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Abstract: This study was established to provide basic information necessary for ecological management to restore
the naturalness of black locust (Robinia pseudoacacia L.) plantations located in the mountains of Gyeongbuk,
Korea. Using vegetation data collected from 200 black locust stands, vegetation types were classified using the
TWINSPAN method, the spatial arrangement status according to the environmental gradient was identified through
DCA analysis, and a synoptic table of communities was prepared based on the diagnostic species determined by
determining community fidelity (@) for each vegetation type. The vegetation types were classified into seven
types, namely, Quercus mongolica-Polygonatum odoratum var. pluriflorum type, Castanea crenata-Smilax china
type, Clematis apiifolia-Lonicera japonica type, Rosa multiflora-Artemisia indica type, Quercus variabilis-Lindera
glauca type, Ulmus parvifolia-Celtis sinensis type, and Prunus padus-Celastrus flagellaris type. These types
usually reflected differences in complex factors such as altitude, moisture regime, successional stage, and
disturbance regime. The mean relative importance value of the constituent species was highest for black locust
(39.7), but oaks such as Quercus variabilis, Q. serrata, Q. mongolica, Q. acutissima, and Q. aliena were also
identified as important constituent species with high relative importance values, indicating their potential for
successional trends. In addition, the total percent cover of constituent species by vegetation type, life form
composition, species diversity index, and indicator species were compared.
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Figure 1. Location of the study
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Figure 2. Simplified TWINSPAN classification tree (dendrogram) of Robinia pseudoacacia plantations in the study area. 344 plant
species x 200 relevés matrix. For each level of division number of group, numbers of relevés (in boxes) are shown. Type 1.1
to 2.4 were defined as main vegetation types of Robinia pseudoacacia plantations and each cluster is characterized by the species
that are listed in its column. For full names of species (Qs, Lo, Cs, etc.) and types 1.1 to 2.4 see Table 1.
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Figure 3. DCA ordination diagram with axis 1 and 2 of relevés of Robinia pseudoacacia plantations in the study area.
For full names of types 1.1 to 2.4 see Table 1.
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Table 1. Synoptic table of Black Locust (Robinia pseudoacaia L.) plantations with percentage constancy and median cover of species.
Species are sorted by their life form (LF; trees = 3, shrubs = 2, herbs = 1) and within them by decreasing constancy. Dark grey and
light grey indicate @ > 0.40 and & > 0.20, respectively. Only species with a constancy >15% are listed; different thresholds are due
to differences in species richness among groups. Transgressive diagnostic species are those that have both their diagnostic value in more
than one group and a constancy >20% in all groups for which the species is diagnostic. Forest vegetation types: 1.1 = Quercus

mongolica-Polygonatum odoratum var. pluriflorum type; 1.2 = Castanea crenata-Smilax china type; 1.3 = Clematis apiifolia-Lonicera
japonica type; 2.1 = Rosa multiflora-Artemisia indica type; 2.2 = Quercus variabilis-Lindera glauca type; 2.3 = Ulmus parvifolia-Celtis
sinensis type; 2.4 = Prunus padus-Celastrus flagellaris type.

Forest vegetation type Cl C2
1.1 1.2 1.3 2.1 22 23 2.4

Number of relevés LF 12 81 39 6 14 28 19
Diagnostic species

Quercus mongolica (Om) 3 92 ? 16 © 23

Fraxinus sieboldiana 3 33 " 1" .

Fraxinus rhynchophylla 3 25 ° . 3 7"

Rhododendron mucronulatum 2 33 " 9" 15

Lonicera praeflorens 2 25 ° . . .
Polygonatum odoratum var. pluriflorum (Pov) 1 75 ! 57 10 . 4"

Carex humilis var. nana (Chv) 1 58 * 19 ° 3 7"

Athyrium yokoscense 1 58 ! 14 ° 18 . . .

