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Abstract
Species composition, frequency distribution of diameter classes, species diversity, and stem vitality of woody plants 

were analyzed in a Mongolian oak (Quercus mongolica Fisch. ex Ledeb.) forests in permanent quadrates of Mt. Nam 

and Mt. Jeombong, which were installed for Long Term Ecological Research (LTER). The principal objective of this study 

was to clarify the ecological characteristics of both sites by comparing the Mongolian oak communities established in 

Mt. Nam surrounded by urban area and in Mt. Jeombong as a natural area, to accumulate the basic data for long-term 

monitoring, and furthermore to predict possible changes in vegetation due to climate change. The species composi-

tion of the Mongolian oak community on Mt. Nam differed from that of Mt. Jeombong. Such differences were usually 

due to Sorbus alnifolia, Styrax japonicus, Oplismenus undulatifolius, Ageratina altissima and so on, which appeared in 

higher coverage in Mt. Nam. Species diversity of the Mongolian oak community in Mt. Nam was lower than that in Mt. 

Jeombong. This result was attributed to the fact that the Mongolian oak community in Mt. Nam is under continuous 

management and was dominated excessively by S. alnifolia, and S. japonicus, which were originated from artificial in-

terference and chronic air pollution. As the results of analyses on the frequency distribution of diameter classes of major 

tree species and the transitional probability model based on Markov chain theory, the Mongolian oak community in 

Mt. Nam showed a possibility of being replaced by a S. alnifolia. Considering that this replacement species is not only a 

sub-tree but is also shade-intolerant, such a successional trend could be interpreted as a sort of retrogressive succession. 

The Mongolian oak community established in Mt. Jeombong differed from the community in Mt. Nam in terms of its 

probability of being continuously maintained.
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INTRODUCTION

Earth's climate, biota, and ecosystems are changing 

constantly, and have been changing since life began bil-

lions of years ago.  Only recently, though, have we be-

gun to understand how these changes are regulated on 
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LTER sites are windows to global change. As observa-

tories, LTER sites serve to document long-term changes 

in plants, animals, microbes, and soils in relation to long-

term climate and short-term weather changes. As loca-

tions for long-term experiments, LTER sites illuminate 

interactions among the physical, chemical, and biologi-

cal components of ecosystems through controlled ma-

nipulations. As representatives of global biodiversity, 

LTER sites allow for comparisons of the relative sensitiv-

ity of populations, communities, and ecosystems to en-

vironmental changes. Finally, synthesis and modeling of 

results from LTER sites provides predictions of feedbacks, 

both positive and negative, on global change. Research 

at LTER sites spans a broad range from relatively less-

managed landscapes such as arctic tundra, to intensively 

managed cities and farmlands. 

The Korean National Long-Term Ecological Research 

(KNLTER) designated Mts. Jeombong, Worak, and Jiri as 

the representative research sites for the northern, central 

and southern areas of South Korea, respectively. In addi-

tion, Mt. Nam, the Yeocheon industrial complex, Wanju, 

Jeju Island, and Samcheok were designated as sites for 

researches on terrestrial ecosystem of urban, indus-

trial, agricultural, island and burned areas, respectively. 

The Han River, Nakdong River, Upo swamp, Daecheong 

Dam, Saemangum tidal flat, Hampyung Bay, and Gorae-

bul sand dunes were designated as research sites for the 

monitoring of the aquatic ecosystems. 

Forest environments are currently faced with severe 

environmental stress and disturbances. Excessive de-

velopment of forests from population increases, climate 

change due to increases in warming gases, environmen-

tal pollution, and resultant severe changes are predicted. 

In order to cope with this real aspect and the changes 

that may occur in the future, the dynamics of forest com-

munities need to be analyzed. The accumulation of basic 

data through the LTER could be helpful for understand-

ing of the structure and function of the global ecosystem, 

and may also contribute profoundly maintenance and 

management of the ecosystem. 

Mt. Nam is located in the center of Seoul, as a LTER site 

of urban area. The area, where Mt. Nam is located, has ex-

perienced very rapid changes in landscape structure due 

to urbanization and industrialization accelerated since 

the 1960s. Changes in the landscape structure of Seoul 

were attributable to increases of urbanized area. Forest 

and agricultural fields such as paddy and upper fields 

have decreased as the result of these changes. Excessive 

land use by humans has resulted not only in quantitative 

reductions but also qualitative degradation of greenery 

a global scale. Some of the most exciting scientific dis-

coveries of recent decades have shown us how physical, 

geological, chemical, biological, and human processes all 

interact with each other to control this never-ending pro-

cess of global change. 

