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Abstract: This study examined the vegetation structure and species composition of plantation forests in Gwangneung
Forest, South Korea, and quantitatively evaluated the recovery of naturalness using indices of stand structure, species
diversity, and species composition. Vegetation data were collected from 122 plots in these plantation forests, with
each plot containing a 20 m x 20 m quadrat established for sampling. Plant communities were classified using
TWINSPAN, and the classifications were validated via detrended correspondence analysis. Community similarity was
evaluated using the Bray—-Curtis index. Naturalness recovery was assessed using 11 indicators, encompassing stand
structure (4), species diversity (4), and species composition (3). Class thresholds for these indicators were determined
using the Jenks Natural Breaks method. Plots were then categorized into good, fair, or poor. The plantation forests
were classified into five communities. Four communities exhibited major structural shifts toward native species
dominance, whereas one community displayed characteristics of an early successional stage, likely due to ongoing
disturbance associated with its proximity to forest roads. Overall, 50% of the plots were classified as “Good,” 32.8%
as “Fair,” and 17.2% as “Poor.” By quantitatively illustrating the progression of structural development and
naturalness recovery, this study establishes baseline information to guide restoration management and support
sustainable forest conservation in the plantation forests of Gwangneung Forest.
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Figure 1. Location of study plots in Gwangneung Forest, Republic of Korea.
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Figure 2. Climate diagram of Gwangneung Forest. (a) Location and elevation; (b) observation period; (¢) mean temperature; (d)
mean annual precipitation; (¢) maximum temperature of the warmest month; (f) minimum temperature of the coldest month; (g)
mean monthly daily temperature; (h) mean monthly daily precipitation; (i) humid period.
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Table 1. Criteria and indicators for evaluating the naturalness recovery in plantation forests of Gwangneung Forest. Indicators are
categorized into structure, species diversity, and species composition. Threshold values for Good, Fair, and Poor were determined
using the Jenks Natural Breaks method

Evaluation Score
Good (3) Fair (2) Poor (1)

Category Indicator Description

The relative importance value of planted species
was calculated by applying weighted dominance
weighted value: Tree (3), Subtree (2), Shrub (1), 1-39%  39-68%  68-95%
and Herbaceous (0.5), normalized by the total
weight (6.5)

Structure Canopy Cover of Tree Layer Total canopy cover of the tree layer 70-95%  40-70%  0-40%

Weighted dominance was assigned by vegetation
layer (excluding herbaceous species)

Importance Value of Planted
Species

Crown density 55-73%  35-55%  22-35%

Vegetation was considered established when the
canopy cover reached or exceeded 15%

2 layers or
less

37-58 21-37 5-21

Vertical Stratification 4 layers 3 layers

Species Richness Species richness within the quadrat . . .
species  species  species
Species Evenness H/In(S) 0.48-0.72  0.3-0.48  0.09-0.3
Species s
Diversity Shannon Diversity Index —Zpilnpi 1.69-2.75 1.04-1.69 0.23-1.04
i=1
Simpson Diversity Index 1*2;0? 0.62-0.89 0.35-0.62 0.09-0.35
i=1
Proportion of Indicator Importance value of Asteraceae, Poaceae, and 033 3317 17371
Families Fabaceae
Specne':s. Number of Anngal Number of annual herbaceous species observed 0-1. 1-5. 5-1.1
Composition Herbaceous Species species  species  species

Number of Naturahzed Number of naturalized plant species observed Not 1_2. 2_5.
Species observed  species species
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Figure 3. Dendrogram of five communities derived from TWINSPAN classification of relative vegetation cover data in the plantation
forests within Gwangneung Forest. Numbers indicate plot IDs. (Ac: Acer pseudosieboldianum, Ou: Oplismenus undulatifolius, Ii:
Isodon inflexus, Ro: Rubus oldhamii, Pr: Pinus rigida, Om: Quercus mongolica, Qv: Quercus variabilis, Ps: Prunus serrulata, Cl:
Carpinus laxiflora, So: Styrax obassia, Ss: Spodiopogon sibiricus, Fs: Flueggea suffruticosa, N/O: Not otherwise assigned).
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Table 2. Physical environment and vegetation-structural characteristics of the five plantation communities of Gwangneung Forest.
Values are means % standard deviations

