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Abstract: To establish the basic unit for the ecological management of the Larix kaempferiplantations in the
Baekdudaegan protected area, we classified the vegetation types using TWINSPAN and DCA ordination analysis based
on the vegetation information collected from 119 plots and analyzed their spatial arrangement status. Vegetation types
were classified into seven types, including Quercus mongolica-Rhododendron schlippenbachii type, Q. mongolica-
Lespedeza maximowiczii type, Cornus controversa-Morus australis type, Q. mongolica-Carpinus cordata type, Lindera
erythrocarpa-Rosa multiflora type, Q. serrata-Zanthoxylum schinifolium type, and Q. serrata-Sasa borealis type and
they have usually reflected differences in the floristic composition according to latitude, elevation, establishment
period, operation history, characteristics of the surrounding stands, and degree of disturbance. Furthermore, using the
Jaccard coefficient to comparethe floristic composition similarity between Larix kaempferiplantations and surrounding
potential natural vegetation (Q. mongolica and Q. serrata forests), although some differences depended on vegetation
types, it was 0.21 on average with Q. mongolica forest and 0.32 with Q. serrata forest, indicating that the floristic
composition was still heterogeneous.
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Figure 1. Study area (gray shaded area) and
sample plots (black circles).
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Figure 2. Simplified TWINSPAN classification tree (dendrogram) of Larix kaempferi plantations in the Baekdudaegan protected
area. 381 plant species X 119 relevés matrix. For each level of division number of group, numbers of relevés (in boxes) are
shown. Type I ~VI were defined as main vegetation types of Larix kaempferi plantations and each cluster is characterized by
the species that are listed in its column(Aa: Actinidia arguta, As: Artemisia stolonifera, Ay: Athyrium yokoscense, Ca: Calamagrostis
arundinacea, Cac: Carpinus cordata, Ccm: Carex ciliato-marginata, Cco: Cornus controversa, Ccr: Castanea crenata, Cj: Callicarpa
Jjaponica, Cs: C. siderosticta, Le: Lindera erythrocarpa, Lm: Lespedeza maximowiczii, Ma: Morus australis, Ou: Oplismenus un-
dulatifolius, Qal: Quercus aliena, Qd: Q. dentata, Qm: Q. mongolica, Qs: Q. serrata, Rp: Rubus pungens, Rs: Rhododendron
schlippenbachii, Sb: Sasa borealis, Si: Stephanandra incisa, So: Styrax obassis, Sps: Spodiopogon sibiricus, Ss: Symplocos sawafiitagi,
Tr: Tripterygium regelii, Tt: Toxicodendron trichocarpum, Zs: Zanthoxylum schinifolium, Vimv: Veratrum maackii var. japonicum).
For full names of types I to VI, see Table 2.
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Table 1. Geographic and topographic positioning of each vegetation of Larix kaempferi plantations classified by TWINSPAN.
For full names of VT I to VI, see Table 2.

VT NS Geographic coordinates (°) Average Avlerage Microtopography (%) Slope direction (%)

Latitude Longitude  elevation (m) (PO "V LS MS US R N NE E SE S SW W NW

\ 7 3532~37.62  127.52~128.97 993(803~1168) 21(10~32) - - 29 57 14 14 14 - - 43 14 14 -
11 34 35.64~37.62  127.62~129.01 890(654~1236) 16( 5~30) 6 3 3 82 6 15 18 12 9 12 6 18 12
I 44 35.69~38.00 127.64~129.02 827(376~1271) 20( 5~40) 7 23 11 57 2 16 14 9 23 20 7 9 2
v 14 36.59~37.99  127.89~128.91 863(626~1290) 10( 5-28) 43 14 - 43 - -7 7 21 36 14 7 7
6 35.53~36.45  127.57~127.98 599(269~ 840) 23(10-34) 17 - 17 67 - 17 17 33 33 - - - -

VI 11 35.72~36.48  127.66~128.05 475(324~ 772) 16(10-25) - 9 45 36 9 9 9 9 18 - 9 27 18
Vi 3 3531~35.31  127.74~127.75 728(674~ 775) 17(15-20) 33 67 - - - - - - 33 - 67 - -

Total 119 35.31~38.00  127.52~129.02 812(269~1290) 18( 5~40) 11 13 12 60 4 13 13 10 18 18 9 13 7

Note: VT-vegetation type, NS-number of species.

