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Abstract—We surveyed the vegetation in Deogyusan National Park (conservation areas) and surrounding areas
outside the park (Mt. Juksang, Mt. Johang and Mt. Bonghwa). We calculated plant community indices and
diversity indices; these identified properties of the surrounding areas that are relevant to conservation efforts in
the park. We compared the diversities of plant communities and plant species between areas using field and
quadrat surveys to assign the identities of plant communities to an existing un-delineated preliminary vegetation
map produced from aerial photographs. We identified 19 associations. The covers of dominant species in all tree
and herb layers were markedly higher in the conservation areas than in the peripheral zone. Mean richness
(based on plant community richness and species richness indices) was significantly higher in the conservation
area, but mean values of community dominance, diversity, and evenness and the Simpson, Shannon diversity,
and evenness indices in the surrounding area were significantly higher than those in the conservation area. Ordi-
nation by detrended canonical correspondence analyses showed that elevation and slope explained the distribu-
tions of quadrats in the Cartesian space of the ordination. The cover of dominant species in the tree, herb, and
sub-tree layers and species numbers in quadrats explained the variation in species compositions within the quad-
rats. Our results demonstrate that disturbances in the areas surrounding a park can have increasing impacts on
plant community and diversity indices. Hence, the preservation and management of surrounding areas are
essential conservation elements for protecting whole national park areas.
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Individual species and species assemblages are
indices of forest integrity [1]. They function as indica-
tors of ecosystem conditions. National parks have had
important conservation functions since the creation of
a worldwide national park system. Human activities
have often had destructive impacts on national parks.

Twenty-two areas have been designated national
park lands in South Korea, and these occupy 6.7% of
the republic’s terrestrial landscape. The Korea
national park service, which was established in 1987, is
charged with managing 21 of the national parks; the
Service does not manage Hallasan national park
(http://english.knps.or.kr/). Deogyusan national park
became Korea’s tenth national park in Korea in 1975.
It is threatened by human activities, such as ski resort
development, plantation development, and medicinal
plant collection, although they are all prohibited by
the Natural Parks Law of Korea.

The area surrounding a national park has an
important role in protecting the entire park, including
the core area. The transition areas can function as

external support zones where limited development is
permitted while protecting the core areas, as in the
biosphere reserve strategies of the United Nations [2].
The transition areas are outside of the national park
protected areas but are subject to environmental scru-
tiny to mitigate the impacts of surrounding human
activities on the national parks themselves [3]. Hence,
the ecological conditions in the gradient from the con-
served core into the surrounding transition area should
be studied to establish the current status and the rela-
tionships between the two zones. An understanding of
ecological zonation in human-impacted and natural
systems can facilitate appropriate park-protection
strategies [4]. The term vegetation includes all plant
life in a particular area, and is synonymous with “plant
community” [5]. Elevation and climatic variables
shape the forest community structure of the Singalila
national park in the eastern Himalaya of India [6].
Land use influences vegetation structure; a mixture of
protected areas and zones open to human use can help
promote biodiversity conservation in savanna vegeta-
tion [7].
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Fig. 1. Study area. The right map shows the southern sector of the Republic of Korea. The left map enlargement shows Deogyusan
National Park (green) and the surrounding area (red).
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In this study, we compared the vegetation of a
national park (conservation area, CA) and the sur-
rounding areas (SA) to inform management planning
for the two systems.

MATERIAL AND METHODS

Study site. We compared a sector of the CA within
the Deogyusan national park with the surrounding
Muju-Jinan mountain zone (Mt. Juksang, Mt. Johang,
and Mt. Bonghwa) located at the northwestern
boundary of the national park (35°44–36°02′ N,
127°30–127°46′ E) (Fig. 1). Deogyusan, which is at
the center of the montane backbone of Korea, was
designated a national park in 1975 in Notice no. 25 of
the Ministry of Land, Transport, and Maritime
Affairs. The park lies at the heart of Baekdudaegan
(backbone mountain ridges of Korea), and has an area
of 231.650 km2. It houses 1067 plant species and a total
biota of 2039 species (http://english.knps.or.kr/
Knp/Deogyusan). The plant biome of the park is in
the southern part of the cool temperate zone [8]. The
mountain forest vegetation of the Choksangsan sector
of the park has been subdivided into the following cat-
egories: deciduous broad-leaved forest, valley forest,
coniferous forest, plantation, and other vegetation [9].
The summit heights in the zone surrounding the park
are 1038 m (Mt. Juksang), 799.3 m (Mt. Johang), and
884.5 m (Mt. Bonghwa).

