gt AN e e8] 4] 26(4)  604~619 2012
Kor. J. Env. Eco. 26(4) : 604~619 2012

a1 0 a1
THSH ASH 4

0=
1
74
p ol
o>-
m 2
il
2
o
30
|.|-|
i
' 4o
rok
N
nE
g
|.|-|
re
_LIH

Vegetational Structure and the Density of Thinning for the Inducement of the Ecological
Succession in Artificial Forest, National Parks™

- In Case of Chiaksan, Songnisan, Deogyusan, and Naejangsan -

Jong-Yup Kimz, Kyong-Jae Lee”
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ABSTRACT

According to the concept of woodland aesthetic in Germany and forest design in United Kingdom, artificial
forest should be restore ecologically step by step in National Park, Korea. This study was carried out to provide
the density criterion of thinning for the inducement of the ecological succession by analysing of vegetational
structure in Artificial Forest, National Parks. Eleven plots(size is 20m*20m) were set up in the artificial forest
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such as Pinus koraiensis forest, Abies holophylla

forest, Chamaecyparis obtusa forest, Populus

tomentiglandulosa forest, and Larix kaempferi forest and in the natural forest such as Pinus densiflora

community, Pinus densiflora-Quercus serrata community, and Quercus serrata community in Chiaksan,

Songnisan, Deogyusan, and Naejangsan National Parks, Korea. We classified the artificial forest into

undeveloped type of succession, type of alien young trees developing, and early phase type of succession based

on the vegetational structure. According to the index of Shnnon's diversity(unit: 400m’), undeveloped type of

succession was ranged from 0.9681 to 1.1323, type of alien young trees developing was ranged from 1.0192

to 1.1870, early phase type of succession was ranged from 1.3071 to 1.3892, and natural vegetation was ranged
from 1.2202 to 1.3428, therefore early phase type of succession forest and natural vegetation are more higher
than simple-layered artificial forest with one needle leaf tree species. The limit for the step-by-step thinning was

in the range of 30~60%. In case of undeveloped type of succession, we should thin out from large trees

throughout three phases, because alien species dominated high value 88~90% in canopy layer. In case of type

of alien young trees developing, we should thin out from alien young trees such as Populus tomentiglandulosa

throughout one or two phases, because alien species dominated high value 60~97% and young trees with

saplings growing up in understory and shrub layer. In case of early phase type of succession, we should thin

out from alien trees that compete with native species throughout one or two phases, because alien species

dominated less than value 30%.

KEY WORDS: WOODLAND AESTHETICS, FOREST DESIGN, Pinus koraiensis, Populus tomentiglan

-dulosa, Larix kaempferi
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S ghetata, AejE HolehAe] BES Al d3YL FHATATUT AYY FATAL AYT 44 3
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Lec@00)= AA clpee] Hejd Hol AL Tejstel  ATATAMAAT) 5 FYFY 4422 AFHA =
HolE7bs, Holf=7ts, o, Holw7|, Add 5 ARt 20009 A4 sHTLE AT W A
SHAZ FEstaL, AeA Hols f=sk7] 8 o7t AIY E, Aty Ede 5 wao] 3,619,612 2 B
2P FATUAL 1B 6370% olel, /AR R, QRIZUR, AP TAL 31,808, 186mE A
Uo FATUA LS 68-75% olh2 AANAF B A U, YRAZUER, PR4FYFAL 1119440002 3
Table 1. Area and dominant species of artificial forest of study site

National Park Chiaksan Songnisan Deogyusan Naejangsan
Artificial forest area* 3,619,612m’ 31,808,186m’ 11,194,400 m’ 11,100,089 m’

Dominant species of Pinus koraiensis,
artificial forest* Larix kaempferi

Pinus koraiensis,
Larix kaempferi

Populus tomentiglandulosa,
Chamaecyparis obtusa,
Cryptomeria japonica

Pinus koraiensis,
Larix kaempferi

Study district Guryong district

Hwayangdong-gugok
(valley) district

Gucheondong district Baekam district

Natural vegetation Pinus densiflora comm.

Pinus densiflora-
Quercus serrata comm,

Quercus serrata comm. -

Plot(400 1) 1, 9

4,5, 10

2,17, 11

*Data from National Park Office of Korea National Park Service in 2009
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43 15-20m, BFFDAZ 1835, A3& 0-90%, oF  HUR, HABAS F AYSF09T, BFET 17-22m,
BEFS PFET T-10m, BFFNAZ 4~Ben, A0&  BEFLHY 20-30em, 43 & 60-85%, oFLBF LS B
30~40%, ¥EZSLS HH4l 1~3m, 43 30~40%0°] it} 43 8m, HAFF1A 7 8~10cm, A 18 30~60%, HEZ52
AAYS ZAT IAGATYFY AURLE), AT 10 BEET 1-3m, 47 E 40~70%0] ek,
(GUATPTY SHEBIURZ), ZAF HERAT o4 FTHY, Holuwey A3Ye aB3| B
B2Y FHHELYe] AFHYoH, HEIE 210-720m,  FIAY 18-2n(FHH)Y AFEPSF A of
FE B U BAT, AAEE S20°FEA D AN, BERFT BEZY AL0] 10-15%2 BF PRIt
AGe 42 Adolgth BES $HFS 5 AU, E  JAFNLLLY AFYL 8] FFFNHF 15-30