Table 2. Structural characteristics in each vegetation type of Larix kaempferi plantations classified by TWINSPAN.

Vegetation type (VT) Average height of Average o
(Indicator-Dominant species) vegetation strata (m) DBH (cm) Average total percent cover (%)
Abbr. Full name T ST S H T ST All Wd Hb T ST S H

I Rhododendron schlippenbachii-Q. mongolica type 19 9 2.1 0.6 21 13 237 202 35 92 27 51 71
Il Lespedeza maximowiczii-Quercus mongolica type 18 10 2.4 0.5 26 12 271 193 78 90 37 62 87

Il Morus australis-Cornus controversa type 20 8 2.1 05 27 9 208 186 22 83 40 27 58
IV Carpinus cordata-Quercus mongolica type 20 7 1.7 05 29 11 300 262 38 107 56 78 68
V' Rosa multiflora-Lindera erythrocarpa type 16 7 19 03 26 8 239 205 34 88 62 61 39
VI Zanthoxylum schinifolium-Quercus serrata type 19 7 21 05 24 9 234 199 35 88 45 62 43
VIl Callicarpa japonica-Quercus serrata type 24 11 35 12 31 15 244 239 5 95 40 19 90

Total 19 8 22 05 26 10 243 201 42 89 42 49 67

Note: Abbr.-abbreviations. DBH-diameter at breast height. T-tree stratum, ST-subtree stratum, S-shrub stratum, H-herb stratum.
Wd-woody plants, Hb-herbaceous plants.

Table 3. Species diversity indices in each vegetation type of Larix kaempferi plantations classified by TWINSPAN. For full names
of VT I to VIL see Table 2.

yp  Total number Richness (S) Evenness (J) Diversity (H') Dominance (D)
of species All Wd Hb All Wd Hb All Wd Hb All Wd Hb
I 61 17 11 6 0.617  0.651  0.447 1.692 1513 0.718 0249 0.306 0.606
I 197 28 13 16 0.633  0.639 0496 2083 1.599 1303  0.183 0287 0.379
Il 260 23 13 10 0.558 0.601 0.473 1.708 1.507 0.914 0.266 0306 0.556
107 18 13 5 0.730  0.719  0.507 2.082 1.820 0.811 0.183 0.259 0.570
v 82 27 17 10 0.663 0.684 0367  2.138 1931 0.765 0201 0238 0.632
91 22 15 7 0.635  0.625  0.400 1950 1.683 0.716 0220 0.290 0.608
VI 31 16 13 2 0.592  0.618 0.720 1.626 1.596 0.521 0277 0.281 0.644
Total 381 23 13 10 0.616 0.635 0.476 1.900 1.610 0.966 0.224  0.290 0.521

Note: All diversity indices are based on the average value per unit area (/100ni), WD-woody plants, Hb-herbaceous plants.

Fol 27 19 m, 9 m, B 272l em, 13 emol @itk £ A7 1TR(EEA 11F, 2R 65), 1692224
SSIHAG(100m’) HEF FIEE BTREEA 202%, 1513, 24 0.718)2 Th2 A §o] Hl8) i A3
ZEH 35%)2 eI O ARGl vs) ofmEE  WSkTK(Table 3). F47F 7MY F5e Samily) H3ta}
= o

Zu| 7} W& Ho|QtH(Table 2). F-UE2A1E2 303} 48 (Liliaceae: 5%)2} =+t Asteraceae: 55)0]%1al, 1LA4=
& 6150] 2L, ST BHtSret THYE o] Fefa LAAEE 7Heshe A3 FHddtE A

B
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Table 4. Number of species(S) and family importance value index (FIVI) for the top 10 dominant families in each vegetation
type of Larix kaempferi plantations. For full names of VT I to VI see Table 2.