Deogyusan national park is managed by the Korea
national park service to protect the biota and ensure
RUSSI
sustainable use. The National park service has three
special protection zones in the Chilyeon Ravines and
at the foot of Hyangjeokbong Peak inside the park
where important wild plant habitats are protected.
Most of the human population living in the SA is
engaged in agriculture. Vegetation there is strongly
influenced by human agricultural activities (including
sowing and harvesting), which cause unnatural distur-
bance and patterns of succession in the vegetation.

The climate parameters at Jangsugun, which is
close to the study site, were as follows in 1981–2010:
average temperature – 10.5°C; average annual highest
temperature – 17.0°C; average annual lowest tempera-
ture – 4.9°C; average annual precipitation – 1464.3 mm
(http://data.kma.go.kr).

Deogyusan national park is located on typical
inland montane terrain where the profile is hilly and
the soils are rich in humus and poor in minerals. The
most common soils are acidic brown forest soil, litho-
sols, and red-yellow soil. Most of profile at the study
site is steeply sloping. Areas with an easy access slope
of ≤10% occupy only 1.5 km2, accounting for only
0.7% of the total area; slopes with a gradient of >30%
occupy 77.6% of the total area, i.e., this is rugged
mountain terrain [10].

Vegetation sampling. We studied both the CA and SA.
The SA included the mountain slopes of Juksang
(non-conservation area), Johang, and Bonghwa. The
CAs were divided into slopes on Mt. Juksang and
Mt. Deogyu. We assigned the plant communities
identified by physiognomic indices obtained in direct
AN JOURNAL OF ECOLOGY  Vol. 52  No. 6  2021
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field surveys to polygons on maps delineating different
vegetation types recognized by aerial photographs and
digital maps (scale 1 : 25000) provided by the National
Institute of Ecology, Republic of Korea (http://www.
nie.re.kr/contents/siteMain.do?mu_lang=ENG). We
conducted quadrat sampling to determine the plant
species composition, plant species cover and domi-
nance (covers of dominant plant species in the tree
(T1), sub-tree (T2), shrub (S), and herb (H) layers)
and environmental conditions (elevation, aspect, and
degree of slope) in the CA and SA. Quadrats measured
10 × 10 m and were sufficiently large to include tree
species in the canopy layers of the forests. The quadrat
locations were determined randomly within each of
the plant community polygons designated in a previ-
ous field survey. The polygons included in the quadrat
surveys were selected randomly. Plant species cover
was quantified using the Braun-Blanquet scale [11].
The class numbers of the scale were transformed into
mean values following the procedures of Mueller-
Dombois and Ellenberg [12].

Overall, 25, 6, and 17 quadrats were deployed in the
Juksang, Johang, and Bonghwa SAs, respectively
(total: 48). We deployed 53 quadrats in the Mt. Juksang
CA. The nomenclature and classification used for the
vascular plants followed Lee [13] and park [14, 15].

Plant community indices. We calculated four plant
community indices derived from the conventional
diversity index to compare community diversities
among the CA and SAs: the richness, dominance,
diversity, and evenness indices. For each, we replaced
species number (s) with the plant community number
(c) and the individual numbers of each species (n) with
the individual number per plant community (n). Each
segmented polygon on the study maps was defined as
a plant community based on our field survey; the poly-
gon compartment was also examined by the National
Institute of Ecology, Republic of Korea, using aerial
photographs (scale 1 : 25000). Each of the communi-
ties was identified and confirmed through actual veg-
etation sampling.

The plant community richness index was calcu-
lated as the number of plant community types in the
study area. The plant community richness index indi-
cates the number of plant community types classified
physiognomically in study sites which means the
diversity of plant communities to be used for checking
plant community pattern [16].