Prunus serrulata var. pubescens (Psv) 1 50 * 15~ 8 17 * 29 ! 7"

Carex fililpes var. oligostachys 1 25 7

Syneilesis palmata 1 25 °©

Persicaria nepalensis 1 25 °

Hosta longipes 1 25 1 . .

Artemisia keiskeana 1 25 ° 1" 5 . .
Castanea crenata (Cc) 3 17 © 56 ! 36 33 . . 57
Styrax japonicus 3 . 30 ° 5 21 ° 1" 5°
Smilax china (Sc) 2 25 ¢ 56 * 31 57 ° - .
Lonicera japonica 2 17 ° 12 ° 54 . 14 " 1 57
Clematis apiifolia (Ca) 2 17 317 67 50 36 ° 21 " 21 ¢
Quercus acutissima (Qac) 3 37! 23 83 50 ! 36 ° 53 !
Alnus japonica 3 . 33 . . .
Rubus parvifolius 2 . 3 33 14 14 * 57
Spiraea prunifolia f. simpliciflora 2 . 5° 10 33 . 4

Artemisia indica (Ai) 1 17 ° 4" 21 67 7" .
Erigeron annuus 1 2" 8 50 14 . 57
Stellaria aquatica 1 1 10 50 7" 4" -
Aconitum jaluense 1 33

Bromus remotiflorus 1 33

Cyrtomium fortunei 1 . 33 . .

Cornus walteri 3 17 . 21 ° 7"

Pyrus ussuriensis 3 . 3 . 21 . .
Lindera glauca 2 . 47 * 3 17 86 ° 21 " -
Zanthoxylum schinifolium (Zs) 2 33 35 26 17 64 *

Securinega suffruticosa 2 10 © 8 . 36 ° . )
Cardamine flexuosa (Cf) 1 17 ° 21 17 57 ! 7 21 "
Boehmeria platanifolia 1 1 5 21! 57
Galium maximowiczii 1 2" 8 . 21 ° . .
Ulmus parvifolia (Up) 3 . . 17 21 ° 71 " 16 *
Prunus padus 3 2" 3 . 4" 45!
Celastrus flagellaris  (Gf) 2 1 3 14 1’ 63 *
Galium spurium (Gs) 1 4" 3 . 21 ¢ 58 !
Fallopia dumetorum 1 3 7" 11" 21 °
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Forest vegetation type Cl C2
LF 1.1 1.2 1.3 2.1 2.2 23 2.4
Transgressive diagnostic species
Lindera obtusiloba (Lo) 2 92 2 51 ! 31 ° 17 7 7" 57
Rhododendron schlippenbachii 2 25 ° 5 ° 23 ° . . . .
Athyrium vidalii 1 g " 9 " 28 ° 33 " . . 57
Conyza canadensis 1 . . 21 ° 33 ° . . .
Rosa multiflora (Rm) 2 8 20 ° 74 ! 100 3 43 36 © 63 !
Celastrus orbiculatus (Go) 2 17 ° 6 18 50 ° 36 ° 14 ° 16 *
Chelidonium majus subsp. asiaticum (Cms) 1 17 5" 33 67 * - -
Paederia foetida 1 6 3" 33 . . 21 °
Ailanthus altissima 3 * 3" 17 ° 36 ° 4 " 26 °
Diospyros lotus (DI) 3 . 16 * 57 50 ° 50 ° 32 7 21
Cocculus orbiculatus 2 8 12" 10 * 17 ° 64 " 46 ' 5°
Celtis sinensis (Cs) 3 7" 3" . 57 °© 71 ! 74 *
Quercus variabilis (Qv) 3 . 44 ! 21 ¢ 17 ° 79 ? 93 ? 37 !
Chenopodium album var. centrorubrum 1 8 ' . . . 32 21 °
Liriope muscari 1 . 2 57 . 7" 25 ° 42
Commelina communis (Cco) 1 33 ° 16 * 28 ° 33 ° 7" 57 ° 68
Constant & companion species
Robinia pseudoacacia (Rp) 3 100 * 100 ° 100 ° 100 ° 100 ° 100 ° 100 °
Oplismenus undulatifolius (Ou) 1 50 ! 85 2 67 ! 17 71 ° 79 * 74 *
Quercus serrata (Qs) 3 67 * 65 ? 62 * 33 ¢ 7 25 ¢ 21 °
Ligustrum obtusifolium (Lob) 2 17 35 ¢ 54 ! 17 ! 29 ° 39 ° 32 °
Quercus aliena (Qal) 3 17 ° 46 ! 38 ! 17 © 29 ° 16 *
U &3 ¥1=9} 9% = (Braun-Blanquet, 1956)5 LE o FAY5-& (Prunus padus-Celastrus flagellaris type)2 A
T3 of e BN ST W BN S Azt #eby o= fhrel A A% BT SLIE 100 m of3}
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& (Rosa multiflora-Artemisia indica type)= A2 & o2 7]
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Figure 4. Mean total percent cover (/100 m?) by vegetation layers of constituent species for
the seven vegetation types classified in the study area.
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Figure S. Importance value (MIV, RIV) of the top 10 most important species by vegetation layers in Robinia pseudoacacia

