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Abstract: Soil seed bank community contributes to the long-term conservation of plant diversity and vegetation dynamics,
and their decreasing diversity and density with soil depth provide critical perspectives (deterministic and stochastic)
for understanding the community disassembly process. We analyzed changes in species composition and diversity and
structuring patterns by soil layer (top and bottom), including surface vegetation, in Gwangneung Forest, a mature forest
with a vegetation climate in the temperate central part of the Korean Peninsula. From two layers of soil collected
with a vertical difference of 10 cm, 934 specimens of 27 families, 40 genera, 44 species, three varieties, and 47 taxa,
germinated. Although species diversity and germination density decreased in most comparative characteristics, including
growth type, there was no statistical significance due to large deviations. Within-group variability of species composition
was similar in the upper and lower soils, as was the decline pattern in co-occurred species ({-diversity) and change
in species retention probability. The structuring process of the community composition in the two soil layers was fitted
with an exponential correlation rather than a power function, demonstrating the dominance of the stochastic process.
The pattern in diversity and species turnover according to soil depth in Gwangneung Forest was discovered to be
structured by stochastic random events, such as seed vertical movement rather than interaction with trait characteristics.
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Table 1. Species frequency and abundance (cover and germinant density) in understory and seedbanks (with soil depth) of study
sites. Standard deviations for each parameter were omitted for visual clearance.

Understory vegetation Upper soil Lower soil
Species Hab. Ori. Frequency Cover Frequency  Density Frequency  Density
(7o) (7o) (7o) (nm?) (%0) (nm?)
Tree
Acer pseudosieboldianum F N 48.1 1.8
Euonymus oxyphyllus F N 29.6 0.1
Pinus koraiensis F N 259 0.1
Carpinus cordata F N 18.5 0.5 3.7 19
Lindera obtusiloba F N 18.5 0.3
Sorbus alnifolia F N 14.8 0.1
Quercus serrata F N 14.8 t
Styrax obassia F N 11.1 0.1
Carpinus laxiflora F N 11.1 t
Symplocos chinensis f. pilosa E N 7.4 0.4
Celtis jessoensis F N 7.4 0.1
Fraxinus rhynchophylla F N 7.4 0.1
Styrax japonicus F N 7.4 t
Cornus kousa F N 3.7 0.1
Castanea crenata F N 3.7 t
Prunus serrulate var. spontanea F N 3.7 t
Acer pictum subsp. Mono F N 3.7 t
Quercus mongolica F N 3.7 t
Paulownia coreana E N 29.6 226 22.2 132
Aralia elata E N 222 189 14.8 75
Morus bombycis F N 18.5 170
Pinus densiflora F N 3.7 19
Salix koreensis E N 3.7 19
Shrub
Callicarpa japonica E N 333 1.8 25.9 358 37 280
Viburnum erosum E N 333 1
Weigela subsessilis E N 7.4 t 55.6 1,852 44 .4 1,229
Stephanandra incisa E N 7.4 0.1 29.6 226 25.9 245
Lonicera praeflorens F N 7.4 t
Deutzia parviflora E N 3.7 0.3
Alangium p{atanifolium var. P N 37 01
trilobum
Clerodendrum trichotomum E N 3.7 t
Rubus phoenicolasius E N 25.9 207 11.1 57
Lespedeza bicolor E N 18.5 94 22.2 132
Zanthoxylum schinifolium F N 18.5 94 3.7 19
Rhus javanica F N 14.8 94 7.4 38
Lespedeza maximowiczii F N 3.7 19
Forb
Disporum smilacinum F N 92.6 0.8
Ainsliaea acerifolia F N 40.7 1.1

Smilax nipponica F N 333 0.1
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Table 1. (Continued)
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Understory vegetation Upper soil Lower soil
Species Hab. Ori. Frequency Cover Frequency  Density Frequency  Density
(7o) (%0) (o) (nm?) (%0) (nm?)
Pseudostellaria palibiniana F N 222 0.1
Viola rossii F N 11.1 t 7.4 38
Arisaema amurense f. serratum F N 11.1 t
Asarum sieboldii F N 7.4 t
Isodon inflexus E N 7.4 t
Viola mandshurica R N 3.7 0.1 3.7 19
Allium sacculiferum E N 3.7 t
Ajuga spectabilis F N 3.7 t
Convallaria keiskei F N 3.7 t
Hepatica asiatica F N 3.7 t
Pimpinella brachycarpa F N 3.7 t
Pyrola japonica F N 3.7 t
Phryma leptostachya var. asiatica  E N 3.7 t
Persicaria lapathifolia R N 3.7 t
Silene seoulensis F N 3.7 t
Syneilesis palmata F N 3.7 t
Lysimachia clethroides E N 51.9 2,630 55.6 2,756
Duchesnea indica R N 18.5 132
Cardamine flexuosa R N 14.8 113 11.1 57
Potentilla fragarioides var. major ~ R N 14.8 75 7.4 38
Crepidiastrum denticulatum E N 14.8 94 3.7 19
Viola albida F N 14.8 113
Erigeron annuus R E 14.8 75
Hypericum erectum E N 7.4 38 3.7 19
Conyza canadensis R E 7.4 38
Patrinia villosa R N 7.4 38
Youngia japonica R N 7.4 38
Erechtites hieracifolia R E 3.7 19 7.4 38
Lindernia procumbens R N 3.7 19 3.7 19
Artemisia stolonifera E N 3.7 19
Artemisia keiskeana E N 3.7 19
Commelina communis R N 3.7 19
Persicaria hydropiper R N 3.7 19
Teucriz{m vi;cidum var. E N 37 19
miquelianum
Viola acuminata R N 3.7 19
Desmoc}z’il;}: j;;i:ﬁ;ﬁum var. E N 37 19
Hemistepta lyrata R N 3.7 19
Physaliastrum japonicum F N 3.7 19
Viola keiskei F N 3.7 19
Graminoid
Oplismenus undulatifolius E N 51.9 0.3 259 132 3.7 19
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Table 1. (Continued)