The plant community dominance index was calcu-
lated as 1–D` where:

D' is the plant community diversity index modified
from Simpson’s diversity index [5], c is the plant com-
munity number, and n is the individual number of
each species per plant community.
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Species dominance can be an indicator of commu-
nity condition [17]. The plant community was identi-
fied generally by dominant species physiognomically.
Therefore, the plant community dominance index
produces the extent both to which species dominates
in the plant communities in study areas and then
which plant community dominates in study areas.

The plant community diversity index (H ') was cal-
culated as:

H ' is the plant community diversity index and the
plant community diversity index was transformed
from the Shannon-Wiener index [5] on the different
condition that species information is displaced by
plant community information. In this case, the plant
community diversity index demonstrates how diverse
plant communities are in study area.

The plant community evenness index (E) was cal-
culated as:

E = eH '/c,
The plant community evenness index was trans-

formed from the Pielou’s evenness index [18] on the
different condition that species information is dis-
placed by plant community information. In this case,
the plant community evenness index demonstrates
how even plant communities are in study area.

We obtained only one value for each index for the
whole study site; accordingly, statistical significance
was verified using the bootstrap procedure [19]. The
statistic estimated from the original sample was t. The
simulated estimates from R bootstrap replicates were

. To calculate 95% confidence intervals, we
set a one-tailed error α of 0.025. Among three different
bootstrap methods, we selected the basic procedure
and calculated the basic bootstrapped confidence
interval (A) as:

t is the statistic produced from the original sample, R is
an optional integer value such as 999, 9999 or 99999
and α is 0.025 at a one-tailed error under 95% confi-
dence intervals. All plant community indices and
bootstraps were calculated using PAST 3.22 version
software [19, 20]. Species richness, the Simpson
index, the Shannon index, and the evenness index
were calculated from plant species identities and their
individual numbers within each quadrat in the CA and
SAs. We pooled the data for the three SAs before cal-
culating the plant community and diversity indices
[21, 22].

Ordination. To analyze the differences in vegeta-
tion structure between CA and SAs and to identify sig-
nificant correlations with environmental variables, we
ordinated the samples using detrended canonical cor-
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Table 1. The covers of dominant species in the tree (T1),
sub-tree (T2), shrub (S), and herb layers (H) [9]

The different alphabet superscripts following means indicate sta-
tistically different values by Mann-Whitney test (p < 0.05); SD—
Standard deviation; SE—Standard error; Min—Minimal value;
Max—Maximal value.

Study site Mean SD SE Min Max

T1 Mt. Juksang 68.56a 5.33 1.07 60 80
Mt. Johang 67.83a 7.03 2.87 60 78
Mt. Bonghwa 65.18a 11.33 2.75 30 80
1)Mt. Juksang 
(Conservation area)

91.68b 3.86 0.53 80 98

T2 Mt. Juksang 29.73a 12.57 2.68 8 60
Mt. Johang 30.00a 6.12 2.74 20 35
Mt. Bonghwa 30.92a 7.82 2.26 20 45
1)Mt. Juksang 
(Conservation area)

39.34b 16.96 2.33 10 70

S Mt. Juksang 34.68a 10.30 2.06 19 60
Mt. Johang 26.67a 10.80 4.41 10 40
Mt. Bonghwa 27.53a 8.87 2.15 15 45
1)Mt. Juksang 
(Conservation area)

32.91a 16.0 2.21 5 70

H Mt. Juksang 22.64a 16.36 3.27 3 80
Mt. Johang 18.67a 7.79 3.18 10 30
Mt. Bonghwa 18.75a 11.70 2.84 3 45
1)Mt. Juksang 
(Conservation area)

39.25b 29.48 4.05 5 98
respondence analysis (DCCA). The relative covers of
herb (H) and woody species (T1, T2, S) layers were
ordinated in relation to seven environmental variables
(e.g., elevation, aspect, slope). Our premise was that
plots in the CA would cluster together and separately
from clustered plots from the SAs assuming homoge-
neity of vegetation types within areas. All of ordination
analyses were performed using CANOCO 4.55 soft-
ware [23].

