Korean J. Ecol., 20(2) : 125~ 132, 1997

Canonical Correspondence Analysis(CCA) on the Forest
Vegetation of Mt. Togyu National Park, Korea

Kim, Chang-Hwan and Bong-Seop Kil*
Department of Forest Landscape Architecture, Iri National
College of Agriculture and Technology, lksan 570-110,
Division of Life Science, Wonkwang U niversity,
Department of Biology Education, Tksan 570-749, Korea*

Canonical Correspondence Analysis(CCA)of| 2|8}
Y DRI A AMEN

TR R R W
o2 s EREWS B X277, Qrhsta AT 42 TS

ABSTRACT

A study of forest vegetation in Mt. Tokyu National Park was investigated by ordination tech-
nique.

By TWINSPAN(Two-Way Indicator Species Analysis) method, 10 groups were recognized as
follows: Pinus densiflora, Quercus variabilis, Quercus serrata, Quercus mongolica-Rhododendron
schlippenbachii, Quercus mongolica-Abies koreana, Quercus mongolica-Acer pseudo-sieboldi-
amum, Quercus mongolica-Symplocos chinensis for. pilosa, Carpinus laxiflora, Fraxinus mand-
shurica and Taxus cuspidata groups. The floristic composition of these groups showed high corre-
lation to soil moisture(r=0.831), altitude(r=0.784), topography(r=—0.722), organic matter(r=0.
642), and pH(r=—0.509) among various environmental factors.

According to the results of CCA(Canonical Correspondence Analysis) Pinus densiflora group
and Quercus variabilis group were situated in a xeric area at a lower altitude where soil nutrients
were poor compared with the other groups. Fraxinus mandshurica group was distributed through-
out the valley with high soil moisture and good nutrients, Quercus serrata group and Carpinus
laxiflora group were found in the low altitude region with good nutrients, Quercus mongolica
group, at the high altitude region with good nutrients, and Quercus mongolica-Acer koreana and
Taxus cuspidata at higher altitudes(1,400~ 1600 m).

Key words: Canonical correspondence analysis, Environmental gradient analysis, Forest veg-
etation, Mt. Togyu.

Ordination techniques are commonly employed as

INTRODUCTION research tools in the study of vegetation. Ordination
was divided into direct ordination by environmental
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gradient analysis of Whittaker(1951) and indirect or-
dination by continuum index of Curtis and Mclnto-
sh(1951), but since then many other methods have
been developed.

Direct ordination is define as an ordination based
directly on environmental factor. The ordination axes
are either individual environmental factors, or are
combination of several environmental factors which
have been determined by definite mathematical pro-
cedures. Also, direct gradient analysis relates species
presence or abundance to environmental variables on
the basis of species data and environmental data
from the same set of sample plots(Gauch 1982).

The simplest methods of direct gradient analysis in-
volve plotting each species” abundance values against
values of an environmental variable, or drawing iso-
pleths for each species with a space of two environ-
mental variables(Whittaker 1967). With these simple
methods, one can easily visualize the relationship be-
tween many species and one or two environmental
variables(ter Braak 1987).

By contrast, an indirect ordination is based on veg-
etation data, the ordination axes define gradients in
the vegetation, but these gradients should reflect en-
vironmental gradients. Hence, the term ‘direct’ and
‘indirect’ refer to ordination activities in relation to
environmental factors(Causton 1988). Such a concep-
tion of differential species distribution along environ-
mental gradients has been central to the development
of generalized models in community ecology(Clements
1916, Brown and Curtis 1952, Diamond 1978, Whi-
ttaker 1967, Grime 1980, Tilman 1984, Carleton
1990).

As direct gradient analysis, CCA(Canonical Corre-
spondence Analysis) is a simple method for arranging
species along environmental gradients(ter Braak 1987).
CCA constructs those linear combinations of environ-
mental variables along which the distributions of the
species are maximally separated. The eigenvalues pro-
dueed by CCA measure this separation. Also, CCA is
a correspondence analysis technique, but one in
which the ordination axes are constrained to be lin-
ear combinations of environmental variables. The or-
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dination diagram generated by CCA visualizes not
only a pattern of community variation but also the
main features of the distributions of species along the
environmental variables(ter Braak 1987).

