of randomicity on the vegetation
establishment process under the canopy, and the small
gap areas and randomly distributed forest gaps also
increased the opportunities of interspecific random
competition. This is a reasonable hypothesis, which
will be investigated in a subsequent study.
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INPOCTPAHCTBEHHASA CTPYKTYPA U B3AUMOCBA3b JOMUHHUPYIOIIUNX
JIPEBECHBIX IIOPOJI B TOPHBIX JIECAX YAHI'E3M B KUTAE

Yynpwii Yxan, Croxait Yikao, Csonyn JIro u Kiaaye ¢pon I'agos
Pesiome

C Hucnonb30BaHHEM KOPpENSIUOHHON GyHKnuU g(r) Obra M3ydeHa NPOCTPAaHCTBEHHAs CTPYKTypa IISTH
npeoOnagarmux mopoxa (Pinus koraiensis, Quercus mongolica, Tilia amurensis, Fraxinus mandshurica, Acer mono) B
CMELIaHHBIX Jiecax ropHoil MecTHOcTH Yanrosit B CeBepHoM Kurae. Hapsiny ¢ mpocTpaHCTBEHHBIME paclpeAeIeHIsIMU ObLIO0
U3YYCHO B3aUMOBJIUAHUE JICPEBLEB HA PA3JIMYHBIX CTaAUAX pOCTa. Kpome TOT0, HAa OCHOBAHWU JAHHBIX O TOPU3O0HTAJIBbHBIX
HPOEKIMAX KPOH OBIIM PACCMOTPEHBI CTPYKTYPHBIE XapaKTEPUCTHKH M PacIpeeleHHs pPa3phlBOB B IIOJIOTE JPEBOCTOEB, a
TaKoKe B3aUMOCBS3b MEX/y HIMH U JIPEBECHBIMH OPOJaMH BEICOTOM 10 11,2 M.

VYeraHoBneHo, uto Pinus koraiensis u Quercus mongolica XapaKkTepU3YIOTCs CIIy4ailHBIM, a Acer mono TPyNIoBbIM
TUIIOM NIPOCTPAHCTBEHHOTO paclpeesIeHUs IPH PaCCTOSHUAX MeXy AepeBbsamu r=1-11, 13-16, 20, 33 and 43 m. ['pynnosoit
THII pacrpeaeneHus Habmonancs Take y Fraxinus mandshurica npu paccrosauu 1=5 M u Tilia amurensis Ipu pacCTOSHUIX
r=1-2,9-11 n 16-18 m.

Cpenn 10 map, 06pa30BaHHBIX IATHIO MPEOOIANAIONIMME APEBECHBIMH TOpoaMu, y Tpex (Pinus koraiensis and Tilia
amurensis, Pinus koraiensis and Acer mono, Acer mono and Fraxinus mandshurica), B psjie cliydaeB HaOIIOIaNO0Ch
0nmaroTBOpHOE B3aUMOBIHSIHHE AepeBbeB. Emie y Tpex map mopon (Pinus koraiensis and Fraxinus mandshurica, Tilia
amurensis and Fraxinus mandshurica, Qercus mongolica and Acer mono) npoCTpaHCTBEHHBIN aHAIM3 MO3BOJIHI BBISBUTD
HeOaronpusaTHoOe B3auMHoe BiusHue. Y Quercus mongolica v Fraxinus mandshurica Habmoaanock Kak 01aroTBOpHoe, TaK
1 HeOJIar0TBOPHOE B3aUMOBIIHMSIHIE IIPU PACCTOSHUSIX MEXIY AEePEBbSIMH COOTBETCTBEHHO B 21 1 46 M.

BBUIO yCTaHOBJIEHO, YTO pasphIBbI B IIOJOTE JPEBOCTOCB B IpE/eiaX SKCIEPUMEHTAIBHO IUIOMAIH PACcIONararTes
MPENMYIIECTBEHHO CIIy4aifHbIM 00pa30oM, 3a HCKIIOUYEHHEM PAaBHOMEPHOTO MX paclpeeNeHUs IPH PacCTOSHUAX T 0T 6 10 11 M.

KoroueBble ci10Ba: MpocTpaHCTBEHHOE pa3MelleHHe, B3aNMOBIIHSIHIE AEPEBbEB, TOJIOT HACAKAECHHUH, KOPPEIALOHHAs
¢ynkms, ropsl Yanr6sit
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