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ABSTRACT: The forest vegetation of Mt. seondal was classified into eight communities and
one afforestation by the phytosocialogical method (Z-M method). In general, Quercus mongolica
trees occupied most of the area, while afforestation forest was distributed on the lower slope,
cultivated land, and at the vicinity of village. The vegetation on the top part of Mt. Seondal was
comparatively well preserved, but that in the lower areas has been disturbed heavily by human
activity and some had mixed forests composed of pine trees, oaks, ashes, and Rhododendron
micrantum shrub. By cluster analysis method, nine groups were identified as follows: Quercus
mongolica group, Q. mongolica - Pinus densiflora group, €. mongolica - Rhododendron schlipen -
bachii group, @. mongolica - Symplocos chinensis for. pilosa group, P. densiflora group, Juglans
mandshurica group, Fraxinus mandshurica group, Betula costata group and Larix leptolepis
group. These groups showed differences in species composition, but Quercus mongolica, Q.
mongolica - P. densifiora, Q. mongolica - R. schiippenbachii and Q. mongolica - S. chinensis for.
pilosa groups among them showed very similar floristic composition to each other. In the
relationship between polar ordination axes and environmental variables, altitude was the
environmental factor determining variation in species composition along axis X and soil
moisture was the environmental along axis Y. They were the main factors in determining forest
vegetation. The result of cluster analysis and polar ordination for the forest vegetation were

corresponded to those of phytosocialogical classification in classifying vegetation.
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INTRODUCTION

The earliest systematic description of vegeta-
tion was by Humboldt (1805) who classified areas
dominated by plants of similar growth forms into
vegetation types. More detailed and better de-
fined descriptions and classification were de-
veloped by Schouw (1823), Kerner (1863), and
Grisebach (1872). Grisebach has applied the term
formation to a community of plants and Flihaiilt
(1893) had established the term association as a
unit of vegetation.

Community ecologists often analyze data by
two methods consisting of classification, and
ordination. These two methods have the common
goal of organizing data for purposes of descri-
ption, discussion, understanding, and manage-
ment of communities. Classification and ordination
techniques organize community data on species
abundances exclusively, apart from environmen-
tal data, leaving environmental interpretation to
a subsequent, independent step.

The result of classification is the assignment of
species and sample to classes: the classes may or
may not be arranged in a hierarchy. The result

of ordination is the arrangement of species and
samples in a low - dimensional space such that
similar entities are close by and dissimilar en-
tities far apart. These two approaches are com-
plementary.

Classification basically involves grouping similar
entities together in clusters. Among the three
kinds of classification (table arrangement, non-
hierarchical classification, and hierarchical clas-
sification), hierarchical classification puts similar
units into groups and, additionally, arranges the
groups into a hierarchical, treelike structure ca-
lled a dendrogram, which indicates relation-
ships among the groups (Sneath and Sokal 1973,
Gauch and Whittaker 1981). In hierachical classi-
fication, variation in cluster analysis is related to
the number of values in the similarity matrix
(Tausch et al 1995).

While classifying a square symmetric matrix of
distances with TWINSPAN (Two-Way Indicator
Species Analysis), we observed that the com-
munity classification produced different group
memberships.

Ordination is divided into direct ordination by
environmental gradient analysis of Whittaker
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(1951) and indireet ordination by continuum
index of Curtis and McIntosh (1951). A concept-
ion of differential species distribution along
environmental gradient has been central to
development of generalized models in comm-
unity ecology (Clements 1916, Diamond 1978,
Whittaker 1967).

These classification and ordination methods
have been advanced greatly since 1950 and have
been used continuously up to the present by
many ecologists, such as Dooley and Collins
(1984), Mueller-Dombois and Ellenberg (1974),
Kim and Yim (1986a, 1986b), Kim and Kil (1991),
and so on.

In this point of view this study aims at (1)
describing the forest communities of Mt. Seondal
by classification, and (2) understanding the eco-
logical relationships between the forest vege-
tation and the environment using polar ordina-
tion method.

METHODS

Quantitative floristic data were obtained from
June 1998 to October 1998 from 24 stands. The
size of sample plots, with minimal area of 15 m X
15 m, was set randomly at every relevé (Osting
1956). Representative plots were selected on the
basis of homogeneity and visually checked for
uniformity in floristic composition.

