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Abstract
Various responses of forest ecosystems to climate change underscore the need to improve our understanding of the 

environmentally-driven changes in forests, most effectively by long-term monitoring protocols. We have explored veg-

etation dynamics based on changes in community structure, species composition, diversity and demographics in four 

Korean National Long Term Ecological Research (KNLTER) sites--Mt. Nam, Mt. Jeombong, Mt. Worak, and Mt. Jiri--

between 2004 and 2009. Most of the sites and forests studied exhibited increments in total basal area, but this was not 

observed in Quercus mongolica forests in Mt. Nam and Mt. Worak. Stem density exhibited various changes. Altitude 

gradient was the representative factor in differences in species composition. Two patterns of compositional change-

-convergence and divergence--were detected. The vegetation of Mt. Nam and Q. mongolica community of Mt. Work 

showed relatively larger changes in composition. However, in the other sites, few changes were observed. Changes of 

species richness were not notable except for Mt. Nam, where three species were added in the pine forest, whereas one 

species disappeared in the oak forest. In the oak forests, mortality rate was as follows (in descending order): Mt. Nam 

(25.5%), Mt. Jeombong (24.3%), Mt. Worak (16.4%) and Mt. Jiri (0.8%). In the pine forest, the recruitment rate was as fol-

lows (in descending order): Mt. Nam (63.7%), Mt. Worak (12.9%), Mt. Jeombong (7.6%) and Mt. Jiri (7.3%). The mortality 

rate and change rate of basal area were strongly negatively correlated (r = -0.9, P = 0.002), and the recruitment rate and 

change rate of density were positively correlated (r = 0.77, P = 0.026). In the KNLTER sites, larger vegetation changes were 

attributed to anthropogenic activities such as salvage logging. Suppression or competition for resources would also af-

fect these changes. Research suggestions such as monitoring to clarify the causes of species mortality were discussed. 
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INTRODUCTION

As gradual phenomena progressed in large spatial 

scale, the spans of research into climate and its changes 

can include the climatology, geography, and evolution-

ary biology. Ongoing climate change is regarded as a 

driving factor for ecosystem changes in the 21st century 

(Intergovernmental Panel on Climate Change 2001). Ef-

fects on the dynamics of biotic communities have been 

frequently associated with extreme weather events on 
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plots and meteorological stations can be employed not 

only to evaluate climate-related responses, but also to 

clarify the processes and patterns inherent to commu-

nity development. Based on such long term observations 

and acquired information, sustainable and adaptive nat-

ural resource management can be achieved. 

We analyzed changes in community structure (breast 

height area and stem density), composition, diversity 

(richness), and demographics (mortality and recruit-

ment rates) in four Korea National Long Term Ecological 

Research (KNLTER) sites: Mt. Nam (Mt. N), Mt. Jeombong 

(Mt. Je), Mt. Worak (Mt. W), and Mt. Jiri (Mt. Ji). Herein, 

we have focused on the changes in vegetation attributes, 

because meteorological sensors are not installed at all 

LTER sites. We concluded by discussing emerging re-

search challenges (feedbacks) for KNLTER. 

MATERIALS AND METHODS

Four KNLTER sites-Mt. N, Mt. Je, Mt. W, and Mt. Ji-

were analyzed in this study. The geographical location 

and physical environments of each site are shown in 

Table 1. Four mountains and three forest types (Quercus 

mongolica, Pinus densiflora, and regional representative 

forests such as Abies koreana, A. holoplylla, Q. variabilis, 

and Robinia pseudoacacia forests in Mt. Ji, Mt. Je, Mt. W 

and Mt. N, respectively) were selected for monitoring 

purposes. In 2004, we installed three permanent plots 

of 400 m2 (20 × 20 m) for each vegetation type; thus, to-

tal 36 plots were established.  Vegetation sampling was 

conducted based on KNLTER field protocols (unpub-

lished). All woody species with diameters in excess of 2.5 

ecological time scales (Easterling et al. 2000), and with 

climatic extremes at evolutionary time scales (Gutschick 

and VassiriRad 2003). Since the middle of the 20th centu-

ry, average global forest net primary production has ap-

parently increased, largely because of various combina-

tions of increasing temperature, precipitation, cloudless 

days, atmospheric CO
2
, and nutrient deposition (Boisv-

enue and Running 2006). Regional exceptions also exist, 

because compensatory increases of precipitation have 

not been homogeneous (Jump et al. 2006). Such observa-

tions underscore the necessity for long-term monitoring 

programs to improve our understanding of environmen-

tally-driven changes in ecosystems. 