Global Change Research is an attempt to increase our 

understanding of those processes and interactions that 

regulate the total Earth system, and of their cumulative 

effects on the future of our planet. The study of Global 

Change is particularly important, as it is now clear that 

human social and economic activities around the world 

are having an impact that can be measured at the level 

of the entire Earth and its atmosphere, oceans, and land 

surface. Human activities are probably the most rapidly 

changing component among the major regulators of the 

Earth system, and may, in the future, play a dominant role 

in the regulation of global climate, global biogeochemis-

try, and the diversity and stability of global ecosystems 

(http://www.lternet.edu/global_change) (Lee et al. 2006).

Our planet and global environment are witnessing the 

most profound changes in the brief history of the hu-

man species. Human activity is the major agent of those 

changes--depletion of stratospheric ozone, the threat of 

global warming, deforestation, acid precipitation, the ex-

tinction of species, and others that have not become ap-

parent (Defries and Malone 1989). 

Humans manage much of the Earth system, and their 

role in this regard is certain to increase in the future. 

However, this management of the whole Earth is not 

always acknowledged, much less clearly understood.  It 

is incumbent on humans to understand how their ac-

tions have global effects, and to use that understanding 

to manage their impacts on the global as well as the lo-

cal levels. For this reason, Global Change Research is a 

high national and international scientific priority (http://

www.lternet.edu/global_change). 

The term “Long Term Ecological Research (LTER)” was 

used for the first time as NSF of USA begins to supply re-

search fund by the name. LTER is a method of ecological 

research which is progressed long time in a given ecosys-

tem as a research system being required necessarily in 

the ecological study, in which spatial scale for research 

object is big and thereby long period is required for un-

derstanding the reality. This research system began long 

period to get agreement globally as the importance and 

research efficiency of LTER are embossed from 1990’s 

(Ministry of Environment of Korea 2004b) and similar re-

search programs of various countries around the world 

were joined into ILTER in 1993 (Ministry of Environment 

of Korea 2004a).
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monitoring of Q. mongolica communities on Mts. Nam 

and Jeombong, and 3) to predict changes in vegetation 

due to environmental changes, including climate change.

MATERIALS AND METHODS

Study areas

Mt. Nam
Mt. Nam is located in the central part of Seoul and 

ranged from 37°32' to 33' N in latitude and 126°58' to 

127°00' E in longitude (Fig. 1).

Its northern and western slopes are steep with many 

outcrops, whereas its southern and eastern slopes are 

characterized by a gentle and simple topography (Seoul 

Metropolitan Government 2004).

The soil of Mt. Nam is composed of sandy loam, clay 

space, which absorbs and filters environmental stresses 

such as air pollution, acid rain, and the urban heat island 

effect. Causal factors of forest decline in Seoul are dif-

ficult to clarify through temporary and partial research 

as forest decline is result from the interaction of various 

factors. In this regard, Mt. Nam is a crucial site for long-

term ecological research on the urban landscape (Cho et 

al. 2009a, 2009b). 

Mt. Jeombong is located on Girin-myeon, Inje-gun, 

Gangwon-do, in central-eastern Korea, and is the repre-

sentative forest area in Korea. Deciduous broad-leaved 

forest is well developed and diverse plant communities 

appear, and thus the area is of high academic value (Lee 

et al. 2000). 

The objectives of this study are as follows: 1) to clarify 

the ecological characteristics of Mts. Nam and Jeombong 

by analyzing the structure and dynamics of the Quercus 

mongolica community, 2) to construct the basic data for 

Fig. 1. Physiognomic vegetation maps of Mts. Nam and Jeombong showing the location of study sites.



J. Ecol. Field Biol. 34(1): 75-85, 2011

DOI: 10.5141/JEFB.2011.010 78

and 1,135.7 mm, respectively. The mean temperature in 

January--the coldest month--and August--the warmest 

month--are -4.8°C, and 16.6°C, respectively (http://www.

kma.go.kr).

