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Community characteristics of dark coniferous forest on north slope
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Abstract: The dark coniferous forest was distributed between 1100m and 1850m in the subalpine of Chang-
bai Mountain,and the distribution pattern of species composition along elevation gradient in dark conifer-
ous forest on north slope was sampled and analyzed in this research. The a and B diversity were used to
measure the community diversity of the forests,and community coefficient ,which was one kind of B8 diversi-
ty in essence, was used to analyze the similarity of species composition between the communities or
plots. Based on these analyses, communities were classified according to Euclidean distance by Ward’s
method. The results showed that the dominant tree species Picea jezoensis and Abies nephrolepis were dis-
tributed nearly over the whole transect,and the companion trees and most of shrubs were found in certain
fragments respectively. The total number of species of the plot varied slightly,but species composition a-
mong the plots varied greatly along with the elevation variation. This trend reflected the high habitat diver-
sity of this forest zone. The dark coniferous forest could be divided into 2 or 3 types by the classification
analysis,and this result was similar to that coming from calculating community coefficient between plots in
the same side with different elevations.
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Introduction Changbai Mountain is the highest mountain in northeastern China. It has the typical ver-
tical spectra with five vegetation zones,including 4 forest and one tundra zones. A total of 1365 vascular

plant species has been reported which includes 1260 species of seed plants. Some of them are relic species,
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and 96 species are pteridophytes.

The dark coniferous forest,which distributed between 1100m and 1850m in the subalpine of Changbai
Mountain',was the major type of forest in this area and covered nearly 60% of the reserve. Since the dark
coniferous forest distributed along nearly 700m elevation gradients,the structure and species composition
varied obviously. Many studies"'~* have been done on the vegetation composition,but more detailed infor-
mation is needed for understanding the vegetation type variation and the species diversity pattern,because
much of the reported data is insufficient for describing the community features. The aim of this study is to
outline the composition,structure and gradient relationship of plant communities in the forest by investi-
gating the communities at different elevations.

1 Study area and methods

The plots were set inside the Biosphere Reserve of Changbai Mountain,which is situated on the border
between China and North Korea. The mean annual temperature is 3. 3 C ,with the maximum of 32. 3 C and
the minimum of — 37. 6 C. The annual precipitation is 671. 9mm and the relative humidity is 66%. The
hottest month is August with the mean maximum temperature of 20.5 C ,and the coldest month is Jan-
uary, with the mean minimum temperature of —16.5 C. The distribution of rainfall over the year is un-
equal. A relatively wet season occurs from June to August. while a relatively dry season occurs from
September to May. The climate is characterized by low temperature,high precipitation,and strong wind.

Since all the plots were set inside the reserve,the vegetation has remained pristine with almost no hu-
man disturbance. Fieldwork was carried out in the summer of 1997. On both sides along the road,12 plots
were investigated at the elevation 1200 m,1300 m,1400 m,1500 m,1600 m,1700 m respectively,and the
plot sizes were 20m X 20m. In each plot,five sub-plots with the size of 2m X 2m were set for shrub and herb
species investigation. Tree species were recorded if DBH >>8. Ocm. For shrub and herb layer.the species,
height,coverage and density were measured or recorded. Data processing were done by using software such
as EXCEL,SYSTAT ,and STATISTICA.

2 Results
2.1 Physiognomy and vegetation structure

The coniferous forest was dominated by evergreen conifer species such as Picea koraiensis.
P. jezoensis, and Abies nephrolepis with the height of 22 ~ 30 m.In winter it remains relatively pure
green. Above the dominant canopy layer.,there were some individuals of Larix olgensis sparsely dotted in
the community,stood much higher than the dominant canopy layer.and it looked like Larizx olgensis-domi-
nated. However,contrary to P. jezoensis and A. nephrolepis.this species had no saplings or seedlings on the
ground. At the lower elevation, Pinus koraiensis was mixed with the dominant species. The broad-leaved
components in this zone were mainly sub-canopy or high shrub species such as Acer wkurunduense.,
A. tegmentosum , A. tschonoskii s A. mono s Betula costata > B. ermanii sand Sorbus pohuashanensis with very low
dominance.

