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ABSTRACT

The forest vegetation established on Mt. Hwangryung located in Pusan, southern Korea was
analyzed through phytosociological procedure. Vegetation of the study area was categorized into
14 communities, 16 groups, and 13 subgroups. Vegetation units obtained from such an analysis
were shown in a detailed vegetation map (scale 1:5,000). Ecological characteristics of each veg-
etation unit were discussed on the basis of the principle of restoration ecology. From those results,
it was confirmed that some introduced vegetation under excessive artificial interference was in un-
stable state and then ecological restoration was needed. On the other hand, ccological information
and management systems to maintain the urban forest as ecologically healthy stale were developed
using GIS.

Key words : Vegetation map, Vegetation landscape element, Ecological management, Landscape

ecology, Restoration ecology

INTRODUCTION

Urban forest plays important roles in terms of pro-
tection of living environment of human and conser-
vation of biodiversily as a basis of environment in
urban area. But it can’t play ils ccological function
in recent years due lo quantitative reduction and
qualitative degradation originated from severe enviro-
nmental stresses and excessive artificial interference
continned for a long time (Taoda 1979, Freedman

1986, Smith 1990, Miller 1997). The result leads to
further aggravation of urban environment (Freedman
1986). Restoration to recover the diverse ecological
functions of urban forest under such unfavorable cir-
cumstances is, therefore, needed urgently (Jordan Il
et al. 1987, Lee 1996, Lee er al. 1998a). In this view-
point, it is necessary to classify and to map actual
vegetation of urban forest on the bases of ecological
information, which they hold as a basis for ecological
restoration.

Actual vegetation reflects not only characteristics of
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natural environment but also the past and present
land-use patterns in a given area (Kamada and
Nakagoshi 1996). Results of land-use are shown in
distinct types, such as residential area, agricultural
field, the area used for facilities, ctc. and also in sec-
ondary effects induced from those uses as well (Lee
et al. 1998a). That is, vegetation structure formed by
characteristics of natural environment is changed by
direct and indirect effects of human, and such
changes arc remarkable in urban arca (Taoda 1979,
Lee et al. 1998a).

Classifying vegetation and mapping the classified
vegetation unit are indispensable subjects in clarifying
the land-use pattern of the past and in preparing the
plan to maintain vegetalion as an ccologically healthy
state in a given area. Landscape ecology, which plans
to understand vegetation unit and manages it posi-
tively in a viewpoint different from classical plant so-
ciology, i1s emerged as multidisciplinary science includ-
ing the concepts of both natural and social sciences
(Forman and Godron 1986, Golley 1987, Zonneveld
and Forman 1990, Leser 1991, Naveh and Licberman
1994, Zonneveld 1995). An e¢cological map including
diverse ccological information is a fundamental tool
for such study (Forman and Godron 1986, Kiichler
and Zonneveld 1988, Birks ¢r «al. 1988). Especially,
classification and mapping of the actual vegetation
arc one of the fundamental requirements in landscape
ecological approach, which 1s planning to create the
ecologically healthy urban ccosystem (Hong and Lee
1997).

The aim of this study is (1) to classify the veg-
etation unil established on Mt. Hwangryung located
al the center of Pusan, (2) to map the classified veg-
etation units, (3) to interprel each vegetation unit
depicled as a map on the basis of restoration eco-
logical principles, and (4) to develop the ecological
information and management systems to maintain the

urban forest as an ecologically healthy one.
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STUDY AREA

The study area was chosen on Mt. Hwangryung
located at the center of Pusan, southern Korea. Mt.
Hwangryung is remained as a form of Green Island,
in which ecological buffer zone is lost and its sur-
rounding arca is urbanized. It lies at longitude 129°
05'E and latitude 35°10'N and attains a height of
4279m at elevation (Fig. 1). Dimension of the study
area 1s about 950 ha. Its climale is oceanic type,
with mean annual temperature of 14.1°C and mean
annual precipitation of 1,472.7mm (Korea Meteoro-
logical Administration 1990).

