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Abstract Minjiang fir Abies faxoniana ~ MJF is a dominant tree species of sub-alpine forests on the east-
emn edge of Qinghai-Tibetan Plateau and is mainly distributed over the upper reaches of the Minjiang Dadu
and Bailong Rivers. The population structure and spatial pattern of MJF was studied in a naturally occurring
stand. In a 100 m x 60 m plot the location of every tree was mapped and the diameter at breast height

DBH  height and canopy area of each individual recorded. Trees were divided into five size classes

seedlings height <0.33 m saplings height = 0.33 m and DBH<2.5 cm small trees 2.5 em << DBH
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<7.5 cm medium Trees 7.5 em << DBH <22.5 em  and big trees DBH = 22.5 cm. The spatial pat-
tern of MJF was analyzed using four independent methods
V/m

order- analysis method . The results revealed that MJF was a stable population with an inverse J-shaped size

the Morisita index [;  variance to mean ratio

the congregation index m ™ /m and the spatial point pattern analysis SPPA  Ripley’ s second-
structure indicating good natural regeneration. Seedlings and saplings were very abundant with densities of
2217 hm~? and 2 683 hm~? respectively. Irregularities in the size structure histogram reflected past distur-
bances. The spatial analyses revealed that seedlings saplings and small trees were clumped at most spatial
scales studied which ranged from 1 m to 30 m whereas the medium-sized trees and big trees were randomly
distributed. The intensity of assemblage IA varied with scale. The first three methods indicated that IA de-
creased with increasing scale but the SPPA method showed that the 1A of seedlings saplings and small trees
first increased with increasing scale and then declined at greater scales. We conclude that the spatial pattern
of MJF in this subalpine forest resulted from long-term interactions between the MJF and its natural environ-
ment and mechanisms of natural regeneration that vary among species. The four different methods were very
similar on the whole in their abilities to discriminate spatial patterns but SPPA was superior in its ability to
detect changes of IA with scale. Thus we recommend SPPA for analyzing spatial patterns of populations.

However a limitation to using SPPA relates to the complexity of sampling and calculation requised and some

refinements in Ripley’ s second-order-analysis are needed in order to better as it detect gaps.

Key words Abies faxoniana Population structure Spatial pattern Spatial-point-pattern-analysis

At the eastern edge of Qinghai-Tibetan Plateau a
typical region called® high mountain and deep valley”
with various landforms different altitude and multiple cli-
mate conditions  accommodates rich biodiversity and
abundant of forest resources. The sub-alpine forest espe-
cially the fir forest is a peculiar climax vegetation type o-
riginated during the upheaval of the Qinghai-Tibetan
Plateau and was the principal component of the South-
west Forest District which was the second largest one in

MJF  forest is
the one among them that had the largest area. It naturally

China. Minjiang fir  Abies faxoniana

distributed over valley shade-slope or semi-shade slope
between altitude 2 800 m and 4 200 m or so monoclonal
or mixed with other cold-temperate evergreen coniferous
species mainly over the upper branches of Minjiang Riv-
er Dadu River belonged to Sichuan Province and Bai-
Taohe River
and other regions at the western edge of Sichuan Basin
Collaborating Group for Vegetation of Sichuan 1980
Editorial Board 1992 Wu
1980 . It is not only the most important forest in produc-
ing timber
water and reducing soil erosion and also the habitat of

long River belonged to Gansu Province

of Forests in Sichuan
but also the most precious forest in holding

many rare and endangered species. The systematic and
deep study on them is important to the sustainable devel-
opment of the region biodiversity conservation and global
change research.

Some research work had been done on MJF forest by
many scholars such as natural landscape vegetation
soil habitat types and the law of vegetation distribution
along the gradient of altitude Collaborating Group for

Vegetation of Sichuan 1980 Editorial Board of Forests

in Sichuan 1992 Wu 1980 Yang
1963a Zhang 1983 Zhang et al. 1981
structure  species composition characteristics
1963b  Yang 1980
Zhang et al. 1979
1981
Yang 1956  rule of cone production growth dynamics
Cao & Lin 1991a Cao et al. 1991b
ordination and quantitatively classification Jiang 1982
Jiang 1994a 1994b

clear-cut stand Shi et al .

1959 Jiang

community
Jiang
soil dynamics under canopy
community functions of forest
floor Jiang natural regeneration below canopy

community

early vegetation succession at
1988
population structure and spatial pattern had being reported

Zhang 1998 Wang et al. 1998 .

Population structure and spatial pattern are two of the

. But little research on

most important topics concerned by plant population scien-
tists and also the research hotspot over the recent years.
Forest community has different rules at different temporal
and spatial scales. Research on population structure and
spatial pattern of the dominant species in forest community
are very important to give insight to explore the mecha-
nisms on the origin and sustainability of forest ecosystem

community stability succession rules and the ecological
and regeneration characteristics of the species.