Statistical analyses. The plant community indices
were calculated with bootstrapping 95% confidence
intervals using a specified number of bootstrap repli-
cates. To verify and compare the significance of the
mean values of the indices, we used the Kruskal-Wallis
test to examine data from Mt. Juksang, Mt. Bonghwa,
Mt. Johang, and Mt. Juksang for overall comparisons
over the entire study site (p < 0.05). We found a signif-
icant difference in plant community indices between
CA and SAs (Kruskal-Wallis test; p < 0.05); therefore,
we compared the means of the indices for each study
area using the Mann-Whitney test (p < 0.05). The
cover of dominant species in each vegetation layer and
the plant community indices of the tree and herb lay-
ers were examined statistically using the Mann-Whitney
test (p < 0.05). All statistical analyses were performed
using SPSS for Windows 22.0 software (IBM, 2013).

RESULTS
Characteristics of vegetation. We found 190 plant

species in the CA (53 quadrats) and 169 plant species
in the SAs (48 quadrats). We detected a total of
211 plant communities in the CA (192) and SAs (39);
20 plant communities were common to both areas.
Among plant associations, the Pinus densiflora –
Quercus variabilis community had the highest rank
among vegetation conservation indices (I: climax
community; II: community restored by secondary
succession; III: disturbed community; IV: afforesta-
tion; V: orchard or arable lands; https://egis.me.go.kr/
main.do). The Pinus densiflora – Quercus variabilis
community was recorded along the periphery of
Mt. JukSang (Deogyusan National Park). The
degraded areas within forests of the peripheral zone
were produced by clear cutting, plantation develop-
ment after clear cutting, and agricultural cultivation.
Private forest property owners continued to clear cut;
plant horticultural tree species such as Pinus densi-
flora, Pinus rigida, Liriodendron tulipifera, and Thuja
orientalis; and grow forest products with permission of
the Korea Forest Service. Two exotic species (Paspalum
dilatatum and Robinia pseudoacacia) in the SA occurred
in 23 of the 48 quadrats. Pinus densiflora, Quercus mon-
golica, Quercus serrata, Quercus variabilis, Fraxinus
mandshurica, and Cornus controversa were dominant in
the canopy layers in the vegetation of the CA.

The covers of dominant species differed signifi-
cantly in all vegetation layers (tree, sub-tree, and herb
layers) between the CA and SAs (Table 1, p < 0.05).
RUSSI
The covers of dominant species in all tree and herb
layers were markedly higher in the CAs, but cover in
the shrub layers did not vary between the CA and SAs.
The proportions of vegetation types also differed sig-
nificantly between the CA and SAs. The proportion of
plantation area was nearly 3- to 4-fold higher in the
SAs than in the CA. The proportions of other vegeta-
tion types were also clearly different between the areas.
These trends were apparent across the entire CA.

Plant community indices. Most of the plant com-
munity indices were higher in the SAs than in the CA
whereas the plant community richness was higher in
the CA than in the SAs (Fig. 2). The quadrat data were
subjected to Mann-Whitney test analyses (p < 0.05).
We found statistically significant differences between
the CA and SAs in all diversity indices (Fig. 3). The
mean species richness (alpha diversity) was signifi-
cantly higher in the CA (Fig. 3). However, the mean
Simpson, Shannon diversity, and evenness indices
were significantly higher in the SA (Fig. 3). The diver-
sity indices for tree and herb layers were all signifi-
cantly different between the CA and SAs (p < 0.05).

Relationship between vegetation and environmental
factors. We performed DCCA ordination analyses that
included the vegetation and environmental variables
in the two areas based on relative species cover (Fig. 4;
first axis length: 4.22; cumulative percentage variance
AN JOURNAL OF ECOLOGY  Vol. 52  No. 6  2021
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Fig. 2. Mean confidence intervals of plant community indices for different sites based on plant community numbers (95% boot-
strap confidence interval, n = 9999; Surrounding areas: (A) Mt. Juksang, (B) Mt. Johang, (C) Mt. Bonghwa, (D) Entire sur-
rounding area; Conservation area: (E) Mt. Juksang, (F) Deogyusan National Park).
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in the species–environment relationship: 31.8%; sec-
ond axis length: 3.19; variance explained by the rela-
tionships: 44.0%). The ordination was based on
254 species in 101 quadrats (53 quadrats in the CA and
48 quadrats in the SAs) and eight environmental fac-
tors (aspect, slope, elevation, covers of dominant spe-
cies in T1, T2, S, and H layers, number of species).
A Monte-Carlo permutation test indicated that the first
canonical axes were significantly different (F = 4.555,
p = 0.002, n = 499).

