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A Study on the Distribution Characteristics of Buxus koreana in Kwanaksan Ecological and
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ABSTRACT

The purpose of this study was to find out the vegetation community structure and the distribution
characteristics of Buxus koreana through analysis of the topography and soil characteristics in Kwanaksan
Ecological and Scenery Conservation Area. To do this twenty two plots as 100m’ each were set up and
investigated. As a result, the vegetation communities were classified in four groups; Pinus rigida community
(1), P. rigida - B. koreana community(Il), Quercus mongolica community(Ill), Quercus acutissima -
Quercus serrata community(IV). The distribution characteristics in topography appeared that B. koreana
distributed more in valley where soil water and nutrition conditions are good. The drainage condition also
influenced the distribution, because the ratio of clay was low in the result of soil texture analysis. B. koreana
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was distributed in high-pitched slope and the high rock ratio area. According to the soil analysis, the mean soil
pH of B. koreana distributed groups(pH 4.79) was higher than that of non-B. koreana distributed groups(pH
4.41). It appeared that B. koreana had tolerance to the barren soil, so the value of exchangeable cations such
as Ca”" and Mg2+were showed lower than that of the average of Korean forest soil.

KEY WORDS: VEGETATION COMMUNITY STRUCTURE, TOPOGRAPHICAL CHARACTERISTICS,
SOIL CHARACTERISTICS, TWINSPAN, pH, EXCHANGEABLE CATIONS
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Aol A 2 Apep, 2A] Ak 9 =0)7F Tmofl git
(Lee and Oh, 1970; Lee et al., 2002; Lee, 2003). S~}
o] 3|gm HAREZ= 59 40 FI7HA] glEar glo
o, Gt AmAl ©ef, A, 9Y T AIdAdE F
Heog MAAfazsta Ao AR EEEI QItk(Kim,
1980). S-2jufetol] AYeh= B FFole 3 =(Buus
koreana), 71 Q3| ¥ E(Buxus koreana for. elongata), *43)
OFE(Buxus koreana for. insularis)®) 37| E&40] Qal,
A Y4kl 3= (Buxus microphylla)o] W-E0 =
A= a2 Ith(Kim and Kim, 1988). 3]%E-& o2 HE
EA 9 Aol AWstal Tekste] EAS WEE YRR
o] 2Qlof whet ARl Eef7| e PrkKim, 2003).

3ol & Ak B 272 pH7F & A3 A
ojr, thEA QI 3|¢E AHYAIQ S5 T A3UAH
Ao A= ESF pHYI 7.8~8.4%2 UEYTHKiIm ef al.,
1991; Lee, 1991). 3tA|Rt 3]f5-S E4F Abwof dfigh WA
W7k Wol pH 4.09] v]wF] 735t AHA Eofo M= A
4 9 ek ohlel Ulskat U4 TR, 50,0k 7
< d7led=de] e Wide EIthKim, 1980; Kim
and Kim, 1982). T3}t 3|9F2C EoFo oo 2 Arjmz
(Cha and Kim, 1975; Jung et al., 2002) =A|9] ZA4E
Agtsto] A=Az de] AAE I tK(Choi and Kim,
2000).
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Figure 1. Kwanaksan Ecological and Scenery Conservation
area and the position of survey plots
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Figure 2. The geological map of the study site and around
area(Jdgr(+): Jurassic daebo granite, PCEbngn
(M): Pre-Cambrian Era banded gneiss, PCEbs(-):
Pre-Cambrian Era biotite gneiss)

BUEAA G S ez shlthFigure 1). BfARS A5
5, AL AtE, TS Z3Ste] oF 1,923hac] 0|2
L EAAFY 4ol chGwanak-gu, 2011). Aej TR
A9 B GFRI AR AL Aol 91 3hu],
WAL OF TShai oML A WA of 4%e] sk

Bopbe FHow 2 Aole Yo sekAgoln
(Korea Institute of Geoscience and Mineral Resources,
2011), 77eh7] RSP o] R4 ItkFigure 2). Al
SAE AR AR S]] SPFAA TS A=A
ol §e WHOR FAS o] T Uk 7S Aol
20094 3|opE HEAS AEABRAX| o2 XG5}
] akar 9lck(Seoul, 2009). thAkR| o] HEAHL 27t}
AU AU Yo] HA 0] 80% o[4S A3kl 9]
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Table 1. General description of the physical features and vegetation of the survey plots