Four methods were selected to test the scale and in-
tensity of spatial pattern of MJF in order to discuss 1
how does the spatial pattern vary with scale 2 how does
the spatial pattern of different-sized MJF’ s individuals
vary with scale 3 population’ size structure and the de-
veloping trend of MJF 4  Compare the advantages and
disadvantages and the practicability of different methods
aforementioned .

1 Research site and natural environment con-
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ditions

The experiment was carried out at JiaBi Valley
31°43'N 103°02" E
Eastern Sichuan administratively belonging to Miyaluo
Town Li County ABa Tibet-Qiang Peoples’
District of Sichuan Province. Geographically it was lying

in the Miyaluo Forest District
Autonomic

at the upper reaches of Zagu' nao River which is a big
branch of Minjiang River and at the eastern slope of
Qionglai Mountain and also belongs to the southeastern
edge of Qinghai-Tibetan Plateau. The height difference
between the bottom and the peak of the valley is 1 000 —
2 000 m and the slope is mainly more than 35 degree.
The annual mean temperature mean temperature for
the warmest month mean temperature for the coldest
month

annual range of temperature highest summer

temperature and lowest winter temperature are 3.0 °C
12.6 C -8.0C 20.6 C 25.5<C
-18.4 C in January
months with monthly mean temperature ~MMT
than 0 °C  and the accumulated temperature AT of
these 7 months is 710 =2 000 C  and 5 — 6 months with
MMT more than 5 °C  the AT of them is 1 500 °C or so
and 2 — 3 months with MMT more than 10 C  July Au-
gust or September . The annual mean precipitation
1165.7 mm 987. 8

mm . The occurrence of high temperature synchronized

in July and
There are 7

respectively .
larger

is more than the evaporation
with rainy seasons which enhances the ecological effect
of the precipitation and implicates the rich biodiversity in
this region.

The vegetation zones along vertical gradient are very
evident. With the increasing of altitude there are the
coniferous-broadleaved mixed forest 2 400 — 2 700 m
fir forest 2700-3 700 3900 m  sub-alpine shrub-
meadow 3 700 3 900 -3 900 4 100 m
meadow 3 900 4 100 -4 400 m
vegetation more than 4 400 m
with the soil belts changed

from mountain dark brown forest soil

alpine

alpine glacial drift
and everlasting snow
zone some mountain peaks
mountain brown
dark coniferous forest soil  sub-alpine meadow soil
alpine meadow soil alpine desert soil to alpine tundra
soil.

The soil under MJF forest is mountain brown dark
coniferous forest soil in which humus and total nitrogen
content is very high and the eluviation is not obvious.

At our MJF plot the altitude is 3 250 m the mean
slope is 37.5°
total vegetation coverage is very high

100 %
layer are 60%

the slope orientation is southwest 48°  the
nearly up to

shrub and herb

respectively .

and the partial coverage of tree
70% and more than 90%
The dominant arbor species are MJF  Picea wilsonii
Picea asperata  Betula utilis var. sinensis and the sub-

dominants are Quercus aquifolioides Acer spp. Tilia

spp. Tsuga chinensis etc. In shrub layer there are

many kinds of Viburnum and Lonicera  Smilax stans
Sinarundinaria nitida many kinds of Rubus etc. In
herb layer there are Carex ssp. Ophiopogon bodinier
Clintonia udensis

Ligularia spp. ect.

Cacalia spp.
And there are
Schisan-

Smilacian japonica
Phlomis setifera

many kinds of lianas such as Actinidia kolomit
dra chinensis  Clematis ssp. etc. In general the com-
munity is characterized with very high species richness

distinct layers and dark environment under canopy.

2 Research methods

2.1 Community traits and population density

The investigation on the community begun in Au-
gust 1998. The environment condition of the community
diameter at breast height DBH  height
height under live branch of those individuals taller than
1.4 m were recorded. And the locations of all individuals

canopy area

were mapped. Then the density of MJF and other arbor
species were calculated.
2.2 Population dynamics and its spatial pattern

The plot area was 6 000 m* 60 m x 100 m . Two
adjacent sidelines were put as coordinate axes and coor-
dinate x y of every individual was measured at the lo-
cation of its stem.

The size classification system was adopted as [ .
seedlings SD  height <0.33 m [ . saplings SP
height=0.33 m and DBH<2.5 em [I[.

ST 2.5 em<DBH<7.5 cm [V. middle trees
MT 7.5 em<DBH <22.5cm V. bigtrees BT
DBH=22.5 cm Jin 1998 .

The following four methods were selected to test the
spatial pattern of MJF. 1 Morisita index MI [5 Jin
1998 Wang et al. 1998 2 Ratio of variance vs.
mean V/m Wang et al. 1998 3 Congregation in-
dex CI m”™/m Zhang 1992 4 Spatial point-pat-
tern analysis SPPA  Zhang 1997 Hou et al. 1997
Wang et al. 1998

der-analysis method the formulas were
NN

Kt =—Nz>1jL /Wy x 1, uy 15 ]

small trees

. We adopted Ripley’ s second-or-

1

ht=v Kt /m-1t 2
Where ¢ is the scale N is the total
number of points investigated 1w is the distance between
i j<t and I, u; =0
1/W; is a weighting factor to reduce the
problem of edge effects
radius ¢ lies totally within the study plot then W; =1
otherwise it is the proportion of the circle’ s circumference
that lies within the plot.