Forest (or community) development, maturity, and 

monograph are complex processes which occur in spans 

of decades to hundreds of years. Even ecologists have yet 

to clarify the precise processes and patterns relevant to 

the establishment and development of forests. In temper-

ate regions, the vegetation responses to gradual climate 

change and extreme weather events have been observed 

in mature and old growth forests (e.g., van Mantgem and 

Stephenson 2007, van Mantgem et al. 2009). In young 

forests, during the maturational process, the majority of 

changes in structure, composition, and demographics 

are attributed not so profoundly to exogenous processes 

such as climate change and pathogen, but rather largely 

to endogenous processes such as competition and dis-

turbance exclusion (e.g., fire). 

In Korea, forest land, as emerging landscape, is in a de-

velopmental stage after severe disturbances, the Korean 

War, heavy utilization, and fire; thus, most Korean forest 

land is less than 60 years old. Therefore, long-term eco-

logical research involving the installation of permanent 

Table 1. Geographical locations and physical descriptions of KNLTER sites 

　 Mt. Nam　 　 Mt. Jeombong 　 Mt. Worak 　 Mt. Jiri　

Parameter Oak forest Pine forest 　 Oak forest Pine forest 　 Oak forest Pine forest 　 Oak forest Pine forest

Geographic
location

N 37°33'00" N 37°32'46" N 38°02'10" N 38°04'12" N 36°51'30" N 36°51'28" N 35°17'49" N 35°16'27"

E 126°59'34" E 126°59'42" E 128°26'11" E 128°23'01" E 128°12'13" E 128°04'49" E 127°33'18" E 127°29'17"

Altitude (m) 200 230 1,066 611 820 260 1,350 390

Angle of slope (o) 18-23 15-20 14-38 8-9 23-30 25-27 5-11 6-11

Azimuth NE SW SN W SW S N W

Topograph Middle slope 
-ridge

Middle slope-
ridge

Low slope-
ridge

Low slope Mddle slope Upper slope 
-ridge

Middle- high 
slope

Upper slope- 
ridge

Ratio of rock (%) 5< 5< 4 0 30 25 40 60

KNLTER, Korean National Long Term Ecological Research; N, north; E, east; S, south; W, west.
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ments in total BA, but Q. mongolica in Mt. N (from 23.2 

m2/ha to 23.2 m2/ha) and Mt. W (from 34.2 m2/ha to 34.6 

m2/ha) evidenced only minimal changes (Table 2). The 

largest growth in BA was in the oak (11.7%) and pine 

(10.4%) forests of Mt. Ji. 

Changes in stem density showed severe variation (Ta-

ble 2). Abrupt changes in density occurred in the pine 

forest of Mt. N, evidencing the largest increase (33.3% as 

from 848 stems/ha to 1,270 stems/ha), and the oak for-

est exhibited the largest decrease (-31.8% as from 1,237 

stems/ha to 938 stems/ha). Increases of density were in 

the pine (9.6%) forest of Mt. W and in the oak (4.9%) and 

pine (7.3%) forests of Mt. Ji. Stem density was reduced in 

the oak (-17.6%) stand of Mt. W and in the oak (-23.2%) 

and pine (-1.3%) forests of Mt. Je. 

Changes in species composition

Compositional change in woody vegetation in the 

KNLTER sites was analyzed by applying DCA ordination 

method (Fig. 1). Altitude gradient was the representative 

factor for the differences in species composition, as sites 

in higher areas occupy the left side and those in lower ar-

eas were distributed on the right side, forest types (decid-

uous broadleaved and evergreen coniferous forests) also 

affected the results; the oak stands were clearly divided 

from the pines in the left and right sides, respectively.

Two patterns of compositional change--vegetation 

convergence and divergence--were noted (Fig. 1). Most of 

cm appearing in the plots were tagged (by aluminum la-

bel) with numbers, and diameters for breast height were 

measured. Plots installed in 2004 were re-measured in 

2009. We showed only the results of common forests (Q. 

mongolica and P. densiflora communities) in this paper 

because of the efficiency in generalization of results.

We analyzed the changes in community structure 

(basal area and stem density), species composition (by 

detrended correspondence analysis [DCA]), richness, 

and mortality and recruitment rates. For ordination 

analysis, the matrix of importance values for each spe-

cies was established by the sum of relative basal area 

(BA) and density, and fed to the DCA ordination using 

PC-ORD ver. 4.0 (McCune and Mefford 1999). Mortality 

rate (for 5 years) was calculated by dividing the number 

of dead trees for 5 years by the number of living trees in 

the previous measurement. The recruitment rates (for 

5 years) were obtained by determining the ratio of the 

number of trees added at the current measurement to 

the number of living trees in the previous measurement. 