Plot No. 1 2 3 4 5 6 7 8 9 10 11
Altitude(m) 231 256 262 216 227 241 253 236 234 175 241
Aspcet SW S SE Y SW S N E N E NE
Gradient(") 30 33 10 25 35 20 15 19 24 25 23
Landform Valley Slope Flat Slope  ridge Valley Valley Slope Valley Slope Slope
No. of species 12 11 13 10 15 9 10 10 15 13 5

Height(m) 11.2 10.7 12.1 11.9 8.0 12.2 9.4 16.9 12.8 15.3 14.0
Canopy  DBH(cm) 14.2 14.1 18.0 17.8 14.5 31.7 14.9 23.9 18.7 18.5 17.9

Individuals 10.0 25.0 16.0 20.0 4.0 11.0 18.0 7.0 10.0 12.0 19.0

Height(m) 45 4.5 42 3.1 5.0 49 3.7 3.1 3.6 3.5 3.5
Usrtfg DBH(cn) 6.0 4.1 45 33 6.8 6.0 4.1 3.1 3.9 3.1 2.7

Individuals 9.0 14.0 11.0 5.0 31.0 10.0 13.0 13.0 16.0 33.0 49.0
Shurb Height(m) 1.2 1.2 1.1 0.8 0.7 0.8 0.7 0.3 0.7 0.7 0.9

Individuals 26 17 17 24 26 12 5 17 38 29 3

(Table 1. Continued)

Plot No. 12 13 14 15 16 17 18 19 20 21 22
Altitude(m) 211 224 201 215 180 194 232 223 225 171 167
Aspcet E NE SE N SE NW NE E E SE E
Gradient(") 7 27 35 30 9 9 18 30 38 35 36
Landform Slope Ridge Slope Slope Valley Valley Valley Valley Valley Valley Valley
No. of species 11 16 17 10 12 10 8 18 12 13 10

Height(m) 14.9 9.0 8.0 10.8 10.1 9.3 10.8 - 8.0 8.0 11.0
Canopy DBH(cm) 18.6 14.1 15.5 13.8 11.5 8.8 159 - 20.0 10.8 16.5
Individuals 14.0 17.0 8.0 13.0 12.0 14.0 12.0 - 1.0 5.0 5.0
Height(m) 4.0 43 32 43 3.6 32 4.0 3.7 3.7 3.5 3.1
Usrtl(()ig DBH(cm) 59 5.6 6.1 4.1 3.1 2.6 4.8 5.0 55 44 3.9
Individuals 6.0 16.0 25.0 19.0 25.0 14.0 31.0 37.0 21.0 31.0 28.0
Shurb Height(m) 0.9 0.8 1.0 0.6 0.5 0.8 1.3 0.8 1.0 0.9 1.0
Individuals 30 40 39 50 64 43 7 68 42 49 32

| Pr(-), Pd(-)
Ri(), Rp(-),
Ss(-) om(-)
I 11 il vV
513 14 27 15 169 34812
16 17 19 10 11 18
20 21 22

Figure 3. The dendrogram of classification by TWINSPAN
using twenty-two plots in Kwanaksan Ecological
and Scenery Conservation Area(Pr: Pinus
rigida, Pd: Pinus densiflora, Om: Quercus
mongolica, Rt: Rhus tricocarpa, Rp: Robinia
pseudoacacia, Ss: Smilax siebodir)

2) Classification £

Classification &4 7|®| = TWINSPAN 7|H-& #-&3}
of FHEFE AAISHIth(Figure 3).

Topit A BEAR] A} AT 4709] Fero R
EFE T A A DA A 27T AU ), AU
of o], & WA SANA = HEUF(), HAIUR(),
A7 B EC), Al |A DA A = AZUR(-)el 9al
gho] LREQTE B&F A A I 2 gr|vayid
e A T ﬂﬂﬁ} V-l okgatel, A Mt 4l
ZuRae, A Vg2 A ubi-Sdui g e g o
Epte}

3) 2ATE 24

Classification 4% 5o 24 zHzte] Lea 3
H AR o BN E AbEsto] ZF o 4
4 T

REAS EA5tH(Table 2). 27|t
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Table 2. Importance Percentage(I.P.) of major woody
species by the stratum in each community