The trunks were covered by mosses,and it indicated the wetness and darkness of the environment that
heavily restricted the species richness of undergrowth. The ground vegetation consisting of herbs and
small-sized shrubs was very poor with the coverage of less than 40% ,while that of the bryophyte layer was
more than 90%. The seedlings of A.nephrolepis and P. jezoensis were tremendous. It was extremely dark
under the canopy since the forest had a quite high density and a high crown closure. Referring to the light
condition,it was called dark coniferous forest.

The shrub layer was almost absent due to the highly closed canopy.and there sparsely distributed indi-

viduals on the ground,such as Acer wkurunduense, A.tschonoskii s A. tegmentosum. Some shrubs with less
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than 15 cm high presented a comparatively high density but lower coverage,total less than 20% ,such as
Ramischia secunda,Chimaphila japonica,Linnea borealis and so on,and these species can be considered as
the characters or indicators for the coniferous forest zone.

The floristic composition of the herbaceous layer was poor.and the average height was less than 20cm
with total coverage of less than 40%.The dominant species were Maianthemum dilatatum, and some
ferns. Mosses formed a unique layer with a depth of about 10cm and the coverage of nearly 100%.

2.2 Community diversity

=7 {. e. in-diversity and interdiversity of the

Community diversity include a diversity and B diversity"
communities. a diversity is an important index to describe the community composition and structure. The
measurement of a diversity generally includes 4 indices. Among them.,the species richness,especially the
number of species very common and simple. It is very practical for measuring the diversity.

Table 1 lists the numbers,of species,is in 12 plots. Variance analysis of the species showed that,for
tree species,there were significant differences among the plots at different elevations (F=11.5>5.05=
Fo.05:.5) sbut there were no significant differences between the plots at same elevations (F=3. 75< 6. 61=
Fo.0501.5 ) - For shrubs, significant differences existed among the plots at different elevations (F = 20. 6 >
11. 0= Fo.015.5)) and different plots at same elevation. For herbs, it showed the same trend as trees,
i. e. there were significant differences among the plots at different elevations (F=28.43>>5.05=F. p55.5)) »
but there were no significant differences between the plots at same elevations (F=1. 25<6. 61=F.051.5))
. For all the species in the plots,there were no significant differences among the plots at different elevation
(F=2.60<5.05=1F.05:5.5)and between the plots at same elevations (F=5. 37< 6. 61=Fo.¢5¢1.5))-

Table 1 Species number in 12 plots

Elevation West side of the road East side of the road
(m) Number of species Number of species
Tree Shrub Herb Total Tree Shrub Herb Total
1200 11 12 7 30 10 6 8 24
1300 11 10 9 30 10 9 14 33
1400 6 10 28 44 8 4 23 35
1500 7 6 18 Sik 8 6 16 30
1600 8 9 24 41 6 6 15 27
1700 5 5 20 30 4 1 18 23
[8.91;

B diversity is essentially a measure of how different (or similar)a range of habitats or samples are in
terms of variety of species found in them. One common approach to [ diversity is to look at how species di-
versity changes along a gradient. Another way of viewing 8 diversity is to compare the species composition
of different communities. Cody index was useful in measuring the change of the community composition a-
long habitat gradient,and it is easy to calculate by the number of new species added and some species lost
along a transect.
B = (g(H) + 1(H))/2 (1]
Where g(H) is the number of species gained along the habitat transect and 1(H) is the number of
species lost along the same transect.
Fig. 1 is the Cody index values of community in different elevation. It showed that the Cody index of
tree and shrub kept a low value,and the value of shrub was a little higher than that of tree. Cody index of

herb layer varied greatly with the change of elevation. Variation of Cody index for all the species showed
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the same trend as herbs. Variance analysis showed that there was no significant difference among the plots
at different elevations and between the plots at same elevations for tree,shrub,and herb layers. But for all
the species of tree,shrub and herb layers,Cody index was significant difference among the plots at different
elevations (F =19. 36 >16.0= F.o14..») and between the plots at same elevations (F = 22.01 < 21.2=
[1‘(]«(71(1.[))'
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Fig. 1 Cody index of communities in different elevations

Contrary to the a diversity, 3 diversity of communities varied greatly with the elevation. This indicated
that the total numbers of species of the plot varied slightly,but species composition among the plots varied
greatly with the elevation variation. This trend reflected the high habitat diversity of the forest zone.