The vegetation description was based on the
complete floristic composition of the plant
communities following Braun-Blanquet (1964).
All trees and shurbs of DBH (diameter at breast
height) > 3 cm in every relevé were measured
for height. Plant names were recorded in order
according to Lee (1979).

Soil samples were collected with a gouge
auger (diameter 5.08 cm) from A horizon. Three
cores were homogenized into one sample and in
each station three such samples were taken.
Samples were air-dried and weighed (fresh weight
and dry weight) prior to analysis.

Soil moisture content was calculated as a
percentage of water lost against dry weight at
105C.

The clustering technique of classification me-
thod applied to the species on site data used the
CA (cluster analysis) method of Lance and Wi-
lliams (1967). To determine the correlation of
vegetation to environmental factors, polar ordin-
ation method was used (Bray and Curtis 1957,
Beals 1960).

STUDY AREA

This study was. carried out at Mt. Seondal
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located in Gangwon Province and Geyngsangbuk
Province, Korea (37°02" ~37°04"N, 128°39" ~128°
43 E). The main peak of Mt. Seondal is 1,236 m
above sea level and the Eorae near Mt. Seondal
is 1,063.6 m high.

The forest vegetation was largely characteri-
zed by Quercus, Pinus, Juglans and Frixanus.
Most study area of forest vegetation has been
influnced by man, so that secondary forest is
now in various stages of regrowth. The area is
meteorologically characterized as the cold-tem-
perate decideous broadleaf forest zone (Yim and
Kira 1975).

According to Yeongwol Meteorological Obser-
vatory (1990) the study area has an average
rainfall of 1,712 mm/yr and a mean annual
temperature is 11.7° with minimum and maxi-
mum temperature of -10.4C and 32.8°C, respe-
ctively. In particular, the average monthly
rainfall is over 100 mm from May to September
and the average daily minimum temperature
from December to March is below 5C.

RESULTS AND DISCUSSION

Community types

The forest vegetation of Mt. Seondal area was
divided into nine community types by Z-M
method.

Quercus mongolica community (Table 1-A)

Quercus mongolica having a wide range of
thermal distribution WI 18-111 (Yim 1977), cha-
racteristic species of cool-temperate deciduous
broadleaf forest zone, is distributed at the upper
area of mountains.

The distribution of this community in Mt.
Seondal was mainly between 800 m and 1200 m
in altitude, but it could descend to lower altitudes
along valley slopes. The plant community was
dominated mostly by Quercus mongolica, Tilia
amurensis, Lespedeza maximowiczii, Carex si-
derosticta, Ainsliaea acerifolia in the tree-layer,
subtree-layer, and herb-layer, respectively.

The stems were 10~25 cm in diameter at
breast height (dbh) and generally attained a
height of 10~13 m.

@. mongolica - R.
(Table 1-B)

The @. mongolica - R. schlippenbachii com-
munity generally corresponded to the Q. mon-
golica community in species compositon. The
structural characteristics of this community was
distinguished by &. mongolica in the tree
stratum and R. schlippenbachii in the shrub
layer.

schlippenbachii community
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The habitat of this community was found at
the top parts of the slopes between 900 and 1,200
m in altitude.

Q. mongolica - Symplocos chinensis for. pilosa
community (Table 1-C)

In the study area, there was a . mongolica -
S. chinensis for. pilosa community on the middle
parts of the slopes between 900 and 1,100 m in
altitude. This community had wide distribution
in Mt. Seondal. The structural characteristics
were distinguished by @. mongolica in the tree
stratum and S. chinensis for. pilosa in the su-
btree layer and shrub layer. Also, this com-
munity generally corresponded to the Q. mon-
golica community in species compositional cha-
racteristics.

@. mongolica - Pinus densiflora community (Ta-
ble 1-D)

@. mongolica - P. densiflora community was
grouped in the xeric area at the top parts of the
slopes.

In the tree and subtree layer of this com-
munity, @ mongolica, Fraxinus sieboldiana, P.
densiflora, and Lindera obtusiloba were found as
companion species with higher coverage.

Juglans mandshurica community (Table 1-H)

The habitats of this community in the Mt.
Seondal were located mainly on valley, mesic
and nutrient rich slopes below 900 m altitude.