Com. . bayer ¢y s M
Species
Pinus rigida 78.52 7443 1.11 64.25
Pinus densiflora 18.10 10.15 0.54 12.52
Quercus serrata 338 263 3.02 3.07
Rhododendron mucronulatum 0.00 197 12.75 2.78
Lespedeza cyrtobotrya 0.00 0.00 1590 2.65
1 Sorbus alnifolia 0.00 3.52 588 2.15
Buxus koreana 0.00 0.00 10.52 1.75
Rhus javanica 0.00 0.00 9.51 1.58
Rhododendron schlippenbachii  0.00 2.17 3.69 134
Lespedeza bicolor 0.00 0.00 6.68 1.11
others 0.00 5.13 30.40 6.80
Pinus rigida 40.19 133 0.00 24.53
Buxus koreana 0.00 27.26 71.98 21.08
Pinus densiflora 2574 336 0.00 13.99
Styrax japonica 592 648 1.80 542
Alnus hirsuta 9.03 132 0.00 4.96
I Quercus mongolica 722 2.66 053 4.59
Rhododendron schlippenbachii  0.00 10.25 5.16 4.28
Quercus serrata 5.15 399 1.86 4.22
Sorbus alnifolia 1.61 880 1.64 4.01
Juniperus rigida 0.00 872 0.18 294
others 5.14 13.86 16.85 9.98
Quercus mongolica 72.59 6.08 3.95 38.98
Sorbus alnifolia 12.69 21.13 1.32 13.61

Rhododendron schlippenbachii  0.00 34.02 2.76 11.80
Rhododendron mucronulatum 0.00 17.58 838 7.26

Buxus koreana 0.00 6.12 18.24 5.08
Il Quercus serrata 4.69 496 0.00 4.00
Prunus sargentii 7.52 0.00 0.00 3.76
Sthphanandra incisa 0.00 0.00 2145 3.58
Lindera obtusiloba 0.00 130 1691 3.25
Weigela subsessilis 0.00 0.00 8.13 1.36
others 2.51 881 18.86 7.32
Quercus acutissima 4547 9.54 0.00 25.92
Quercus serrata 24.48 21.97 21.29 23.11
Rhododendron schlippenbachii  0.00 38.26 0.00 12.75
Robinia pseudoacacia 13.62 2.84 0.74 7.88
Sorbus alnifolia 570 11.70 0.00 6.75
IV Quercus mongolica 8.87 0.00 6.19 547
Rhododendron mucronulatum 0.00 6.48 897 3.66
Prunus sargentii 0.00 2.13 1345 295
Quercus variabilis 1.86 4.60 0.00 2.46
Symplocos chinensis 0.00 248 328 1.37
others 0.00 0.00 46.08 7.68

C: LP. of canopy layer, U: L.P. of understory layer, S: L.P.
of shrub layer, M: mean LP.
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Table 3. Correlation analysis between the woody species which the constancy degree was over than 15% in
Kwanaksan Ecological and Scenery Conservation Area