Vegetation in this study area is mainly composed
of plantations and secondary forests, which have been
strongly influenced by human activities. Alnus firma,
Pinus thunbergii, and Quercus serrata communitics are
representative vegetation types. Most of the under-
story vegetation is comprised of species appearing fre-
quently al initial stages of succession. On the other
hand, evergreen plants also rarely appeared because
the study arca is located within the boundary of

warm temperate forest.
METHODS

Vegelation survey was carried out from April 1996
lo July 1997 by phytosociological method (Braun-
Blanquet 1964, Mucller-Dombois 1974). 483 plots
were  sclected  subjectively  for  vegetation  survey.
Classification of vegetation units was accomplished by
phytosociological procedures (Braun-Blanquet 1964,
Mueller-Dombois 1974). Community, upper unit, was
classified by physiognomic characteristics of dominant
species, and group or subgroup, lower unils, were by
species composition. By analyzing aerial photograph
accompanied with field survey was made a detailed
vegetation map at a scale of 1:5000. In the veg-
etation map, boundaries of upper vegetation units at
community level were identified by analyzing aerial
photographs and those of lower units by dominant

or duferential species of each unit.
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Fig. 1. A detailed vegetation map of Mt. Hwangryung in Pusan city, Korea.
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(PLST Platycarya strobilacea, QUDE Quercus dentata, PRSA  Prunus sargentii, QUAC Quercus acutissima, PIDE Pinus
densifiora, QUSE  Quercus serrata, PIRI  Pinus rigida, CACR Castanea crenata, ALF1 Alnus firma, ROPS Robinia
pseudoacacia, CHOB  Chamaecyparis obtusa, PITH P. thunbergii, POTO Populus tomentiglandulosa, CEDE Cedrus deodara,
OTHERS facilities, road, etc.; I-A, I-B, VII-A, VII-B, VII-C, VII-D, VIII-A, VIII-B, VIII-C, VIII-D, IX-A, 1X-B,

X-A, X-B, XI-A and XI-B refer to table 1)
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RESULTS AND DISCUSSION

Classification of vegetation units

Vegetation data collecled in this study area were
shown in Table t. Forest vegetation of MUt Hwang-
ryung was divided into secondary forest and plan-
tation. The former is composed of Quercus serrata,
Q. dentata, Platycarya strobifacea, Q. acutissima, Pr-
unus sargentii, and Pinus densiflora communilics and
the latter include Alaus firma, P. thunbergii, P. rigida,
Robinia pseudoacacia, Chamaecyparis obtusa, Castanea
crenata, Populus tomentiglandulosa, and  Cedrus  deo-
dara communilics.

6 communitics of Quercus serrara, Alnus firma, P.
thunbergii, P. rigida, Robinia pseudoacacia, and Cham-
aecyparis obtusq communitics among those 14 com-
munities were subdivided into group and/or subgroup
as the followings: Quercus serratu community | Dispo-
rum smilacinum and typical groups}, Alnus firma com-
munity {Stephanandra  incisa  (Athvrium  yokoscence-
Fraxinus  sicboldiana,  Athyrium  yokoscence-Lespedeza
maximowiczii, and Typical subgroups), Phytolacca
americana {Q. dentata and typical subgroups), D.
smilacinum-Q. mongolica, and typical groupsi, P. thun-
bergii community {Stephanandra incisa (Styrax japonica
and typical subgroups) Robinia pseudoacacia, Rhodo-
dendron schlippenbachii (R. mucromdarum and Typical
subgroups) and Llypical groups, and P. rigida com-
munity Q. dentata (Spodiopogon sibiricus and lypical
subgroupsand typical groupst, Robinia pseudoacacia
community {Stephanandra incisa (Styrax japonica-Q.
serrata, Ambrosia artemisiifolia var. elatior subgroup)
and  Typical groupst, Chamaecyparis  obtusa  com-
munily {R. yedoense var. poukhanense-Lindera erythro-
carpa and Typical groups}.

Above mentioned vegetalion units were depicted in
the vegetation map by identifying their boundaries
from distribution range of differential and dominant
specics classifying them (Fig. 1).

Ecological characteristics of vegetation units
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Ecological characteristics of each vegetation unit id-
entified in the present study arca are as the follow-
ings.