Consequently, CCA aims to visualize a pattern of
community variation, as in standard ordination, and
also the the main features of species” distribution
along the environmental variables. )

This study aims : (1) to describe the vegetation
type and (2) to understand the ecological relation-
ships between the forst vegetation and the environ-
ment, by CCA method.

THE STUDY AREA

This study was carried out at Mt. Togyu National
Park located in Chollabuk-do and Kyongsangna-
m-do(127° 41'~127° 50’E, 35° 45'~36° 00'N)}Fig. 1).

The total area of Mt. Togyu is 219 km? and
Hyangchokbong, the main peak, is 1,614 m high.

The forest vegetation is largely characterized by
Quercus, Carpinus, and Fraxinus. Most regions of for-
est vegetation are influenced by man, so that secon-
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Fig. 1. Sampling sites(a, @, %, O, X, &, R, [
in Mt. Togyu national park.
The symbols of the sites are; A&=Pinus densiflora. @
=Quercus variabilis, ¥=Carpinus laxiflora; O=Quercus
serrata, X =Fraxinus mandshurica; N=Taxus cuspidata; I

=Quercus mongolica. [ 1=Quercus mongolica-Abies koreana.
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dary forest is now in various stages of regrowth. The
area is meteorologically characterized as the cold
-temperate deciduous broadleaf forest zone(Yim and
Kira 1975).

According to Chonju meteorolongical observatory
(1994) the study area has an average rainfall of 742
mm/yr peaking in July and August. Mean annual
temperature is 10.7°C with average minimum and
maximum temperatures of —3.2 and 25.6C respect-
ively. In particular, the average monthly rainfall is
over 100 mm from May to September and the aver-
age daily minimum temperature during this time is
below 0°C.

METHODS

Vegetation data and emvironmental data

Quantitative floristic data was obtained during
April 1993~ September 1993 from 89 sample plots
with topographic maps at scale 1:25000(Fig. 1).
Quadrats, 15 mX15 m minimum, were set randomly
in every plot(Oosting 1956).

Representative stands were selected on the basis of
homogeneity and visually checked for uniformity in
floristic composition.

All trees and shrubs of dbh(diameter at breast
height)>3 cm in every relevé were measured for
height and dbh. The plant name was recorded ac-
cording to Lee(1979).

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

The following physical and chemical analyses were
performed. Soil moisture content was calculated as a
percentage of water loss against dry weight at 105C.
Soil organic matter content was determined as a per-
centage of the loss-on-ignition against dry weight by
Allen er al. method(Moore and Chapman 1986). Soil
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pH was determined in solution(soil : dist. water=:1:5,
W/V) by glass electrode. Cation exchange capacity
(Brown’s method) and potassium content(flame pho-
tometry) were determined. Other analyses of soil
components were done by soil chemical analyses(Ru-
ral Development Administration 1988). Soil analysis
were carried out at the Soil Laboratory of the Rural
Development Administration, Korea.

For site description the altitude(m, a, s, 1), slope
(%, aspect(N, E, S, W, NE, SE, SW, NW) and top-
ography(ridgeline, slope, valley) of each relevé was
determined.

Data analysis

The clustering technique applie to the species in
sites data was Two-Way Indicator Species Analysis
(TWINSPAN)(Hill er al. 1975).

To determine the correlation of vegetation and en-
vironmental factores, canonical correspondence analy-
sis(CCCA)(ter Braak 1986) was employed.

CCA, a multivariate extention of weighted averag-
ing ordination, was performed including 12 environ-
mental variables.

The axes extracted by CCA represent those direc-
tions of variation in species composition that are re-
lated to supplied external variables.

CCA was performed with procedures in the pro-
gram-package CANOCO(ter Braak 1988).

RESULT AND DISCUSSION

Inspection of the dendrogram produced by TWIN-
SPAN(Fig. 2) reveals that sites tend to cluster into
10 groups: Pinus densiflora, Quercus variabilis, Quer-
cus  mongolica-Rhododendron  schlippenbachii, Quercus
mongolica-fibies koreana, Quercus mongolica-Acer pseu-
do-sieboldiamum, Quercus mongolica-Symplocos chin-
ensis for. pilosa, Quercus serrata, Crpinus laxi-
flora, Fraxinus mandshurica, Taxus cuspidata.