VT 1 VT 11 VT 1l VT IV

Family S FIVI Family S FIVI Family S FIVI Family S FIVI
Pinaceae 3 15.1 Pinaceae 4 8.7 Pinaceae 4 10.8 Pinaceae 4 143
Fagaceae 3 10.6 Asteraceae 17 8.7 Rosaceae 19 6.8 Rosaceae 11 13.0
Ericaceae 3 7.4 Liliaceae 14 7.9 Oleaceae 4 4.4 Aceraceae 7 115
Liliaceae 5 7.2 Cyperaceae 5 6.2 Asteraceae 22 4.3 Betulaceae 3 5.0
Poaceae 3 7.1 Fagaceae 3 5.0 Liliaceae 16 4.2 Fagaceae 3 4.9
Lauraceae 2 6.2 Rosaceae 13 5.0 Cornaceae 3 4.1 Asteraceae 8 4.5
Cyperaceae 3 5.2 Fabaceae 7 4.9 Aceraceae 7 3.7 Cornaceae 1 3.5
Asteraceae 5 5.0 Oleaceae 3 3.8 Poaceae 7 3.0 Lauraceae 1 3.5
Rosaceae 4 5.0 Lamiaceae 7 3.4 Schisandraceae 1 2.9 Fabaceae 5 32
Fabaceae 2 4.4 Poaceae 5 3.2 Ranunculaceae 14 2.8 Araliaceae 3 2.7
Others (20 fam.) 28 26.8 Others (50 fam.) 119 43.1 Others (62 fam.) 163 53.2 Others (36 fam.) 61 339

VT V VT VI VT VI

Fagaceae 6 10.1 Fagaceae 7 169 Poaceae 2 143
Pinaceae 2 8.9 Pinaceae 3 114 Pinaceae 1 124
Liliaceae 9 8.6 Liliaceae 11 8.5 Lauraceae 2 8.8
Rosaceae 4 6.7 Poaceae 3 6.9 Fagaceae 2 8.6
Lauraceae 2 6.1 Fabaceae 4 4.5 Aceraceae 2 6.7
Cyperaceae 5 5.0 Cyperaceae 2 4.4 Ulmaceae 1 5.8
Oleaceae 3 4.8 Asteraceae 7 4.4 Styraceae 2 5.8
Athyriaceae 1 4.1 Lauraceae 3 4.3 Verbenaceae 1 4.9
Poaceae 2 3.6 Vitaceae 3 3.9 Celastraceae 2 3.4
Anacardiaceae 1 3.1 Rutaceae 1 3.8 Hydrangeaceae 2 34

Others (31 fam.) 47  39.1 Others (33 fam.) 47 309 Others (14 fam.) 14 25.6

Table S. Mean relative importance values (MIV %) of the five most dominant species in each vegetation type of Larix kaempferi
plantations. For full names of VT I to VII, see Table 2.

Vegetation type (VT) All
Species
I 11 Il v Vv Vi VI
Larix kaempferi 36.2 354 40.6 25.7 35.2 33.7 31.2 33.6
Quercus mongolica 29.1 16.6 3.2 4.9 6.0 1.8 - 7.8
Cornus controversa 1.8 8.2 9.2 6.2 1.2 - - 7.0
Fraxinus rhynchophylla - 4.7 6.7 2.3 4.0 0.1 - 4.3
Morus australis - 0.6 4.8 0.5 1.7 0.7 - 23
Lindera obtusiloba 2.9 1.8 1.6 2.4 1.2 1.5 1.7 2.1
Acer pictum var. mono - 0.4 1.9 7.9 - - 1.7 2.0
Acer pseudosieboldianum 0.1 1.3 1.8 4.1 1.7 - 6.5 1.8
Quercus serrata - - 0.2 0.2 4.4 7.8 11.0 1.6
Quercus variabilis 1.9 1.8 - 0.5 3.7 3.7 5.5 1.5
Actinidia arguta - 3.6 1.1 0.1 0.8 0.0 - 1.3
Carpinus cordata - 0.7 0.8 5.4 0.0 - - 1.2
Ulmus davidiana var. japonica - 0.3 2.6 0.0 3.2 - 5.7 1.2
Castanea crenata 0.0 - 0.2 0.0 0.9 6.3 - 1.1
Symplocos sawafutagi 2.5 1.7 0.6 0.4 - - - 1.0
Toxicodendron trichocarpum 0.3 1.2 0.4 0.1 2.3 4.1 - 1.0
Quercus acutissima 0.0 - - - 2.6 4.8 - 0.7
Lindera erythrocarpa 0.3 - 0.3 - 3.8 0.3 43 0.6
Rhododendron schlippenbachii 2.8 0.7 0.1 0.2 - 0.1 - 0.4

Top 5 species MIV % 73.5 68.5 64.5 50.1 534 56.7 50.8 55.0
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Table 6. Indicator species identified by indicator species analysis (IndVal) for each vegetation type (VT) of Larix kaempferi plantations,
with the observed indicator value (IV) and significance level (P). Only significant indicator values (P <0.05) are shown. Significant
values, returned by the Monte-Carlo test, are the proportions of randomized trials with an an indicator value equal to or exceeding
the observed indicator value (*P <0.05; **P<0.01; ***P <0.001). For full names of VT I to VII, see Table 2.