The means of six environmental factors in the CA
and SA were significantly different (p < 0.05), but the
covers of dominant species in the shrub layer and
aspect were not. The significance level (r > 0.241) was
set with critical values from the correlation coefficients
table [24]. The first axis of the ordination was highly
correlated with the angle of slope (CA = 21.04°, SA =
29.02°), elevation (CA = 740.85 m, SA = 385.40 m),
the cover of dominant species in the T1 layer (CA =
91.68%, SA = 66.65%), the cover of dominant species
in the T2 layer (CA = 39.43%, SA = 30.74%), the cover
of dominant species in the H layer (CA = 39.25%, SA =
20.65%), and the number of species (CA = 27.00,
SA = 17.06). The second axis was highly correlated
with elevation (CA = 740.85 m, SA = 385.40 m), the
cover of dominant species in the T1 layer (CA =
91.68%, SA = 66.65%), and the cover of dominant
species in the S layer (CA = 32.92%, SA = 31.15%).
There was little correlation between aspect (CA =
150.21°N, SA = 184.49°N) and the DCCA axes (Fig. 4a).
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In the ordination plot, the quadrats from the CA
and SAs clustered separately (Fig. 4a). Within the
ordination coordinate space, quadrats were classified
and clustered by six types of plant communities (Quer-
cus monglica, Pinus densiflora, Quercus variabilis,
Quercus serrata, Carpinus laxiflora, and Fraxinus
mandshurica) (Fig. 4b).

DISCUSSION

Vegetation of the conservation and surrounding
areas. The cover of dominant tree species in the CA
was significantly higher than that in the SAs but this
was not the case for the shrub layers. The cover of
dominant shrubs was similar under the canopies of the
sub-tree and tree layers. Shrub development was lim-
ited in both the CA and SAs. The cover of dominant
herbaceous species was significantly higher in the CA
largely because two invasive exotic species, Paspalum
dilatatum and Robinia pseudoacacia, thrived in the
SAs, where they had competitive pressure on native
species, thereby reducing native species’ cover values.
Invasive species are common in harvested and dis-
turbed sites in the managed portions of the boreal for-
est of eastern North America [25]. Intensive human
activities, such as agriculture, tree thinning, and
medicinal plant overharvesting, can have negative
impacts on the growth of plants in the herb layers. The
small and large-scale disturbances can be critical
determinants of forest dynamics [26].
021
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Fig. 3. Mean confidence intervals of diversity indices for different sites based on plant species and numbers (Surrounding area:
(A) Mt. Juksang, (B) Mt. Johang, (C) Mt. Bonghwa, (D) Entire surrounding area; Conservation area: (E) Mt. Juksang). Different
italic letters like as a and b identify statistically different values (Mann-Whitney test, p < 0.05) and ab represents statistically similar
values to a and b.
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Fig. 4. Detrended canonical correspondence analysis (DCCA) ordination of study sites. Correlations with environmental factors
are shown for cases where r > 0.241 (Axis 1: slope, r = 0.4318; elevation, r = –0.9581; cover of dominant species in the T1 layer,
r = –0.7075; cover of dominant species in the T2 layer, r = –0.5433; cover of dominant species in the H layer, r = –0.7023; num-
ber of species, r = –0.5246; Axis 2: elevation, r = 0.2600; cover of dominant species in the T1 layer, r = –0.5199; cover of dominant
species in the S layer, r = –0.4645). (a): s—conservation area, h—surrounding area. (b) Plant community types: s—Quercus
mongolica, h—Pinus densiflora, —Quercus variabilis, —Quercus serrata, —Carpinus laxiflora, —Fraxinus mandshurica,

—others.
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The greater area under plantation forests in the SAs
may have disturbed the park ecosystem. Land-use
patterns and intense anthropization may change the
surrounding vegetation beyond national park bound-
aries [7, 27]. The vegetation information such as vege-
tation maps revealed intensive anthropogenic distur-
bances in forested, savanna, and semi-arid areas sub-
jected to intensive agricultural use outside of the Park
boundaries like this study [28].