Rt | Si Jr Sc Si Pr . Ah Fr Ws i Re " Ps Qa : Lo | Pd Om:Rp Cj Lm: Qs Rm . Rs  Ss : Sch i Sa i Bk | CD
Rt |1.00 27.3
Si |-.18: 1.00 31.8
Jr |-21: -.16 | 1.00 40.9
Sc | .00 -11 ¢ .05 : 1.00 36.4
Sj|-210 .16 1 -24 : -22 1 1.00 63.6
Pr|-10:-45%1 51* { 18 | .06 ' 1.00 50.0
Ah |-37; -24 -18 ; -20 . .08 . .24 | 1.00 27.3
Fr |-33: .09 : 43*: 25 . -05 26 : .18 : 1.00 22.7
Ws|.00 26 i 35  -30:-12: 25  -02:-11  1.00 50.0
Rc |-.10} -31 | .50*% | -35  -.08 | .49* | .16 @ .01 |.50* @ 1.00 18.2
Ps | 311-011-30{-231-23 -21{ .00 {-12¢ .13 | .10 1.00 45.5
Qa| .21 -03:-25 21 :-06 -16 -28:-25 .06 : .0l :.28  1.00 18.2
Lo |-15:.59%*% - 14 | - 14 | -01 {-43* -11  -12 | .04 | -28 .11 | -28 | 1.00 27.3
Pd |-30: -27 @ 25 :-01 @ 31 {.59** 13 © 08 | .03 ' .13 {-35: -40 @ -26 | 1.00 45.5
Om| .24 .10  -32 .05  -35 -61** 05  -22 -30 -43* .19 -0 .38 -56** 1.00 72.7
Rp | 34 17 :-13 . 02 . .16 . .00 . -32:-20 15 . -05 .09  .53* -06 . -24  -28.1.00 22.7
G |-17: .06 : -29 :-23: 39 05 : .10 i -32:-05:-07  .06:-28 : .17 :.50% :-.02:-32:1.00 27.3
Lm |-06 .01 i-16 23 ¢ 02 i -17 20 26 -03: .07 .16 .11 ¢ .04 :-28 .09 -25!.00 1.00 18.2
QOs |-05! .05 -30¢ 39 29 -25: .05 -05:-23:-05 -12! 29 {-09 -21 i-18:.23 1-25 .04  1.00 77.3
Rm |-01. 24 | 34 37 {-34 -25 -18: 25 .14 | -02 -40 -11: .07 | -.18 .28 {-08:-39 .19 -.19 {1.00 77.3
Rs | .06 .19 i -24 ¢ 22 ' -15 -17 {-22 ¢ 24 {-26  -27 -05:-07 @ .08 -08 .22 :-40:-02 .27 .06 i .17 1.00 86.4
Ss | .12 .43* 03 :-20 -08: .05  -15 -08: 39 28 .10 30 .20 :-27 .12 .20 -04: .08 -02 .20 .21 i1.00 22.7
Sch|.02:-29' 07 40 .00 ! .10 i -14  -10 -32  -08 {-20 20 @ -26 % .21 1-25 .23 00:.00: 20 -21 -20!-36! 1.00 31.8
Sa | 211 .05 | -15{-53* -03  -18 ¢ .01 {-26: .21 | -08 27! -17 | 42 ' -26: .34 .03 -.07 -02 -43*| .04  -.02 .04 -.60** 1.00 68.2
Bk |-15:-05: 33 { .16 : .00 . 21 : .19 . 47*: 22 . .00 . -.01:-47* -26 37 i{-32.-32, .13 .14 -18 .03  -.12 -41 .11 :-24.1.00] 545

Ah:  Alnus  hirsuta, Bk: Buxus koreana, Cj: Callicarpa japonica, Fr: Fraxinus rhynchophylla, Jr: Juniperus rigida, Lm: Lespedeza
maximowiczii, Lo: Lindera obtusiloba, Pd: Pinus densiflora, Pk: Pinus koraiensis, Pr: Pinus rigida, Ps: Prunus sargentii, Qa: Quercus
acutissima, Om: Quercus mogolica, Qs: Quercus serrata, Rc: Rubus crataegifolius, Rm: Rhododendron mucronulatum, Rs: Rhododendron
schlippenbachii, Rt: Rhus trichocarpa, Sa: Sorbus alnifolia, Sc: Symplocos chinensis var. leucocarpa for. pilosa, Sch: Smilax china, Si:
Stephanandra incisa, Sj: Styrax japonica, Ss: Smilax siebodii, Ws: Weigela subsessilis

CD: Constancy Degree(%)

significant at * 5%, ** 1%

Z afole JHH|nE £ Folstict Table 5. The comparison of diversity indices between
Bk(+) group and Bk(-) group

Grou mean SD -value
JopE REAOIA YR ANTE HYS AU T R TR
tHTable 4). ol E 2o Bt 227 2.9m, FA7 dslsz;’;f:y O oa g OO
4.06cm, =EE 2.40m, WA= 5.570A17F 2@ sk o, : :

! 3 N - Maxium  Bk(-)  1.046  0.1305
BEZAE Bt £30.74m, $HE 0.75m, 3177172 species 0617
Bk(+) 1073 0.1144

UEFGT ol =553t HEZo A 3]oFE0] Hit AuE&d diversity
Z¥z} 25.0%, 62.2%S Ho] IEZ=o|A WA BEEZst 95 Bk(-) 0.838 0.0603 .
o oF A o] Evenness Bi 0.001
S g 4 ) 0.678 0.1285