In Mt. Jeombong, artificial disturbances are relatively 

rare and thus the forest condition is close in natural for-

est. The dominant tree species are Q. mongolica, Carpi-

nus cordata, Tilia amurensis, and Fraxinus rhynchophyl-

la. Abies holophylla, Taxus cuspidata, Abies nephrolepis 

etc. appear sporadically (Jin et al. 2002).

Methods

Installation of permanent plots
Permanent study plots of 1 ha (100 m × 100 m) per site 

were installed in the Q. mongolica stands of Mts. Nam 

and Jeombong, which maintains homogeneous stands, 

and artificial disturbances are relatively rare.

In order to carry out survey and management effi-

ciently, the 1 ha plots were divided into 25 subplots of 20 

m × 20 m each (Fig. 2).

Measurement of topographic factors
Altitude above sea level (m), longitude, and latitude 

were measured by GPSMAP 60CSx (Garmin Inc., Olathe, 

KS, USA) and the slope and aspect of each subplot were 

measured with a clinometers (SUNNTO) and compass 

(SUNNTO), respectively. 

Collection and analysis of vegetation data
The vegetation survey was conducted from April to 

October, 2005 at the Mt. Nam site and in May, 2009 at Mt. 

Jeombong. The dominance of each species in each site 

was evaluated on the Braun-Blanquet (1964) scale, and 

each ordinal scale was converted to the median value of 

the percent cover range in each cover class. Differences 

in species composition among study sites were analyzed 

via detrended correspondence analysis (DCA) (Hill and 

Gauch 1980) using PC-ORD 4 (McCune and Mefford 

1999).

Vegetation stratification was analyzed by constructing 

stand profile diagrams by height range and mean cover-

age of each vegetation layer collected in 25 subplots of 

each site. Species diversity was compared via Shannon-

Wiener index and species rank-dominance curve (Shan-

non 1948, Magurran 2003).

In order to predict the likelihood of continuous main-

tenance and successional trends of actual vegetation, 

frequency distribution diagrams by diameter class of 

major species were prepared (Daubenmire 1968, Oh and 

loam and sand, the northern slope in usually covered 

with clay loam, and the southern slope with sandy loam. 

Soil depth is usually deep, and the soil moisture condi-

tion is medium to moist (Seoul Metropolitan Govern-

ment 2004). 

The landscape of Mt. Nam is composed of secondary 

forest, plantation, plantation for landscape architecture, 

and urbanized areas. The secondary forest is usually 

consisted of Q. mongolica and Pinus densiflora commu-

nities. The plantation area is composed of Robinia pseu-

doacacia community, P. densiflora community, Populus 

tomentiglandulosa community and Pinus rigida com-

munity, and so on (Lee et al. 1998). The urbanized area 

is dominated by various public facilities and roads. An-

nual mean temperature and precipitation are 13.3°C and 

1,212.3 mm, respectively and the mean temperature of 

January--the coldest month--and August--the warmest 

month--are 0.4°C and 26.5°C, respectively (http://www.

kma.go.kr).

Mt. Jeombong
Mt. Jeombong stretches out Inje-gun and Yangyang-

gun, Gangwon-do, from 128°25' to 30' E in longitude 

and from 38°0' to 5' N in latitude, and is located on the 

southern tip of Mt. Seorak National park. This mountain 

was designated as a Biosphere Reserve by United Na-

tions Educational, Scientific and Cultural Organization 

(UNESCO)’s Man and Biosphere Project (Fig. 1) (Lee and 

Cho 2000).

The annual mean temperature and precipitation of 

Inje-gun, where Mt. Jeombong is located, are 10.2°C 

Fig. 2.  A configuration of a permanent quadrate. Numbers in 
subquadrates indicate the quadrate numbers installed in the study sites.
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were compared based on data from the weather stations 

of Seoul and Goseong (http://www.airkorea.or.kr) (Min-

istry of Environment of Korea 1992). 

Statistical analysis

All descriptive statistics were analyzed using Excel 

2007 and SigmaPlot 2001 ver. 7.0 (SPSS Inc., Chicago, IL, 

USA) and were conducted using SPSS ver. 10 ( SPSS Inc., 

Chicago, IL, USA) for correlation analysis. DCA ordina-

tion was conducted using PC-ORD ver. 4.20 (McCune 

and Mefford 1999).

RESULTS

Vegetation stratification

The vegetation stratification of Mt. Nam is composed 

of four layers of tree (18-21 m), subtree (6-12 m), shrub 

(1-2.5 m) and herb strata (below 0.5 m) and the coverage 

of each stratum was shown in 82.8%, 57.3%, 30.9% and 

33.3%, respectively (Fig. 3).