Understory vegetation Upper soil Lower soil
Species Hab. Ori. Frequency Cover Frequency  Density Frequency  Density
(7o) (%0) (o) (nm?) (%0) (nm?)

Carex siderosticta F N 7.4 0.1 14.8 75 11.1 57
Carex breviculmis F N 7.4 t

Diarrhena fauriei F N 3.7 t 3.7 19
Carex humilis var. nana F N 3.7 t
Calamagrostis arundinacea E N 3.7 t

Carex sp. F N 48.1 717 40.7 529

Vine

Smilax sieboldii F N 259 0.1
Smilax riparia var. ussuriensis F N 14.8 0.1

Actinidia arguta E N 11.1 t 14.8 245 14.8 75
Parthenocissus tricuspidata E N 3.7 t
Schisandra chinensis E N 3.7 t

Solanum lyratum E N 3.7 19 7.4 38

Clematis trichotoma E N 3.7 19 3.7 19

Pteridophyta

Athyrium spp. E N 11.1 0.4 3.7 19 14.8 75

Polystichum tripteron F N 7.4 1.1

Note: Codes for habitat affinity (Hab.) are forest (F), edge (E) and ruderal (R). Codes for origin (Ori) are native (N) and exotic (E).
Cover < 0.1% is report as “t” (trace).

Total species

. - Native species
Species origin ) )

Exotic species

Forest species

Habitat affinity Edge species

uderal species

—

Tree 1-
Shrub
Forb
Growth form = o
Graminoid B Upper soi
Vine | :Lower soil
| Pteridophyta
0 3 6 9 0 10 20 30 40
Species richness Density of germinants

Figure 1. Mean species richness and density of germinants (number of individuals m®) in total, origin (native and exotic), habitat
affinity (forest, edge and ruderal) and growth form (tree, shrub, forb, graminoid, vine and pteridophyte) in soil seedbanks of study
area.
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Figure 2. Comparison of mean seed size (mm”) and 1,000 seeds weight (g) of germinating species
from two soil layers. Comparisons between means were performed by paired t-test and both of seed
size (p = 0.659) and 1,000 seeds weight (p = 0.355) exhibited none statistical significance.
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Figure 3. NMDS ordination of species composition (using
germinant density) of ground and underground (upper and lower
soils) community.
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Appendix 1. Transmitted light and forest structure of study sites.
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Quercus serrata

Carpinus laxiflora

Pinus densiflora

Structural variable Total Community Community Community
Transmitted light (%) 18.1 £ 9.2 195 £ 12.4 115 + 6.3 233 £ 89
Stem density
(stems ha™)
Quercus serrata 79.2 £ 73.1 101.6 + 84.1 489 + 53.7 87.1 £ 759
Carpinus laxiflora 164.8 £ 131.3 110.7 + 108.8 169.6 + 111.4 214.0 £ 160.4
Pinus densiflora 414 + 62.5 1.8 £ 54 2.7 £ 8.2 119.7 + 47.2
Quercus monglica 46.3 + 48.8 272 + 36.5 52.6 £ 54.2 58.9 + 53.3
Carpinus cordata 74.1 £ 92.3 1143 + 88.6 100.7 = 109.9 73 = 11.1
Quercus aliena 10.3 + 18.5 10.9 = 16.3 45+ 72 15.4 + 269
Quercus  variabilis 14.8 + 31.2 73 £ 13.9 9.9 + 15.7 272 + 49.7
Other species 11.4 + 37.3 10.6 + 27.9 10.3 + 249 13.9 + 52.6
Total 760.1 £ 203.8 680.3 £ 146.5 665.8 + 127.3 934.2 £+ 209.6
Basal area (m’ha™)
Quercus serrata 6.6 £ 7.8 13.7 £ 9.2 4.5 + 4.7 1.5+ 13
Carpinus laxiflora 4.6 £ 3.7 28 £ 2.0 7.8 £ 3.7 34 + 3.1
Pinus densiflora 6.9 £ 10.2 04 £ 1.1 0.7 £ 2.1 19.5 £ 7.8
Quercus monglica 22 £ 32 14 +23 2.8 £ 3.6 2.5 £ 3.7
Carpinus cordata 1.7 £ 2.7 2.7 £ 32 24 + 3.1 <0.1 £ <0.1
Quercus aliena 0.7 £ 1.3 09 + 1.8 1.0 £ 1.5 02 £ 04
Quercus variabilis 0.7 £ 1.1 04 + 0.6 0.8 £ 1.1 0.8 £ 14
Other species 0.2 £ 0.6 0.2 £ 0.8 0.1 £ 04 0.1 £ 04
Total 27.9 + 6.9 28.5 + 6.6 234 + 4.1 31.8 £ 7.6
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