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Abstract: Assessing the development of plantation forests toward natural vegetation is important for understanding
forest ecosystem dynamics. This study investigated changes in biodiversity and species composition of understory
vegetation associated with the influx of native tree species from surrounding natural forests into plantation stands in
Gwangneung Forest. Understory vegetation was surveyed from 2017 to 2023, and multivariate statistical analyses were
used to examine relationships with adjacent natural forests and overstory structural characteristics. A total of 72
understory species were recorded in the plantations during the study period. Diversity indices varied significantly
among years but did not show a consistent increasing trend. Species richness and diversity were relatively high in
the early years. However by 2023 the number of species decreased and the relative importance of dominant species
increased, while community structure changed in association with increased evenness. Changes in species composition
were mainly driven by species turnover, indicating that the influx of new species and replacement of existing species
were more influential than simple species loss. Variation in understory community structure was significantly
explained by year and leaf litter cover, whereas increases in heterogeneity among plots were not evident. The cover
of Parthenocissus tricuspidata increased with increasing basal area of native overstory species, while Styrax japonicus
increased with higher native-species density but responded negatively to increases in basal area. These results indicate
that the effects of native-species influx depend not only on their abundance but also on the size structure of the
overstory. Overall, understory vegetation in conserved plantation stands appears to follow an independent successional
trajectory through species turnover and community reorganization during the transition toward natural vegetation.
These findings provide baseline ecological information for forest management and restoration strategies aimed at
enhancing naturalness in plantation forests.
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Table 1. Changes in overstory structure of the plantation forests.
Density Basal Area Native species proportion (%)
ear Mean DBH (cm
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2017 11124438 1655+8.7 17.8 43.8 49.0 11.2

2019 12024478 1767+8.9 17.5 45.9 52.6 12.5

2021 1258+507 1875+9.2 17.6 47.7 55.5 13.6

2023 1279+514 1973+£9.4 17.9 48.4 56.8 14.3
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Figure 1. Location of the Gwangneung Forest in South Korea (A) and the distribution of forest type and survey plot placements

in study site (B).
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Figure 2. Changes in the DBH distribution (%) of overstory trees in the plantation forests: (A) native species and (B) plantation

species.
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Figure 3. Changes in understory plant species relative importance value (RIV) in plantation forests: species of figure; sp.1 Oplismenus
undulatifolius, sp.2 Viburnum erosum, sp.3 Pinus koraiensis, sp.4 Styrax japonicus, sp.5 Disporum smilacinum, sp.6 Callicarpa
japonica, sp.7 Acer pseudosieboldianum, sp.8 Lindera obtusiloba, sp.9 Athyrium yokoscense, sp.10 Pinus rigida, sp.11 Clerodendrum
trichotomum.
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Figure 4. Temporal changes in the species diversity in the plantation forests: (A) Margalef index (R), (B) Simpson index (D), (C)
Shannon diversity index (H), and (D) Evenness index (J). All indices show significant differences across years (Linear Mixed Model
for R, p<0.01; Linear Mixed Model for J, p<0.001; Kruskal-Wallis test for D, p<0.001 and for H, p<0.01).
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Table 2. Pairwise B-diversity indices between consecutive survey years.

Baselga(2010)
Year_pair Rank shift Jaccard
Turnover Nestedness
2017 - 2019 6.42 0.71 £ 0.19 0.57+0.31 (80%) 0.15+0.18 (20%)
2019 - 2021 4.59 0.62 £ 0.25 0.44+0.35 (71%) 0.18+0.21 (29%)
2021 - 2023 5.04 0.71 £ 0.23 0.50+0.38 (70%) 0.21+0.28 (30%)

Table 3. PERMANOVA results for the effects of environmental variables on understory community composition based on Morisita-Horm

dissimilarity.
Environmental variables R? F p-value
Year 0.018 3.24 <0.001""
Bare soil cover 0.006 1.08 0.055
Rock exposure 0.008 1.42 0.196
Woody debris 0.004 0.75 0.718
Leaf litter cover 0.017 3.15 <0.001™"

Table 4. PERMANOVA and PERMDISP results for the effects of year, forest type, and their interaction on understory community

composition based on Morisita-Horm dissimilarity.

Index df R? F )/
Year 3 0.025 2.71 <0.001™"
Forest type 1 0.074 24.31 <0.001""
Year x Forest type 3 0.016 1.75 <0.001™"
Group 3 1.027 1.76 0.143
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Table 5. LMM results (§ £ SE) for four understory species significantly related to native tree basal area (BA), density, and year.

Mean Cover

Native species BA

Native species

Species (%) (m*/ha) Density (stems/ha) Year
Styrax japonicus 2.85 -1.900 (0.931) +0.0290 (0.0079)"" -2.002 (0.917)
Parthenocissus tricuspidata 0.22 +1.527 (0.413)™ -0.0134 (0.0035)™ +1.162 (0.446)"
Pinus rigida 0.13 +0.787 (0.387)° -0.0016 (0.0033) +6.197 (0.509)™
Styrax obassia 0.23 +0.659 (0.263)" -0.0057 (0.0022)" +0.087 (0.383)

B: regression coefficient (positive = increase, negative = decrease), SE: standard error

**p<0.001, **p<0.01, *p<0.05
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