Associated plant species in this community
included Acer mono, Philadelphus schrenckii,
Magnolia sieboldii, Schisandra chinensis, Sta-
phylea bumalda, and Rubia akane. The height of
the tree layer was 14~16 m.

Pinus densiflora community (Table 1-E)

The distribution of P. densiflora in the Korean
peninsula spreads from Cheju (33°20" N) to
Chungsan (43°20° N).

In Mt. Seondal, this community occurred more
abundantly at the lower parts (> 900 m altitude)
of the mountain which has been destroyed by
human activity. The habitats of Pinus densifiora
community at this area were located mainly in
valley.

In the tree and subtree layer of this com-
munity, @ mongolica, Lindera obtusiloba, Rhus
trichocarpa and F., sieboldiana were found as
companion species with lower coverage.

The shrub layer was composed mainly of L.
obtusiloba, Zanthoxylum schinifolium, R. tricho-
carpa, Stephanandra incisa, Staphylea bumalda
and Lespedeza maximowiczii.

The stems were 10~30 em in DBH and gener-
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ally attained a height of 15~18 m.

Fraxinus mandshurica community (Table 1-F)

The distribution of Fraxinus mandshurica ma-
inly spreads over the Korean peninsula, Man-
churia and Japan.

The habitats of this community at the Mt.
Seondal were located mainly on valley, mesic,
and nutrient rich slopes above 900 m altitude.

In the tree layer of Fraxinus mandshurica
community, A. mono, A. pseudo-sieboldianum
and S. bumalda were found as companion
species with lower coverage.

Shrub layer was composed mainly of Deutzia
glabrata, Hydrangea serrata for. accuminata and
S. incisa.

The tree stems were 10~25 ¢m in DBH and
12~15 m high.

Betula costata community (Table 1-G)

The habitats of this community in the study
area were mainly located on valley, mesic and
nutrient rich slopes between 900 and 1,100 m in
altitude.

The associated trees and shrubs include A.
mono, M. sieboldii, H. serrata for. acuminata, A.
pseudo-sibolianum, D. glabrata and Ribes fasci-
culatum var. chinense. The herb layer was com-
posed mainly of Adenophora triphylla var.
Japonica, Carex siderosticta, A. pseudo-siebo-
Ildianum, Impatiens textori and Meehania urtici-
folia.

The height of this community was 16~19 m.

Larix leptolepis afforestation (Table 1-I)

In the study area, this afforestation was ma-
inly located on the middle/ low slopes below
1,000 m altitude.

The associated plant species include L. obtu-
siloba, Carex okamotoi, A. pseudo-sieboldian-
um, Sedum sarmentosum, Carpinus cordata, F.
rhynchophylla, Viola acuminata, Parthenocissus
tricuspidata and Corydalis speciosa.

Cluster analysis

The pattern of clustering for the 24 stands was
summarized in the dendrogram (Fig. 1). The
arbitrary dashed lines, at chord distances of 18.0,
were used as reference points for identifying
clusters. At a distance of 18.0, three clusters
emerged: I (stands 1~15), I (stands 16~22), W
(stands 23, 24).

Inspection of the dendrogram produced by a
distance of 18.0 revealed that sites tended to
cluster into nine groups: A (@Quercus mongolica
community), B (@ mongolica - Pinus densiflora
community), C (Q. mongolica - Rhododendron
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Table 1. Vegetation table of forest communities in Mt. Seondal
1. Quercus mongolica community group, A. Quercus mongolica typical community, B. Quercus mongolica- Rhododendron schlippenbachii community,
C. Quercus mongolica - Symplocos chinensis for. pilosa community, D. Quercus mongolica - Pinus densiflora community, E. Pinus densiflora community,
F. Fraxinus mandshurica community, G. Betula costata community, H. Juglans mandshurica community, 1 Larix Jeptolepis community