The vegetation stratification of Mt. Jeombong is com-

posed of four layers of tree (19-23 m), subtree (7-12 m), 

shrub (1-4 m) and herb strata (below 0.6 m) and the cov-

erage of each stratum was shown in 78.2%, 36.2%, 66.6% 

and 59.8%, respectively (Fig. 3).

Species composition

As the results of the DCA ordination based on the veg-

etation data of Mts. Nam and Jeombong, the total vari-

Choi 1993, Lee et al. 1998) and a transitional probability 

model based on Markov chain was applied (Jin and Kim 

2005). Diameters were measured with measuring tape 

at a height of 1.3 m from ground level for woody plants 

more than 2.5 cm in diameter at breast height. Height 

was measured with an ultrasonic distance meter (Haglöf 

Vertex Laser VL400; Haglöf Company Group, Langsele, 

Sweden). Basal area and density were obtained based 

on the collected data, and the importance value of each 

species was obtained by dividing the sum of the relative 

values of two indices by two.

Plant growth was measured by analyzing annual ring 

growth. Core samples of annual rings were collected at 

a height of 30 cm from the ground surface of Q. mongol-

ica selected randomly in the permanent plots using an 

increment borer (Haglöf Increment Borer; Haglöf Com-

pany Group). Ten annual ring samples of Q. mongolica 

were collected at both Mts. Nam and Jeombong, whereas 

those of S. alnifolia were collected only at the Mt. Nam 

site. The number and breadth of annual rings were mea-

sured using a core measuring instrument (CORIM Maxi; 

Taejonsurvey, Daejeon, Korea).

The age of S. alnifolia was calculated based on the 

regression equation of the accumulative growth curve, 

which was prepared by adding the mean growth value of 

each age with the increase in age.

Analysis on air pollution
Air pollution was analyzed based on SO

2
, NO

2
, and O

3
 

concentrations. Recent states of air pollution from 2006 

to 2009 were measured with a passive sampler installed 

in the Q. mongolica forests of Mts. Nam and Jeombong.

Long-term changes in air pollution from 1979 to 2006 

Fig. 3. Canopy profiles of Quercus mongolica community established in Mts. Nam and Jeombong. The height of the horizontal bars represents the average 
span of canopy height and the length of each bar represents total coverage of all species in the height ranges.

a Mt. Nam b Mt. Jeombong
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centrated on the right side (Fig. 4).

The species composition of subplots of Mt. Jeombong 

showed a homogeneous pattern, as the subplots were 

concentrated in a small area. Meanwhile, species com-

position in Mt. Nam differed widely among subplots, as 

they were scattered broadly along axis 2. Their distribu-

tion was divided depending on aspects, as subplots on 

the western (N10-11, N14-15, N17-25) and eastern (N1-9, 

N12-13, N16) slopes were distributed to the upper and 

the lower parts, respectively (Fig. 4). Dryopteris chinensis, 

Forsythia koreana, and Polygonatum odoratum appeared 

in high frequency in the former subplots and Liriope spi-

cata, D. chinensis, and Viburnum erosum showed high 

frequency in the latter subplots.

Species diversity

The Shannon-Wiener diversity index (H') of the Q. 

mongolica community established in Mt. Jeombong was 

higher than that in Mt. Nam, as the indices of Mts. Nam 

and Jeombong were shown in 1.799 and 2.427, respec-

tively.

Species rank-dominance curves of both sites reflected 

such a trend as Mt. Jeombong showed higher richness; 

the curve was more gentle at the Mt. Jeombong site than 

at the Mt. Nam site (Fig. 5).

Frequency distribution of diameter classes

In a frequency distribution diagram of major tree spe-

cies in Mt. Nam, Q. mongolica, Q. serrata and Prunus lev-

eilleana, and S. alnifolia, S. japonica, Acer pseudosiebold-

ianum and Euonymus oxyphyllus were found at higher 

frequency in mature tree classes of more than 10 cm and 

in young tree classes of smaller than 10 cm, respectively, 

at the Mt. Nam site (Fig. 6).