Table 2. General description of the physical features and the vegetation structure of plots (Plot size: 400 m*)

Type of alien young trees

Vegetational type Undeveloped type of succession developing
Plot 1 2 3 4 5
Location(National Park) Chiaksan Deogyusan Nagjangsan Songnisan Songnisan
Altitude(m) 420 600 130 175 160
Aspect S85W N75W S65W S20W S15W
Slope(°) 7 7 5 3 2
Geographical features* Pm, SL Pm, FL Pm, SL Pm, FL Pm, FL
Dominant species** Pk Ah Ch Pt-Rp Pt
Canopy laver Mean height(m) 20 15 18 20 20
py fay Mean DBH(cn) 25 20 18 15 30
Coverage(%) 75 85 90 85 50
Mean height(m) 8 10 10 8 8
Understory layer Mean DBH(cm) 15 15 4 6 15
Coverage(%) 10 15 15 40 40
Mean height(m) 1~3 1~3 1~3 1~3 1~4
Shrub layer Coverage(%) 15 15 15 40 70

* Pm: Piedmont, HS: Hillside, FL: Flat, SL: Slope; ** Pk: Pinus koraiensis, Ah: Abies holophylla, Ch: Chamaecyparis
obtusa, Pt: Populus tomentiglandulosa, Rp: Robinia pseudoacacia

(Table 2. Continued)

Vegetational type Early phase type of succession Natural vegetation
Plot 6 7 8 9 10 11
Location(National Park) Naejangsan Deogyusan Naejangsan Chiaksan Songnisan  Deogyusan
Altitude(m) 62 680 125 400 210 720
Aspect N70E N55E S35W N60E S50W S35W
Slope(°) 13 5 5 20° 17 5
Geographical features* Pm, SL Pm, SL Pm, SL Pm, SL Pm, SL HS, SL
Dominant species** Pt Lk Ch-Db Pd Pd-Qs Qs
Canopy layer Mean height(m) 15 20 18 19 22 17
Mean DBH(cm) 20 35 18 30 25 20
Coverage(%) 85 70 90 60 85 85
Mean height(m) 7 10 8 8 8 8
Understory layer Mean DBH(cm) 10 13 4 8 10 8
Coverage(%) 40 40 30 60 30 40
Mean height(m) 1 1~3 1~3 1~3 1~3 1~3
Shrub layer Coverage(%) 40 40 30 70 40 70

* Pm: Piedmont, HS: Hillside, FL: Flat, SL: Slope; **Pt: Populus tomentiglandulosa, Lk: Larix kaempferi, Ch: Chamaecyparis
obtusa, Db: Deciduous broad-leaved tree, Pd: Pinus densiflora, Qs: Quercus serrata
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(1. Abies holophylla, 2. Staphylea bumalda, 3. Actinidia
arguta, 4. Acer ginnala, 5. Quercus serrata, 6. Prunus
sargentii, 7. Zanthoxylum schinifolium)
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Figure 1. Crown projection of plot 1

(1. Pinus koraiensis, 2. Cornus controversa, 3. Staphylea
bumalda, 4. Lindera obtusiloba, 5. Salix koreensis, 6.
Castanea crenata, 7. Pinus densiflora, 8. Morus bombycis)

O0m

Figure 3. Crown projection of plot 3

(1. Chamaecyparis obtusa, 2. Prunus sargentii, 3. Rhus
succedanea, 4. Styrax japonica, 5. Quercus variabilis, 6.
Pinus densiflora, 7. Rhus trichocarpa)
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Table 3. Importance percentage of woody species by the stratum in undeveloped type of succession