We estimated the spatial pattern intensity of MJF of

A is plot the area
two points I, u; =1 when u;
when u; > ¢
if the circle centered on i with
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different size SD SP ST
range from the grids 1 mx 1 m to 30 m x 30 m. And all

MT and BT at the scale

the methods were calculated and modeled by computer

program written in VB Microsoft Visual Basic 6.0

2.3 Size structure of MJF and its population dynamics
Age structure was substituted by size structure in an-

alyzing the population structure and dynamics. We made

sity

DBH every 2 c¢m.
3 Results

3.1 The dominant species in arbor layer and their den-

MJF  Picea wilsonii
var. sinensis dominated the plot with densities of 7 633

P. asperata and Betula utilis

age structure graphs by dividing the individuals shorter hm~=% 2667 hm=% 2350 hm~? and 1 700 hm~?
than 1.4 m into two groups <0.33 mand 0.33-1.4 respectively Table 1
m and dividing the others into age groups according to

Table 1 Composition and density of canopy tree in communities No hm~?

Species Total SD + SP Trees ST+ MT + BT SD SP ST MT BT
MJF 7 633 4900 2733 2217 2 683 1317 367 1 050
PW 2 667 1633 1033 683 950 333 233 467
PA 2350 850 1 500 167 683 317 367 817
BS 1700 717 983 267 450 533 300 150
Sum 14 350 8 100 6 249 3334 4 766 2 500 1267 2 484

MJF  Minjiang fir  Abies faxoniana PW  Picea wilsonii  PA  Picea asperata  BS  Betula utilis var. sinensis SD Seedlings SP  Saplings ST

Small trees MT Medium trees BT  Big trees
Total individuals Seedlings Saplings
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Fig.1 Point maps of the SD SP ST MT and BT of MJF

SD Sp

ST MT BT MJF See Table 1
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MJF had the largest magnitude of dominance. The
individual number of MJF was more than or equal to that
of other three dominant arbor species in every size class.
And the number of SD and SP were far more than that of
other species especially.

The densities of the SD SP ST
were 2 217- hm™2 2 683: hm™?2

MT BT of MJF
1 317 hm™?

Table 2 Morisita index I

367 hm=2 1 050 hm~? respectively. The sum of
seedling and SP was 4 900 hm~2 and that of ST MT
BT was 2 733 hm~2 Table 1

The point maps of SD SP ST MT BT of MJF
were shown in Fig.1. The results of MI V/m CI and

SPPA in determining the spatial pattern of MJF were simi-
lar on the whole Table 2 3 4 Fig. 2