In the frequency distribution diagram of major tree 

species in Mt. Jeombong, Q. mongolica, Tilia amuren-

sis, Carpinus laxiflora, and Acer mono, and Q. mongoli-

ca, Acer pseudosieboldianum, Carpinus laxiflora, and S. 

obassia showed higher frequency in mature tree classes 

greater than 10 cm and in young tree classes smaller than 

10 cm, respectively, at the Mt. Jeombong site (Fig. 6).

Vegetation dynamics based on transitional 
probability model

As the result of prediction on successional trends via 

application of the transitional probability model based 

on Markov chain theory (Horn 1971, Kim 1993, Ze and 

ance was 4.2188, and the eigenvalue of axes 1 and 2 were 

shown in 0.933 and 0.349, respectively. Species composi-

tion tended to show local characteristics, as subplots of 

Mts. Nam and Jeombong were distributed on the left and 

right tips. In the subplots of Mt. Nam, which is restricted 

in the left side on axis 1, Robinia pseudoacacia, S. japon-

ica, Oplismenus undulatifolius and Ageratina altissima 

showed higher frequency, whereas Populus davidiana, 

Rhododendron schlippenbachii, Sasa borealis, Abies holo-

phylla, Viburnum dilatatum, and Lysimachia clethroides 

showed higher frequency at the Mt. Jeombong site, con-

Fig. 4. Ordination of the Mongolian oak stands based on vegetation 
data collected in 50 plots of permanent quadrates installed in Mt. Nam 
and Mt. Jeombong. N numbers indicate plot numbers in the Mt. Nam and 
J numbers indicate plot numbers at the Mt. Jeombong site.
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Jeombong.
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occupancy of 18.4% at present, but it was expected that 

its percentage would increase over generations and thus 

would become codominant with Q. mongolica since the 

third generation (Table 1). This change was also expected 

in the subtree layer, and thus it was predicted that the oc-

Kim 2005), Q. mongolica showed high occupancy of 

57.3%; however, it was predicted that the percentage 

decreased over generations; it was predicted that the 

percentage would decline to 44% in the fifth generation 

in the tree layer of the Mt. Nam site. S. alnifolia showed 

Table 1. Predicted proportion (%) of species composition during successional generation simulated from mid-story to overstory and understory to mid-
story on Quercus mongolica community in Mt. Nam

Species
Midstory to overstory Understory to midstory

0 1 2 3 4 5 0 1 2 3 4 5

Q. mongolica 57.3 51.2 45.3 44.2 44.1 44.0 14.7 1.6 1.6 1.6 1.6 1.6 

Sorbus alnifolia 18.4 40.7 44.9 45.6 45.7 45.7 17.9 2.3 2.3 2.3 2.3 2.3 

Robinia pseudoacacia 4.4 0.7 0.7 0.7 0.7 0.7 2.0 - - - - - 

Quercus serrata 6.2 0.4 0.4 0.5 0.5 0.5 2.5 - - - - - 

Prunus spp. 6.5 4.9 5.0 5.0 5.0 5.0 4.3 - - - - - 

Styrax japonicus - - - - - - 29.4 46.4 46.4 46.4 46.4 46.4 

Acer pseudosieboldianum - - - - - - 26.3 40.0 40.0 40.0 40.0 40.0 

Others 7.2 2.2 3.8 4.1 4.1 4.1 2.9 9.8 9.8 9.8 9.8 9.8 

Table 2. Predicted proportion (%) of species composition during successional generation simulated from mid-story to overstory and understory to mid-
story on Quercus mongolica community in Mt. Jeombong

Species
Midstory to overstory Understory to midstory

0 1 2 3 4 5 0 1 2 3 4 5

Q. mongolica 55.9 64.5 64.6 64.6 64.6 64.6 51.5 8.2 8.2 8.2 8.2 8.2 

Acer pseudosieboldianum - - - - - - 18.6 15.4 15.4 15.4 15.4 15.4 

Tilia amurensis 7.6 7.1 7.0 7.0 7.0 7.0 3.6 2.0 2.0 2.0 2.0 2.0 

Styrax obassia - - - - - - 7.2 12.2 12.2 12.2 12.2 12.2 

Carpinus laxiflora 5.1 12.0 12.0 12.0 12.0 12.0 6.4 1.2 1.2 1.2 1.2 1.2 

Fraxinus rhynchophylla 8.5 5.1 5.1 5.1 5.1 5.1 5.9 1.6 1.6 1.6 1.6 1.6 

Acer pictum 4.2 4.9 4.9 4.9 4.9 4.9 3.7 0.9 0.9 0.9 0.9 0.9 

Others 18.6 6.4 6.4 6.4 6.4 6.4 3.1 58.5 58.5 58.5 58.5 58.5 

Fig. 6. Frequency distribution diagrams by diameter classes of major tree species established in Q. mongolica community permanent quadrate of Mts. 
Nam and Jeombong.
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cupancy of S. japonica would increase greatly, and would 

become codominant with Acer pseudosieboldianum.