Plot 1 2 3

Scientific name C U S M C U S M C U S M

Abies holophylla - - - -1 985 571 - 683 - - - -
Pinus koraiensis 943 535 - 650 - - - - - - - -
Pinus densiflora 33 10.5 - 5.2 - - - - 4.5 - - 2.3
Chamaecyparis obtusa - - - - - - - -1 925 334 4.0 58.0
Smilax china - - - - - - - - - - 9.6 1.6
Smilax sieboldii - - - - - - 5.9 1.0 - - - -
Salix koreensis 2.4 - - 1.2 - - - - - - - -
Carpinus tschonoskii - - - - - - - - - - 134 2.2
Corylus heterophylla var. thunbergii - - - - - - - - - - 2.2 0.4
Castanea crenata - 3.5 - 1.2 - - - - - - - -
Quercus variabilis - - - - - - - - 3.0 6.8 4.7 4.6
Quercus mongolica - - 0.9 0.2 - - - - - - - -
Quercus serrata - - 1.6 0.3 - 9.1 - 3.0 - - 1.7 0.3
Ulmus davidiana var. japonica - - - - - - 139 2.3 - - - -
Celtis choseniana - - 1.3 0.2 - - - - - - - -
Morus bombycis - 7.2 4.3 3.1 - - 167 2.8 - - - -
Clematis apiifolia - - 0.9 0.1 - - - - - - - -
Lindera obtusiloba - 46 113 34 - - 6.9 1.2 - - - -
Lindera erythrocarpa - - - - - - - - - - 6.5 1.1
Stephanandra incisa - - 3.6 0.6 - - 170 2.8 - - - -
Rubus crataegifolius - - 2.6 0.4 - - 4.0 0.7 - - - -
Rubus oldhamii - - 5.6 0.9 - - - - - - - -
Rosa multiflora - - - - - - 4.0 0.7 - - - -
Prunus sargentii - - - - 1.6 - - 0.8 - 119 - 4.0
Malus sieboldii - - 4.5 0.8 - - - - - - - -
Lespedeza maximowiczii - - - - - - - - - - 1.3 0.2
Zanthoxylum schinifolium - - - - - 9.1 - 3.0 - - 1.3 0.2
Rhus succedanea - - - - - - - - - 13.0 - 43
Rhus trichocarpa - - 3.6 0.6 - - 4.0 0.7 - 44 112 33
Euonymus alatus for. ciliato-dentatus - - - - - - - - - - 3.0 0.5
Euonymus oxyphyllus - - 1.0 0.2 - - - - - - - -
Celastrus orbiculatus - - 0.8 0.1 - - - - - - - -
Staphylea bumalda - 10.8  19.1 6.8 - 7.7 4.0 3.2 - - - -
Acer ginnala - - - - - 8.1 - 2.7 - - - -
Acer pseudo-sieboldianum - - 4.0 0.7 - - - - - - - -
Parthenocissus tricuspidata - - 4.2 0.7 - - - - - - - -
Actinidia polygama - - 4.1 0.7 - - - - - - - -
Actinidia arguta - - 1.2 0.2 - 9.1 - 3.0 - - - -
Alangium platanifolium var. macro-phylum - - - - - - - - - - 2.5 0.4
Kalopanax pictus - - 112 1.9 - - - - - - - -
Aralia elata - - 2.4 0.4 - - - - - - - -
Cornus controversa - 9.8 2.5 3.7 - - 13.4 2.2 - - - -
Symplocos chinensis for. pilosa - - 0.9 0.1 - - - - - - 2.2 0.4
Styrax obassia - - - - - - 4.7 0.8 - - - -
Styrax japonica - - - - - - - - - 306 1.3 10.4
Fraxinus rhynchophylla - - 1.9 0.3 - - - - - - 5.7 1.0
Fraxinus sieboldiana - - - - - - - - - - - -
Callicarpa japonica - - 4.8 0.8 - - 5.7 0.9 - - 4.5 0.8
Clerodendron trichotomum - - 1.8 0.3 - - - - - - - -
Viburnum wrightii - - - - - - - - - - 1.1 0.2
Viburnum erosum - - - - - - - - - - 145 2.4

* C: importance percentage of canopy layer U: importance percentage of understory layer, S: importance percentage of shurb layer, M: mean importance percentage
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Figure 4. Crown projection of plot 4 Figure 5. Crown projection of plot 5
(1. Populus tomentiglandulosa, 2. Rhus chinensis, 3. Acer (1. Populus tomentiglandulosa, 2. Lindera erythrocarpa, 3.

ginnala, 4. Quercus variabilis, 5. Prunus persica, 6. Robinia pseudo-acacia, 4. Rhus chinensis, 5. Pinus densiflora,

gzg;clzfy serrata, 7. Robinia pseudo-acacia, 8. Prunus l:l Young trees of Populus tomentiglandulosa)
2) QB x|+ TR BEZ0s 19329 2 AFALL(LP.: 62.8%)
HENSIGY AFUY A, BT AAA Rop 13T OPAR(LP. 37.2%)7F S8kl St of

WEFoe £ 3~14mo] SAALH(LP.: 30.6%) | ¢
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Figure 6. Crown projection of plot 6 Figure 7. Crown projection of plot 7
(1. Populus tomentiglandulosa, 2. Lindera glauca, 3. (1. Larix leptolepis, 2. Cornus controversa, 3. Morus
Castanea crenata, 4. Carpinus tschonoskii, 5. Lindera bombycis, 4. Salix hulteni, 5. Quercus serrata, 6. Betula
erythrocarpa, 6. Cornus walteri, 7. Alnus hirsuta, 8. Celtis davurica, 7. Styrax obassia)

sinensis, 9. Rhus chinensis, 10. Cornus controversa, 11.
Quercus aliena, 12. Morus bombycis, 13. Rhus trichocarpa)
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Table 4. Importance percentage of woody species by the stratum in type of alien young trees developing