Community I 1I 111 v v
Number of plots 14 33 34 35 6
Altitude (m) 239.57 £ 5040 183.06 + 51.03  230.82 + 56.34  176.92 + 56.01 138.55 + 47.05
Slope (°) 23.14 = 9.50 21.09 + 8.57 18.71 £ 9.7 12.49 + 7.97 11.00 + 5.54
Bare rock (%) 2.07 + 3.73 332 + 732 3.01 + 4.52 4.14 £ 9.15 0.50
litter layer (cm) 4.57 = 3.09 2.14 + 1.27 2.71 + 2.16 247 + 3.56 1
Canopy layer (%) 60 = 19.64 61.82 + 21.63 68.82 + 21.56 70.29 + 20.6 55.83 + 26.05
Subcanopy layer (%) 60.71 + 25.49 47.12 + 26.52 38.09 + 28.77 18.43 + 26.77 13.33 + 17.24
Shrub layer (%) 26.07 + 10.72 45.61 + 2242 4191 + 20.93 40.71 + 27.00 52.5 + 19.74
Herb layer (%) 329 + 2.74 14.12 + 13.52 11.94 £ 9.97 50.6 + 28.53 74.17 + 24.90

The number of present species  15.79 £+ 5.05 21.79 + 7.13 2321 + 9.59 2723 + 11.16 31.00 = 9.35

TWINSPANS.2 2R /4] 2etg tigom DCAS 28 ik 2ot Idde-Aote 2ehet 2o 3
Agsto] 2ATE Stk Figure 4). AlIETE 250] & SRUR-IHULE 22he A5 TIE0R S 9
3
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Gauch, 1980), o= %214 TAS TEBunimodal 2 714 o Pehis BE o] 95 Hasiglon], 53|

3= AgH¢l DCAS] H8o] AT HHERIST Van den T2 Ve 7P $=0) Bxdlo] ofE FEsal LEE)
Brink et al., 2003). T3k, A|1=3} 229 eigenvalue= 212+ (Figure 4). Tr__L%P I, III, IVE 18z o] ZotoA] e 3

I
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FEHE A0 Ho] HEslo] O FET} FHA B (Table 3).
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400 1 : A. pseudosieboldianum - P. serrulata Community
2 x IV: A holophylla - J. mandshurica Community
350 © V : J mandshurica - C. retusus Community
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Figure 4. DCA (Detrended Correspondence Analysis) ordination of relative vegetation cover data in the plantation forests within
Gwangneung Forest. Five communities classified by TWINSPAN are indicated by different colors and symbols. Numbers indicate
plot IDs.
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Table 3. Relative importance of major plant species by groups (I-V) classified by TWINSPAN in plantation forests of Gwangneung
Forest. Left: MIP based on the canopy, subcanopy, and shrub layers; right: importance in the herb layer only

Community* ¢ oo Layer s Su S MIP o ies Layer
Pinus rigida - 5840  0.61 19.57 | Acer pseudosieboldianum 8.90
Quercus mongolica 21.84 8.25 3.63 14.27 | Oplismenus undulatifolius 6.36
Carpinus laxiflora 17.45 3.83 7.86 11.31 | Lindera obtusiloba 6.32
I Quercus variabilis 13.72  5.86 1.41 9.05  Disporum smilacinum 5.84
Prunus serrulata 10.51 - 3.23 5.79 iSorbus alnifolia 5.26
Others (38 species) 3648 23.66 83.25 40.00 :Others (35 species) 67.32
Total 100 100 100 100 Total 100
Quercus mongolica 21.84 - - 10.92 | Oplismenus undulatifolius 21.26
Carpinus laxiflora 17.45 2.72 6.56 10.72 | Parthenocissus tricuspidata 6.67
Larix kaempferi - 28.96 - 9.65 | Acer pseudosieboldianum 6.25
I Pinus koraiensis - 27.60 - 9.20 | Clerodendrum trichotomum 297
Quercus variabilis 13.72 272 0.22 7.80 i Smilax sieboldii 2.85
Others (61 species) 46.99  38.00 9322 51.70 :Others (95 species) 59.99
Total 100 100 100 100  Total 100
Acer pseudosieboldianum 8.74 - 17.90 7.35 | Oplismenus undulatifolius 15.70
Prunus serrulata 7.16 0.99 0.98 4.07 Acer pseudosieboldianum 5.51
Quercus aliena 6.38 0.98 2.90 4.00 : Osmunda japonica 4.21
I Quercus mongolica 6.86 1.00 1.19 3.96 | Parthenocissus tricuspidata 3.72
Zelkova serrata 2.63 7.20 1.04 3.89 | Polystichum tripteron 2.92
Others (75 species) 6824 89.83 7599  76.73 :Others (120 species) 67.94
Total 100 100 100 100  Total 100
Abies holophylla 894 2120  3.65 12.14 : Oplismenus undulatifolius 27.56
Juglans mandshurica 12.39 5.24 2.13 8.30 | Parthenocissus tricuspidata 3.28
Pinus koraiensis - 18.98 - 6.33 | Carex siderosticta 2.95
v Quercus serrata 8.99 - 1.06 4.67 :Akebia quinata 291
Carpinus cordata 7.99 - 3.02 4.50 | Clerodendrum trichotomum 2.67
Others (83 species) 61.69 54.59 90.15 64.07 Others (163 species) 60.64
Total 100 100 100 100  Total 100
Juglans mandshurica 33.33 5.36 11.32 2034 | Oplismenus undulatifolius 12.60
Chionanthus retusus 22.22 - 8.26 12.49 | Matteuccia struthiopteris 8.47
Quercus aliena 15.56 5.36 3.41 10.13 | Akebia quinata 7.07
A% Abies koreana - 17.77 3.49 6.50 | Clematis terniflora 6.17
Abies holophylla - 15.00  8.35 6.39 | Setaria viridis 6.13
Others (25 species) 28.89  56.52  65.17 44.15 Others (68 species) 59.55
Total 100 100 100 100 : Total 100