As the results of prediction of successional trends in 

Mt. Jeombong via the same procedures, it was predict-

ed that the Q. mongolica community in Mt. Jeombong 

would experience little change (Table 2 and Fig. 6).

Annual ring growth of Quercus mongolica

The results of analyses on the annual rings of Q. mon-

golica are shown in Fig. 7. In the case of Mt. Nam, the 

growth increased from the 1950s to 1990s with the excep-

tion of the period from the late 1970s to the early 1980s, 

and tended to decline since then. In the case of Mt. Jeom-

bong, growth increased continuously from early 1910 to 

early 1950 and decreased since that time, but showed 

little change since the early 1980s. Annual ring growths of 

both sites were very similar, not only in breadth but also 

in yearly growth patterns, but growth of the period when 

growth acceleration trend was blunted, since in the early 

1980s and late 1990s, was higher at the Mt. Nam site than 

at the Mt. Jeombong site.

Age distribution of Sorbus alnifolia 

In order to clarify the period of appearance of S. alni-

folia established in the Q. mongolica community in Mt. 

Nam, a frequency distribution diagram of age classes 

was prepared (Fig. 8). The diagram showed a reversed J 

shape, which means that new individuals are recruited 

continuously, those born since the mid 1970s occupied a 

big proportion as approximately 90%. This period when 

individuals of S. alnifolia began to increase sharply usu-

ally accords with the period that the trend of growth ac-

celeration of Q. mongolica was halted temporarily, from 

the late 1970s to mid 1980s (Fig. 7).

Air pollution

Yearly changes in SO
2
, NO

2
, and O

3
 concentrations 

measured at Mt. Nam and in the vicinity of Mt. Jeombong 

from 1980 to 2007 are shown in Fig. 9 (http://www.air-

korea.or.kr). In the case of Mt. Nam, SO
2
 concentrations 

declined sharply, from 0.094 ppm in 1980 to 0.006 ppm 

in 2007. Even at the Mt. Jeombong site, the concentra-

tion was continuously reduced from 0.005 ppm in 2001 

to 0.002 ppm in 2007. In the case of NO
2
, the concentra-

tion increased from 0.027 ppm in 1989 to 0.038 ppm in 

2007 on Mt. Nam, whereas it barely changed at the Mt. 

Jeombong site. O
3
 concentrations at the Mt. Nam site 

Fig. 7. Changes of annual ring growth of Quercus mongolica growing in 
Mt. Nam and Mt. Jeombong. Annual data are represented by dotted lines; 
trends based on 9-year running average are highlighted.

Fig. 9. Concentration of air pollutants from 1980 to 2007 at study sites 
(a, Mt. Nam; b, Mt. Jeombong). Source: Environmental Management 
Corporation of Korea.
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established in Quercus mongolica community of Mt. Nam.



Ecological comparison of Mongolian oak community between Mt. Nam and Mt. Jeombong

83 http://jefb.org

ica due to severe air pollution and human disturbance.

Mts. Nam and Jeombong also exhibited differing suc-

cessional trends (Fig. 6). In particular, the high frequency 

of shade-intolerant trees such as S. alnifolia shown in 

young tree classes below 20 cm in diameter at the Mt. 

Nam is very different results from those observed at 

the Mt. Jeombong site. Considered that S. alnifolia and 

S. japonica were early successional species as shade-

intolerant species, this result could be interpreted that 

Q. mongolica community, the representative late suc-

cessional vegetation experiences a retrogressive succes-

sional process (Lee et al. 2008). Moreover, this result was 

particularly noticeable, as S. japonica forms communi-

ties in sites in which pollution is very severe and human 

disturbances are frequent (Lee et al. 2004).

The age distribution of S. alnifolia, which dominates 

the retrogressive succession of Q. mongolica in Mt. Nam, 

shows that individuals born since the mid-1970s have 

increased substantially. During this period, Seoul expe-

rienced rapid urbanization and SO
2
 concentrations six 

to ten times compared with the current values (Fig. 9). 