plantations. Among the abbreviations of species names (Rp, Qv, Os, ...

etc.), Ro and Ptr are Rubus

oldhamii and Parthenocissus tricuspidata, respectively, and the rest are presented in Table 1.
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Table 2. Mean relative importance values (MIV) and percentage of species (PS) for each component of the four life-forms (dormancy,
radicoid, disseminule, growth) of all vascular plants that occurred for the seven vegetation types classified in the study area. MM:
megaphanerophytes, M: microphanerophtes, N: nanophanerophtes, H: hemicryptophytes, Odo: other dormancy forms, R1: widest
extent of rhizomatous growth, R2: moderate extent of rhizomatous growth, R3: nammowest extent of rhizomatous growth, RS: non-clonal
growth (monophyte), R1-2 or R2-3: plant with rhizomatous mutation of R1 and R2 or R2 and R3, Ora: other radicoid forms, D1:
disseminated widely by wind or water, D2: disseminated attaching with or eaten by animals and man, D4: having no special modification
for dissemination, D2,4: plant with D2 and D4, b: branched form, e: erect form, p: procumbent form, ps: pseudo-rosette form,
r: rosette form, t: tussock form, I: liane form, Ogr: other growth forms.

Cl C2
Life forms 1.1 1.2 1.3 2.1 22 2.3 2.4
MIV  PS MIV  PS MIV  PS MIV  PS MIV  PS MIV  PS MIV  PS MIV  PS
MM 433 208 48.6 204 2.0 179 356 214 494  26.2 59.1 233 54.6  30.0 474 17.6
M 114 139 9.1 127 10.2 94 6.0 8.6 112 143 6.0 144 10.1  10.0 9.5 10.6
N 17.1 188 18.6 158 198 179 247  21.4 19.6 22,6 134 211 103 188 182 145

All

= Ch 1.7 5.0 1.6 5.0 2.6 52 5.8 5.7 2.9 6.0 0.1 1.1 1.8 5.0 2.1 52
g H 1.1 16.8 12.7  18.6 1.5 21.2 73 157 84 119 5.8 7.8 62 113 105 215
% G 88 149 50 163 57 123 4.5 7.1 3.0 8.3 48 133 3.4 6.3 52 155
= Th 4.1 8.9 35 10.0 7.7 146 16.1  20.0 52 9.5 10.8 189 135 188 6.5 13.0
HH 2.5 1.0 0.9 0.9 0.3 0.9 - - 0.2 1.2 - - - - 0.6 0.9
HH(Th) - - 0.1 0.5 0.2 0.5 - - - - - - - - 0.2 1.2
Ria - - 0.2 0.9 0.1 0.5 - - - - - - - - 0.1 0.6