3] FE9] —E#:‘?O%_—“rﬂ TOSL v2= JFS 2439 Dominance Bk(-) 0.162 0.0603 0.001%*
B A3KTable 5), 3|ofE o] BEIELst= RAML 180 Zrjek Bk(+) 0.322 0.1285

. . . Significant at * 5%, ** 1%
Table 4. The situation of Buxus koreana in Bk(+) group

Height DBH  Width  Indivi-  Coverage

Layer (m) (cm) (m) duals (%) L7t 3 o] BESHA| Y= AR T1F HIst] WA
Under Mean 290 406 240 550 25.00 et v, o es o =4 etk ol 3%
story  Sp 0266 1409 0213 3.703 14.880 o] HEZoA H2 WU BEXFOZHN FUHYEE A

Mean  0.74 ) 075  31.67 62.22 stA|7]7] ufZo|ct.
Shrub

SD 0.280 - 0.289 18.974 20.480
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2) Xgd Bx
A PHR 3]of= HEEAS Aw HlTH(Figure 4, 5, 6).
S|oFE B x| o} | B A] Thof| A& Hiro] zo]7} 9l
< B9l o = Qo BAE S Yol &
a7 BESE A7 o

= HoleA #
A T2 el
Ao 2 ZALE I tH(Figure 4).

AP Ao A SIS 9709 AN T 63004 A
AR 30° ofFo R et 2 At i deka e g
HAX o)M= gzl =2 FAA o #Esh= AL
2 YEbgth(Figure 5).

AR BAOA] SlobEe EAET ARl Let
Lo, o] okl el ATE A ol B A
SAEE o231 9] ujEo|th(Figure 6).
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Figure 4. The comparison of lansform between Bk(+)
group and Bk(-) group
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Figure 5. The comparison of gradient between Bk(+)
group and Bk(-) group
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Figure 6. The comparison of aspect between Bk(+) group
and Bk(-) group

o

EFRARE ZF RANE ult} o] Fo|F o, 3ok Farz]
97 AR} HIRER] 1371 RARES] Wt gkt EEHA
& B4 o] galort. A AT 3|gE HEX|9} v]F|fE
B3z o] okAulg, HEHS, pH, Ca™, Mg o4l B4
2o g2 Folgt ApolE Kot orAH|E, pH, A|FHI Fo]
22 JYE HEEA A o & e Hel v HEvE
2 WA Yepth AR g A s FokE EREX|(47.2%)
7F v 3| FE EE2X](10.8%)0 Hl3l] w2 ghE Kol
3|50l ASTg o] Gt i A|of|A thE Fate] 7
AL gal A oSS & = ok B3 IYE B2
oA mefe] HlE2 =11, HE HlE&2 o WA Yt AL
2 Kol Wi AE 3|FEe] Hxo] g njAe 2o
Y2+ =] ¢l ch(Table 6).

E Ak pHis 441~4.799] g Ho| AL9] At
(4.03~4.65)Hct= A3 3t Ao g UEy o m(Lee
et al., 1998), 3|OFE EE z|o||A] 4792 H|3|OFE HIZ]|
(4.41)0] vlsto] =2 grS Ho|al Qir} ol FoHo] F
2 pH7} 2 A3 Aol F2x3h7]= SpA|N A EY
M Ago] 7hssithe 7o A Aats st
(Kim, 1980). AMJE o] tfgt Ao A7)+ AT =&
pH 3o 2 Exsh= 3|FEe EAJO kit e
BHREAA Y Yo Ae FH O R pHY} =2 B 2710
slofio]l B2t IS & 4 Atk XEH ol
© Ca¥'et Mg® oA 2po| S Holu Qi) FYE B
oA 2]oFE BlEEA| o Hlste] FERIEHA =2 LS Hol
QT B AT AR AEA oFole he Ca’’ 0.19~
0.79me/100g, Mg>" 0.05~0.15me/100g2 $-2|1}a} AFY &
ofo] Wit T oFol2 FER(Ca’: 2.44me/100g, Mg™":
1.01me/100g) Ht} mf$ A YeEtomJeong ef al.,

I

kT
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Table 6. The comparison of physical and chemical
characteristics between Bk(+) group and