Notably, our results were not expressed on an annual ba-

sis demograph. Finally, we conducted regression analy-

ses between mortality and recruitment rate and between 

the rate of change in basal area and stem density. SPSS 

ver. 15.0 (SPSS Inc., Chicago, IL, USA) was applied for 

analyses. 

RESULTS

Changes of basal area and stem density

Most of the sites and forests studied exhibited incre-

Table 2. Comparison of breast height area (DBA) and stem density be-
tween 2004 and 2009 in KNLTER sites 

　 　
DBA 

(m2/ha)
　

Density　
(No. of stems/ha)

Site Forest 2004 2009 　 2004 2009

Mt. Nam Quercus mongolica 23.2 23.2 1,237 938 

Pinus densiflora 30.4 32.3 847 1,270 

Mt. Jeombong Q. mongolica 37.6 38.2 2,140 1,737 

P. densiflora 37.5 41.2 1,888 1,864 

Mt. Worak Q. mongolica 34.2 34.6 1,162 988 

P. densiflora 24.3 26.0 1,096 1,212 

Mt. Jiri Q. mongolica 24.1 27.4 1,945 2,045 

　 P. densiflora 39.0 43.5 820 885 

KNLTER, Korean National Long Term Ecological Research.

Fig. 1. The change in the vegetation composition of each forest type in 
KNLTER sites assessed via DCA ordination. The beginning of the arrows 
in diagram indicate the 2004 data. KNLTER, Korean National Long Term 
Ecological Research; DCA, detrended correspondence analysis; N, Mt. 
Nam; Ju, Mt. Jeombong; W, Mt. Worak; Ji, Mt. Jiri; P. densiflora, Pinus 
densiflora; Q. mongolica, Quercus mongolica.
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Ji, the Q. mongolica stands exhibited higher mortality 

rates than were observed in the P. densiflora stands, and 

the opposite was true for recruitment rate. In oak forests, 

mortalities were as follows (in descending order): Mt. N 

(25.5%), Mt. Je (24.3%), Mt. W (16.4%) and Mt. Ji (0.8%). 

In the pine forest, recruitment rates were as follows (in 

descending order): Mt. N (63.7%), Mt. W (12.9%), Mt. Je 

(7.6%), and Mt. Ji (7.3%). 

Overall correlation analyses between community de-

mographs and rates of change in DBA and stem densi-

ty were shown in Fig. 2. Mortality rate and rate of DBA 

change were strongly negatively correlated (r = -0.9, P = 

0.002), and the recruitment rate and change rate of den-

sity were positively correlated (r = 0.77, P = 0.026). 

DISCUSSION

Climate change, which includes gradual pattern and 

extreme events, can affect the attributes (dynamics, com-

position, structure, productivity, diversity, etc.) of the 

biological community in various and complex ways. Eco-

system responses to climate change, which are the target 

of the KNLTER program, can be interpreted only by long-

term observations with comprehensively and precisely 

designed systems. We presented only the results of the 

first re-measurement (5-year interval) on woody vegeta-

tion. Thus, our focus in discussion is on short-term find-

ings and research feedbacks rather than the vegetation 

responses to climate change and regional weather. 

Vegetation changes in KNLTER sites

Variations in structural changes were detected in this 

study, and such variations can be interpreted as the re-

sults of forest developmental processes and environ-

mental differences among sites and vegetation types. Q. 

mongolica stands in Mt. W and both forest types in the 

Mt. Ji site exhibited positive changes in both BA and stem 

density. Such patterns can be interpreted as reflective 

of differences in the environmental conditions of those 

sites, as well as forest developmental stages (Franklin et 

al. 2002). In general, active stem exclusion can be ob-

served in the stages of canopy formation and understory 

development. As dead woody species were small diam-

eter classes (data not shown), sites that revealed density 

increments are likely in their later stages. Various levels 

of forest seral stages were reported; however, in Korea, 

an insufficient number of studies have been conducted 

to determine forest succession in relation to natural and 

the samples of oak and pine forests moved to the central 

part of the AXIS Ⅰ. The change in P. densiflora stands in 

Mt. N revealed a different direction from those observed 

at other sites. The vegetation of the Mt. N and Q. mon-

golica stands in Mt. W showed larger changes in species 

composition, as indicated by the arrow length in Fig. 1. 

Change of diversity 

The changes in woody species richness for 5 years be-

tween 2004 and 2009 are shown in Table 3. In the P. den-

siflora forests of Mt. N and Mt. Ji, three and one species 

(e.g., Q. mongolica and Acer spp.) were added, respec-

tively and one species disappeared in the Q. mongolica 

stands of Mt. N and Mt. W. Other KNLTER sites revealed 

no changes in species richness. 