2.3 Community coefficient
Community coefficient concerned the similarity of species composition between the communities or

Lol are widely used,and

plots. A vast range of similarity indices exists. Jaccard index and S®renson index
S®rensen index can be calculated by formula.

_ 2a
T b+

Where a means the number of species found in both site A and site B,b means the number of species in

cc [2]

site A,and ¢ means the number of species in site B.

Fig. 2 is the community coefficient of two plots be-
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side the road at the same elevation. All these values are
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higher than 0. 5,which indicate that it is much similar in
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species composition between two plots at the same ele-

vation ,especially at the elevation 1200m and 1500m.
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Fig. 3 is the community coefficient between two
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neighborhood plots on the same side of the road at the 1200 1300 400 1500 1600 1700
different elevation. It indicates the influences of eleva- ‘ Elevation @)

tion on species composition. The community coefficients

between two plots at 1200 m and 1300 m are the high- Fig. 2 Community coefficient between two plots
est,so the forest communities at 1200m and 1300m can with the same elevation

be classified into the same type. The community coefficients between plots at 1300m and 1400m are lower,
and they are both inflexions of the curves in Fig. 3,s0 the forest communities at the elevation higher than
1400m and lower than 1300m should be classified into two types.

Fig. 3 just shows the difference between two neighborhood plots on the same side of the road at the

different elevation. For the plots of no-neighborhood,their difference can be calculated by using geo-statis-
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tics. The result could be seen in fig. 4.

Fig. 4 indicates that average community coef-
ficient between plots with same elevation differ-
ence decreased with the increase of elevation dif-
ference on the west side of the road. But on the
east side of the road, the decreasing rate of the
community coefficient is different between eleva-
tion difference less and greater than 300m. This
maybe means elevation differences less and
greater than 300m are two different sampling
scales.

2.4 Community classification

Fig. 5 is the tree diagram for 12 plots with
Ward’s method and Euclidean distances, and ¢l
meant the plot of 1200m and on the east side, g2
meant the plot of 1200m and on the west side,and
SO on.

Fig. 5 shows that the classification results are
greatly related to the elevation. The plots which
were located at the elevation lower than 1400m can
be classified into one type and those higher than
1400m can be another large type.which can be di-
vided into two types by the elevation 1600m. In ad-

dition,two methods (Ward’s method and single link-
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side with different elevations

o 1 —8—East

g ——Nest

508

E

v 0.6

3

» 0.4

e

é’ 0.2

8 0 . L " L )
0 100 200 300 400 500

Elevation difference {m)

Fig. 4 Average community coefficient beween plots

with same elevation difference

age method)and two distances (Euclidean distance and community dissimilarity coefficient)were used to do

the classification and the results were a little different. It means that different distance has little influence

on the classification results,but different methods has great influence on the classification results.
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Fig. 5

Tree diagram for 12 plots with Ward’s method and Euclidean distances
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3 Discussion

Habitat diversity caused by elevation changes resulted in a high diversity on both the a and B diversi-

ty. Contrary to the a diversity, diversity of communities varied greatly with the elevation. This indicated

that the total numbers of species of the plot varied slightly,but species composition among the plots varied

greatly with the elevation variation. This trend reflected the high habitat diversity of the forest zone.

Dark coniferous forest distributed from 1100m to nearly 1800m. The environment changed gradually

with the elevation variation so that the community characteristics showed up an obvious difference along

the slope. Dark coniferous forest could be classified into different communities according to the degrees of

species diversity variation,and the results was similar to that of classification analysis.
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