Plot 4 5
Scientific name C U S M C U S M
Pinus densiflora - - - - 37.9 - 0.5 19.0
Smilax china - - 0.5 0.1 - - - -
Populus tomentiglandulosa 62.8 30.6 28.1 46.3 45.2 83.8 17.4 53.5
Salix koreensis - - - - - - 0.5 0.1
Castanea crenata - - - - - - 1.4 0.2
Quercus variabilis - 0.9 1.3 0.5 - - - -
Quercus mongolica - - 0.5 0.1 - 3.1 - 1.0
Quercus serrata - - 4.4 0.7 5.6 - 4.4 35
Ulmus davidiana var. japonica - - 44 0.7 - - - -
Zelkova serrata - - - - - - 2.8 0.5
Clematis apiifolia - - - - - - 2.9 0.5
Akebia quinata - - 8.5 1.4 - - - -
Lindera erythrocarpa - - - - - 1.8 - 0.6
Stephanandra incisa - - - - - - 6.7 1.1
Rubus crataegifolius - - 1.1 0.2 - - 4.7 0.8
Rubus parvifolius - - - - - - 2.2 0.4
Rubus coreanus - - 0.5 0.1 - - 14.6 2.4
Rubus oldhamii - - 1.1 0.2 - - - -
Rosa multiflora - - 1.8 0.3 - - 0.6 0.1
Prunus persica - 2.6 - 0.9 - - - -
Prunus sargentii - 1.1 2.1 0.7 - - 2.9 0.5
Lespedeza cyrtobotrya - - - - - - 3.0 0.5
Robinia pseudo-acacia 37.2 34 - 19.7 11.3 8.8 7.9 9.9
Zanthoxylum schinifolium - - 0.7 0.1 - - 6.4 1.1
Securinega suffruticosa - - - - - - 2.8 0.5
Rhus chinensis - 56.9 1.9 19.3 - 2.4 2.2 1.2
Acer ginnala - 4.6 19.5 4.8 - - 44 0.7
Parthenocissus tricuspidata - - 13.4 2.2 - - 2.0 0.3
Aralia elata - - - - - - 0.9 0.1
Symplocos chinensis for. pilosa - - 1.0 0.2 - - - -
Styrax obassia - - - - - - 0.6 0.1
Fraxinus rhynchophylla - - 8.5 1.4 - - 53 0.9
Ligustrum obtusifolium - - - - - - 32 0.5
Callicarpa japonica - - 0.9 0.1 - - - -

* C: importance percentage of canopy layer U: importance percentage of understory layer, S: importance percentage of shurb layer, M: mean importance percentage

AEE B A4 22570 St QI HUHE 9F(LP.
56.9%)7} +-AEol AL, IEFo= SAFAIUT A (LP.:
28.1%)7} A3} x}mzo AP 19.5%), B3 0]
P Z(LP.: 13.4%), O 2T Z(LP.; 8.5%)0] u|efat Ajgoa
£ 835} th(Table 4, Figure 4). ZAME S(ZAA YD) =
iz FuAA 25~42cm? SAMAUE 63F(LP.:
452%)7F s, FA% 16~42cme] AUFE 65
(37.9%)7F ZEj=of okl QllaL, ofuHSol= 533

o M%7t KT Y SAAUE(LP.: 83.8%)7F £
ol glglon, FEZo LARAYE A (LP.: 17.4%)
o ARY4FE BRAGI|(LP.: 14.6%)7} 233}l th(Table
4, Figure 5).

3) Mo|I=7I1Y

19 AT B9, ZAR 6(ZARA RS 1
= 1732 SAPALFA(LP.: 84.6%)7} ©-AH38t1 919
, A A Hol A A UF(LP.: 3.9%), =744
O WA UTE(LP.: 3.7%)7F w]oFet Alg o g &334l
1, ofuEF o= SAAIUHE A4 16F(LP.: 48.5%)7F £
Aok llar, AeFS Bl UE(LP.: 21.4%) 9] ol 7H
K OJUE(LP.: 4.7%), %IZHLPT(IP 4.4%), SYUHLP.: 2.9%)
o] Edsl o, HEFo= AYFFd CEF =P
14.7%), A Z(LP.: 10.9%), ZZUFAP.: 6.0%), FEL
T(LP.: 8.0%) 59| %?‘ﬂ 3+ E}(Table 5, Figure 6). XA
QL AAYTE) BEFol= F147 30~62em B35