Therefore, factors caused flourishing of S. alnifolia can be 

found in vitality reduction of Q. mongolica due to severe 

air pollution during this period. In fact, the slowdown of 

annual ring growth that Q. mongolica showed could be 

considered as an evidence of this interpretation.

This retrogressive successional trend exemplified by 

the case of the Q. mongolica community of Mt. Nam can 

be regarded as representative evidence of forest decline 

in urban areas. Therefore, intensive studies to clarify the 

background of the causes of this result, the dynamics of 

corresponding vegetation, and the competitive relation-

ship between current and futuristic dominants and so on 

should be conducted in the future (Lee et al. 2008).

Plant growth

Among SO
2
, NO

2
, and O

3
, SO

2
 has been measured for 

the longest time, and also evidences the most obvious 

changes. The concentration of SO
2 
at the Mt. Nam site has 

been greatly reduced since the 1980s, after then it fluc-

tuated and finally settled at approximately 0.002 ppm, 

which is a very low level. The stable state of SO
2 

concen-

tration at the Mt. Nam site differs only slightly from the 

measured levels at the Mt. Jeombong site. According to 

Roberts (1984) and Fowler (1992), who outlined the crite-

ria for SO
2
 damage, the previous concentrations probably 

contributed to a reduction in the growth of the Mongo-

lian oak, which is relatively sensitive (Lee and Bae 1991).

The NO
2
 concentration at the Mt. Nam site was not 

increased continuously from 0.008 ppm in 1989 to 0.018 

ppm in 2007. O
3
 concentrations at Mt. Jeombong showed 

periodic fluctuations rather than change. As is shown in 

the results referenced above, SO
2
 and NO

2
 concentrations 

were higher at the Mt. Nam site than the Mt. Jeombong 

site, but O
3
 concentrations showed reversed results.

DISCUSSION 

Structural differences in vegetation

The Q. mongolica community in Mt. Nam and Mt. 

Jeombong, which maintain representative natural veg-

etation of Korea (Kim and Kil 2000), showed large dif-

ferences in the stratification and species composition of 

vegetation. Compared with vegetation stratification, the 

coverage of the other strata (except for the subtree stra-

tum) were higher at the Mt. Jeombong site than at Mt. 

Nam. This result is attributable to the fact that the cover-

age and frequency of S. alnifolia and S. japonica are ex-

tremely high in the subtree layer of Mt. Nam. Lee et al. 

(1998) interpreted this change of Q. mongolica commu-

nity in Mt. Nam was originated from effects of environ-

mental pollutants occurred from surrounding areas and 

of direct interference by humans. In fact, the concentra-

tion of air pollutants such as SO
2
 and NO

2
 was higher at 

the Mt. Nam site than at the Mt. Jeombong site, although 

there were some exceptional case like O
3
 (Fig. 9).

Differences in the species composition of the Q. mon-

golica community in Mt. Nam relative to that observed in 

Mt. Jeombong were generally due to S. alnifolia and S. ja-

ponica in the subtree layer and the appearance of Oplis-

menus undulatifolius and A. altissima in the herb layer. 

Among those plants, S. alnifolia and S. japonica flourish 

in severely polluted areas such as industrial complexes 

(Lee et al. 2002, 2004), and O. undulatifolius and A. al-

tissima thrive in disturbed areas (Lee et al. 2004, Lee and 

Lee 2006).

As was shown in the results referenced above, the plant 

species that dominate specific species composition of Q. 

mongolica community of Mt. Nam prefer to disturbed 

sites. This result reflects that Mt. Nam is exposed to hu-

man interference, including severe environmental pollu-

tion (Lee et al. 2002, 2004, Lee and Lee 2006).

The species diversity of Q. mongolica at the Mt. Nam 

site was substantially lower than at the Mt. Jeombong site 

(Fig. 5). This low species diversity is attributable to the 

fact that undergrowth disappeared due to deep shading 

by the excessive proliferation of S. alnifolia and S. japon-
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Lee CS, Cho YC, Shin HC, Lee CH, Lee SM, Seol ES, Oh WS, 
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high enough to disrupt plant growth; rather, it is likely 

to have increased growth (Luttermann and Freedman 

2000).