A brief description of the plant communities and

characteristics of species composition fallows.
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Fig. 2. The pathway subdivided into 10 groups of
vegetation by TWINSPAN. Dominants: 1.
densiflora; 2. Quercus variabilis.
community group, 3. Quercus mongolica-Rhododendron
schlippenbachii; 4. Quercus mongolica-Abies koreana. b5,

Pinus
A, Quercus mongolica

Quercus mongolica-Acer pseudo-sieboldiamum; 6. Quercus
mongolica-Symplocos chinensis  for,
serrata; 8. Carpinus laxiflora; 9. Fraxinus mandshurica; 10,

pilosa; 7. Quercus

Taxus cuspidata.

Quercus mongolica community

The distribution of this community in Mt. Togyu
is mainly between 900 and 1,500 m high, but it can
descend to lower altitude along valley slopes. The
plant community is dominated mostly by Quercus
mongolica, Acer pseudo-sieboldianum, Rhododendron
schlippenbachii, Ainsliaea acerifolia in the tree, sub-
tree, shrub and herb layers, respectively. The stems
are 20~25 cm in dbh(diameter at breast height) and
generally attain a height of 15~25m. The average
number of species was calculated as 30 spp./relevé.

Abies koreana-Quercus mongolica community

The habitats of this community in the study area
were found at higher altitudes above 1,400 m. Struc-
tural characteristics of this community are com-
pletely mixed into one typical forest zone with Abies
koreana and Quercus mongolica together in the tree

10
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stratum. The shrub layer is dominated by Sasa bo-
realis.

The stems(dbh) of Abies koreana are 20~350 cm,
and Quercus mongolica 15~25 cm. The heights of
Abies koreana and Quercus mongolica are 20~25m
and 10~15m, respectively. The average number of
species was calculated as 32 spp./relevé.

Carpinus laxiflora community

In Mt. Togyu, this community is located from me-
dium slopes to lower slopes below 900 m high.

Structural characteristics are mixed with Carpinus
laxiflora and Carpinus tschonoskii together in the up-
per, tree layer.

The lower tree layer is composed mainly of Lin-
dera obtusiloba and Acer pseudo-sieboldianum. The
shrub layer is dominated by Sasa borealis, and the
field layer is dominated by Ainsliaea acerifolia.

The stems of the tree layer are 15~45 ¢cm in dbh
and generally attain a height of 12~20 m. The mean
number of species was calculated as 34 spp./relevé.

Quercus variabilis community

The distribution of this community in Mt. Togyu
is more common on the steep sunny mountain side
and xeric hillside between 700~900 m high The asso-
ciated tree and shrubs include Fraxinus sieboldiana,
Styrax ohassia, Quercus mongolica, Lespedeza maxi-
mowiczii and Lindera obtusiloba. The field layer is
composed mainly of the sedge Carex lanceolata and
grass Sasa borealis.

The stems of the trees are 12~30 cm in dbh with
a height of 12~20 m.

The plant community is composed of an average
of 34 species per relevé.

Quercus serrata community
In Mt. Togyu, this community is located mainly on

the middle parts of the slopes and somewhat mesic
site between 700~ 1,000 m high.
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Associated trees in this community include Quercus
monglica, Quercus variabilis, Carpinus laxiflora and
Carpinus tschonoskii in the upper tree layer. The
lower tree layer is composed mainly Styoax obassia
and Lindera ohtusiloba.

The shrub layer is poor and the field layer is
dominated by Sasa borealis and Aster scaber.

The stems of the trees are 10~45 cm in dbh with
a height of 12~15 m. The mean number of species
was calculated as 30 spp./relevé.

Pinus densiflora community

In Mt. Togyu, this community occurs more abun-
dantly at lower altitudes(900 m >) of the mountain,
which were affected by human activity.

Habitats are situated on rocky upger slopes and/or
convex ridges which are sometimes steep(ca. 25), us-
ually dry with nutrient poor, shallow soils, and oc-
casionally exposed to intensive light.

In the tree layer of this community, Quercus veri-
abilis, Quercus serrata, Acer pseudo-sieboldianum, and
Fraxinus sieboldian are found as composition species
with lower coverage.

The shrub layer is composed mainly of Rhododen-
dron mucronulatum, Rhododendron schippenbachii, and
Lespedeza maximowiczii. The field layer is domi-
nated by Milium effusum. The stems are 10~45 cm
in dbh and generally attain a height of 12~15 m.
However some emergent trees attain heights of
greater than 18 m. The average number of species is
37.3 spp./relevé.