IndVal IndVal
Species VT  Max. Mean P Species VT Max. Mean P
obs.  exp. obs.  exp.

Rhododendron schlippenbachii I 577 12.1** Oplismenus undulatifolius v 350 129*
Quercus mongolica I 36.5 17.5%** Toxicodendron trichocarpum v 344  133*
Symplocos sawafutagi | 30.4 15.1% Maianthemum japonicum v 31.2 8.6 **
Cephalanthera longibracteata [ 233 10.4* Akebia quinata v 31.2 8.6**
Carex siderosticta II 419 163* Rosa multiflora v 277 9.0%*
Ainsliaea acerifolia Il 37.2 12.8 ** Zanthoxylum schinifolium Vi 63.0 10.7 **
Lespedeza maximowiczii 11 36.6 16.1 ** Quercus dentata VI 553 10.6 ***
Veratrum maackii var. japonicum I 33.5 11.5% Smilax china Vi 50.0 10.2**
Isodon inflexus I 304 14.1* Spodiopogon sibiricus VI 39.0  12.3*
Morus australis I 24.0 13.8* Castanea crenata Vi 35.9 11.4*
Carpinus cordata v 42.0 11.8 ** Ligustrum obtusifolium VI 352 10.1%*
Abies holophylla v 39.3 10.2* Quercus aliena Vi 27.9 9.1*
Stephanandra incisa v 384 12.0* Sasa borealis VI 68.9  11.6%**
Athyrium yokoscense v 71.7 14.5 %** Callicarpa japonica VI 58.1 10.5 ***
Carex ciliato-marginata v 48.3 8.9 ** Ulmus davidiana var. japonica Vil 55.7 11.5%*
MIV)9] A%, T} 7|&of| A& AL THPinaceae) 2} #t CKTable 3). T} %—_,_5 Z3als} 17202 R ER }
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Table 7. Similarity matrix based on Jaccard similarity coefficient and Pearson cormrelation coefficient (range of values from 0 to
1.0, with values closer to 1.0 indicating increasing similarity) among 7 vegetation types(I~VII) of Larix kaempferi plantations
and with the two surrounding oak natural forests (Qm: Quercus mongolica forest, Qs: Quercus serrata forest). For full names
of VT I to VIL see Table 2.

VT I Il il v V Vi VIl Qm Qs
I 0.75 0.53 0.47 0.60 0.53 0.43 0.19 0.44
Il 0.94** 0.75 0.56 0.64 0.52 0.46 0.30 0.42
il 0.79%* 0.92%* 0.59 0.66 0.50 0.49 0.27 0.32
0.78** 0.87** 0.90** 0.50 0.43 0.42 0.26 0.37
V 0.84%* 0.91%** 0.94%* 0.86** 0.68 0.57 0.16 0.26
0.75%* 0.83** 0.88** 0.81** 0.94** 0.52 0.16 0.17
Vil 0.70%* 0.77** 0.84%* 0.79** 0.89%* 0.88** 0.10 0.16
Qm 0.02 0.07 0.07 0.23** 0.02 0.02 0.01 0.45
Qs 0.53%* 0.42%* 0.16** 0.29** 0.16** 0.06 0.06 0.29%%*
ad B Mercurio, 2019). $-2|ubele] tfiEzjel g4 2lgwel
QRIS AR =sl 9GS FUAA G A
o Koz A ATl glolA Aduele] gk Aol de AREle] itk 2y B we Bx
oldris AHUYA Brks HeiARAL] V)5 AT DA 7F BEEte] Y7} AGAL He e glo] WA
BriFyd FA& 9% Y FejolthPicchio and  E|3 9l o] Loj7ka 9low], wE FH At
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