Conversely, the SO
2
 concentrations prior to 1990, 

which exceeded the environmental standard value of 

0.05 ppm, was quite high and almost certainly affected 

the growth of plants in the area, including Q. mongolica.

Although the O
3 

concentrations at the Mt. Nam site 

were lower than the environment standard values, the 

concentrations at Mt. Jeombong were more than double 

the Mt. Nam values. This raises some concerns regarding 

vegetation damage due to O
3
 in the future.

Precursors of O
3
 occurrence, such as NO

x 
(NO + NO2), 

hydrocarbons, CO, etc. which originate from automo-

biles, can be eliminated by combination with the precur-

sor, NO. The lower O
3
 concentration measured at the Mt. 

Nam site compared with the Mt. Jeombong site may be 

attributable to this mechanism (Kim and Kwon 2004).

ACKNOWLEDGMENTS

This research was completed with the support of the 

Korea National Long-Term Ecological Research (KNL-

TER) project of the Ministry of Environment.

LITERATURE CITED

Braun-Blanquet J. 1964. Pflanzensoziologie, Grundzude der 

Vegetationskunde, 3 Aufl. Springer, Wien. 

Cho YC, Cho HJ, Lee CS. 2009a. Greenbelt systems play an 

important role in the prevention of landscape degrada-

tion due to urbanization. J Ecol Field Biol 32: 207-215.

Cho YC, Cho HJ, Lee CS. 2009b. Urban thermo-profiles and 

community structure of Quercus mongolica forests 

along an urban-rural land use gradient: implications 

for management and restoration of urban ecosystems. 

J Ecol Field Biol 32: 167-176.

Daubenmire RF. 1968. Plnat Communities: A Textbook of 

Plant Synecology. Harper and Row, New York, NY.

Defries RS, Malone TF. 1989. 1989 Report of the National Re-

search Council: Global Change and Our Common Fu-

ture. National Academy Press, Washington, DC.

Environmental Management Corporation of Korea. 2009.

Real time air quality Air korea. http://www.airkorea.

or.kr. Accessed 8 June 2009.

Fowler D. 1992. Effects of acidic pollutants on terrestrial 

ecosystems. In: Atmospheric Acidity: Sources, Conse-

quences and Abatement (Radojevic M, Harrison RM, 



Ecological comparison of Mongolian oak community between Mt. Nam and Mt. Jeombong

85 http://jefb.org

ronment. Ministry of Environment of Korea, Gwacheon, 

pp 68.

Ministry of Environment of Korea. 2004a. Korea National 

Long-Term Ecological Research Plan. Ministry of Envi-

ronment of Korea, Gwacheon.

Ministry of Environment of Korea. 2004b. The Nation’s Base-

line Ecological Research. Ministry of Environment of 

Korea, Gwacheon.

Oh KK, Choi SH. 1993. Vegetational structure and succes-

sional sere of warm temperate evergreen forest region, 

Korea. Korean J Ecol 16: 459-476.

Roberts TM. 1984. Effects of air pollutants in agriculture and 

forestry. Atmos Environ 18: 629-652.

Seoul Metropolitan Government. 2004. Namsan Park: Pres-

ent Conditions and Future Development Guidelines. 

Seoul Development Institute, Seoul, pp 20-21.

Shannon CE. 1948. A mathematical theory of communica-

tion. Bell Syst Tech J 27: 379-423, 623-656.

Lee KS, Cho DS. 2000. Relationships between the spatial 

distribution of vegetation and microenvironment in a 

temperate hardwood forest in Mt. Jumbong biosphere 

reserve area, Korea. Korean J Ecol 23: 241-253.

Lee WS, Kim JH, Jin GZ. 2000. The analysis of successional 

trends by topographic positions in the natural decidu-

ous forest of Mt. Chumbong. J Korean For Soc 89: 655-

665.

Luttermann A, Freedman B. 2000. Risks to forests in heav-

ily polluted regions. In: IUFRO Research Series 1: For-

est Dynamics in Heavily Polluted Regions (Innes JL, 

Oleksyn J, eds). CABI Publishing, Wallingford, pp 9-26.

Magurran AE. 2003. Measuring Biological Diversity. Black-

well Publishing, New York.

McCune B, Mefford MJ. 1999. PC-ORD, Multivariate Analy-

sis of Ecological Data. Version 4. MjM Software Design, 

Glenden Beach, OR.

Ministry of Environment of Korea. 1992. The Book of Envi-