Aol 27
o

2 kI
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Table 5. Importance percentage of woody species by the stratum in early phase type of succession
Plot 6 7
Scientific name C U S M C U S M C U S M
Larix leptolepis - - - - 741 12.8 - 413 - - - -
Pinus densiflora - - - - - 7.1 - 24 249 - - 125
Chamaecyparis obtusa - - - - - - - - 497 8.3 6.3 28.6
Smilax sieboldii - - - - - - 34 0.6 - - - -
Populus tomentiglandulosa 84.6 485 3.1 59.0 - - - - - - - -
Salix hulteni - - - - - 128 - 43 - - - -
Platycarya strobilacea - - - - - - - - 1.7 2.9 - 1.8
Alnus hirsuta - 14 34 1.0 - - - - - - - -
Carpinus tschonoskii 3.7 4.7 - 3.4 - - - - - - - -
Corylus heterophylla var. thunbergii - - - - - - - - - - 9.2 1.5
Castanea crenata - 6.0 23 24 - - - - - - - -
Quercus variabilis - - - - 43 - - 22 6.6 6.9 - 5.6
Quercus aliena 3.9 - 6.0 3.0 - - - - 150 43 - 9.0
Quercus mongolica - - 2.5 0.4 - - - - - - - -
Quercus serrata - - 1.3 0.2 : 18.0 - 0.7 9.1 2.1 4.7 - 2.6
Ulmus davidiana var. japonica - - - - - - 0.8 0.1 - - - -
Zelkova serrata - 1.2 3.8 1.0 - - - - - - - -
Celtis sinensis - 2.9 - 1.0 - - - - - - - -
Morus bombycis - - - - - 202 4.0 7.4 - - - -
Clematis apiifolia - - - - - - 9.4 1.6 - - - -
Akebia quinata - - 147 2.5 - - 9.0 1.5 - - - -
Lindera obtusiloba - - - - - - 2.1 0.4 - - 2.5 0.4
Lindera glauca - 1.2 - 0.4 - - - - - 132 - 4.4
Lindera erythrocarpa 36 214 - 8.9 - - 5.7 1.0 - 9.0 1.2 32
Philoadelphus schrenckii - - - - - - 2.1 0.4 - - - -
Ribes mandshuricum - - 1.2 0.2 - - - - - - - -
Stephanandra incisa - - - - - - 257 43 - - 1.2 0.2
Rubus crataegifolius - - 1.0 0.2 - - - - - - 1.4 0.2
Rubus oldhamii - - 1.1 0.2 - - - - - - - -
Rosa multiflora - - 109 1.8 - - - - - - - -
Prunus serrulata var. spontanea - 4.0 - 1.3 - - - - - - - -
Prunus sargentii - 1.2 3.7 1.0 - 6.2 - 2.1 - - - -
Pourthiaea villosa - - - - - - - - - 1.4 - 0.5
Sorbus alnifolia - - - - - - 0.8 0.1 - - - -
Lespedeza maximowiczii - - - - - - 0.7 0.1 - - 1.4 0.2
Lespedeza cyrtobotrya - - - - - - - - - - 1.1 0.2
Zanthoxylum piperitum - - 1.3 0.2 - - - - - - - -
Zanthoxylum schinifolium - - 42 0.7 - - - - - - - -
Rhus chinensis - 1.9 - 0.6 - - - - - - 1.4 0.2
Rhus succedanea - - - - - - - - - 111 - 3.7
Rhus trichocarpa - 1.2 - 0.4 - - 4.1 0.7 - 2.9 5.6 1.9
Euonymus alatus - - 1.3 0.2 - - - - - - - -
Euonymus alatus for. ciliato-dentatus - - 1.0 0.2 - - - - - - 6.6 1.1
Euonymus oxyphyllus - - - - - - - - - - 2.4 0.4
Staphylea bumalda - - - - - - 4.8 0.8 - 1.3 5.8 1.4
Acer ginnala - - 0.6 0.1 - - - - - - - -
Acer mono - - 3.2 0.5 - - 0.6 0.1 - - 1.4 0.2
Acer palmatum - - 43 0.7 - - 0.9 0.1 - - 32 0.5
Acer pseudo-sieboldianum - - 1.3 0.2 - - - - - - - -
Vitis amurensis - - - - - - 3.3 0.5 - - - -

* C: importance percentage of canopy layer U: importance percentage of understory layer, S: importance percentage of shurb layer, M: mean importance percentage
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(Table 5. Continued)
Plot 6 7 8

Scientific name C U S M C U S M C U S M
Parthenocissus tricuspidata - - 1.3 0.2 - - 1.3 0.2 - - - -
Actinidia arguta - - - - - - 4.7 0.8 - - - -
Elaeagnus umbellata - - 0.7 0.1 - - - - - - - -
Kalopanax pictus - - - - - - 0.7 0.1 - - - -
Cornus kousa - - 32 0.5 - - - - - - - -
Cornus controversa 4.1 - 1.3 23 3.6 307 50 129 - 1.8 - 0.6
Cornus walteri - 44 - 1.5 - - - - - - - -
Diospyros lotus - - 23 0.4 - - - - - - 1.6 0.3
Symplocos chinensis for. pilosa - - - - - - - - - 42 7.0 2.6
Styrax obassia - - - - - 103 4.2 4.1 - - - -
Styrax japonica - - - - - - - - - 280 1.1 9.5
Fraxinus mandshurica - - - - - - 1.6 0.3 - - - -
Fraxinus rhynchophylla - - 0.8 0.1 - - - - - - 5.8 1.0
Ligustrum obtusifolium - - 8.0 1.3 - - - - - - 106 1.8
Callicarpa japonica - - - - - - 1.4 0.2 - - 2.7 0.5
Samvucus williamsii var. coreana - - - - - - 32 0.5 - - - -
Viburnum wrightii - - 9.5 1.6 - - - - - - 130 2.2

Viburnum erosum - - -

- - - - - - - 75 13

* C: importance percentage of canopy layer U: importance percentage of understory layer, S: importance percentage of shurb layer, M: mean importance percentage

959 YR AUURAP: T41%)7F £k dlov, 4
B2 Mol FUEA Y SFUF(LP.: 18.0%) <ol =31t
7, 5FUTL 2D, oFLBFlE HUH YR
B IF(P.: 12.8%) 9ol AEAT ArEo] AL A
=% %%— —r(IP 30.7%), 4 %%—?—(I.P.: 20.2%)7} $-
3 1, EFol AAYFE FFUHLP: 25.7%),
N RAL Rt RoAE A= ES B =N ""L}Er 5ol 2@t
(Table 5, Figure 7).