1
A B D E F G H 1
Serial number Tt 2 3 4 5 6 7 § 9 10 1 12 13 14 1B 16 17 18 19 20 23 4 d 2
Relevé number 5 12 M % 16 7 27 2 6 8 18 2 3 9 10 2 17 23 15 1 2 22 % 1
Altitude (m) 1040 1020 850 900 840 1140 900 1100 1077 1050 1200 1140 800 970 660 670 600 812 900 1ipo 800 oo 860 610
Slope aspect NE NE NE W NW WS NE SSW NE NE SSE ES NE NW S WS N3EN3OW NW NNE ES ES NE WS
Slope degree (*) %5 B 0 B 2 4 B B A4 2 B 40 B % 15 23 F B 2 b 5 5 B 10
Quadrat size (m?) 25 225 225 225 205 225 225 225 225 225 25 225 225 205 225 225 25 225 225 25 225 225 100 100
Differential species of community
Quercus mongolica Tl{ 655 44 55 55 55 44 55 55 55 44 55 55 - 11 - . + + Aldhve
T2 - 12 11 o+ L1 o+ o+ . + 44 11 + 45 + 4422 . + .
st + + 33 - + .+ o+ . . + 0+ 11 o+ o+ |23 . +
H| +.2 . + + + + + + + . + + + + + .
Ainsliaea acerifolia H|33 23 + - 1.1 + 22 + + 34 - 22 - 22 . . . co+ By
Artemisia stolonifera Hf + + + + S+ -+ + L1 22 0+ +2 0+ 11]23 0+ -t - - Hedsds
Astilbe chinensis var, davidii H| + + + . + 11 1 L 11 o+ 11 12 o+ . . . + + + +2 rFoE
Smilax nipponica H|-+ + 11 4+ B . o+ o+ o+ 12 0+ o+ |+ . . 12+ ARuE
Disporum smilacinum H| 12 + + + 0+ o+ 11 11 o+ S+ 42+ 12 - + + o+ o7
Synurus deltoides H| + . . -1l . + o+ + o+ o+ . . + . . - Sy
Lychnis cognata H| - 11+ + + + + 4+ . . + A%
Liguiaria fischeri H| + + + c+2 - + + . + z
Lilium tsingtauense Hi_+ + + + + + + + 4 #Eghla
Rhododendron -
schlippenbachii 2 12 23 22 55 A %
S 55 + 33 22 + +
H + . + . . .
Fraxinus sieboldiana T2 11 23 3 - ER:S ]
S +2 33 +2  +
H . + . +
Polygonatum lasfanthum
v:ﬁ coreanum H + + + + + + + + 11 + + E-a]
S};‘Zlgf;?ﬁ Sachmens:s T2 N + 33 33 el
S 11+ 11 11 + 0+ 22033 11 44 45| + ot
H . . + + . + + + . + . + . + +
Filipendula glaberrima H - + . . P2 + + . . + + EEE
Cirsium setidens H + + . + + + + + . + . . . . . THAAH
Pinus densiflora T - + . . . . c ]33 44 44 (44 44 44 . &Y
Lindera obtusiloba T2 . + . . . + . . £ . Bre
S . . + (1.2 22 33 + . -+ 12 .
H + + 1]+ + + . 2 R A §
Zanthoxylum schinifolium T2 . . . . . . . + +2 o+ Azyy
S + |12 - + +
H . . . + . . . .
Rhus trichocarpa T2 o+ + . + + + E
S + . + + + + . .
H . . . + + . + + + + +
Pyrola japonica H + + o+ + . + + + 4+ + + =3
Atractylodes japonica H . + . + + + . . PR =
Corylus heterophylla H . . + + . de| QAR
Fraxinus mandshurica T1 . . 44 Sul e
T2 . .
S . . +
H + 3.3 +
Hydrangea serrata . -
}f/or. aiuminata S 33 A5
H . 12 ] + +
Betula costata T1 + . . . + | 55 . AR
T2 . + + + . . .
Dryopteris crassirhizoma H . . . + | 33 + Bz
Polystichum tripteron H + 22 c+ - - ARTAE
Juglans mandshurica Tl . . 55 44| + < ZbuE
Acer mono T1 2.2 + S © REHYE
T2 . 33+ EEE S
S + . . |22 +] o+
H . + R Y
Philadelphus schrenckii T2 . . EE It 20 R
Magnolia sieboldii T2 . + + |22 - Suri) g
S + . . +
Schisandra chinensis N . . . + oz}
H +2 0+ 11 22 -
Staphylea bumalda T2 . . + o+ + TEYR
S . + 12 22 - .
H + . + . +
Rubia akane H - . . . . . 2.2 :  EBEAY
Larix leptolepis Tt - . . + . 44 55 | dEgAIR
Companions
Quercus variabilis T1 + . 23he
T2 11
S . . . + . .
Carex lanceolata H - . + 55 12 . : . . . . . c 42 . . dEA4z
Carex siderosticta H 33 12 11 11 + 22 44 22 34 + 22 12 +2 + + Ak
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B C D E F G H I
Serial number 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 2 23 24 2 2
Relevé number 5 12 14 2 1B 7 21 2 6 8 18 2 3 9 10 2 7 2 15 19 21 2 4 1
Altitude {m) 1040 1020 880 900 840 1140 900 1100 1077 1050 1200 1140 800 970 660 670 600 812 900 1100 800 900 860 610
Slope aspect NE NE NE W NW WS NE SSW NE NE SSE ES NE NW S WS N3OEN3W NW NNE ES ES NE WS
Stope degree (*) 25 3% 2 25 2 24 3% 3B 24 2 B H X 24 L B B B H W0 5 5 25 10
Quadrat size (m?) 205 225 225 225 225 225 225 225 225 225 225 225 225 225 225 225 25 225 225 225 225 225 100 100
Calamagrostis arundinacea H - + + 33 44 - 33 0+ A4E
Celastrus orbiculatus S 23 . . . . . xuty g
H . . + .
Carex okamotoi H 34 . . : . © 34 AWz
Deutzia glabrata T2 . . . + 22 - B
5 ‘ + 45 .
H . . +
Acer pseudo-sibolianum Tl . . . . DR Bt E
T2 . . 2.2 . 33 + + .
s - + + . 11 . . + + + 22
H + + + . . . . . . . +
Lespedeza maximowiczii T2 - + . . . . . . . . . . c+2 ZEHY
S 12 21 + 12 . + + + 12 o+ 11 o+ + 22 12 33 + + .
H + + +.2 4+ . 11 + + . + + + . + . . . . . + .
12 3 4 5 6 7 8 9 10 11 12 13 14 1B 16 17 8 19 20 23 24 +
Adenophora (riphylla var. . )