Bk(-) group
Group mean SD p-value
i Bk(- 0.108  0.0954
Ratio of ) 0.003%%*
rock Bk(+) 0472  0.2587
Bk() 6678 14572
Sand(%) 0.163
Bk(+) 7512 11.137
‘ Bk() 1527  9.176
Silt(%) 0.323
Bk(+)  11.63  7.592
Bk() 1793 5500
Clay(%) 0.040%
Bk(+) 1323 3913
Organic Bk(-)  3.134  1.6492
! 0.606
matter(%) Bk(+) 2.776 1.4643
- Bk() 4412 0.1330
PHLs Bk(+) 4788 02979  0.005%*
Bk(-) 0107  0.0528
N(%) 0.470
Bk(+)  0.091  0.0422
P,0s Bk(-) 14461  9.3324
0.174
(mg/kg) Bk(+) 10336  4.0086
K Bk() 0112  0.0330
0.851
(me/100g)  Bk(+)  0.116  0.0472
2+ Bk(- 0.190  0.0490
Ca ) 0.029%
(me/100g)  Bk(+)  0.789  0.9281
2 Bk(- 0.051  0.0198
Mg ) 0.018*
(me/100g)  Bk(+)  0.152  0.1032
Na' Bk() 0239  0.2760
0212
(me/100g)  Bk(+)  0.114  0.0953
CEC Bk(-) 8290  3.5219
0.339
(cmolke)  BK+) 6837 33328
. Bk(- 0.034  0.0076
dESC/I-S ) 0335
(dS/m) Bk(+)  0.031  0.0084

significant at * 5%, ** 1%

2002), ofi= Fhorik e A AR o of EgFo] HA Ao
B R AMISER Qlste] |3 olo] SEE 7] Wi
o3 wEh Ca’'o M= E9Fo] X34 oFole =
T B S AAete] B A7t EHE (Lee,
1992) B A 2|l Eoko] vkt Abe Q]S oF 4= 911,
IFEL 1 FollA A er d Hukgh Bofo] Karstal

olet.

=7 o& 24} A3} BRI, v
A Aow ehyth B B4 24
pH 15 Ye AAe, Hutst mopo
oF 4 Qloitk. EF HFEL frled
A Ao dHA o} Mokt e
anA lﬂ ﬂ = BuAs Q7o) ot BelH s

EohH oz Bl ) Fefo] ARE AL 2 A
7 e Aom A7 ST B4 Bolike 2 5
A2 47 W A AR AR ) R ojn] We u)d
AR WAL Qo] olof td P w7t wa
st

)4
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of WeiHE /b A7 Ba) FEolopet BRol)

ol
| -

ror

=
(L.

Cha, J.W. and B.W. Kim(1975) Ecological studies of plants for the
control of environmental pollution. IV. - Growth of various
plans species as influenced by soil applied cadmium -. Korean
Jour. Botany 18(1): 23-30. (in Korean with English abstract)

Choi, M.B. and E.S. Kim(2000) A study on the preference degree
of landscape trees of the landscape designers - focused on the
planting design map of the beautiful sight deliberation in
Chonju-city -. Research of City and Environment 15(1):
103-115. (in Korean with English abstract)

Gwanak-gu(2011) www.gwanak.go.kr. (in Korean)

Jeong, J.H., K.S. Koo, C.H. Lee and C.S. Kim(2002) Forest Soil
Characteristic and Properties by Regional Groups in Korea.
Jour. Korean For. Soc. 91(6): 694-700. (in Korean with English
abstract)

Jung, G.B., W.I. Kim, J.S. Lee and K.M. Kim(2002) Phytoremediation
of soils contaminated with heavy metal by long-term
coultivation. Korean Journal of Environmental Agriculture
21(1): 31-37. (in Korean with English abstract)

Kim, C.K.(1980) An investigation of the adaptation at the dry en-



B A ATRAA S ] BgE B B AT 99

durance and the cold endurance of the Buxus Koreana Naki.
Jour. Jinju A. & F. Jr. Coll 18: 9-13. (in Korean with English ab-
stract)

Kim, H.T.(2003) Folk culture meets foreign culture. Jipmoomdang,
Seoul, 78pp. (in Korean)

Kim, J.H., H.T. Mun and Y.S. Kwak(1991) Community structure
and soil properties of Chinese Cork Oak(Quercus variabilis)
forests in limestone area. Korean J. Ecol. 14(2): 159-169. (in
English with Korean abstract)