2 JAW-FYIREY) BEFE 185 H
(LP.: 49.7%)°0] A3}t %L, 859 AYUTHLP.: 24.9%),
679 ZAUR(LP. 15.0%)9F HUR(AP: 6.6%), Z3
SRR 2100 SR WU BULE 0

A 2719A0 oo, onsFAL AALE ha
(LP.: 28.0%)7} &% 0|1, _q{ B AE] WE

>,

SRR 13295 AFLIE, WE R 79 25
(LP.: 83)7} 5o Z@stglon], BuZot 47 wg
(LP.: 13.0%), HES(LP.: 10.6%), 7} AL} (LP.: 9.2

S QUR(LP.: 6.6%)2 H| X 5(LP.: 6.3%)7} E?‘;é}
o A7 82 B85l el detspuan A3

Ha A47h QST Glof 7 ¥ mYEYS
of wulo] Hlelo] Z7k3 Aol AATe S0 & Aot

N o
v—m

(Table 5).
4) XtAAM

AT YAVEZA)E LEZ L 2UR(LP.: 90.9%)
7b S48k QllaL, o g ol AAUF(LP.: 19.9%),

ZZFE(LP.: 15.0%), BFEUR(LP.: 15.9%)7) 28 23
FEo|geH, HEIo= 7H°“%-E1"(IP' 20.6%), A&
(LP.: 12.3%), U (LP.: 11.6%), Z242|(LP.: 9.4%)
7t =@ st th(Table 6). £AR 10(¢Ur 23U
© HEZo| AUR(LP: 76.1%)7F $WskT AT, 23
UR(LP.: 20.1%)7} 28841, ofilEZo|= ZHUT(LP.:
28.5%), ZSWLFA(LP.: 35.5%), APAU(LP.: 11.4%)7} &
datqlon, J&%? © SPUFAP: 16.1%), Z59L

H(LP.: 15.6%), 224/ (LP.: 12.4%) 5o Zd3}ct
(Table 6). A+ 11(*—1“%2;”‘)% WEZgs 3
=(LP.: 56. 0%)7} o A3t 9l AP 16.5%)7}

e Mol # “011 o} %—{P Aol A EEfE L glgl o,
ol EZo| ZHUR(LP.: 15.2%), A ZUR(LP.: 12.7%)

5 FURFe; BRAURAP: 13.2%), =UHHRLP,
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18.2%)7} £335t%
o ] o]—j 9\;\']:1_7_, %EHH ‘/]‘T(I P.:
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Table 6. Importance percentage of woody species by the stratum in natural vegetation
Plot 9 10 11

Scientific name C U S M C U S M C U S M
Pinus densiflora 90.9 8.5 - 48.3 76.1 - - 38.1 16.5 - - 8.2
Smilax china - - 0.9 0.2 - - - - - - - -
Smilax sieboldii - - 2.7 0.5 - - 1.1 0.2 - - 2.6 0.4
Betula schmidltii - 15.9 - 5.3 - - - - - - - -
Betula davurica - - - - - - - - 3.0 - - 1.5
Corylus heterophylla var. thunbergii - 2.0 20.6 4.1 - - - - - - - -
Corylus sieboldiana - - - - - - 2.1 0.4 - 1.7 - 0.6
Quercus acutissima - - 0.9 0.2 - - - - - - - -
Quercus variabilis - - - - 3.8 - - 1.9 10.4 6.0 - 7.2
Quercus mongolica - 19.9 0.9 6.8 - 9.5 - 32 11.5 12.7 - 10.0
Quercus serrata - 15.0 2.7 5.4 20.1 28.5 16.1 222 56.0 15.2 0.9 33.2
Morus bombycis - 2.3 - 0.8 - - - - - - - -
Lindera obtusiloba - 33 4.8 1.9 - 1.8 4.9 1.4 - 1.2 8.8 1.9
Lindera erythrocarpa - - - - - - - - - - 0.9 0.2
Deutzia coreana - - 1.0 0.2 - - - - - - - -
Stephanandra incisa - - 11.6 1.9 - - 3.5 0.6 - - 38.0 6.3
Prunus sargentii - 34 3.1 1.7 - 11.4 5.5 4.7 - 5.6 2.8 23
Crataegus maximowiczii - - - - - - - - - - 1.3 0.2
Malus sieboldii - - - - - - - - - 6.4 - 2.1
Pourthiaea villosa - - - - - - - - - - 0.9 0.2
Sorbus alnifolia - - 1.3 0.2 - - - - - 1.3 - 0.4
Maackia amurensis - - - - - - - - - - 2.2 0.4
Lespedeza maximowiczii - 1.8 9.4 2.2 - - 12.4 2.1 - - 1.7 0.3
Rhus chinensis - - - - - 32 - 1.1 - - - -
Rhus trichocarpa - 3.6 2.7 1.7 - 2.1 2.3 1.1 - 33 5.4 2.0
Euonymus alatus for. ciliato-dentatus - - 2.7 0.5 - - 1.2 0.2 - - 2.7 0.5
Euonymus oxyphyllus - 1.9 - 0.6 - 4.2 - 1.4 - 1.7 - 0.6
Tripterygium regelii - - - - - - - - - - 1.9 0.3
Staphylea bumalda - 3.8 1.8 1.6 - - - - - - 0.9 0.2
Acer ginnala - - - - - - 1.2 0.2 - - - -
Acer palmatum - 8.6 0.9 3.0 - - - - - - - -
Acer pseudo-sieboldianum - 2.6 2.9 1.4 - - - - - - - -
Rhamnus davurica - - - - - - - - - 1.3 - 0.4
Vitis amurensis - - - - - - 1.4 0.2 - - 0.9 0.2
Ampelopsis heterophylla - - - - - - 1.4 0.2 - - - -
Parthenocissus tricuspidata - - - - - - 3.1 0.5 - - - -
Actinidia arguta - - - - - - - - - - 0.9 0.2
Cornus controversa 53 - - 2.6 - - - - - - 2.1 0.4
Rhododendron mucronulatum - - 1.8 0.3 - - - - - - - -
Rhododendron schlippenbachii - - 12.3 2.1 - - - - - - - -
Symploco schinensis for. pilosa - - 1.8 0.3 - 2.1 6.4 1.8 - 18.2 4.2 6.8
Styrax obassia 3.9 4.6 6.7 4.6 - 355 15.6 14.4 - - 16.6 2.8
Styrax japonica - - - - - - - - - - 1.0 0.2
Fraxinus mandshurica - - - - - - - - - 7.4 - 2.5
Fraxinus rhynchophylla - 2.8 3.1 1.5 - - - - 2.8 13.2 1.0 5.9
Fraxinus sieboldiana - - - - 1.9 1.7 0.9 - - - -
Callicarpa japonica - - 2.5 0.4 - - 1.3 0.2 - - - -
Weigela subsessilis - - - - - - 3.7 0.6 - 23 2.2 1.1
Lonicera tatarinowii var. leptan-tha - - 0.9 0.2 - - - - - - - -