Mortality and recruitment rate

We calculated 5-year mortality and recruitment rates 

at the KNLTER sites (Table 4). With the exception of Mt. 

Table 3. The change of mean species richness of plots in KNLTER sites

　 　 Richness

Site Forest 2004 2009

Mt. Nam Quercus mongolica 7 6

Pinus densiflora 5 8

Mt. Jeombong Q. mongolica 10 10

P. densiflora 12 12

Mt. Worak Q. mongolica 10 9

P. densiflora 9 9

Mt. Jiri Q. mongolica 9 9

　 P. densiflora 9 10

KNLTER, Korean National Long Term Ecological Research.

Table 4. Comparison of community mortality and recruitment rate on a 
5-year basis 

Site Forest Mortality 
(%)

Recruitment 
rate (%)

Mt. Nam Quercus mongolica 25.5 1.3

Pinus densiflora 13.7 63.7

Mt. Jeombong Q. mongolica 24.3 5.7

P. densiflora 8.8 7.6

Mt. Worak Q. mongolica 16.4 4.4

P. densiflora 2.3 12.9

Mt. Jiri Q. mongolica 0.8 5.6

　 P. densiflora 3.7 7.3



Vegetation change and emerging research feedback for KNLTER

91 http://jefb.org

These increases may be attributed to forest thinning and 

subsequent regeneration. Such forest operation also af-

fects the magnitude of vegetation change, as was shown 

by the arrow length in Fig. 1 and the recruitment rate 

(63.7%) (Table 4). 

Q. mongolica sites revealed different directions of 

movement depending on site (Fig. 1). Differences with 

regard to changes in the importance value of Q. mon-

golica are likely attributable to this pattern, as the values 

were reduced in Mt. Ji (from 41.2 to 39.9) and Mt. Je (from 

27.7 to 27.6) and increased in the Mt. N (from 35.8 to 38.1) 

and Mt. W (from 39.5 to 42.0) sites. Changes in the impor-

tance values of other species were stochastic in nature. 

Relatively large vegetational changes (see arrow in Fig. 1) 

occur as the result of vigorous understory growth, such 

as was seen with Lindera obtusiloba in oak forests in the 

Mt. W site. Savage logging in oak forests in Mt. N induced 

strong effects on compositional changes. 

Mortality and recruitment rate at the community level 

are not available in the inland regions of Korea. In our re-

sults, negative correlations were detected between mor-

tality and rates of BA and stem density changes (Fig. 2). 

The absence of reference demographic data at the com-

munity level makes us difficult to understand and inter-

pret. The one year-based mortality rate of a P. parviflora 

forest located on Ulleung Island was 2.1%/y (Lim et al. 

2004) and our 5-year results were higher in the oak for-

artificial disturbances (but see Lim et al. 2004). This also 

means a lack of background (or baseline) levels of varia-

tion in the structural attributes required to explain our 

results. Additionally, annual variations in BA and stem 

density depending on site condition may be involved in 

our results. In the Q. mongolica forest of Mt. N, salvage 

logging on damaged individuals by oak wilt disease had 

detectable effects on structural change. 

Compositional convergence and divergence were il-

lustrated in our ordination analysis. According to the re-

sults of DCA ordination, the direction of compositional 

changes in all the P. densiflora stands was toward the Q. 

mongolica sites (Fig. 1). All pine forests in the KNLTER 

sites have little number of its own seedlings. The increase 

in importance of deciduous broadleaved tree species, 

such as Quercus, Styrax, and Fraxinus spp. is likely re-

sponsible for this result. In Korea, the succession of the 

Korean red pine stand to broadleaved stands (oak for-

est) is commonly accepted but no empirical studies or 

evidence were not available so far. Through the KNLTER 

project, the seral trajectory of P. densiflora forest estab-

lished in various environmental conditions can be clari-

fied. In addition, species with strong habitat affinity (for-

est type) are also to be identified. Some differences in the 

compositional changes of pine forests in Mt. N are due 

to a large increment of Styrax japonicus and Prunus ser-

rulata var. pubescens in the understory (Lee et al. 2006). 

Fig. 2. Relationship between mortality and recruitment rate and change rates of basal area and density. 



J. Ecol. Field Biol. 34(1): 87-93, 2011

DOI: 10.5141/JEFB.2011.011 92

mulation of base data (e.g., Forrester and Runkle 2000). 

Without data regarding background dynamics, the ef-

fects of gradual increases in weather events (e.g., effect of 

Typhoon Kompasu on metropolitan area), such as heavy 

rainfall and drought on ecosystems, cannot be explained. 
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