Plant community indices in the conservation and sur-
rounding areas. Plant community indices can be used to
broadly analyze regional diversity, and they extend the
physical range of conventional diversity indices. We
compared the overall regional trends using both the new
index and the conventional diversity indices. The trends
were similar for the two index types (Figs. 2, 3). The val-
ues of the conventional species diversity indices for the
study sites were similar or a little higher than those for
other sites in Korea and in other countries (Shannon
diversity index national range: 1.2202–1.3428 [29, 30];
Shannon-Wiener index of the upper reaches: 0.1–1.2
[31]). The Shannon diversity indices that we calculated
for the SAs and CAs were similar to those of the temper-
ate vegetation zones in other nations [32]. And the
Shannon diversity indices CAs covered the range of
those of the urban ecosystems in East China [33].

The numbers of plant communities and plant species
were higher in the CA than in the SAs, whereas the plant
community dominance index and the Simpson domi-
nance index were higher in SAs. This is indicative of
dominance by some of the plant community species.
Our calculations showed that the SAs had greater diver-
sities of plant communities and plant species than the
CA, likely because the long-lived dominant species in
the CA suppressed diversity in the underlying vegetation.
The distribution of the numbers of plant community and
plant species were more even in the SAs than in the CA.

The Shannon-Wiener index has been widely used
to analyze the different effects of stress and distur-
bance on the diversity of plant communities. We found
that the plant community indices can also be effective
indicators of conditions in plant community; values
for these indices were similar to those of conventional
diversity indices (Simpson dominance, Shannon-
Wiener index and evenness index). The plant commu-
nity indices could be used to compare similarities and
dissimilarities between ecosystems.

Ordination analyses. Within the coordinates of the
ordination plot, the quadrats from the CA and SAs
clustered separately. Among environmental variables,
elevation and slope had the greatest correlation with
vegetation parameters. These nonbiological variables
contributed to explaining the distribution of quadrats
in the ordination plot. Elevation and slope influence
temperature and soil conditions, such as water and
nutrient contents and have marked impact on vegeta-
tion growth [34]. The covers of dominant species in
the tree, herb, and sub-tree layers, and species num-
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bers also contributed substantially to explaining the
distribution of quadrats in the ordination. The vertical
structure of tree species in an old-growth temperate
forest can play an important role in population regen-
eration and community dynamics [35]. Hence, the
dominance of tree species in the vertical community
structure of the forests in the CA and SAs may have
influenced species distributions in ordination space.
The dominance of some plant species can influence
the establishment and distribution of other plant spe-
cies. The variation in the distributions of quadrats in
the ordination space was reliably related to the distri-
butions of plant community types. Thus, the distribu-
tion of quadrats in ordination space can help explain
differences in plant community types.

Effects of management protocols in the surrounding
area on the vegetation in the conservation zone. The
properties of SAs are related to the vegetation struc-
ture and function in CAs. Organisms, materials, and
nutrients can be exchanged across park boundaries in
spite of fragmentation by roads and other artificial bar-
riers. According to meta-community concepts, some
of the source communities in the SAs and CA may
contribute biological and physical elements to sink
communities. We found that plant communities in the
national park had stable configurations with low val-
ues for plant community indices and diversity indices,
which is indicative of late stages in forest succession.
The high plant species diversity in the national park
may act as a source contributing taxa to the SAs and to
the core of the park itself.

CONCLUSIONS
Most of the plant community and diversity indices

were significantly higher in the SAs than in the CA.
This is likely related to elevated levels of disturbance
and species introductions in the SAs. The covers of
dominant species in all of the tree and herb layers were
markedly higher in the CA than in the SAs, demon-
strating the dominance of a few species in the vertical
structure of the CA.

DCCA ordination showed that the distribution of
quadrats in Cartesian space was strongly influenced by
elevation, cover of dominant species in the tree (T1)
layer, cover of dominant species in the herb (H) layers,
cover of dominant species in the sub-tree (T2) layers,
the number of species and the slope (in decreasing
rank order of statistical significance) on the first
DCCA axis. This highlights the importance of CAs,
such as national parks, for the development of stable
plant communities that function as a source of species
that can contribute to sink communities.
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