Japonica H + 33 21 22 #d
Stephanandra incisa S + . . . . . . + 33 . G
Carex humilis H . + + . 12 + . + . - 33 AAE

S . . . . . . . . . . . . . 33 2'2 . .
Tilia amurensis T 23 - o+ + . . . . . . e
S . + + . + . . . . . . .
Tripterygium regelii S + o+ .+ + 0+t + o+ .23 . + . ol gute
B . + . 1.2 . + + . . . Ll . . + . + 2
Syneilesis palmata H - -12 1 . . + . ~o12 o+ 1223 . + . AE
Aster scaber H + + + + + o+ o+ o+ + +2 + o+ o+t 220 + D]
Isodon inflexus H + + + - 12 42 0+ 22 0+ 42+ o+ . + 4 + Cos A
H . - Y . P . . . . . . 29 . . +2 . steds
Diarrhena japonica H + . . . 22 . el
Melampyrum roseum H . EE + 0+ 22 + . Zeizdgite
Vaccinium koreanum S . 2.2 . . AYE}T
H + +
Lysimachia clethroides H + 22 . EM 4
Woodsia polystichoides H . 12 $LE
Pseudostellaria palibiniana H 2.2 . ZNEE
Chloranthus japonicus H 21 21 . . . 1.2 Fohul o
Lespedeza bicolor s . C 12 L S : A
H + . . + +
Styrax obassia S . + . . g
H +
Cacalia auriculata var. H + + 12 BE T
kamtschatica
Smilax china S . D . - AulgdF
H . + + + + 1.2
Sedum sarmentosum H . . . . 12 B
Pl?t;.:l z’gj’;’u ,‘)77‘7”””7 um var. p + + - o+ o+ + + o+ + 4+ + A
Vicia unijuga H o+ 11 E Yy
Corylus sieboldiana var. o
mandshurica 2 L1 B
N + + + +
H + . +
Ribes fasciculatum var.