Ros 3.0 7.9 1.5 7.2 2.7 8.1 4.4 43 3.1 4.8 1.7 1.1 0.7 2.5 2.1 8.2
R; 170 228 1.2 204 139 227 105 17.1 88 179 40 111 32 125 105 209

Ry - - 01 05 01 05 - - - - 04 11 - - 0.1 06

Ry - - - - 01 05 05 14 - - - - - - 00 03

~ R 24 20 36 36 31 28 13 14 36 48 21 56 33 50 31 24
2 Ry 05 20 03 23 05 28 05 14 02 12 01 11 - - 03 3.0
% R, 37 30 61 18 37 24 11 29 27 12 42 11 31 13 45 27
R; 730 604 764 606 753 569 813 700 8L1 69.0 874 789 894 763 788 585

Ry 02 10 05 18 03 14 05 14 04 12 - - 04 25 04 15

Ry 02 10 01 09 01 05 - - - - - - - - 01 06

Rsy - - - - 01 05 - - - - - - - - 00 03

Ry - - - - 01 05 - - - - - - - - 00 03

D, 136 198 95 240 118 194 155 243 105 167 102 167 130 250 109 224

D, - - 00 05 01 05 - - - - - - - - 00 06

Dis - - 00 05 01 09 05 14 - - - - - - 0.1 12

D, 02 10 01 05 05 14 04 14 - - - - - - 02 12

S D, 167 158 226 199 215 180 240 243 216 250 215 300 241 225 219 185
€ Dy L1 119 68 &1 70 81 42 57 92 119 53 156 87 113 72 73
S Dy 212 59 247 59 233 76 213 57 304 60 347 33 315 50 262 73
& D, 356 426 353 380 336 417 314 357 275 381 277 322 216 325 322 391
Dy, 08 20 01 09 06 14 - - - - - - - - 03 12

Dy, 07 10 06 14 12 05 26 14 02 12 06 11 07 25 08 09

Ds - - 01 05 02 05 - - 06 12 01 11 05 13 02 03

b 04 10 02 14 09 19 32 29 02 12 01 11 06 13 05 18

b-l - - 07 18 08 09 18 29 02 12 06 33 02 13 06 15

bp 15 20 07 18 15 19 14 14 02 12 29 11 24 13 13 18

bpr 02 10 - - 01 05 05 14 02 12 07 11 05 13 02 03

bps 05 20 05 14 06 19 05 14 06 24 - - - - 04 12

e 726 594 716 570 685 555 604 486 698 548 748 567 711 525 708 521

eb 08 10 13 18 16 38 16 14 - - 03 22 02 13 1.1 30

1 7.0 9.9 79 104 8.4 8.1 8.8 8.6 141 155 84 144 13.0 163 9.0 8.8
1.0 1.1 1.8 1.8 1.9 1.8 29 0.8 2.4 0.5 1.1 1.3 3.8 1.2 1.5
p 2.6 1.0 6.0 0.9 3.1 0.5 0.7 1.4 2.7 1.2 4.2 1.1 3.1 1.3 42 0.6
p-1 0.2 1.0 1.4 0.9 2.5 1.4 2.3 2.9 1.7 2.4 1.6 2.2 0.6 2.5 1.6 0.9
pr 1.5 3.0 0.9 3.6 2.0 3.8 6.0 4.3 0.8 3.6 0.8 1.1 0.2 1.3 1.3 3.6
ps 1.4 3.0 1.3 4.1 1.1 2.4 2.6 43 3.8 3.6 1.5 5.6 2.7 6.3 1.7 55
r 1.6 59 0.5 4.5 0.7 3.8 0.9 29 0.2 1.2 1.7 4.4 22 1.3 0.9 6.1
t 8.8 8.9 5.9 8.6 6.0 109 69 114 4.8 8.3 1.8 4.4 2.0 8.8 53 103
t-p - - - - 0.1 0.9 0.7 1.4 - - - - - - 0.1 0.9
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Figure 6. Alpha diversity indices (meantSD) for the seven vegetation types classified in Robinia pseudoacacia plantations.
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Table 3. List of indicator species with their IndVal (Indicator Value) percentage and p value for the seven vegetation types of
Robinia pseudoacacia plantations.