and its test by F distribution of Minjiang fir F p n-1 o« 1010

Grids Total SD + SP ST+ MT + BT SD SP ST MT BT

Size mX m Number s F s F s F I F Iy F s F 15 F Iy F
1x1 6 000 5.39 1.33*3 10.73 1.48*3 1.35 1.0l 26.66 1.56*3 13.98 1.35*3 5.84 1.06*2 0.00 1.00 0.00 0.99
2x2 1 500 3.55 1.78%3 6.06 1.99%3 1.91 1.10*2 14.52 2.19*3 6.52 1.59*3 5.84 1.25*3 0.00 0.9 1.5 1.02
3x3 660 2.91 2.31%3 4.8 2.70"3 1.43 1.11* 10.30 2.8*3 5.50 2.09*3 3.52 1.29"3 0.00 0.97 1.08 1.01
4x4 375 2.79 3.19%3 4.49 3.74*3 1.80 1.35*3 6.96 3.10"3 4.89 2.66"3 4.75 1.78*3 1.62 1.4 1.3 1.06
5x5 240 2.42 3.71%3 3.61 4.19"3 1.53 1.36*3 6.86 4.24*3 3.41 2.61"3 3.51 1.82*3 2.08 1.09 1.35 1.09
6x6 160 2.16 4.19%3 3.21 4.96*3 1.37 1.36*2 6.32 5.31*3 2.83 2.79*3 3.06 1.99*3 0.76 0.97 1.87 1.30%2
7x7 112 2.21 5.75*3 3.16 6.59*3 1.55 1.73*3 6.00 6.90"3 2.44 3.01*3 3.65 2.79*3 1.96 1.16 1.30 1.14
8x8 84 1.98 6.03*3 2.78 7.09"3 1.4 1.77°3 5.25 7.60*3 2.12 3.08*3 2.21 2.09*3 1.10 1.02 1.99 1.58%*3
9%9 66 1.81 6.52%3 2.47 7.59*3 1.25 1.58*2 4.24 7.58*3 2.51 4.67*3 1.87 2.02*3 1.54 1.15 1.20 1.16
10x 10 60 1.97 8.55*3 2.83 10.10"3 1.31 1.85%3 4.20 8.17*3 2.71 5.63*3 2.01 2.33*3 1.30 1.11 1.26 1.27
1x11 45 1.71 8.12*3 2.33 9.78*3 1.25 1.85"3 3.74 9.23*3 2.11 4.99*3 1.63 2.09"3 1.05 1.02 1.35 1.42
12x 12 40 1.90 11.18*3 2.65 13.05*3 1.42 2.66*3 4.18 11.53*3 2.08 5.28*3 2.13 3.21*3 1.52 1.27 1.53 1.75*2
13x 13 28 1.55 9.1173 1.91 10.13*3 1.23 2.10*3 2.94 9.97*3 1.69 4.66*3 1.77 2.98*3 1.65 1.33 1.16 1.24
14 % 14 28 1.59 10.50*3 2.15 13.20*3 1.23 2.23*3 3.43 12.80*3 1.77 5.42*3 1.93 3.57*3 1.64 1.42 1.38 1.74%
15x 15 24 1.69 13.19%3 2.22 15.43*3 1.28 2.61*3 3.67 15.52*3 1.81 6.14*3 1.77 3.31"3 1.24 1.16 1.23 1.48
16 x 16 18 1.46 11.83*3 1.77 13.38*3 1.25 2.89*3 2.80 14.44*3 1.57 5.91*3 1.55 3.37*3 1.06 1.06 1.38 1.83*
17x17 15 1.52 14.81*3 1.81 15.67*3 1.22 2.82*3 2.54 14.31*3 1.70 7.68*3 1.78 4.46*3 0.8 0.86 1.31 1.77
18x 18 15 1.45 13.91*3 1.75 15.49*3 1.19 2.75*3 2.84 17.46*3 1.50 6.23*3 1.50 3.41*2 0.75 0.73 1.36 2.05%
19% 19 15 1.47 15.19%3 1.83 17.76*3 1.24 3.43*3 2.94 18.92*3 1.55 7.05*3 1.50 3.68*3 0.95 0.93 1.42 2.42*2
20 x 20 15 1.45 15.65"3 1.88 19.36*3 1.19 3.18*3 2.97 19.61*3 1.60 7.89*3 1.48 3.65*3 1.23 1.35 1.37 2.63*3
21 x21 8 1.25 12.46*3 1.56 18.74*3 1.08 2.09* 2.32 21.61*3 1.31 5.92*3 1.16 2.23* 0.97 0.94 1.40 2.65*2
2x22 8 1.30 15.68*3 1.57 20.54*3 1.07 2.01* 2.18 20.59*3 1.39 7.95*3 1.16 2.40* 1.23 1.43 1.44 2.93*2
23x23 8 1.30 17.05%3 1.52 20.15*3 1.13 3.22*2 2.26 22.60*3 1.29 6.66*3 1.26 3.53*3 1.33 1.71 1.28 2.35*
24 x24 8 1.29 17.77*3 1.45 18.67"3 1.22 5.06"3 2.21 22.93*3 1.20 5.07*3 1.34 4.56*3 1.29 1.67 1.29 2.51"
25x25 8 1.25 16.63*3 1.41 17.72*3 1.20 5.07*3 2.02 19.96*3 1.20 5.52*3 1.43 5.6*3 1.31 1.80 1.27 2.74*2
26 x 26 6 1.13 10.12*3 1.21 11.74*3 1.20 5.29*3 1.59 15.10*3 1.07 2.80* 1.31 4.83"3 1.43 2.20 1.51 4.06"2
27 %27 6 1.12 9.94*3 1.23 12.38*3 1.12 3.70*2 1.53 13.69*3 1.09 3.47*%2 1.16 3.03*2 1.43 2.20 1.58 5.07°3
28 x 28 6 1.15 11.88*3 1.31 16.80"3 1.08 2.92* 1.57 14.57*3 1.24 7.41*3 1.22 3.78*2 1.77 3.16"2 1.49 4.72%3
29 x 29 6 1.16 13.56*3 1.32 18.07*3 1.10 3.47*2 1.58 15.27*3 1.26 8.29*3 1.24 4.26*3 1.41 2.32* 1.37 4.06*2
30 x 30 6 1.17 14.91*3 1.35 20.16*3 1.09 3.53*2 1.57 15.31*3 1.31 9.91*3 1.28 4.86"3 1.19 1.61 1.34 4.20%3
*3 p<0.00l %2 p<0.0l * p<0.05 I; Morisita index F value of F test on Morisita index V/m Variance vs. mean ¢ Value of ¢ test