* C: importance percentage of canopy layer U: importance percentage of understory layer, S: importance percentage of shurb layer, M: mean importance percentage
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1 Qa, ofn =3 BEZoA Ho|Fes4E B Hol Table 7. Species diversity of each plot (Unit: 400 m#)
Rl %_Ol %??i_ﬁh_’— Ao Holz7|dAE TAHFE L Type Plot _H' T D Hmax
o, A Ho7} FAHES {517 %’4'511 A% “‘594 Undeveloped 1 1.0894 0.8678 0.1322 1.2553
7S Aok 3 Aolth. A AL e type of 2 09681 0.7712 0.2288 1.2553
—?«%%L}—?‘{Lﬁ, =% g‘%xt}o]ol% L JJ»}—,—Q— é_yﬁh% successioTl 3 1.1323 0.8435 0.1565 1.3424
o= ggazoe] 271AA}AY AR} wEE o] Tyygjngftfel:;n 4 10192 07708 02292 1.3222
e 2 Aol F7hchA o] Aoz BlwF choFst 24 developing 5 1.1870 0.8293 0.1707 14314
%o SHFE gz Ao wEElal 9l Al Ealy phase 6 13071 08274 0.1726 1.5798
ol ot} type of 7 13101 0.8785 0.1215 14914
succession 8 13892 09229 0.0771 15051
9 12202 0.8729 0.1271 1.3979
OS{iH =
3. HdRgd SLZE Natural 10 13428 09182 0.0818 14624
vegetation
11 12875 0.8479 0.1521 15185
400m ©9]9] A 853 Shannon?| FTHYE(H)E 4w * H': Shannon's diversity index uses logarithms to base
B, Adoju|drgdg o] AL z(xh,}_lf" )7} 0.96812 7} 10, J': evenness, D: dominance
woron, Holx7|ge ARE g(HW-YHEYFH)ol i i i
138928 744 w=okch. AL AUbR wHul S ) ¢jliol wEZo] YA E WA ddpFo] SHehe G T2
F/Ig] ;‘40] ] dlc} —a‘é] /5} %09681~1.1323, %/\]./\]],}_E,l_% 94 %O]U]t‘l—_}%ﬁ ?_].’To"‘j’]nq ’%]EHX—J' 73:].0‘% _lc_|>_ ;}‘7] ‘?’]_@'
FP5FY YA SUTHL 1.0192~1.1870, Ho| 400 WAE 2 D= Table 84 o] A7 54
27)% AL 13071~1.3892, WE|A Ho| Z7+ekA o] 7} = agsto] AAstdnh. 2A 13UFE, & Fudd
AYL 1.2202~1.34288 A4 4% HTA EEWN A 18,849ar) 9] =& 7t WE(FAYHA)= 17,274er
WA ZET Ho| 279 ol BT} ApALFo] A O1%)Z o4, ABF2E 54 ] B3N 7] 2] e E 5}
tp2z0] 2pd o] ErhoFw vl L—_O]-E].(Table 7). &4k A3) 2~3ctAof| AA 7Hdsfof & Aolrh. 1 74]_] Me
229 U LA UET} S-Eks ol mE L Eriorr gl 55 AR 7,332ar(39%), 2@ A= 1ES AU
0.8564~1.3637, A }R7} Sl olmal e 0399208142,  0:004ar(32%), 3FA A = a5G B ofil 5o S

27| AR Sk ol 2d 0.9889(Han ef al, 2009)  O37ai(20%)E ATESHES .