Observed IV from Observed IV from
indicator  randomized indicator  randomized
value groups value groups
Species P Species

IndVal(%) Mean S.Dev IndVal(%) Mean S.Dev
Quercus mongolica-Polygonatum odoratum var. pluriflorum type Alnus japonica 38.3 162 6.6 *
Quercus mongolica 66.3 139 7.0 *** Rubus parvifolius 37.0 143 7.1 *
Polygonatum odoratum var. pluriflorum  69.1 13.7 7.1 *** Bromus remotiflorus 383 162 6.7 *
Fraxinus sieboldiana 51.6 15.0 7.4 *** Cyrtomium fortunei 38.3 16.1 6.8 *
Lindera obtusiloba 434 134 6.6 ** Spiraea prunifolia f. simpliciflora 355 142 72 *
Carex humilis var. nana 46.9 139 74 ** Celastrus orbiculatus 32.8 13.8 70 *
Carex fililpes var. oligostachys 38.3 16.1 7.2 ** Paederia foetida 34.1 145 7.1 *
Athyrium yokoscense 45.8 13.8 74 ** Quercus variabilis-Lindera glauca type
Syneilesis palmata 383 159 7.1 ** Lindera glauca 44.0 135 6.8 ***
Persicaria nepalensis 383 16.1 7.1 ** Cocculus orbiculatus 39.9 139 7.1 **
Hosta longipes 383 16.0 7.0 ** Quercus variabilis 344 13.8 7.0 **
Lonicera praeflorens 383 16.0 7.3 ** Ailanthus altissima 344 13.8 7.0 **
Prunus serrulata var. pubescens 354 13.7 72 ** Securinega suffruticosa 34.4 139 7.1 *
Fraxinus rhynchophylla 40.4 150 7.4 ** Cardamine flexuosa 353 137 68 *
Rhododendron mucronulatum 30.1 137 72 * Cornus walteri 33.6 148 73 *
Artemisia keiskeana 30.0 149 73 * Diospyros lotus 333 139 7.0 *
Castanea crenata-Smilax china type Pyrus ussuriensis 30.8 153 7.6 *
Castanea crenata 33.5 13.6 68 * Boehmeria platanifolia 31.2 147 75 *
Smilax china 30.3 135 6.6 * Zanthoxylum schinifolium 31.6 136 7.0 *
Clematis apiifolia-Lonicera japonica type Ulmus parvifolia-Celtis sinensis type
Lonicera japonica 31.0 137 7.0 * Ulmus parvifolia 46.0 139 74 **
Conyza canadensis 30.8 147 73 * Celtis sinensis 442 13.5 7.0 **
Clematis apiifolia 30.1 138 74 * Quercus variabilis 39.4 132 63 **
Rosa multiflora-Artemisia indica type Chenopodium album var. centrorubrum  30.2 144 72 *
Artemisia indica 57.1 13.8 7.2 *** Prunus padus-Celastrus flagellaris type
Stellaria aquatica 50.4 143 72 ** Celastrus flagellaris 63.0 13.8 7.3 ***
Erigeron annuus 51.9 142 7.1 ** Galium spurium 54.4 139 7.6 ***
Chelidonium majus subsp. asiaticum 473 13.7 7.0 ** Prunus padus 41.9 143 72 **
Rosa multiflora 432 136 69 *** Liriope muscari 385 136 72 *
Quercus acutissima 349 134 65 * Commelina communis 31.7 137 68 *
Aconitum jaluense 383 160 65 * Fallopia dumetorum 30.3 143 7.0 *

Note: Species which significantly indicate one of the three habitat types are shown. Maximum observed value and mean expected (£SD) indicator
value are given. Statistical significance obtained by Monte Carlo randomization test (1,000 runs). * P<0.05; **P<0.01; *** P<0.001
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