Quercus serrata community (QUSE, 22plots)

This community is partially distributed throughout
the study area but is concentrated around the Maha
temple being conserved as temple forest. In terms of
topography, it is developed on the lower to middle
parts of the gentle slope of northern aspect. Dimen-
sions of this community arc 22.2ha (2.7%). Total
number of species appeared in this community was
85 and the number of species per unit arca (100 m?)
was 17. Stratification (his community is composed of
4 layers and mean height and DBH of trecs
consisting this community were 11 £3m and 26+ 7cm,
respectively. 3 exotic plants appeared but no cver-
green plants appeared in this community.

On the other hand, any species, which will be
successors of this community, were not found in this
community. We, therefore, deduced that this com-
munity could be maintained continuously in the pres-
enl location, in fact, this is recognized as potential

natural vegetation in this arca (Kim 1993).
Quercus dentata community (QUDE, 7plots)

This community is distributed on the relatively
steep slope of southern aspect, especially on burned
arca. Dimensions of this community are 7.1 ha
(0.9%). Total number of species appeared in this
communily was 43 and the number of species per
unit arca (100m2) was 14. Stratification of this com-
munily is very simple as 2 layers. Mean height and
DBH of trees consisting this community were 4+2 m
and 9+4cm, respectively. 2 cxotic plants appeared
but no cvergreen plants appeared in this community.
In terms of succession, this is a pioneer community,
which was established after the previous vegetation
was lost by fire. A number of Q. serrata scedlings
andfor saplings were established on the forest floor
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of this communily. From those results, we could ex-
pect that succession will lead to Q. serrata com-

munity.

Platycarya strobilacea community (PLST, 5pl-
ots)

This communily is developed on the lower parts of
the gentle slope on the northern aspect or on the
stony siles near the valley. Dimension of this com-
munity is 9.6ha (1.2%). Total number of species ap-
peared in this community was 87 and the number of
specics per unit arca (100m2) was 20. Stratification
this community is consisted of 3 or 4 layers
depending on sites. Mean height and DBH of trees
composing this community were 10+3 m and 16%3
cm, respectively. 2 exotic and ! evergreen plants ap-
peared in this community. In terms of succession,
this community seems to be maintained by itself for
the time being because competition with the other
species is mild owing to habitat characteristics of
stony site. Bul eventually, iN would be replaced by
Q. serrata communily, which appears frequently be-
low the subtree layer.

Quercus acutissima community (QUAC, 12plots)

This community is developed on the gentle slope of
the southern aspect. Dimension of this community is
17.3ha (2.1%). Total number of species appeared in
this community was 65 and the number of species
per unit area (100m2) was 16. Stratification of this
community is consisled of 3 layers. Mean height and
DBH of trees composing this community were 9+3
m and 1142 cm, respectively. 2 exotic and 4 ever-
green plants appeared in this community. In terms of
succession, this community is not in scvere competi-
tive relationship with other species. But secedlings
andfor saplings of Q. acutissima were hardly found,
while frequency of those of Q. serrata was high in
the forest floor of this community. From this result,
it could be expected that Q. serrata community
would replace this community.
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This community is mainly distributed around the
human settlement, forest edge, and hiking trails as a
typical secondary forest, which is closely related to
artificial interference. That is, this community occurs
as an important landscape element in landscape pat-
tern native to Korea by developing in a form of vil-
lage forest in many regions of the Korean peninsula
(Lee et al. 1998a).

Prunus sargentii community (PRSA, plots)

This community is distributed at the lower part on
the gentle slope of western aspect and at forest edge.
Dimension of this community is 4.0ha (0.5%). Total
number of species appeared in this community was
51 and the number of species per unit area (100 m?)
was 23. Stratification of this communily is consisted
of 3 or 4 layers depending on sites. Mean height and
DBH of trees composing this community were 10+3
m and 141 cm, respectively. | exotic and 2 ever-
green plants appeared in this communily. In a view-
point of succession, it was cxpected that Q. serrata
community, which showed high frequency in layers
below sub-tree, would replace this community. Con-
sidering that Prunus sargentii community 1s hardly
found in ecologically healthy sites, it can be inter-
preted that occurrence of this community is related
to the excessive artificial interferences. In fact, Lee et
al. (1988b) interpreted that occurrence of this com-
munity in M(. Nam, Scoul was originated from en-
vironmental stress related to excessive artificial inter-
ference.