o} Bexjo] 2w, APS oz o] Zrlokrs} At Ao
292 AgS Uy

U5 10,442a1/(56%), 28 A ol A1 = 1

19,074cr) 9] &

E R
Al s n25 Y

ZARE 2(AUEY, 3 Fuohdd 18,5199 X

W HEl 18,115ar(97%) = 3HE], 1ThA oA = ﬂ%% Kl
% AU 7
#H%)E ﬂﬂ*;}l‘ni o AR 3(EMY, & %51%“4@
L 16,924cnf(88%)§ StE, 1t

10,045c17(53%), 2G Ao A= &

Table 8. Species and target density of thinning each stage in undeveloped type of succession (Unit: 400 m:)

Plot 1(Pk forest) Plot 2(Ah forest)

Plot 3(Ch forest)

Stage  Layer

Species DBH  Indi. Ba Rate : Species DBH Indi. Ba Rate : Species DBH Indi. Ba Rate
26 2 o 24~26 5
10,442 569 Ch 20~26 10,045 539
1 C Pk 30-38 7 7,332 39% Ah 30 g ;5 % , %
10~14 16
405 10~18 29 6,496
C 20~24 15 6,004 16-22 2 7, X
2 Pk 32% Ah 41% Ch 8 2 35%
U - - - 8~12 3 268 10 383
14
C 10~18 16 3,101
3 Pk 8~14 4 20% - - - - - - - - -
836
v 16~20 2
Total of ; , ; ; g g
thinning 17,273cm’ of 18,849cm 91% 18,115cm of 18,519cm 97% 16,924cm’ of 19,074cm 88%

* Pk: Pinus koraiensis, Ah: Abies holophylla, Ch: Chamaecyparis obtusa, C: Canopy layer, U: Understory layer, DBH: Diameter at Breast

Height(cm), Indi.:

Individual, Ba: Basal area(ar’) same as the density of thinning
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Table 9. Species and target density of thinning each stage in type of alien young trees developing  (Unit: 400 m:)

Stage Laver Plot 4(Pt-Rp forest) Plot 5(Pt forest)
g 4 Species DBH Indi. Ba Rate Species DBH Indi. Ba Rate
8~14 13 Pt 3 4244 0 ;
C Pt 2,965 5% i 7,130
~ ) 0
1 18~22 3 46% Rp 34 ) 61%
Pt g** 25
p ok 22 41 4
U t 8 9 Rp - 28 547
C 10~12 2 3,572 N
2 U Rp 26 12 a6 1% ] ] ) ) )
Total of thinning 7,202cr’ of 7,454cr’ 97% 7,677c of 12,507cn’ 61%

* Pt: Populus tomentiglandulosa, Rp: Robinia pseudoacacia, C: Canopy layer, U: Understory layer, DBH: Diameter at Breast Height(cm),
Indi.: Individual, Ba: Basal area(cr’) same as the density of thinning, **: Young trees which size of DBH is below 8cm

Table 10. Species and target density of thinning each stage in early phase type of succession (Unit: 400 m#)
Stage  Laver Plot 6(Pt forest) Plot 7(Lk forest) Plot 8(Ch-Db forest)
€ Y Species DBH  Indi. Ba Rate | Species DBH Indi. Ba Rate i Species DBH Indi. Ba Rate
22~26 4 8~14 7
0, » 0 0

1 C Pt 28-30 3 4315 49% Lk 38~62 7 10,439 53% Ch 1626 11 4504  42%
C lj:ié 3 1,524 30~37 5

2 Pt P 5 29% Lk 4464  22% - - - - -
v o2 g 0% i )

Total of ; 5 ; ; ) 3

thinning 6,925cr of 8,846¢m 78% 14,903cr’ of 19,839cm 75% 4,504cn of 10,611cm 42%

* Pt: Populus tomentiglandulosa, Lk: Larix kaempferi, Ch: Chamaecyparis obtusa, Db: Deciduous broad-leaved tree, C: Canopy layer, U:

Understory layer, DBH: Diameter at Breast Height(cm), Indi.: Individual, Ba: Basal area(ar’) same as the density of thinning
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Table 11. Target density of thinning each stage based on the characteristic of vegetational structure

Target density of thinning(%)

Vegetational type Characteristic of vegetational structure 1st 2nd 3rd Total Stage
stage stage stage ota
Undevelgped type of Domlpance of one or two alien species over 40~60  30~40 20 8897 Two or
succession 80% in canopy layer three stages
* Dominance of alien species over 60% with
Type of alien young some native species growing in canopy layer One or two
. . . . 45~60 50 - 60~97
trees developing * Alien young trees dominate in understory stages
and shrub layer
Early phase type of * Native species dominate and dominance of 30 ) ) 30 One stage

succession

alien species below 30% in canopy layer

F9, % FLEUA 106112 BE 7H8 YEi 4504
ar(@2%0)% SE|, 199 Zhae AR she] mEF
of Y] 4,504cn(42%)% 8ok & Zloltt. o]4F Hol 2
19 ABAL 19 Bk 20w A Ao 4B A
ASE JAFS SHHOR 15D ASUEES e
o Holg FAY 4 YEB 71 YT 2Aso} & Aol
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