SD SP ST MT BT See Table 1

on V/m m”/m Congregation index

3.2 Population spatial pattern and dynamics

3.2.1 Pattern intensity intensity of assemblage with

different scale
1A of MJF varied with
scale or size of sampling grids. As the result of MI V/m

intensity of assemblage

and CI TA decreased with increasing scale on the whole
Table 2 — Table 6 . But as the result of SPPA 1A of
SD SP and ST it increased with increasing scale but
after some scale decreased with increasing scale. The
scales with largest TA of SD SP and ST were 12 m 11
m and 5 m respectively. And for ST there were other

10 m and 21 m

two scales with second largest TA

Fig. 2
3.2.2 Scale of pattern and IA in different size classes
IA was also varied among different size classes of
MJF. 1 MI [ SD SP and ST were clumped under
the scale from 1 mx 1 m to 30 m x 30 m with p =99.
9% p=95% or p=99% under a few scales by F
test. MT had a random or regular distribution usually.
But BT distributed randomly or regularly when the scale is
less than 5 mx 5 m and then clumped with the increas-
ing of scale. 2 V/m  The result of V/m with ¢ test was
almost the same as that of MI. 3 CI SD SP and ST
clumped under all the scales tested but IA decreased
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Table 3 V/m and its ¢ test of Minjiang fir
Grids Total SD + SP ST + MT + BT SD SP ST MT BT
Size mXm Number V/m t V/m t V/m t V/m [} V/m [} V/m t V/m t V/m 3
Ix1 6 000 1.33 18.31%3 1.48 26.02*3 1.01 0.52 1.56 30.92*3 1.35 18.95*3 1.06 3.45*3 1.00 -0.19 0.99 -0.57
2x2 1500 1.78 21.32%3 1.99 27.08*3 1.10 2.70*2 2.19 32.61*3 1.59 16.14*3 1.25 6.90*3 0.99 -0.38 1.02 0.61
3x3 660 2.31 23.80*3 2.70 30.80*3 1.11 1.92 2.8 33.82°3 2.09 19.71*3 1.29 5.34*3 0.97 -0.58 1.01 0.14
4x4 375 3.19 29.93%3 3.74 37.42*3 1.35 4.74*3 3.10 28.78*3 2.66 22.76*3 1.78 10.69*3 1.04 0.48 1.06 0.78
5%x5 240 3.71 29.62%3 4.19 34.91%3 1.36 3.92*3 4.24 35.40*3 2.61 17.64*3 1.82 8.94*3 1.09 1.04 1.09 1.00
6x6 160 4.19 28.44*3 4.96 35.28"3 1.36 3.19"2 5.31 38.46"3 2.79 15.92*3 1.99 8.79*3 0.97 -0.27 1.30 2.68"*
Tx7 112 5.75 35.42°3 6.59 41.66"3 1.73 5.47*3 6.90 43.94"3 3.01 14.94*3 2.79 13.36*3 1.16 1.17 1.14 1.05
8x8 84 6.03 32.43*3 7.09 39.22*3 1.77 4.93*3 7.60 42.55*3 3.08 13.37*3 2.09 7.05*3 1.2 0.13 1.58 3.76"3
9%x9 66 6.52 31.49"3 7.59 37.56*3 1.58 3.29%2 7.58 37.52*3 4.67 20.95"3 2.02 5.81*3 1.15 0.86 1.16 0.93
10x 10 60 8.55 41.00%3 10.10 49.42*3 1.85 4.60*3 8.17 38.93*3 5.63 25.14*3 2.33 7.22*3 1.11 0.58 1.27 1.48
11x11 45 8.12 33.41*3 9.78 41.16"3 1.85 4.01"3 9.23 38.50"3 4.99 18.70*3 2.09 5.11*3 1.02 0.10 1.42 1.9
2x12 40 11.18 44.97*3 13.05 53.21*3 2.66 7.32*3 11.53 46.50*3 5.28 18.91*3 3.21 9.75*3 1.27 1.19 1.75 3.32*2
13x13 28 9.11 29.80*3 10.13 33.53"3 2.10 4.03*3 9.97 32.95*3 4.66 13.46"3 2.98 7.27*3 1.38 1.41 1.24 0.8
14x 14 28 10.50 34.91*3 13.20 44.82%3 2.23 4,513 12.80 43.37*3 5.42 16.23*3 3.57 9.45*3 1.42 1.56 1.74 2.70*
15x 15 24 13.19 41.33%3 15.43 48.92%3 2.61 5.46"3 15.52 49.25"3 6.14 17.42*3 3.31 7.82*3 1.16 0.56 1.48 1.62
16x 16 18 11.83 31.58*3 13.38 36.10%3 2.89 5.52%3 14.44 39.19*3 5.91 14.31*3 3.37 6.92*3 1.06 0.16 1.8 2.43*
17x17 15 14.81 36.55*3 15.67 38.80*3 2.82 4.80*3 14.31 35.22*3 7.68 17.68*3 4.46 9.16*3 0.86 -0.38 1.77 2.05