Pinus densiflora community (PIDE, plots)

This community is mainly distributed on the ridge
part of southeastern slope and around the bare rock
of upper part of the slope. Dimension of this com-
munity is 0.6 ha (0.1%). The number of species that
appeared in this community was 12. Stratification of
this community is consisted of 3 layers. Mean height
and DBH of trees composing this community were
8§+1 m and 8+2 cm, respectively. No evergreen or
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exotic plants appeared in this community. P. densi-
Slora cstablished on the outcrop of the ridge part is
recognized as an edaphic climax (Lec 19954, b) but
P. densiflora community of this arca would be suc-
ceed by Q. serrata rather than be mainlained as
edaphic climax considering the characteristics of habi-
tat with comparatively deep soil and the species com-

position.
Alnus firma community (ALFI, 121 plots)

This communily is distributed evenly on the slope
of all aspects but distribution arca was larger on the
northern slope than that on the other slopes. Slope
degree of distribution area was relatively gentle as 24°
on the average. Dimension of this communily 1s 268.
8ha (32.9%). Total number of species appeared in
this community was 169 and the number ol species
per unit area (100m?) was 19. Stratification of this
communily is consisted of 4 layers. Mcan height and
DBH of trees composing this communitly were {1+3
m and 25+5 cm, respectively. 2 evergreen and 4
exotic plants appeared in this communily. A. firma is
an carly successional species origin ated from Japan
introduced in 1960°s when tree-planting project of the
national land had proceeded actively as the represen-
tative afforested tree in the southern region of Korea.
Many dead trees were found in this communily be-
causc most trecs, which had planted in 1960°s, have
done their ccological longevily and then this com-
munily is in degeneraling phasce al present. A number
of plant species comprising Q. serrata andfor Q.
mongolica communily recognized as potential natural
vegetation of this arca were established in the lower
layer and forest floor of non-disturbed stands as well
as in gap occurred by death of (rees. As il were, this
communily maintains species composition similar (o
natural  vegetation. Especially stands  classified  as
Disporum smilacinum-Q. mongolica group scem lo be
succeeded by Q. mongolica community in the near fu-
ture (refer to Table 1).

Korean J. Ecol., Vol. 21, No. 6

Pinus thunbergii community (PITH, 115 plots)

This community is distributed on the gentle slope
of southern aspect facing the sca. Most trees were
planted, but large trees, which were natlurally estab-
lished in the past, often appcared. Dimension of this
community is 2559ha (31.4%). Total wumber of
species appeared in this communily was 111 and the
number of species per unil area (100 m2) was 20.
Stratification of this community is consisted of 3 or
4 layers depending on siles. Mecan height and DBH
of lrees composing this community were 9+2 m and
13+4 cm, respectively. 6 evergreen and 4 exotic
plants appearcd in this communily. Q. dentata, Mi-
scanthus sinensis var, purpurascens, Smilax china, Rho-
dodendron yedoense var. poukhanense, Rosa wichuraia,
etc. are {requently found in the understory of this
community. Such results reflect that it is in the initial

stage of recovery afler disturbance by fire.
Pinus rigida community (PIR], 14 plots)

This community s distributed on the relatively
sleep slope of southern aspect. Dimension of this
community is 20.6ha (2.5%). Total number of species
appeared 1n this communily was 85 and the number
ol species per unil arca (100m?) was 8. Stratification
of (his community is consisted of 3 layers. Mean
height and DBH of (rees composing this community
were 61m and 11 +3cm, respectively. 4 evergreen
and 5 exotic plants appeared in this community. This
communily, as an introduced vegetation in fire-distur-
bed area, has Miscanthus sinensis var. purpurascens
with particularly high coverage in forest floor. Be-
cause this community is at an early stage of estab-
lishment after introduction, it is difficult to predict
the succession lendency. But succession by Q. serreta
community could be expected considering that it is
tocated below mid-slope and has Q. serrata scedlings
andfor saplings of a relatively high frequency in for-
est floor.
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Robinia pseudoacacia community (ROPS, 57 plots)