chinense s 11 7oA s

Actinidia polygama T - . . + Ay

S . . + . . . . L1

H . . . . . + . . . .
Geranjum dahuricum H . - 11 . . L B . . . Ao
Athyrium brevifrons H - - . . + . R B | +.2 . . AL A
Viola albida H - . . . 11 . . . . . . . e A 2
Dioscorea batatas H + + + - + c+ 11 + + + + + Bt
Matteuccia orientalis H - 1 - =+ . . . . . . Aot
o piatioram T H 1L * moe o + £ +oeowe
Rhododendron
mucronulatum 8 +2 + gy
Hemerocallis minor H +2 - - . : . : : . . . WAL
Sanguisorba officinalis H - - . . . e ] . : s 20|
Carpinus cordata T2 . . . . . . . . . + . +2 - A
Viola diamantica H + . +2 - . . . . . . . . . e ERAME
Rubia akane H + o+ + . + + o+ . : + 0+ . - FEAY
Dioscorea quinqueloba B - o+ . . - - I . . + . - 2FH
Rubus crataegifolius s - . . . + . . . . . . e - AEs

H + + 4 + + + + o+ + + 4 +
Asgrs‘rg:trgfn amurepse var. ., N N N PR




458

Table 1. Continued

Kim, Young-Sik et al.

Korean J. Ecol., Vol. 23, No. 6

A B C D E F G H 1
Serial number 1 2 3 4 5 6 7 8 9 1 1 12 13 14 1B 1B 17 18 19 20 23 24 21 22
Relevé number 5 122 14 2 16 7 21 2 6 § 18 26 3 9 1 2 1w 2 15 19 20 2 4 1
Altitude (m) 1040 1020 880 900 840 1140 900 1100 1077 1050 1200 1140 800 970 660 670 600 812 900 1100 800 900 860 610
Slope aspect NE NE NE W NW WS NE SSW NE NE SSE ES NE NW S WS N3OEN3W NW NNE ES ES NE WS
Slope degree (°) % 3% 20 2% 2 24 3% 3B 24 2 I 40 2B 24 1 2 3B 3B 20 10 5 5 2 10
Quadrat size (m%) 205 225 225 205 225 225 225 225 225 225 225 225 225 225 225 225 25 225 225 225 225 225 100 100
Hosta longipes H + . . . + . + + . BEES
Disporum viridescens H + + . . Zoj| 7|1}
Impatiens textori H + . + + + + o+ 284
Angelica decursiva H + - . . . . . . + + . upejub g
Cephalanthera P
longibracteata H o+ * + t * etz
Fraxinus rhynchophylla T2 - . + + . + o+ EBExauR
S + + + + . + + + . B
H . + . + . +
Euonymus oxyphyllus S + . . + + A3
H . . + + +
Galium spurium H + . 2452
Rubus coreanus H + . + . - . -+ BEAas
Pimpinella brachycarpa H . + . + . . . . zhgE
Maackia amurensis T2 . . + . . . + . . gEuR
S + .
H . + o+
Peucedanum =
terebinthaceum H. A
Cornus controversa Tl . . . . e . Zaue
T2 . . + . + + . . . +
S . . + . .
Viola rossi H + o+ . + + + + + 22A L%
Viola acuminata H + . . . . . . . -+ o+ EARE
Actinidia arguta T2 . . . + . . . . . R, o]
s . + . B . . + B . .
H . + o+ + . + +
Sorbus alnifolia T2 + o+ + + . + + shih )
S . + + +
H . + .
Impatiens noli-tangere H + + egEed
Adenophor:g triphylla H v 4 + A
var. japonica
Meehania urticifolia H + . . . . . <+ C- 4 . WY
Viola mandshurica H . £ . . . . . . - N Lk
Corylus heterophylla =
var., thunbergii H * * + A
Osmunda cinnamomea
var. fokiensis H * KR
Erythronium japonicum H + + + + . . . . . . . . - - 4dEA
Kalopanax pictus T2 . . . . . . . .+ . sun
S + + . + . +
H + .
Clematis apiifolia H + 3 . . + A Aw
Callicarpa japonica T2 . + . . FAanpE
Alangium platanifolium L
var. macrophylum 5 oo T mEdR
Morus bombycis T2 ‘ . . + o+ + Ayale
S . . . + + +
H . . . . + . . . o
Rhus chinensis T2 . . . + . . . . . . B X152
S . . . + . . . o .
H - . . + . . .
Sapium japonicum T2 . . . + + . . PAEIF-X5R-1
S . . . . -
Acer palmatum S . . . + P E-eE-3
H . . . + + .
Lysimachia barystachys H + + + + o+ 4+ . + ot 4+ 75
Hemerocallis fulva H . + + o+t + + + A7
Galium spurium H + + + + . + + + P
Peucedanum -
terebinthaceum H * * * 1l Ev+E
Codonopsis lanceolata H + + + + o+ + + + 23=]