Fraxinus mandshurica community

The habitats of this community in Mt. Togyu are
located mainly on valley, mesic and nutrient rich
slopes over 900 m high.

In the tree layer of Fraxinus mandshurica(Mt.
Togyu community), Actinidia arguta, Acer mono, Cor-
nus controversa, and Magnolia shaboldii are found as
componion species with lower coverage.

The shrub layer is composed mainly of Deutzia
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glabrata, Alangium platnifolium, Hydrangea serrata
for. acuminata, and Lonicera coreana. The field layer
is dominated by Polystichum tripteron and Dryopteris
crassirhizoma.

The stems of trees are 10~50 cm in dbh with a
height of 12~25 m. The average number of species
obtained was 30 spp./relevé.

Taxus cuspidata community

This community in Mt. Togyu is situated on the
top of mountain over 1,400 m high.

Associated trees in this community include Acer
harhinerv, Acer pseudo-sieboldianum, Abies koreana,
and Betula costata. The shrub layer is composed of
Tripterygium regelii and Rhodendron schippenbachii.

The field layer is dominated by Sasa borealis.

The stems of trees are 8~82 cm in dbh with a
height of 8~12m. The mean number of species was
calulated as 29 spp./relevé.

The ordination diagram of CCA shows plant com-
munities and environmental variables.

To interpret the CCA axcs we used canonical
coefficients and the correlation between the envion-
mental variables and the ordinafion axes. The relative
importance of each environmental variable for the
prediction of species composition along the ordination
axes can be inferred from the signs and relative mag-
nitude of the correlation coefficients(Table 1).

Species composition is divided into 8 groups alsong
the I, I axes(Pinus densiflora, Quercus variabilis,
Quercus serrata, Quercus mongolica, Carpinus laxi-
flora, Fraxinus mandshurica, Taxus cuspidata, Quer-
cus mongolica-Abies koreana groups)(Fig. 3).

The relation between CCA ordination axes and en-
vironmental variables can be observed from Fig. 3.

Soil moisture, organic matter, potassium, lime, kao-
lin, cation exchange capacity(C - E - C), and topogra-
phy are the environmental factor determining vari-
ation in species composition along axes 1. Altitude,
pH and P,O; are the environmental factor along axes
II. The variables, organic matter, C - E - C, and soil
moisture are strongly correlated to one another. The
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Table 1. Mt. Togyu vegetation data from Fig. 3: ca-
nonical coefficients and the inter set correlation of en-
vironmental variables with the first two axes of CCA,
For a description of variables, see Fig, 3 legend

Axes  Canonical coefficient Canonical  coefficient

Variables 1 2 1 2
Altitude 0.253 0.707 0.233* 0.784™
Moisture 0.744 —0.051 0.831* 0.073
pH 0.157 —0.187 0.045 —0.509*
Organic matter 0,421 0.183 0.642* 0.204
P.O; —0.186 —0.036 —0.026 0.369"
K 0.282  —0.099 0.517™  —0.173
Lime 0.108 —0.035 0.418* —0.130
Kaolin 0.378 0.099 0.551* —0.188
C-E-C —-0.327 —0.210 0.569** 0.093
Aspect 0.011 0.041 0.184 0.129
Topography  —0.166 0.011 —0.722" 0.269*
Slope 0.021 0.172 —0.263 0. 0607
Eigenvalue 1.216 0.758
*P<0.5, * P<0.01.
Note : C - E - C; Cation exchange capacity.

Jayra\

Fig. 3. Mt. Togyu vegetation data: CCAf(canonical

correspondence analysis) ordination digram with sites
(a, @ * O, X, &, B, 1) and environmental
variables(arrows),
The symbols of the sites are: A=Pinus densiflora; @
=Quercus variabilis: Y=Carpinus laxiflora; O=Quercus
serrata. X =Fraxinus mandshurica: A=Taxus cuspidata;
W =Quercus mongolica; [1=Quercus mongolica-Abies kor-
eana. The environmental variables are: O.M=OQOrganic
matter; C:-E - C=Cation exchangeable capacity: P,
Os=Available phoshorus concentration; K=Potassium
concentration; T.G=Topography.
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topography is strongly negatively correlated with pH
and kaolin(Fig. 3).