18 x 18 15 13.91 34.15%3 15.49 38.33%3 2.75 4.62°3 17.46 43.56*3 6.23 13.84*3 3.41 6.38*3 0.73 -0.71 2.05 2.78*
19% 19 15 15.19 37.54%3 17.76 44.34*3 3.43 6.44"3 18.92 47.41*3 7.05 16.00"3 3.68 7.09*3 0.93 -0.19 2.42 3.76*2
20 x 20 15 15.65 38.77*3 19.36 48.57*3 3.18 5.77*3 19.61 49.23*3 7.89 18.22*3 3.65 7.00*3 1.35 0.93 2.63 4.30*3
2121 8 12.46 21.45%3 18.74 33.18*3 2.09 2.05 21.61 38.55*3 5.92 9.20*3 2.23 2.31 0.94 -0.11 2.65 3.08*
2x22 8 15.68 27.46*3 20.54 36.56*3 2.01 1.88 20.59 36.65*3 7.95 13.01*3 2.40 2.61* 1.43 0.80 2.93 3.61*2
23x23 8 17.05 30.03%*3 20.15 35.83%3 3.22 4.15*% 22.60 40.41*3 6.66 10.60"3 3.53 4.73*2 1.71 1.34 2.35 2.52°
24 x 24 8 17.77 31.36*3 18.67 33.05*3 5.06 7.59*3 22.93 41.02*3 5.07 7.61*3 4.56 6.67*3 1.67 1.26 2.51 2.83*
25x25 8 16.63 29.25*3 17.72 31.28*3 5.07 7.61°3 19.96 35.47*3 5.52 8.46"3 5.62 8.65*3 1.80 1.49 2.74 3.26*
26 x 26 6 10.12 14.4273 11.74 16.98%3 5.29 6.78*2 15.10 22.30"3 2.802.85°4.8%5.05*2 2.20 1.90 4.06 4.84%2
27 %27 6 9.94 14.13%3 12.38 18.00"3 3.70 4.27"2 13.69 20.07*3 3.47 3.91* 3.03 3.20° 2.20 1.90 5.07 6.43*2
28 x 28 6 11.88 17.20%3 16.80 24.98%3 2.92 3.04* 14.57 21.45"3 7.41 10.13*3 3.78 4.39*2 3.163.4274.75.89"2
29 x 29 6 13.56 19.86*3 18.07 26.99*3 3.47 3.90* 15.27 22.57*3 8.29 11.52*3 4.26 5.15*% 2.32 2.08 4.06 4.83*2
30% 30 6 14.91 22.00%3 20.16 30.29%3 3.53 4.01* 15.31 22.63"3 9.91 14.08"3 4.86 6.10°2 1.61 0.97 4.20 5.06"2
SD Sp MT BT See Tablel *3 %2 x See Table 2
Table 4 Congregation index CI m/m” of Minjiang fir
Grids Total SD+ S T:BI,\I/ET SD SP ST MT BT Grids Total SD+SPST++BI,\;{T SD SP ST MT BT
Size ) ; . ; Size ) , ) )
mxm Number m* /m m*/m m*/m m”*/m m*/m m*/m m*/m m”*/m mxm Number m* /m m™*/m m™*/m m*/m m*/m m*/m m*/m m*/m
Ix1 6000 5.38 10.70 1.34 26.47 13.90 5.78 0.05 0.02 |[16x16 18 1.48 1.81 1.26 2.8 1.60 1.5 1.06 1.39
2x2 1500 3.55 6.05 1.90 14.43 6.49 578 0.04 1.53 |[17x17 15 1.56 1.86 1.24 2.64 1.75 1.8 0.8 1.32
3x3 660 291 4.8 1.43 10.24 5.48 3.49 0.04 1.08 |[18x18 15 1.49 1.80 1.21 2.96 1.5 1.52 0.75 1.38
4x4 375 279 449 179 6.93 4.8 471 1.60 1.34|[19x19 15 1.50 1.8 1.25 3.07 1.59 1.53 0.95 1.4
5x5 240 2.4 3.61 1.53 6.84 3.40 3.48 2.03 1.35|20x20 15 1.48 1.94 1.20 3.10 1.64 1.5 1.24 1.39
6x6 160 2.16 3.21 1.37 6.31 2.83 3.05 0.77 1.8 |[21x21 8 1.29 1.64 1.09 2.50 1.35 1.18 0.97 1.4
7x7 112 222 3.17 1.5 6.00 2.44 3.64 1.92 1.30|2x22 8 1.3 1.65 1.08 2.34 1.45 1.18 1.24 1.48
§x8 & 1.9 2.79 1.45 527 2.12 221 1.09 1.98 |[23x23 8 1.3 159 1.15 2.43 1.3 1.30 1.36 1.31
9%x9 66 1.82 2.49 1.25 4.27 2.5 1.87 1.52 1.20 |[24x24 8 1.33  1.51 1.25 237 1.2 1.39 1.32 1.3
10x10 60 1.99 2.8 1.31 4.23 2.72 2.01 1.29 1.26 |25x25 8 1.29 146 1.23 2.16 1.23 1.49 1.34 1.30
1x1l 45 1.73 235 1.26 3.78 2.13 1.64 1.05 1.35(26x26 6 1.15 1.26 1.24 1.70 1.08 1.37 1.48 1.59
12x12 40 1.93 2.69 1.43 424 2.10 2.15 1.51 1.54 (|27x27 6 1.15 1.27 1.14 1.63 1.11 1.19 1.48 1.68
13x13 28 1.57 1.94 1.24 299 1.71 1.79 1.63 1.16 ||[28x28 6 1.18 1.37 1.10 1.67 1.29 1.26 1.8 1.57
14x14 28 1.6 2.19 1.23 3.5 1.79 1.95 1.63 1.39 [|29x29 6 1.19 1.39 1.12 1.69 1.31 1.29 1.47 1.4
15x15 24 1.72 2.27 1.29 3.77 1.8 1.79 1.23 1.24 ||30x30 6 1.20 1.42 1.1 1.68 1.36 1.33 1.22 1.40