schlipenbachii community), D (@ mongolica -
Symplocos chinensis for. pilosa community), E (Pinus
densiflora community), F (Juglans mandshurica
community), G (Fraxinus mandshurica com-
munity), H (Betula costata community), I (Larix
leptolepis afforestation). These communities
showed differences in species composition.

In these results, 15 stands dominated by Quer-

cus mongolica tended to cluster into 4 groups,
which were characterized by &. mongolica,
R. schlipenbachii, S. chinensis for. pilosa and P,
densifiora.

From a comparison of each cluster analysis
the major differences were in the clustering of
clusters I, II and II.

These clusters, in fact, were strongly corre
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Fig. 1. Dendrogram of the clustering of nine groups using

mean euclidean distance.

A Quercus mongolica typical community

B : Quercus mongolica - Rhododendron schlippenbachii co-

mmunity

C : Quercus mongolica - Symplocos chinensis for. pilosa co-
mmunity

. Quercus mongolica - Pinus densflora community

» Pinus densiflora community

. Juglans mandshurica community

. Fraxinus mandshurica community

. Betula costata community

. Larix leptolepis community
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lated with the topography, species composition,
and influence by man.

Polar ordination

Bray and Curtis (1957) devised an ordinaton
technique that has been used widely in plant
ecology (Cottam et al 1978). Two samples serve
in a special role as poles of an ordination axis,
so the technique is commonly called polar
ordination.

In Y/X ordination (Fig. 2) of the 24 stands
three separate groups of I, II and [ were
similar to the results of classification and cluster
analysis.

The relationship between polar ordination
axes and environmental variables can be obser-
ved from Fig. 2. Altitude was the environmental
factor determining variation in species composit-
ion along axis X. Soil moisture was the environ-
mental factor along axis Y.

Along axis X, Quercus mongolica community
group on the high altitude was differentiated
from the other communities. In the stands of
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Fig. 2. Polar ordination of Y/X values of the 24 stands

shown on Table 1.

X . Quercus mongolica {ypical community

O : Quercus mongolica - Rhododendron schlippenbachii

community

® : Quercus mongolica - Symplocos chinensis for. pilosa
community

. Quercus mongolica - Pinus densflora community

: Pinus densiflora community

. Juglans mandshurica community

: Fraxinus mandshurica community

. Betula costata community

. Larix leptolepis community

*xp D> mo

Quercus mongolica community group (separate
group (1)), Quercus mongolica - Pinus densiflora
community, Quercus mongolica- Rhododendron
schlipenbachii community and Quercus mongolica
- Symplocos chinensis for. pilosa community
were clumped together. These communities were
distributed at places with similar levels of soil
moisture and altitude.

Along axis Y, the Juglans mandshurica com-
munity, Fraxinus mandshurica community, Be-
tula costata community and Pinus densiflora
community on soils of high moisture content
were differentiated from the other communities.
Larix leptolepis community of separate group III
was distributed on soils with adequate levels of
soil moisture and altitude. Altitude and moisture
were strongly correlated with the dominant
compositional gradient at localities. They were
the main factors determining forest vegetation.
This study demonstrated that both methods were
complementary in their treatment of sample
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data. The results of cluster analysis and polar
ordination for the forest vegetation were corre-
sponded to those of phytosocialogical classificat-
ion in classifying vegetation. Consequently, vege-
tation ecology 1is concerned not only with
idenfifying the plant communities (the vegeta-
tion) on an area, but also with determining how
they are related to one another and to the
environmental factors. Thus, the combination of
classification (Z-M method) and polar ordination
has been effective.
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