This community is distributed on the lower part of
southern slope. Dimension of this community is
52.3ha (6.4%). Total number of species appeared in
this community was 106 and the number of species
per unit area (100 m?) was 15. Stratification of this
community is consisted of 3 layers. Mean height and
DBH of trees composing this community were 12+3
m and 2145 cm, respectively. 2 evergreen and 6
exotic plants appeared in this community. There were
many (rees, which have done their ecological lon-
gevity in this community as the same as the case of
A. firma community. This community is under excess-
ive artificial interference because habitat is located
closely to the residential area. Therefore, Stephanadra
incisa, Oplismenus undulatifolius, Paederia scandens,
Ambrosia artemisiifolia, Phytolacca americana, and so
on, which frequently appear at the sites disturbed by
excessive artificial interference, are flourishing in the
forest floor of this community, and they inhibit the
establishment of native vegetation. R. pseudoacacia
community under the relatively mild artificial inter-
ference, however, showed a possibility to be restored
to the native vegetation (Lee er al. 1998a). As a res-
toration plan to recover the naturalness of this site,
mitigation therefore,

of artificial interference s,

preferentially required.

Chamaecyparis obtusa community (CHOB, 22pl-
ots)

This community is planted on the middle and up-
per parts of southern slope. Dimensions of this com-
munity are 41.7ha (5.1%). Total number of species
appeared in this community was 42 and the number
of species per unit area (100 m?) was 13. Stratifi-
cation of this community showed simple structure of
2 or 3 layers. Mean height and DBH of trees
composing this community were 7+2 m and 10+3
cm, respectively. 2 evergreen and | exotic plants ap-
peared in this community. Succession tendency of this
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community could not be predicted because under-
growth has been removed periodically for protection
of fire.

Castanea crenata community (CACR, 3 plots)

This community is planted on the gentle slope
nearby residential area or small temple. Dimension of
this community is 2.lha (0.3%). Total number of
species appeared in this community was 54 and the
number of species per unit area (100 m?2) was 25.
Stratification of this community showed simple struc-
ture of 3 layers. Mean height and DBH of trees
composing this community were 114 m and 13+2
cm, respectively. Evergreen plant did not appear and
only 1 exotic plant appeared in this community. In
terms of succession, this community would be
replaced by Q. serrata with high frequency in strata
below sub-tree.

Populus tomentiglandulosa community (POTO, 5
plots)

This community was planted on the lower parts of
the slope near by valley. Dimension of this com-
munity is 3.7ha (0.5%). 43 species were found in this
community and the number of species per unit area
(100 m2) was 20. Stratification of this community is
composed of 3 layers. Mean height and DBH of
trees composing this community were 9*1 m and
14+3 cm, respectively. 4 evergreen and 2 exolic
plants appeared in this community. Dead trees, which
have done their ecological longevity, were often found
in this community. From this fact, it was expected
that this community would be replaced by the other
community in the near future but any species capable
of replacing this community could not be found ow-
ing to the excessive artificial interference.

Cedrus deodara community (CEDE, 1 plot)

This community is planted around the road on the
lower parts of the slope and its area is 1.4ha (0.2%).
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10 species appeared in this community. Stratification
of this community showed simple structure of 2
layers. Height and DBH of trees composing this
community were 11+2 m and 15495 cm, respectively.
Only | exotic plant appeared but no evergreen plants
were found in this community.

Ecological management system of urban forest

Ecological information and management system of
urban forest was developed using GIS. It is divided
info integrated ecological inventories, ecological man-
agement units, and information and management
sysfems.

The integrated ecological inventories include elev-
ation, slope, aspect, geology, vegetation, etc. The eco-
logical management units were developed by integr-
ating topography, microclimate, soil, and vegetation.
A vegetation map was developed by classifying com-
munities and sub-communities. The ecological man-
agement syslem is consisted of data query, data print,
data management, data analysis, and other modules.
In the data query module, we can query graphic and
attribute data with simple or compound conditions
from the database established. In the data printing
modules, we can print maps and attribute data after
office report forms on a paper. In the data manage-
ment module, we can add, delete, and change graphic
and aftribute data. In this module we can classify
In the data
analysis module, we can measure distance and area,

and control users for data security.

set buffers, and perform suilability analysis, and

topographic analysis such as slope, aspect, clevation,

etc.
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