SD SP ST MT BT See Table 1
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Fig.2 Spatial point pattern analysis and its Monte Carluo test on Minjiang fir

The pointed curve was the result of SPPA. The other four curves were the upper and lower envelop curve with the trust degree of 95% and 99% respectively.
The broken line was the theoretical line that random pattern happened

with the adding of scale. The rule of the pattern of MT other scales. 4 SPPA The result tested by Monte Carluo
was not obvious that the pattern was regular under some method was also similar with that of the three above meth-
small scales or some moderate scales and clumped under ods but the trend that the scale of pattern and TA varied
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with the change of scale which was different from that
demonstrated in section 3.2.1 Fig. 2 .
3.3 Population size structure and population dynamics
The population size structure was inverse’ J” shape
on the whole although not so regular because there was a
nick at MT. The individuals of SD and SP were very
abundant which indicated that the population was stable
and can regenerate continuously. The phenomenon that
individuals of MT were few but that of BT were more was
mainly caused by long life span of MJF that can be seen
from Fig. 4 Fig.3 Fig.4 .
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Fig.3  Histogram of different size classes of the MJF individuals
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Fig.4 Histogram of different DBH classes of the MJF individuals

4 Discussion

4.1 Spatial pattern of the population of MJF
4.1.1 Effects of scale on spatial pattern

Population spatial pattern usually varied with the
change of scale in time and space. Because individuals of
plants took up some continuous three-dimensional space
we had to define the unit of scale and then the method of
investigation before carrying out research on their spatial
pattern. Many scholars had measured spatial pattern un-
der single scale with the investigation of the single unit
the result of which could only express the pattern at that
scale and the pattern under other scales could not be
known. In the case of the block method of Greig-Smith
different size of grids had been adopted. Because the size
of the block was double of the first smaller block the
spatial pattern between the two blocks could not be mea-
sured with the increasing of blocks
spatial pattern had been omitted. But the methods we

much information of

adopted overcame these defects. For every individual of
MJF was pointed out in a map we could sample with dif-
ferent scales. The point mapping method must be applied
to a plot big enough to contain sufficient number of grids
although this had brought much difficulty in field investi-
gation.
4.1.2 Spatial pattern on different size class of the pop-
ulation of MJF

Trees usually have the trait of long life. During dif-
ferent growth phases they had different ability to take up
space holding different size of space and taking up dif-
and ST of

MJF took up the lower and smaller space of the communi-

ferent position of community. The SD SP

ty. The competition among individuals and with other
species in shrub layer and herb layer was very severe due
to the trait of seed disseminate regime of disturbance and
approach of regeneration mainly was gap regeneration
so the spatial distribution was aggregation. In the case of
MT they took up the middle space of the community
and the survival of them was the result of competition a-
mong the individuals during different growth phases. The
spatial pattern was random because the intensive competi-
tion had passed. BT taken up the upper space of the
community and hold even bigger space size should be
more important in stabilizing the community and its envi-
ronment. The survival of them was the result of the out-
growth of the long life individual in MT so the pattern
was usually random too. The heterogeneity of the environ-
ment had great impact on the spatial pattern of plant that
the more heterogeneity the more impact.
4.1.3 Factors affecting the spatial pattern of the popu-
lation of MJF

The origin of population’ s spatial pattern was deter-
mined by the characteristic of the species and closely re-
lated with the habitat environment. Seed disseminate
trait regeneration approach and shade-tolerant or not
were the main factors of a species’ self-character that af-
fect the generation of spatial pattern. The habitat environ-
mental factors included biologic factors such as self-toxic
allelopathy ~competition for resources etc.
logic factors such as soil microclimate and micro-geomor-
phology etc. The factors that affect the spatial pattern of
SD SP and ST were mainly parent trees regeneration
approach germination condition density of
the same species the competition among individuals of

and non-bio-

seed rain

different species and impact of animals etc. Wang et

al. 1999 Wu et al. 2002 . The density of SD SP
and ST of MJF were very great which were 2 217 hm~?