Kim, J.W. and Y K. Lee(2006) Classification and assessment of
plant communities. Worldscience, Seoul, 51pp. (in Korean)

Kim, O.R. and J.S. Kim(1982) Studies on the prevention of menace
to public health by the ornamental tree. Jour. Korean For. Soc.
55:37-46. (in Korean with English abstract)

Kim, T.W. and S.H. Chun(1989) Flora of Mt. Kwan-ak. Seoul
National Univ. Coll. of Agric. Res. 14(2-1): 1-19. (in Korean
with English abstract)

Kim, T.W.(1988) Investigation on the shade tolerance of Pinus rig-
ida, P. Thunbergii and Buxus koreana. Journal of Korean
Forest Society. 4(1): 33-38.(in Korean with English abstract)

Kim, Y.S. and J.H. Kim(1988) A taxonomic study of Buxus in
Korea. Kor. J. Plant Tax. 18(3): 211-231. (in Korean with
English abstract)

Korea Institute of Geoscience and Mineral Resources(2011)
http://geoinfo.kigam.re.kr. (in Korean)

Lee, C.Y.(1992) Forest Environmental Soil Science. Boseongmunhwasa,
Seoul, 71pp. (in Korean)

Lee, H.S.(1991) Studies on the characters of soil and flora on lime-
stone area, Danyang. Basic Science Jour. of Seowon Univ. 5:
67-80. (in Korean with English abstract)

Lee, 1.S., O.K. Kim, K.S. Cho and J.S. Park(1998) Studies on the
Enzyme Activities and Heavy Metals of Forest Soil in Mt. Nam,
Seoul. Korean Journal of Ecology 21(5-3): 695-702. (in Korean
with English abstract)

Lee, T.B.(2003) Coloured Flora of Korea. Hyangmunsa, Seoul,
682pp. (in Korean)

Lee, W.B., Y.M. Jeon and C.I. Choi(2002) Flora in the Dong river
valley, Korea. Korean J. Limnol. 35(5): 396-414. (in Korean
with English abstract)

Lee, Y.N. and Y.C. Oh(1970) Limestoe flora of Todam, Province
Chung Buk in South Korea. Journal of Korean Research
Institute for Better Living: 101-115. (in Korean with English
abstract)Pielou, E.C.(1975) Ecological Diversity. New York,
John Wiley, 165pp. (in English)

Seoul(2009) News release. (in Korean)

Seoul(2011) Actual Vegetation Map in http://urban.seoul.go.kr. (in
Korean)

Shannon, C.E. and W. Weaver(1963) The mathematical theory of
communication. University of Illinois Press, Urbana, 117pp.
(in English)

Yim, Y.J. and E.S. Cheon(1980) Distribution of Naturalized Plants
in the Korean Peninsula. Journal of Plant Biology 23(3-4):
69-83. (in Korean with English abstract)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Regular
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AmiR-HM
    /Apple-Chancery
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Batang
    /BatangChe
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChosunilboNM
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Dotum
    /DotumChe
    /EstrangeloEdessa
    /ExpoM-HM
    /FranklinGothhvy
    /FranklinGothic
    /FranklinGothic-Bold
    /FranklinGothic-BoldItalic
    /FranklinGothicCondensed
    /FranklinGothic-Italic
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinGothlte
    /FZSY--SURROGATE-0
    /FZXBSFW--GB1-0
    /FZXBSJW--GB1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-HeavyCond
    /HelveticaNeueMedium
    /Helvetica-Oblique
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Medium
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MagicR-HM
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /Mhansek
    /MHunmin
    /MicrosoftSansSerif
    /MingLiU
    /Mla
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NSimSun
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PMingLiU
    /PyunjiR-HM
    /Raavi
    /San02M
    /SandJg
    /SandKm
    /SandTg
    /SandTm
    /SeoulHangangM
    /SeoulNamsanM
    /SeUtum
    /SHeadG
    /Shruti
    /SimHei
    /SimSun
    /SinMyungJoyakja
    /Sylfaen
    /SymbolMT
    /TaeM
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSThgrgl
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDIGasiIIB
    /YDIYGO120
    /YDIYGO330
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSAH
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [190.000 260.000]
>> setpagedevice