* 1o P. rigida - Q. mongolica Community, 1I: Q. mongolica - C. laxiflora Community, III: 4. pseudosieboldianum - P. serrulata
Community, IV: A. holophylla - J. mandshurica Community, V: J mandshurica - C. retusus Community

**C, Su, S: Importance (%) in canopy, subcanopy, and shrub layers; MIP: mean importance percentage; H: Herb layer importance
(%)
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Table 4. Community similarity matrix based on Bray—Curtis similarity index for vegetation communities in the plantation forests
within Gwangneung Forest. Higher values indicate greater similarity in species composition between communities

Community I I I v

I 41.22

I 30.69 45.29

v 13.44 37.45 31.66

\% 5.93 12.03 11.42 34.65
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Figure 5. Species richness of (a) Poaceae, (b) Fabaceae and (c) Asteraceae recorded across groups in the plantation forests within
Gwangneung Forest. Bars represent the mean species richness for each group, and vertical lines indicate standard deviations. Different
letters above the bars denote statistically significant differences in species richness among groups (p < 0.05).

Table 5. Evaluation results of the naturalness recovery of plantation forests within Gwangneung Forest. The numbers indicate the numbe
of plots classified into each naturalness recovery level. Numbers in parentheses are 95% Clopper—Pearson confidence intervals (%)

Evaluation Score

Catego Indicator
gony Good Fair Poor
Importance Value of Planted Species 28 54 40
Canopy Cover of Tree Layer 55 48 19
Structure
Crown density 42 71 9
Vertical Stratification 27 75 20
Species Richness 8 57 57
Species Species Evenness 52 43 27
Diversity Shannon Diversity Index 36 48 38
Simpson Diversity Index 61 41 20
Proportion of Indicator Families 96 22 4
Species .
o Number of Annual Herbaceous Species 94 26 2
Composition
Number of Naturalized Species 108 13 1
61 40 21

Total

(40.81-59.19%) (24.56-41.87%) (10.98-25.10%)
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Appendix

Appendix 1. Ecological health evaluation results of plantation forest types (I-V) within Gwangneung Forest. The numbers indicate
the number of plots classified into each ecological health level (Good, Fair, Poor) for each indicator (Structure, Species Diversity,
and Species Composition)

| 1| 1 v v

Category Indicator
Good Fair Poor Good Fair Poor Good Fair Poor Good Fair Poor Good Fair Poor

Importance Value

of Planted Species 3 7 4 14 12 7 8 16 10 2 14 19 1 4 1

Canopy Cover of
Structure Tree Layer
Crown density 0 12 2 12 17 4 8 19 7 7 21 7 1 5 0

2 10 2 7 15 11 6 9 19 3 10 22 1 4 1

Vertical
Stratification 6 6 2 14 16 3 14 19 1 8 25 2 1 4 1
Species Richness 0 1 13 0 17 16 3 15 16 4 20 11 1 4 1
Species Evenness 9 3 2 21 8 4 16 10 8 6 17 12 1 5 0
Species Shannon
Diversity Diversity Index 5 4 5 14 12 7 11 12 11 4 17 14 1 4 1

Simpson

Diversity Index ? 3 2 22 8 3 18 8 8 10 17 8

w
w
[}

Proportion of

Indicator Families 14 0 0 31 1 1 32 1 1 17 17 1 2 3 1

Number of

Species Annual 14 O 0 3 3 0 28 6 0 22 13 0 0 3 2

Composition Herbac.e ous
Species

Number of
Naturalized 14 0 0 29 3 1 32 2 0 28 6 1 3 2 1
Species

Total 8 5 1 22 8 3 20 10 4 11 15 9 1 4 1
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