2683 hm™2 1317 hm™2 so the competition among in-
dividuals may be very intense. The main generation ap-
proach of MJF was seed germination within forest gap so
SD SP and ST situated in the lower layer of the commu-
nity not only were affected by the individuals of the same
arbor species or not but also would compete for light re-

sources with the plant in shrub layer herb layer and
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lichen layer. Thus the main factor affecting the spatial
pattern of the SD  SP and ST was the competition for light
resource. The spatial pattern of MT and BT was mainly
the result of the competition among the individuals in the
middle or upper layer of the community of the same
species or not on one hand on the other hand the com-
petition for light resources was one of the important factor
since the soil condition and water resource were abundant
in the site of MJF. As the result of competition the de-
crease of density caused by self-thinning and hetero-thin-
ning not only created better light condition for the indi-
viduals among the middle and upper layer but also let
the SD  SP and ST in lower layer and the plants in shrub
layer and herb layer obtain sufficient light. Then the
whole community could accommodate lots of species and
the individuals at different growth phases so that it can
keep the condition of multi-layer and hetero-ages” . The
competition among the individuals of arbor species in mid-
dle and upper layer made less of the density of MT and
BT which were 367 hm~2 and 1 050 hm~? respective-
ly far less than that of SD SP and ST
pattern was random.

4.2 Age structure of MJF and its dynamics

so the spatial

4.2.1 Regeneration approach of the population of MJF

MJF had three main regeneration approaches forest
gap regeneration wave regeneration along the forest edge
and the regeneration under forest canopy. The forest gap
regeneration was the main approach within community.
Wave regeneration along the forest edge was the main ap-
proach for forest restoration after large-scale disturbance
and for forest self-expanding. The regeneration under
canopy was the most important approach that should not
be omitted due to the shade tolerant characteristics of
MJF and sometimes it was the important supplement for
forest gap regeneration and usually combined with forest
gap regeneration make the community recycle regenerate
smoothly. From the figures of size structure and DBH
structure we can see the phenomena of age gap” 1i.e.
the nick that cause by the number of individuals of SD
less than that of SP  that of MT less than that of BT and
the nicks within the graph of DBH structure. The phe-
nomenon was closely related with the regeneration ap-
proach and disturbance regime of MJF. The difference in
frequency and intensity of disturbance caused heterogene-
ity in time and space within the shifting mosaic regenera-
tion. And the heterogeneity embodied in the section of
time and space was the nicks among the DBH structure
graph and the' age gap” phenomenon among age struc-
tures.
4.2.2 Developing trend of the population of MJF

MJF forest was a climax of sub-alpine vegetation
distributed over the eastern edge of Qinghai-Tibetan
Plateau at the upper branches of Minjiang River and Dadu
River within Sichuan Province and at the upper branches
of Bailong River and Tao River in the southern part of

Gansu Province. The primitive community had great sta-
bility and richness of biodiversity. The figures of size
structure and DBH structure showed that the pool of SD
and SP were very rich. The age structure was the growing
type and due to the intensive competition relatively few
individuals could grow adult into the canopy layer. The
phenomenon of age gap” also indicated the cyclic death
of naturally aging which need more investigation and re-
search on the age rings of the stem of MJF. This phe-
nomenon was greatly related with the type frequency and
intensity of disturbance. The heterogenous disturbance of
MJF forest included wind snow suppression dilapida-
tion landslip and plant diseases and insect pests etc.
The endogenous disturbance included natural aging and
death  suppress under canopy
species and so on. The cyclic regeneration mainly deter-
mined by the self-characteristics of the species. The drive

competition among

power mainly came from endogenous disturbance but the
heterogenous disturbance let the cyclic trait be blurry and
not determinate .
4.3 Comparison of different methods

All the four methods aforementioned could examine
the spatial pattern under different scales. We pointed all
the individuals in the plot in a map and the results were
similar on the whole as mentioned in section 3.2. SPPA
calculated the covariance between every point the spatial
pattern determined by SPPA maybe more accuracy and
more adjacent to the reality. Furthermore the pattern in-
tensity calculated by SPPA could express the relationship
between population’ s assemblage intensity and the varia-
tion of scales. So through SPPA  we can find out the
scale that the population had greatest congregation then
we can analysis the reason further more. For example
from the phenomena that the scale with greatest congrega-
tion of the total MJF the SD-SP and the SP was 11 m
that of SD was 12 m that of ST was 5 m and then the two
scales with next greater assemblage intensity were 10 m
and 21 m and that of trees including ST MT and BT
MT and BT all were 9 m Fig. 2
the diameter of the common patch in the community was
11 m that of SD and SP was 12 m and 11 m respective-
ly that of ST was 5 m next common was 10 m and 21
m that of MT and BT was 9 m. From this conference
we can also infer the common size of forest patch which
need more research and study. Some refinement should be
made

we can confer that

because Ripley’ s second-order-analysis method
does not do well in detecting gaps Dale-Mark 1999 .
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