Along axes . Fraxinus mandshurica group, and
Quercus mongolica-Abies koreana with a high content
of soil moisture and organic matter, are differentiated
from the other communities. Fraxinus mandshurica is
found in valleys and Taxus cuspidata and Quercus
mongolica-Abies  koreana are found at higher alti-
tudes(1,400~ 1,600 m).

The arrangement of species along axes [l was also
ecologically meaningful. The most important environ-
mental variable along axes II is altitude. Quercus
mongolica group is found between 900~ 1,500 m high.

Quercus mongolica groups occupy the largest region
in the study area. Fig. 4 shows the relationship be-
tween the quantitative distribution of Quercus
mongolica and envirionmental variables throughout
the 48 plots in the study area.

Axes [ of Table 2 shows high correlation between
soil moisture and organic matter. Axes I shows a
high correlation between altitude and pH.

As in Fig. 4 the important value ( I V) of Quercus
mongolica was shown to increase at a high altitude
and a high content of P.O; but to decrease at a low

altitude along valley slopes.

Fig. 4. Quantitative distribution of Quercus mongolica
in the 48 sites of Mt. Togyu: CCA ordiation digram
with sites and environmontal variables(arrows).
Importance value{Xij=(dij+Di) /2]: %, 10>: A, 11~
20,0 %, 21~40: W, 41~60. @, 61~80: @, 81~100.
Note: dij=relative density, Dij:relafive dominance,
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Table 2. Mt. Togyu vegetation data from Fig. 4: ca-
nonical coefficients and the inter set correlation of en-
vironmental variables with the first two axes of CCA.

For a description of variables. see Fig, 4 legend

Axes Canonical coefficient  Canonical coefficient

Variables 1 3 1 9
Altitude 0.106 0.557 0.259 0.769™
Moisture 0.925 -—0.225 0.817* —0.114
pH 0.154 —0.328 0.189 —-0.630*
Organic matter 0.290 0.204 0.693* 0.320*
P,0s —0.162 0.010 0.032 0.403*
K —0.025 -—0.151 0.284* —0.240
Lime 0.335 0.282 0.505% —0.134
Kaolin —0.058 0.126 0.069 —0.183
C-E-C 0.061 —0.387 0.528* 0.161
Aspect —0.144 —0.064 0.113 —0.016
Topography 0.143 —0.049 —0.489* 0.331*
Slope 0.090 0.116 =0.112 0.053
Eigenvalue 1.169 0.880

* P<0.5, = P<0.01.
Note : C- E - C; Cation exchange capacity.

Song(1990) distinguished Quercus mongolica group
into mesic type, middle type and xeric type, but our
result is calculated to the highest important values
(IV) in middle moisture gradient(Fig. 4). Thus, the
optimal region of this community is considered
middle type. Although middle type was the most
suitable distribution area, mesic and xeric types were
also significant in the distribution of Quercus
mongolica group.

Quercus serrata group and Carpinus laxiflora gro-
ups are clumped together(Fig. 3). These groups are
distributed at low altitude, high pH and high con-
tent of kaolin. In addition, Pinus densiflora and
Quercus variablis groups are distributed at lower alti-
tude, high pH and nutrient-poor soil.

As in data analyzed by CCA, the environmental
variables correlated with the community type of Mt.
Togyu forest are the soil moisture[CCA; r=0.831],
altitude[r=0.784], topograph[r=—0.722], organic mat-
ter[r=0.642], and pH[r=—0.509] among various en-
vironmental factors.

Altitude and soil moisture were strongly correlated
with the dominant compositional gradient at locali-
ties examined in this study. They are the main
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factors in determing forest vegetation(Whittaker 1967,
Peet 1981, Allen er @l 1991, Song 1990, Kim and
Kil 1996). Also, topography and slope affect water
availability, snow depth and incoming radiation
among other factors(Daniels 1975).

The above result is congruent with the data of
Song et al(1987) Mt Togyu and Kim and Kil(1991)
for the Mt. Changan forest near Mt. Togyu.

The ecological meaningful of the study was shown
not only to classifying the plant communities on Mt.
Togyu, but also with determing how they were re-
lated to one another and to the environmental fac-

tors.
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